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Preliminary 1992 Woridwide Semiconductor 
IVIarl(et Sliare Estimates—Intei Is No. 1 

The year 1992 was truly an eventful one in the semiconductor industry. From new 
players (IBM entering the merchant DRAM market) to new products (the first ASICs 
with up to 600,000 usable gates were introduced) to battles on the legal front (Intel 
versus everyone), many events occurred over the past year that will shape the 
semiconductor industry for years to come. 

Rankings and Company Performance 

Fueled by remarkable demand for its "second wave" microprocessor products (386SL 
and 486 MPUs), Intel overtook NEC and Toshiba to claim the No. 1 position in the 1992 
worldwide rankings (see Table 1). The achievement completes an impressive five-year 
string of successes in which Intel more than doubled its worldwide market share 
percentage (see Figure 1). Intel's revenue grew a staggering 26 percent, an increase of 
more than $1 billion. 

At the same time Intel grew its revenue by $1 billion. Motorola grew its revenue by 
$833 million. This growth is in large part because of the growth of Motorola's non-
MOS business, which grew at a rate of 16 percent, compared with the industry's growth 
in the same families of oiUy 1 percent—a remarkable achievement. 

During November and December, Dataquest surveyed more than 150 semiconductor 
vendors throughout the world who provided us with a detailed breakout of their 
revenue based upon a combination of actual year-to-date revenue and company-
generated forecast for the balance of the yem. These data were then verified using a 
combination of priniary and secondary research, along with a bottoms-up analysis by 
company, product, and region in order to arrive at the information published in this 
article. Dataquest will continue to refine and update the data tmtil our final market 
statistics documents are published in May 1993. 

Preliminary data indicate that the worldwide semiconductor market grew 9.8 percent 
in 1992, driven primarily by demand for desktop computers and telecommunications 
applications. Much of the increase was also due to the upgrade and aftermarkets for 
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Table 1 
Preliminary 1992 Worldwide Semiconductor Market Share Rankingr 
(Millions of Dollars) 

1992 
Rank 

1 
2 
3; 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1991 
Rank 

3 
1 
2 
4 
5 
6 
7 
8 
10 
9 
12 
11 
13 
17 
15 
14 
16 
18 
19 
21 

Company 

Intel 
NEC 
Toshiba 
Motorola 
Hitachi 
Texas Instruments 
Fujitsu 
Mitsubishi 
Philips 
Matsushita 
Samsung 
National Semiconductor 
SGS-Thomson 
Advcinced Micro Devices 
Sharp 
Sanyo 
Siemens 
Sony 
Oki 
AT&T 

1991 
Revenue 

4,019 
4,774 
4,579 
3,802 
3,765 
2,738 
2,705 
2,303 
2,022 
2,037 
1,473 
1,602 
1,436 
1,226 
1,318 
1,362 
1,263 
1,196 

981 
713 

. 1992 
Revenue 

5,064 
4,976 
4,765 
4,635 
3,902 
3,052 
2,583 
2,307 
2,109 
1,929 
1,902 
1,797 
1,605 
1,502 
1,388 
1,369 
1,220 
1,150 

976 
924 

Percent 
Change 

26 
4 
4 

22 
4 

11 
-5 
0 
4 

-5 
29 
12 
12 
23 
5 
1 

-3 
•4 

-1 
30 

1992 
Market 

Share (%) 

7.7 
7.6. 
7.3. 
7.1 
5.9 
4.7 
3.9 
3.5 
3.2 
2.9 
2.9 
2.7 
2.4 

m 2.1 
2.1 
1.9 
1.8 
1.5 
1.4 

Source: Dataquest (January 1993) 

computers (such as fax/modem cards, memory upgrades, and microprocessor clock 
speed doublers). 

Taking advantage of both a downturn in the Japanese economy and a heightened 
emphasis on the U.S.-Japan semiconductor trade agreement. North American 
companies' 1992 market share grew significantly to 41.1 percent, compared with last 
year's 38.4 percent (see Figure 2). The top six U.S.-based companies (Intel, Motorola, 
Texas Instruments, National Semiconductor, Advanced Micro Devices, and AT&T) all 
gained in worldwide market share in 1992. 

Japanese companies' market share dropped by 3.6 percent in 1992 to 42.8 percent. 
However, the Japanese companies still managed to perform well in many areas. NEC 
Corporation easily retained its top rai\king in the Japanese market, and "Toshiba 
Corporation, based on strong sales in the logic and memory areas, overtook Intel as the 
top company in the Asia-Pacific region. 

Due to phenomenal growth rates by its top 3 comparues—^Samsung (up 29.1 percent), 
Goldstar (up 106.8 percent), and Hyimdai (up 124.2 percent)—^market share for Asian 
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Figure 1 
Intel Moves Up the Ranking Ladder 
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Figure 2 
Worldwide Semiconductor Market Share by Company 
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companies continued to increase for the eighth straight year, this time to 5.9 percent 
versus 4.6 percent in 1991. 

Market share for European companies remained essentially flat in 1992 at 10.2 percent. 
Philips, despite a lackluster sales performance over the course of the year, managed to 
retain its top ranking in the European semiconductor market. SGS-Thomson, which 
over the past three years has greatly increased its emphasi^.on sales outside of Europe, 
had the strongest growth among the major European companies at 11.8 percent. 

Table 2 provides a detailed look at how regionally-based companies fared in 1992, 

Exchange Rate Effects 

In many instances, using regional exchange rates can paint a clearer picture of market 
conditions throughout the world. Table 3 provides Dataquest's 1992 regional growth 
numbers in both U.S. dollars and in local currencies. 

Product Performance 

For the third straight year, the microcomponents category was the top growth 
contributor in the semiconductor market, growing at approximately 22 percent. Not 
surprisingly, this area was led by growth from the two main competitors in the 80x86 
microprocessor market—AMD and Intel. AMD, showing that the 386 market still had 
plenty of life in it, saw its MPU revenue grow an astounding 74 percent in 1992, now 
accounting for well over half a billion dollars. Intel, on the other hand, succeeded in 
pushing many users to upgrade to its more powerful 486 version, and saw its MPU 
revenue grow 42 percent to well over $3.5 billion. 

The MOS memory market, fueled by a large increase in bit demand, increased by 
slightly more than 19 percent in 1992. The DRAM market was the high-growth leader 
in this area, increasing 25 percent in 1992. As PC users began rtmning many more 
graphics-intensive software packages such as Microsoft Windows, the demand for extra 
memory helped push the DRAM market. Additionally, antidumping suits filed by 
both the U.S. and European companies helped firm DRAM prices in the latter half of 
1992, thereby allowing many companies to increase their revenue due to higher ASPs. 

Toshiba retained its No. 1 position in the MOS memory market, followed by DRAM-
focused Samsung, which jiunped two spots in the market and now holds 9.9 percent of 
the market. The biggest jtunps in the market, however, were made by two companies 
new to the top 10—Goldstar and Hyundai—which each jumped seven spots from last 
year to move into the ninth and tenth positions in the memory market, respectively. 

MOS logic experienced single-digit growth of 5.8 percent. NEC and Toshiba (10.6 and 
8.0 percent market share, respectively) had revenue growth less than the market 
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Table! 
1992 Regional Market Analysis 

Company Base 

North America Comjpanies 
Percent of Regional Market 
Percent of Company Sales 

Japanese Companies 
Percent of Regional Market 
Percent of Company Sales 

European Companies 
Percent of Regional Market 
Percent of Company Sales 

Asia/Pacific Companies 
Percent of Regional Market 
Percent of Company Sales 

World 
Percent of Regional Market 
Percent of Company Sales 

North 
America 

$14,069 
69 
52 

$3,968 
20 
14 

$1,207 
6 

18 

$1,097 
5 

28 

$20,341 
100 
31 

Regional Market 

Japan 

$2,732 
13 
10 

$17,990 
85 
64 

$164 
1 
2 

$221 
1 
6 

$21,107 
100 
32 

Europe 

$5,518 
45 
20 

$2,039 
17 
7 

$4,160 
34 
62 

$521 
4 

13 

$12,238 
100 
19 

Asia/ 
Pacific 

$4,639 
39 

$4,072 
34 
15 

$1,138 
10 

$2,052 
17 
53 

$11,901 
100 
18 

World 

$26,958 
41 

100 

$28,069 
43 

100 

$6,669 
10 

100 

$3,891 
6 

100 

$65,587 
100 
100 

Source: Dataquest (January 1993} 

Table 3 
Exchange Rates 

North American Market 
Japanese Market 

European Market 

Asia-Pacific/ROW Market 

1991 Revenue 

$16,990 million 
$22,496 million 
Y3,059 billion 
$11,014 million 
ECU 8,921 million 
$9,194 million 

1992 Revenue 

$20341 million 
$21,107 million 
Y2,658 billion 
$12,238 million 
ECU 9,179 million 
$11,901 million 

Growth 
Rate (%) 
19.7 
-6.2 
-13.1 
11.1 
2.9 
29.4 

Source: Dataquest (January 1993) 

growth, but managed to easily retain their top two standings in the market. Motorola 
and TI each increased their market share and moved into the No. 3 and No. 4 positions. 

The bipolar digital market continued its downward trend for the fourth straight year, 
falling by 10.1 percent. TI dropped 13 percent in this product area, but still managed to 
remain No. 1. Hitachi overtook Fujitsu, which suffered an 18 percent decline in bipolar 
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revenue, to claim the No. 2 spot. Each company in the top 10 saw its bipolar revenue 
shrink from 1991 levels except Motorola, which saw a very modest 1 percent growth. 

Analog grew 5.8 percent in 1992 and once again was the most chaotic category in terms 
of ranking changes among the leaders. Eight of the top 10 companies switched places, 
starting at the top, where National Semiconductor, with the second strongest growth 
among the top 15 analog players at 17 percent, moved past*Philips into the No. 1 spot. 
SGS-Thomson, Motorola, jmd Toshiba rounded out the top 5, with each company's 
sales in the $600 to $660 million dollar range. (According to Dataquest's policy, we 
include hybrid ICs in this analog category an d also in the total IC and semiconductor 
categories. One should note this difference when comparing our statistics to the World 
Semiconductor Trade Statistics (WSTS) or MTTI/MOF statistics.) 

Dataquest will publish more detailed 1992 ranking tables in an upcoming Dataquest 
Perspective, to be published at the end of January. 

By Ken Dalle-Molle 
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Preliminary 1992 Worldwide Semiconductor 
Market Share Estimates—Intel Is No. 1 

The year 1992 was truly an eventful one in the semiconductor industry. From new 
players (IBM entering the merchant DRAM market) to new products (the first ASICs 
with up to 600,000 usable gates were introduced) to battles on the legal front (Intel 
versus everyone), many events occurred over the past year that will shape the 
semiconductor industry for years to come. 

Rankings and Company Performance 

Fueled by remarkable demand for its "second wave" microprocessor products (386SL 
and 486 MPUs), Intel overtook NEC and Toshiba to claim tiie No. 1 position in the 1992 
worldwide rankings (see Table 1). The achievement completes an impressive five-year 
string of successes in which Intel more than doubled its worldwide market share 
percentage (see Figure 1). Intel's revenue grew a staggering 26 percent, an increase of 
more than $1 billion. 

At the same time Intel grew its revenue by $1 billion. Motorola grew its revenue by 
$833 million. This growth is in large part because of the growth of Motorola's non-
MOS business, which grew at a rate of 16 percent, compared with the industry's growth 
in the same families of only 1 percent—a remarkable achievement. 

During November and December, Dataquest surveyed more than 150 semiconductor 
vendors throughout the world who provided us with a detailed breakout of their 
revenue based upon a combination of actual year-to-date revenue and company-
generated forecast for the balance of the year. These data were then verified using a 
combination of primary and secondary research, along with a bottoms-up analysis by 
company, product, and region in order to arrive at the information published in this 
article. Dataquest will continue to refine and update the data until our final market 
statistics documents are published in May 1993. 

Preliminary data indicate that the worldwide semiconductor market grew 9.8 percent 
in 1992, driven primarily by demand for desktop computers and telecommunications 
applications. Much of the increase was also due to the upgrade and aftermarkets for 
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Table 1 
Preliminary 1992 Worldwide Semiconductor Market Share Rankingr 
(Millions of Dollars) 

1992 
Rank 

1 
2 
S 
4 
^ 
i 
i 
« 

t 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1991 
Rank 

3 
1 
2 
4 
5 
6 
7 
8 
10 
9 
12 
11 
13 
17 
15 
14 
16 
18 
19 
21 

Company 

Intel 
NEC 
Toshiba 
Motorola 
Hitachi 
Texas Instruments 
Fujitsu 
Mitsubishi 
Philips 
Matsushita 
Samsung 
National Semiconductor 
SGS-Thomson 
Advanced Micro Devices 
Sharp 
Sanyo 
Siemens 
Sony 
Oki 
AT&T 

1991 
Revenue 

4,019 
4,774 
4,579 
3,802 
3,765 
2,738 
2,705 
2,303 
2,022 
2,037 
1,473 
1,602 
1,436 
1,226 
1,318 
1362 
1,263 
1,196 

981 
713 

. 1992 
Revienue 

5,064 
4,976 
4,765 
4,635 
3,902 
3,052 
2,583 
2307 
2,109 
1,929 
1,902 
1,797 
1,605 
1302 
1388 
1369 
1,220 
1,150 

976 
924 

Percent 
Change 

26 
4 
4 

22 
4 

11 
-5 
0 
4 

-5 
29 
12 
12 
23 
5 
1 

-3 
-4 
-1 
30 

1992 
Matket 

Share (%) 

7.1 
7.6 
7.3: 
7.1 
5.S 
4.^ 
3J 
3.S 
3.2 
2.9 
2.9 
2.7 

m 
H 
2.1 
2;! 
1 9 
1.8 
1.5 
1.4 

Source: Dataquest (January 1993) 

computers (such as fax/modem cards, memory upgrades, and microprocessor clock 
speed doublers). 

Taking advantage of both a downturn in the Japanese economy and a heightened 
emphasis on the U.S.-Japan semiconductor trade agreement. North American 
companies' 1992 market share grew significantly to 41.1 percent, compared with last 
year's 38.4 percent (see Figure 2). The top six U.S.-based companies (Intel, Motorola, 
Texas Instruments, National Semiconductor, Advanced Micro Devices, and AT&T) all 
gained in worldwide market share in 1992. 

Japanese companies' market share dropped by 3.6 percent in 1992 to 42.8 percent. 
However, the Japanese companies still managed to perform well in many areas. NEC 
Corporation easily retained its top ranking in the Japanese market, and Toshiba 
Corporation, based on strong sales in the logic and memory areas, overtook Intel as the 
top company in the Asia-Pacific region. 

Due to phenomenal growth rates by its top 3 companies—Samstmg (up 29.1 percent), 
Goldstar (up 106.8 percent), and Hyundai (up 124.2 percent)—^market share for Asian 
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Figure 1 
Intel Moves Up the Ranking Ladder 
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Figure 2 
Worldwide Semiconductor Market Share by Company 
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companies continued to increase for the eighth straight year, this time to 5.9 percent 
versus 4.6 percent in 1991. 

Market share for European compaiues remained essentially flat in 1992 at 10.2 percent. 
Philips, despite a lackluster sales performance over the course of the year, managed to 
retain its top ranking in the European semiconductor market. SGS-Thomson, which 
over the past three years has greatly increased its emphasil.on sales outside of Europe, 
had the strongest growth among the major European companies at 11.8 percent. 

Table 2 provides a detailed look at how regionally-based companies fared in 1992. 

Exchange Rate Effects 

In many instances, using regional exchange rates can paint a clearer picture of market 
conditions throughout the world. Table 3 provides Dataquest's 1992 regional growth 
numbers in both U.S. dollars and in local currencies. 

Product Performance 

For the third straight year, the microcomponents category was the top growth 
contributor in the semiconductor market, growing at approximately 22 percent. Not 
surprisingly, this area was led by growth from the two main competitors in the 80x86 
microprocessor market—AMD and Intel. AMD, showing that the 386 market still had 
plenty of life in it, saw its MPU revenue grow an astounding 74 percent in 1992, now 
accounting for well over half a billion dollars. Intel, on the other hand, succeeded in 
pushing many users to upgrade to its more powerful 486 version, and saw its MPU 
revenue grow 42 percent to well over $3.5 billion. 

The MOS memory market, fueled by a large increase in bit demand, increased by 
slightly more than 19 percent in 1992. The DRAM market was the high-growth leader 
in this area, increasing 25 percent in 1992. As PC users began running many more 
graphics-intensive software packages such as Microsoft Windows, the demand for extra 
memory helped push the DRAM market. Additionally, antidumping suits filed by 
both the U.S. and European companies helped firm DRAM prices in the latter half of 
1992, thereby allowing many companies to increase their revenue due to higher ASPs. 

Toshiba retained its No. 1 position in the MOS memory market, followed by DRAM-
focused Samsung, which jumped two spots in the market and now holds 9.9 percent of 
the market. The biggest jumps in the market, however, were made by two companies 
new to the top 10—Goldstar and Hyundai—which each jumped seven spots from last 
year to move into the ninth and tenth positions in the memory market, respectively. 

MOS logic experienced single-digit growth of 5.8 percent. NEC and Toshiba (10.6 and 
8.0 percent market share, respectively) had revenue growth less than the market 
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Table 2 
1992 Regional Market Analysis 

Company Base 

North America Companies 
Percent of Regional Market 
Percent of Company Sales 

Japanese Companies 
Percent of Regional Market 
Percent of Company Sales 

European Companies 
Percent of Regional Market 
Percent of Company Sales 

Asia/Pacific Companies 
Percent of Regional Market 
Percent of Company Sales 

World 
Percent of Regional Market 
Percent of Company Sales 

North 
America 

$14,069 
69 
52 

$3,968 
20 
14 

$1,207 
6 

18 

$1,097 
5 

28 

$20,341 
100 
31 

Regional Market 

Japan 

$2,732 
13 
10 

$17,990 
85 
64 

$164 
1 
2 

$221 
1 
6 

$21,107 
100 
32 

Europe 

i 
$5,518 

45 
20 

$2,039 
17 
7 

$4,160 
34 
62 

$521 
4 

13 

$12,238 
100 
19 

Asia/ 
Pacific 

$4,639 
39 
17 

$4,072 
34 

is 
$1,138 

10 
17 

$2,052 
17 
S3 

$11,901 
100 
18 

World 

$26,958 
41 

100 

$28,069 
43 

100 

$6,669 
10 

100 

$3,891 
6 

100 

$65,587 
100 
100 

Source: Dataquest (January 1993] 

Table 3 
Exchange Rates 

North American Market 
Japanese Market 

European Market 

Asia-Pacific/ROW Market 

1991 Revenue 

$16,990 million 
$22,496 million 
Y3,059 billion 
$11,014 million 
ECU 8,921 million 
$9,194 million 

1992 Revenue 

$20341 million 
$21,107 million 
Y2,658bimon 
$12,238 million 
ECU 9,179 milUon 
$11,901 million 

Growth 
Rate (%) 
19.7 
-6.2 
-13.1 
11.1 
2.9 

29.4 
Source: Dataquest (January 1993) 

growth, but managed to easily retain their top two standings in the market. Motorola 
and TI each increased their market share and moved into the No. 3 and No. 4 positions. 

The bipolar digital market continued its downward trend for the fourth straight year, 
falling by 10.1 percent. TI dropped 13 percent in this product area, but still managed to 
remain No. 1. Hitachi overtook Fujitsu, which suffered an 18 percent decline in bipolar 
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revenue, to claim the No. 2 spot. Each company in the top 10 saw its bipolar revenue 
shrink from 1991 levels except Motorola, which saw a very modest 1 percent growth. 

Analog grew 5.8 percent in 1992 and once again was the most chaotic category in terms 
of ranking changes among the leaders. Eight of the top 10 companies switched places, 
starting at the top, where National Semiconductor, with the second strongest growth 
among the top 15 analog players at 17 percent, moved past*Philips into the No. 1 spot. 
SGS-Tliomson, Motorola, and Toshiba roimded out the top 5, with each company's 
sales in the $600 to $660 million dollar range. (According to Dataquest's policy, we 
include hybrid ICs in this analog category an d also in the total IC and semiconductor 
categories. One should note this difference when comparing our statistics to the World 
Semiconductor Trade Statistics (WSTS) or MITI/MOF statistics.) 

Dataquest will publish more detailed 1992 ranking tables in an upcoming Dataquest 
Perspective, to be published at the end of January. 

By Ken Dalle-MoUe 
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Recovery in Capital Spending One Year Off 

The end game to the global semiconductor investment downturn that began in 1990 is 
under way. Ironically, the final corrective adjustments are taking place in Japan, the 
very country that led the investment boom. 

As a result, we expect worldwide semiconductor capital spending and semiconductor 
wafer fab equipment sales to be flat in 1993 and then begin a sustained period of 
growth through the middle of the decade (see Tables 1 and 2). Our forecast has global 
spending declining 0.1 percent in 1993 and equipment sales up 1.2 percent. 

The adjustments to capital spending that has been under way over the last three years 
is finally bringing semiconductor capacity into line with demand. The bottom line is 
that IC manufacturers have cut the rate at which capacity will grow in the future. Not 
only are plans to add new capacity being delayed or canceled, but also device 
manufacturers are closing down older fabs. 

On a square-inch basis, 1992 actual capacity will be 10 percent less than was originally 
planned for one year ago, and 11 percent less in 1993. The decreases occurred in all 
regions of the world, but the steepest cuts have occurred in capacity that Japanese 
companies had planned to bring online. 

The sharp retrenchment in Japanese capital spending is at the center of the decline in 
capacity. We estimate that spending in Japan will be slashed by 29 percent in 1992, and 
will further decline by 13 percent in 1993. The United States will show surprising 
strength in 1993. Capital spending and equipment sales in the United States are 
expected to be up 13 percent because of increased investment by microprocessor 
makers. Investment in Europe will decline further in 1993. Plans to add capacity in the 
Asia/Pacific region continue to push ahead. 

Dataquest Perspective 

Dataquest believes that the adjustment to capacity taking place now will lead to an 
improvement in the profitability of device makers over the next several years. Better 
profitability for device makers is the cornerstone assumption in our forecast of an 
accelerating capital spending and equipment sales cycle, which we expect to begin in 
1994. 

December 9,1992 ®1992 Dataquest Incorporated 
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Table 2-2 
Worldwide Semiconductor Capital Spending, by Region - Forecast, 1991-1996 (Millions 
of Dollars) 

North America 
Percent Growth 

Japan 
Percent Growth 

Europe 
Percent Growth 

Asia/Pacific-ROW 
Percent Growth 

Worldwide 

1991 
3,851.4 
-3.8 
5,636.4 
1.0 
1,233.6 
-17.5 
2,273.6 
63.9 
12,995.0 

1992 
3,558.7 
-7.6 
4,018.8 
-28.7 
1,086.8 
-11.9 
2,319.1 
2.0 
10,983.3 

1993 
4,003.5 
12.5 
3,508.4 
-12.7 
1,041.2 
-4.2 
2,416.5 
4.2 
10,969.5 

1994 
4327.8 
8.1 
3,894.3 
11.0 
1,143.2 
9.8 
2,631.5 
8.9 
11,996.8 

1995 
4,786.6 
10.6 
4,233.1 
8.7 
1,400.4 
22.5 
3,118.4 
18.5 
13,538.4 

1996 
5,346.6 
11.7 
5,058.5 
19.5 
1,86Z5 
33.0 
3,975.9 
27.5 

CAGR (%) 
1991-1996 
6.8 

-2.1 

8.6 

11.8 

16,243.6 4.6 
Percent Growth 2.9 -15.5 -0.1 9.4 12.9 20.0 

Source: Dataquest (December 1992) 

Table 3-2 
Worldwide Wafer Fab Equipment Market, by Region - Forecast, 1991-1996 (Millions of 
Dollars) 

North America 
Percent Growth 

Japan 
Percent Growth 

Europe 
Percent Growth 

Asia/Pacific-ROW 
Percent Growth 

Worldwide 
Percent Growth 

1991 
1,536.3 
-3.8 
3,016.7 
1.0 
633.6 
-17.5 
852.3 
63.9 
6,038.9 
2.9 

1992 
1,516.7 
-1.3 
2,108.0 
-30.1 
596.0 
-5.9 
883.3 
3.6 
5,104.0 
-15.5 

1993 
1,711.0 
12.8 
1,960.5 
-7.0 
566.2 
-5.0 
928.0 
5.1 
5,165.7 
1.2 

1994 
1,947.5 
13.8 
2,102.9 
7.3 
628.8 
11.0 
1,053.5 
13.5 
5,732.7 
11.0 

1995 
2,249.7 
15.5 
2328.2 
10.7 
770.2 
22.5 
1,295.3 
23.0 
6,643.4 
15.9 

1996 
2,619.8 
16.5 
2,782.2 
19.5 
1,024.4 
33.0 
1,711.1 
32.1 
8,137.5 
22.5 

CAGR (%) 
1991-1996 
11.3 

-1.6 

10.1 

15.0 

6.1 

Source: Dataquest (December 1992) 

December 9,1992 ®1992 Dataquest Incorporated 
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AMD Loses Round 2 of the Intel Microcode Suit 

On Wednesday, December 2,1992, Judge Ingram ruled that AMD does not have the 
rights to copy Intel's microcode for use in microprocessors. This ruling comes nearly six 
months after the first decision by Judge Ingram, who found specifically that AMD did 
not have the rights to copy Intel's 80287 math coprocessor nucrocode. A summary of the 
key decisions made to date is as follows: 

• AMD wiris arbitrator's decision (February 1992) regarding contract breach, which 
awarded AMD rights to all intellectual property used in its 386 (including 
microcode) and offsetting damages to both parties ($15 million to AMD, $23 million 
to Intel). 

• Arbitrator's decision was upheld (May 1992) in Califorrua State Superior Court, 
whereupon Intel appealed the arbitrator's decision to award its 386 microcode to 
AMD as damages, claiming that this intellectual property is beyond the scope of the 
arbitrator's jurisdiction. The success of this appeal does not look likely because 
preliminary rulings recently released indicate a predisposition to remain with the 
arbitrator's decision. However, if victorious, Intel will ask for damages in excess of 
$600 million (based on lost revenue). 

• Intel wins round 1 (June 1992) and round 2 (December 1992) of the microcode suit 
against AMD. The ruling is that AMD does not have the rights to ship Intel's 
microcode for math coprocessors or microprocessors, respectively, with the 
exception of the 386 because of arbitration (under appeal). Intel has requested 
damages of $35 nullion for AMD's shipment of 287s. Intel has requested AMD 
destroy all copied Intel 486 microcode, including any physical samples distributed 
to its customers. 

The two major outstanding issues surrounding the legal rivalry between these 
companies are as follows: 

• What impact will this decision have on AMD's 486 introduction plans? 
• Will the appellate court reverse the arbitrator's decision regarding AMD's rights to 

386 microcode? 

December 4,1992 ©1992 Dataquest Incorporated 
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Dataquest Perspective 

This verdict was no surprise to us. It affirms the predictions we made back in June, 
including a scenario calling for a delay in AMD's 486 shipments until the second 
quarter of 1993, and a loss of competitive advantage (offering direct replicas of Intel's 
architecture). However, we also believe that this decision was no surprise to AMD, 
which was prepared for it and had taken steps to minimize its affect on its marketing 
efforts, including the following: 

• Moving ahead quickly on developing a forward-engineered version of the 486DX, 
which we anticipate will be at first silicon late in the first quarter of 1993. 

• Demonstrating high-performance 50-MHz 486DX chips at COMDEX/Fall and 
previously in a European trade show, proving its ability to design a 486DX-level 
chip. 

• Working with key OEMs to design systems around its pending 486 product line 
(microcode will have no effect on system design), to have a level of demand pre-
established as production ramp begins. 

As to the future, Dataquest predicts that AMD will lose market share in the next 6 
months as the PC product mix shifts to the 486. However, it will emerge somewhat 
strengthened in the long term as it switches to a forward-engineered x86s architecture. 
Ironically, AMD wUl become the beneficiary of a decision made for it by the legal 
system that it should have made internally. 

Ken Lowe, Senior Industry Analyst 
Dataquest Microcomponents Service 

December 4,1992 ©1992 Dataquest Incorporated 



October 9, 1992 

Dear Dataquest Client: 

For those of you who haven't responded to our annual research needs questionnaire. 

You still have time to get your 1993 research needs into our research plan. Please return 
by fax your three page questionnaire form that was sent to you on October 2 to (408) 
437-0292 by October 14, 1992. This will ensure that your voice is heard in our soon to be 
finalized 1993 research plan. 

Regards, 

Gregory Sheppard 



Semiconductor Application iVIarkets Worldwide 
Survey 

1. Are you the principal binder holder of the service? Yes No 

2. Regarding our newsletter and focus report deliverables, please rank your preference on a 
basis of 1 (highest) to 3 (lowest): 

Deliver more newsletters but have more topics with less in-depth coverage per topic; 
and include more focus reports (e.g.. Multimedia) 

Deliver fewer newsletters but have fewer topics with more in-depth coverage; and 
have two focus reports (the number to be delivered this year) 

Keep the same as this year 

3. How important is it to cover the following subjects within each application topic newsletter 
article (e.g., rigid disl< drives)? 

Not Very 
Important Important 

System forecast 012 3 4 5 
System market trends 012 3 4 5 
OEM analysis/market share 0 12 3 4 5 
Block diagram trends 012 3 4 5 
Semiconductor content analysis/forecast 0 12 3 4 5 
Semiconductor company analysis/market share 012 3 4 5 

Questions 4 through 6 pertain to the core database information found in the Source: Dataquest 
binder (the booklets labeled Source: Dataquest). 

4. Please rate on a scale of 0 to 5 (5 the most important, 0 do not use at all) the material you find 
most useful in doing your job. 

Not Very 
Important Important 

Worldwide and North American Electronic Equipment 012 3 4 5 
Forecast 

Worldwide and North American Consumption by Application 012 3 4 5 
Data Processing Statistics Worldwide 012 3 4 5 
Communications Statistics North America 012 3 4 5 
Industrial Statistics North America 012 3 4 5 
Consumer Statistics North America 01 2 3 4 5 
Mil/Aero Statistics North America 012 3 4 5 
Transportation Statistics North America 0 12 3 4 5 
North American OEM Revenue 012 3 4 5 

5. In reference to the sections mentioned in question 2, how could we improve their scope to 
better serve your needs (please be specific)? 

6. What would be your level of interest in the following reference databases which we currently 
doni publish? Please rate (0 to 5). 



6a. A North American OEM Semiconductor Purchases database (lists semiconductor purchase 
estimates by North American OEM) 012 3 4 5 

6b. A North American OEM Electronic Production Survey (lists production sites and unit volumes 
for PC, workstation, storage, and printers and board contractors) 012 3 4 5 

Questions 7 through 9 relate to potential newsletters or focus reports. 

7. Listed below are some candidate topics for 1993. 
level. 

Please rate these topics as to your interest 

Data Processing Topics 
Personal Information and Communications Devices 
Pen-Based PCs 
Notebook PCs 
Desktop PCs 
Personal Workstations 
Other Workstations 
Graphics and Digital Video 
Sound/Sound Boards 
Rigid Disk Drives 
Optical Disk Drives 
Tape Drives 
Ink Jet Printers 
Laser Printers 
Scanners 
Point-of-Sale Systems 
Hand-Held terminals 

Communications Topics 
Fiber Optics (SDH/SONET) 
High-Performance Networking (ATM, FDDI...) 
LAN Cards/Embedded 
Internetworking (Bridges, Routers, Hubs...) 
Wireless Data Communication 
ISDN 
ATM/SMDS/Frame Relay 
Cellular/PCN 
Modem 
Fax 
Navigation Systems (GPS) 

Industrial Topics 
Medical 
ATE 
Test and Measurement Instrumentation 
Robotics 
Industrial Boards (VME, etc.) 

Consumer Topics 
Advanced Consumer Video 
Advanced Consumer Audio 
Interactive/Entertainment (CD-I, Video Games) 
Home Satellite/Cable Terminals 

Automotive Topics 
Advanced Automotive Systems 

Not Very 
Important Important 

0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
012 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 

0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 

0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 

0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 

0 1 2 3 4 5 



8. What other topics would you be interested in? 

9. Of the topics listed earlier, which 5 would be of the most interest? 

10a. How important is it to have OEM profiles detailing their design and purchasing information? 
0 1 2 3 4 5 

10b. Which OEMs would you like covered? 

11. Over the next two months you will receive two focus reports, one on multimedia and one on 
hand-held information and communications devices (PICDs). How important are these topics to 
you? 

Multimedia 012 3 4 5 
PICDs 012 3 4 5 

12. In December you will receive an OEM Purchaser Wants and Needs report detailing key 
services issues, contracting trends, and product needs. How interested do you think you will be in 
this information? 012 3 4 5 

13. Any other comments? 

Thank you! Your help is appreciated. 



October 2.1992 

Dear Dataquest Client, 

Each year we survey the clients of the Semiconductor Application l\/larl(ets Worldwide 
Service to capture their input for our research scope for the following year. We would like very 
much to have your ideas for our 1993 program. The survey touches on both our core reference 
datat>ases found in the Source: Dataquest binder, and the potential topics in our newsletters and 
reports. Your input directly influences our research plan and this is a prime opportunity to ensure 
we are covering the topics of greatest interest to your company. 

Please take some time to fill out the attached survey and fax it back to me at (1) (408) 437-
0292 btefore October 9. Give me a call if you like as well at (1) (408) 437-8261. Thank you! 

Sincerely, 

Gregory Sheppard 
Dataquest 

• 



Semiconductor Application Markets Worldwide 
Survey 

1. Are you the principal binder holder of the sen/ice? Yes No 

2. Regarding our newsletter and focus report deliverables, please rank your preference on a 
basis of 1 (highest) to 3 (lowest): 

Deliver more newsletters but have more topics with less in-depth coverage per topic; 
and include more focus reports (e.g., Multimedia) 

Deliver fewer newsletters but have fewer topics with more in-depth coverage; and 
have two focus reports (the number to be delivered this year) 

Keep the same as this year 

t 

3. How important is it to cover the following subjects within each application topic newsletter 
article (e.g., rigid disk drives)? 

Not Very 
Important Important 

System forecast 012 3 4 5 
System market trends 012 3 4 5 
OEM analysis/market share 0 12 3 4 5 
Block diagram trends 012 3 4 5 
Semiconductor content analysis/forecast 0 12 3 4 5 
Semiconductor company analysis/market share 0 12 3 4 5 

Questions 4 through 6 pertain to the core database information found in the Source: Dataquest 
binder (the booklets labeled Source: Dataquest). 

4. Please rate on a scale of 0 to 5 (5 the most important, 0 do not use at all) the material you find 
most useful in doing your job. 

Not Very 
Important Important 

Worldwide and North American Electronic Equipment 012 3 4 5 
Forecast 

Worldwide and North American Consumption by Application 0 12 3 4 5 
Data Processing Statistics Worldwide 0 12 3 4 5 
Communications Statistics North America 0 1 2 3 4 5 
Industrial Statistics North America 012 3 4 5 
Consumer Statistics North America 0 12 3 4 5 
Mil/Aero Statistics North America 012 3 4 5 
Transportation Statistics North America 0 12 3 4 5 
North American OEM Revenue 012 3 4 5 

5. In reference to the sections mentioned in question 2, how could we improve their scope to 
better serve your needs (please be specific)? 

6. What would be your level of interest in the following reference databases which we currently 
doni publish? Please rate (0 to 5). 



6a. A North American OEM Semiconductor Purchases database (lists semiconductor purchase 
estimates by North American OEM) 012 3 4 5 

6b. A North American OEM Electronic Production Survey (lists production sites and unit volumes 
for PC, wori^tation, storage, and printers and board contractors) 012 3 4 5 

Questbns 7 through 9 relate to potential newsletters or focus reports. 

7. Listed below are some candidate topics for 1993. 
level. 

Please rate these topics as to your interest 

Data Processing Topics 
Personal Information and Communicattons Devices 
Pen-Based PCs 
Notebook PCs 
Desktop PCs 
Personal Workstations 
Other Workstations 
Graphics and Digital Video 
Sound/Sound Boards 
Rigid Disk Drives 
Optteal Disk Drives 
Tape Drives 
Ink Jet Printers 
Laser Printers 
Scanners 
Point-of-Sale Systems 
Hand-Held terminals 

Communications Topics 
Fiber Optics (SDH/SONET) 
High-Performance Networking (ATM, FDDI...) 
LAN Cards/Embedded 
Internetworking (Bridges, Routers, Hubs...) 
Wireless Data Communication 
ISDN 
ATM/SMDS/Frame Relay 
Cellular/PCN 
Modem 
Fax 
Navigation Systems (GPS) 

Industrial Topics 
Medical 
ATE 
Test and Measurement Instrumentation 
Robotics 
Industrial Boards (VME, etc.) 

Consumer Topics 
Advanced Consumer Video 
Advanced Consumer Audio 
Interactive/Entertainment (CD-I, Video Games) 
Home Satellite/Cable Terminals 

Automotive Topics 
Advanced Automotive Systems 

Not Very 
Important Important 

0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
01 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
01 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 

0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 

0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 

0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 
0 1 2 3 4 5 

0 1 2 3 4 5 



8. What other topics would you be interested In? 

9. Of the topics listed earlier, which 5 would be of the most interest? 

10a. How important is it to have OEM profiles detailing their design and purchasing information? 
0 1 2 3 4 5 

10b. Which OEMs would you like covered? 

11. Over the next two months you will receive two focus reports, one on multimedia and one on 
hand-held information and communications devices (PICDs). How important are these topics to 
you? 

Multimedia 012 3 4 5 
PICDs 012 3 4 5 

12. In December you will receive an OEM Purchaser Wants and Needs report detailing key 
services issues, contracting trends, and product needs. How interested do you think you will be in 
this information? 012 3 4 5 

13. Any other comments? 

Thank you! Your help is appreciated. 



EC Imposes Provisional 10 Percent Antidumping 
Penalty on Korean DRAM Suppliers 

The European Community Commission (EC) has imposed a 10.1 percent provisional antidumping 
duty on the import of DRAMs from Korean suppliers Goldstar, Hyundai, and Samsung. The 
penalty applies to DRAM die, wafer, discrete devices, and modules. The next likely step will be 
approval by the Council of Ministers. The provisional penalty—which applies for four months 
unless extended or otherwise modified—is not retroactive. The 10.1 percent penalty compares 
with a finding of the following dumping margins: Goldstar at 122 percent; Hyundai at 57 percent; 
and Samsung at 18 percent. 

Dataquest Perspective 

The European import duty is 14 percent on discrete DRAMs and 4.1 percent on modules. For 
South Korean suppliers, the antidumping penalty increases the total duty to 25.1 percent on 
discrete DRAMs and 14.2 percent on modules. Dataquest expects this action not only to increase 
European DRAM pricing—which has been the instant response of some suppliers in the region— 
but also to add another touch of market volatility for buyers in other regions such as North 
America. For example, the U.S. Department of Commerce (DOC)-Intemational Trade 
Commission should issue a preliminary decision on Micron's DRAM dumping complaint against 
these Korean suppliers on about September 30—and shortly before the U.S. presidential election. * 

The EC, along with Korean suppliers and users in Europe, has a challenging road ahead. The EC 
aims to balance the conflicting concerns of the European supplier and user communities. For 
example, the 10.1 percent penalty should be less devastating to emerging DRAM suppliers such 
as Goldstar and Hyundai than a penalty in the 25 to 50 percent range. The EC has two distinct 
systems for monitoring DRAM pricing: this antidumping system and the reference pricing (RP) 
system. Some users and other market participants have criticized the RP system for increasing 
market uncertainty and volatility. The relatively low level of penalty in this action moderates 
against increased uncertainty. However, the global network of DRAM suppliers and users must 
now brace for another bout of DRAM market volatility. For example, the existing Reference Price 
Arrangement affecting Japanese DRAM suppliers may force the affected Korean companies out 
of some European market segments because of the current pricing penalties. 

Regarding the fiiture of this provisional penalty, the EC may decide—depending on the course of 
negotiations with the affected Korean suppliers—to eliminate the penalty for any given supplier. 
maintain the same penalty, or, less likely, increase it. 

Otherwise, once this provisional penalty expires, what will replace it? Dataquest sees two distinct 
possibilities, as follows: 

• A new "FMV-type" structured cost price scheme similar to the U.S. DOC model 
• Korean DRAM suppliers' inclusion in the current Reference Price Arrangement 



THE DATAQUEST PERSPECTTVE 

San Jose, Calif., July 27,1992 - Dataquest today, issues the top-line semiconductor industry forecast numbers along with 

assumptions supporting the forecast to the Datacptest Semiconductor Service Clients. This is to insure that our clients will receive 

the latest data as soon as it is available. The final market share booklet have been sent and the latest forecast booklet will be shipped 

this week. Should you have questions regarding the market share or forecast data, please (intact your semiconductor account 

manager. Dataquest will also be releasing a subset of the forecast data to the press in the form of a press release on July 28,1992. 

Semiconductor Industry Assumptions 

The North American semiconductor market continues to strengthen. Dataquest expects the North American 
market to grow 15.1 percent m 1992, up from a meager 2.7 percent in 1991. The market is clearly on target 
midway through the year. According to the latest WSTS statistics, total semiconductor bookings (three-month 
moving average) growth for the three months ended in June was 18.0 percent above year-earlier bookings, 
compared with 11.9 percent in May. Total semiconductor billings growth for the same period was 14.8 percent 
above year-earlier billings, compared with 13.3 percent in May. 

Strength in the North American market can be attributed largely to the recovery of the U.S. economy and the 
relaxation of household and business budget constraints for durable goods and capital equipment. In particular, 
however, chip demand stems from strong orders of portable PCs, client/server computers, and network 
hardware. 

Dataquest expects the Japanese market to decline 9.4 percent (dollar-based) in 1992, the first yearly decline sin 
1985. The latest market statistics support this outlook. The dollar value of total semiconductor billings for the 
three months ended in May was 14.5 percent below year-earlier billings. The bookings picture is even more 
bleak. Total semiconductor bookings for the same period were 17.7 percent belcw year-earlier levels. Japan's 
situation is due to more than just weakness in its European export market. Other factors include a heightened 
level of international competition in chips and systems, a glut of woridwide DRAM fab capacity, rising costs of 
capital in Japan, and a dearth of new, high-volume consumer electronic systems. Dataquest does not expect an 
improvement in Japan's export market to alleviate these structural problems in 1992. 

Dataquest forecasts the European market to grow 7.2 percent in 1992, up from 5.8 percent in 1991. Total 
semiconductor billings for the three months ended in June was 9.0 percent above year-earlier billings. Total 
semiconductor bookings for the same period were 7.1 percent above year-earlier levels. We believe that the 
European market will show more growth in the second half of 1992 than usual, as recovery in the U.S. market 
starts to pull through demand in Europe later in the year. Recovery of the U.K. and French economies will help 
offset decelerating growth in Germany. PC manufacture in Ireland is strongs and much of the growth in the 
United Kingdom is related to multinational companies increasing their data processing and consumer equipment 
production. Investment in telecommunications infrastructure and the introduction of GSM mobile cellular phon 
also provide growth stimulus, 

Dataquest forecasts the Asia/Pacific-Rest of Worid market to grow 21.6 percent in 1992. Again, the latest 
statistics support this outlook. Total semiconductor bookings growth for the three months ended in May was 
15.8 percent above year-earlier bookings. Total semiconductor billings growth for the same period was 25.5 
percent above year-earlier billings. Expansion continues to be driven by foreign investment and improvement in 
Western export markets. 
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38,250 50,859 54,339 54,545 59,694 62,925 7^668 
29,886 41,068 44,613 44,459 48,855 52,074 60,902̂  

4,760 5,200 4,314 4,173 3,628 3,271 2,989 
621 689 460 431 356 339 274 

4,139 4,511 3,854 3,742 3,272 2,932 2,715 

17,473 26,988 31,140 30,152 34,315 37,287 45,007 
6,056 11,692 15,405 12,128 12,841 14,683 18,927 
5,108 7,144 7,808 9,584 11,774 12,985 14,804 
6,309 8,152 7,927 8,440 9,700 9,619 11,276 

7.654 8,880 9,159 10,134 10,912 11,516 12.907 

6.655 7.612 7,320 7,674 8.035 8,126 8,730 
1,709 2,179 2.406 2,412 2,804 2,725 3,036 

82,627 
70,002 

2,733 
209 

2,524 

53,063 
22,888 
17,258 
12,917 

14,206 

9,290 
3,335 

88.122 
74.609 

2,498 
185 

2,313 

56,540 
21,978 
20,016 
14,545 

15,571 

9,868 
3.645 

94.991 
80.720 

2,252 
176 

2,076 

61,713 
23,661 
21,920 
16,132 

16.754 

10,403 
3,868 

Sourca: Dataquast 
24-JUI-92 

Samieonduetor Conaumptlon Growth (%): Woridwida 

Total Samieonduetor 
Total Intagratad Circuit 

Bipolar Digital 
Bipolar Mamory 
Bipolar Logic 

MOS Digital 
MOS Mamory 
MOS MIcroeomponant 
MOS Logic 

Analog 

Total Diterata 
Total Optoalactronic 

Sourca: Dataquaat 
24^Ul-92 

1987 

24.1 
26.5 

10.1 
2.5 

11.3 

36.3 
34.2 
46.4 
31.0 

18.2 

16.1 
15.0 

1988 

33.0 
37.4 

9.2 
10.9 
9.0 

54.5 
93.1 
39.9 
29.2 

16.0 

14.4 
27.6 

1989 

6.8 
8.6 

-17.0 
-33.2 
•14.6 

15.4 
31.8 
9.3 
-2.8 

3.1 

-3.8 
10.4 

1990 

0.4 
-0.3 

-3.3 
•6.3 
•2.9 

-3.2 
-21.3 
22.7 
6.5 

10.6 

4.8 
0.2 

1991 

9.4 
9.9 

•13.1 
-17.4 
-12.6 

13.8 
5.9 

22.9 
14.9 

7.7 

4.7 
16.3 

1992 
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6.6 
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•4.9 
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-0.8 
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•Z8 

-
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-19.1 
•7.4 

20.7 
28.9 
14.0 
17.2 

1̂ 1 

7.4 
11.4 

1994 

13.7 
14.9 

-8.6 
•23.7 
-7.0 

17.9 
20.9 
16.6 
14.6 

10.1 

6.4 
9.8 

199S 

6.7 
6.6 

•8.6 
•11.6 
•8.4 

6.6 
-4.0 
16.0 
12.6 

9.6 

6.2 
9.3 

1996 

7.8 
8.2 

•9.8 
•4.9 

•10.2 

9.1 
7.7 
9.5 

10.9 

7.6 

5.4 
6.1 

91-96 
CAQR 

9.7 
10.6 

-9.1 
•13.2 
-8.7 

12.5 
13.0 
13.2 
10.7 

9.0 

5.3 
6.6 



THE DATAQUEST PERSPECTTVE 

San Jose, Calif., July 27,1992 - Datatfuest today, issues the top-line semiconductor industry forecast numbers along with 

assumptions supporting the forecast to the Dataquest Semiconductor Service Clients. This is to insure that our clients will receive 

the latest data as soon as it is available. The final market share booklet have been sent and the latest forecast booklet xvill be shipped 

this xvedc Should you have questions regarditig the market share or forecast data, please contact your semiconductor account 

manager. Datatjuest will also be releasing a subset of the forecast data to the press in the form of a press release on July 28,1992. 

Semiconductor Industry Assumptions 

The North American semiconductor market continues to strengthen. Dataquest expects the North American 
market to grow 15.1 percent in 1992, up from a meager 2.7 percent in 1991. The market is clearly on target 
midway through the year. According to the latest WSTS statistics, total semiconductor bookings (three-month 
moving average) growth for the three months ended in June was 18.0 percent above year-earlier bookings, 
compared with 11.9 percent in May. Total semiconductor billings growth for the same period was 14.8 percent 
above year-earlier billings, compared with 13.3 percent in May. 

Strength in the North American market can be attributed largely to the recovery of the U.S. economy and the 
relaxation of household and business budget constraints for durable goods and capital equipment. In particular, 
however, chip demand stems from strong orders of portable PCs, client/server computers, and network 
hardware. 

Dataquest expects the Japanese market to decline 9.4 percent (dollar-based) in 1992, the first yearly decline sin 
1985. The latest market statistics support this outlook. The dollar value of total semiconductor billings for the 
three months ended in May was 14.5 percent below year-earlier billings. The bookings picture is even more 
bleak. Total semiconductor bookings for the same period were 17.7 percent below year-earlier levels. Japan's 
situation is due to more than just weakness in its European export market. Other factors include a heightened 
level of international competition in chips and systems, a glut of worldwide DRAM fab capacity, rising costs of 
capital in Japan, and a dearth of new, high-volume consumer electronic systems. Dataquest does not expect an 
improvement in Japan's export market to alleviate these structural problems in 1992. 

Dataquest forecasts the European market to grow 7.2 percent in 1992, up from 5.8 percent in 1991. Total 
semiconductor billings for the three months ended in June was 9.0 percent above year-earlier billings. Total 
semiconductor bookings for the same period were 7.1 percent above year-earlier levels. We believe that the 
European market will show more growth in the second half of 1992 than usual, as recovery in the U.S. market 
starts to pull through demand in Europe later in the year. Recovery of the U.K. and French economies will help 
offset decelerating growth in Germany. PC manufacture in Ireland is strongs and much of the growth in the 
United Kingdom is related to multinational companies increasing their data processing and consumer equipment 
production. Investment in telecommunications infi-astructure and the introduction of GSM mobile cellular phon 
also provide growth stimulus. 

Dataquest forecasts the Asia/Pacific-Rest of Worid market to grow 21.6 percent in 1992. Again, the latest 
statistics support this outlook. Total semiconductor bookings growth for the three months ended in May was 
115.8 percent above year-earlier bookings. Total semiconductor billings growth for the same period was 25.5 
percent above year-earlier billings. Expansion continues to be driven by foreign investment and improvement in 
Western export markets, 
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24.1 
26.5 
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15.0 
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10.9 
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A M D Loses Round 1 of the Intel Microcode Suit 

After deliberating for nearly a week, a jury in San Jose, California concluded that 
Advanced Micro Devices Inc. (AMD) does not have the right to distribute Intel 
Corporation's microcode in microprocessor products, the 80287 specifically, in this 
case. This is the first of three modules; a misrepresentation module and a maskwork 
infringement module are still to come to trial. 

The disputed rights refer to an agreement made in 1976 and later extended in 1982 in 
which AMD claimed it was given the rights to use and distribute Intel's microcode 
in microprocessors. Though Intel concurred that AMD had the rights to use its 
microcode, the arguments focused on what form of distribution AMD had 
permission to use. These arguments centered aroimd the definition of the term 
"microcomputer," the operative term used in the agreement. AMD argued that the 
term (as used in the original 1976 agreement) was (at that time) used 
interchangeably with the term "microprocessor" and thus conferred rights to 
distribute component-level products. Intel argufd that the term microcomputer 
meant system-level products such as development systems. To settle this module, 
the jury was instructed to return with answers to the following specific questions, 
where the burden of proof rested on either AMD or Intel as listed: 

Q: Did AMD prove that the disputed language "microcodes contained in Intel 
microcomputers and peripheral products sold by Intel" referred to microcode 
contained in the AMD 80287? . 
A: No, AMD did not prove this. 

Q: Did Intel prove that the two parties disagreed as to the meaning of the language 
when the agreement was extended in 1982? 
A: No, Intel did not prove this. 

In addition, two other questions regarding third-party duplication rights and 
willfulness of infringement were also returned negative, neither party meeting its 
burden of proof. AMD will appeal this verdict on Monday, when it will ask for a 
judgment by the court as a matter of law, notwithstanding jury verdict. AMD 
contends that the jury was confused and thus ruled in each question that neither 
party was able to prove its case. 

Dataquest Perspective 

This was a surprise verdict and counterbalances the rights set forth in the earlier 
arbitration decision where AMD was awarded specific rights to manufacture and sell 
(including microcode) the reverse-engineered 386 product. Assuming that both 
judgments stand intact, AMD will be pushed into forward engineering all future 
generations with the following impact: 



• Schedule delays: Introduction of its preannoimced 486 products may be delayed by 
as much as 6 months, though work toward a forward-engineered version has 
already been under way. 

• Technical risks: Though AMD has the engineering talent to provide forward-
engineered parts, it will have to reestablish the compatibility of its 80x86 line. 

• Loss of competitive advantage: AMD had a differential advantage over all other 
80x86 doners by providing exact duplicates of Intel parts, the loss of which creates a 
market acceptance risk. 

Correlating these impacts with the state of the industry, Dataquest predicts the 
following scenario to take place: AMD will refocus its 486 development on a 
forward-engineered approach; AMD will demonstrate working prototypes by the 
end of this year and begin shipping in the second quarter of 1993; AMD will lose 
market share as the PC product mix shifts to the 486 (pushed by both Intel and 
Cyrix/TI); AMD will lose account control as upcoming socket opportunities go to 
Intel or Cyrix/TI. 

Though AMD will suffer in the short term, it may actually emerge somewhat 
strengthened in the long term by having shifted to forward-engineering and thus 
being able to introduce new generations without waiting for Intel. 

Ken Lowe 
Senior Industry Analyst 
Dataquest Microcomponents Service 



Rambus-NEC-Fujitsu-Toshiba Partnership: 
A Challenge to Traditional DRAM Architecture 

Rambus Inc. was fotmded in March 1990 by Dr. Mike Farmwald and Dr. Mark 
Horowitz. The initial funding ($1.8 million), was provided by three venture capital 
firms: Kleiner Perkins Caufield and Byers; Merrill, Pickard, Anderson and Eyre; and 
Mohr, Davidow Ventures. Geoff Tate is president, and CEO, Bill Davidow is 
chairman, and Takahiro Kamo is chairman of Rambus K.K. (Japan). The company 
has 35 employees. 

Rambus Inc. has developed and licensed a new DRAM architecture and very high 
speed chip-to-chip data transfer technology to NEC, Fujitsu, and Toshiba. This 
technology is based on a proprietary interface that will be implemented on DRAMs, 
graphics, video ICs, and other high-performance VLSI components. Rambus claims 
that its proposed solution achieves up to lOX increase in throughput, while using 
fewer ICs. A Rambus DRAM (RDRAM) is able to transfer 500MB of data per second 
over the so-called "Rambus Channel," which is a relatively simple 16-bit, high­
speed bus. To achieve this, the company stripped away most of the circuitry from the 
standard DRAM and substituted its own interface. The internal sense amps are used 
in a caching scheme, in effect creating an on-chip cache! Using standard CMOS 
technology with internal voltage swings of 0.6V, the memory chip is internally split 
into two banks of 256KB. Each bank is associated with a 1KB "Sense Amp Cache." 
Data transfers of 1 to 256 bytes use a synchronous packet-oriented protocol that 
utilizes both edges of a 250-MHz clock to achieve the 500-MHz throughput rate. The 
4Mb generation of RDRAM is configured as 512Kx9 and the 16Mb as 2Mx9, 
effectively yielding 4.5Mb and 9Mb devices, respectively. The company claims 
performance improvement of 3 to 5 times over VRAMs. In the near term ASIC 
devices will be used to interface RDRAMs with standard microprocessors. The 
company hopes that the proposed interface succeeds as a standard, and then 
migrates onto future versions of CISC and RISC microprocessors and other devices. 

Cost effectiveness comes from eliminating the need for an external cache 
controller/SRAM and/or substituting RDRAMS for VRAMs. The VRAM cost ratio 
is 1.8 to 2 times that of equivalent DRAMs. At the 1Mb level a typical VRAM may 
incur a 50 percent die size penalty over the 1Mb DRAM. Rambus says its proprietary 
interface (overhead on the standard memory array) results in a 25-percent die size 
penalty at a 4Mb DRAM density and drops to 5 percent at a 64Mb device density. 

Fujitsu has announced that it intends to manufacture RDRAMs in 1992 and 
incorporate the technology into ASICs and microprocessors. Toshiba plans to 
introduce a 4Mb RDRAM in 1992, and offer other products along with 16Mb 
RDRAM in 1993. NEC is now developing a 16Mb RDRAM as well as ASIC cells. 

RAMBUS architecture is meant to be an open standard. Companies other than those 
announced in this partnership may license the technology. The question of a single 
standard is important, as compatibility has plagued VRAMs. Rambus did an 



impressive job selecting and lining up the three top memory and ASIC players. The 
group represents a formidable mass, eliminating right away multiple-source 
questions. 

Rambus is following the business model of a technology developer/licensor, similar 
to Adobe Systems and Dolby Laboratories. Even though it does not intend to sell 
silicon, Rambus may be a model for "semiconductor" companies of the future. 
Rambus will receive license fees and royalties from NEC, Fujitsu, Toshiba, and 
other companies that implement its RAMBUS technology. 

Dataquest Perspective 
Ultimately, as is the case with many new technologies, it will be up to the users to 
vote it in or out. The company's greatest short-term challenge will be to educate the 
engineering community that is perhaps skeptical of buses switching at 500 MHz. 
Also, its claim that RDRAMs will hit the market at a 25 percent price premium (a 
fair markup for such performance) must be backed up by silicon. The add test 
should come later this year. 

Most likely this new technology will be embraced first by vendors that need the 
blazing performance RDRAMS may offer in video applications: companies such as 
Sun Microsystems, Silicon Graphics, HP, and IBM, along with companies able to 
exercise reasonable control over hardware and software, such as Apple. 

This new technology may replace VRAMs in the long run. Right now users are 
moving from VRAMs toward standard DRAM technology. The primary reason is 
the price differential for what amounts to a marginal performance boost. 
Furthermore, because of its serial nature VRAM can only be used for video 
applications, resulting in lower volume and high average selling prices. Unlike 
VRAM, the Rambus-proposed architecture can be used for both main memory and 
video memory. The challenge for RAMBUS, Fujitsu, NEC, and Toshiba will be to 
change the status quo. The benefits will be substantial: monetary for this 
partnership, and performance for users. The question is whether computer vendors 
can afford to ignore this development. In a fierce competitive environment where 
product differentiation is based on performance, the answer is no. 

Why did three Japanese giants form a partnership with a small startup? Because this 
may represent a ray of hope for DRAMs; prices for standard DRAMs are depressed, 
pressure from Korea is intensifying, and the PC market shows no signs of a speedy 
recovery. This may be attributed to the fact that PCs have reached a performance 
plateau and need a kick-start to get moving. If this new technology allows PCs to 
manipulate VGA/SVGA graphics in real time, then we may be looking at a 
quantum step forward in PC performance and memory sales. It would certainly 
provide a renaissance for PCs. 

By Nicolas Samaras 
Principal Analyst/Director, Dataquest Semiconductor Group 
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Chapter 1 

Market Share Survey Overview 

Each year, Dataquest surveys semiconductor 
vendors in order to estimate their annual sales. 
The survey covers approximately 140 semicon­
ductor vendors worldwide (this varies accord­
ing to mergers, acqxaisitions, liquidations, start­
ups, and so on) by 56 individual semiconduc­
tor product categories (excluding subtotals), 
6 application segments, and 5 world regions 
(Europe is split into a further subregions). This 
exercise helps Dataquest maintain its d3mamic 
database of semiconductor supply by company, 
and semiconductor shipments by world region 
and product. The information gained is 
supplemented by, and cross-checked with, 
Dataquesfs various other information sources. 

The semiconductor market share survey takes 
place twice each year. The first survey is to 
prepare preliminary estimates for the calendar 
year. This is then followed by a second sur­
vey of the same con^anies three months ]2X.ei 
in order to finalize estimates for the same 
calendar year. The first survey takes place dur­
ing October and November. Our prehminary 
estimates are completed by the end of the 
calendar year under review, and the results 
are summarized in a research report (a 
Dataquest Perspective document), which is 
released on January 1 following the end of 

the year. Preliminary vendor rankings are 
featured in a Dataquest press release shordy 
after this date. 

The second survey takes place during March. 
Our final semiconduaor market share estimates 
are then published in greater depth in a refer­
ence report (a Source: Dataquest document) 
by May 31. Tliere is usually minimal difference 
between preliminary and final rankings, as 
Dataquest makes every effort to ensure 
preliminary estimates are as accurate as possi­
ble. However, there will be occasions when 
some company results are revised according to 
unexpected late billings or order cancellations 
in the final months of the calendar year being 
reported. 

The categories for which semiconductor 
revenue is reported are defined comprehen­
sively for the purpose of clarity and guidance 
to survey partidpancs. These definitions may 
occasionally be revised, altered or expanded 
to reflect changes in the industry. To sup­
port these definitions, Dataquest will issue an 
annual survey guide to all participants in its 
semiconductor market share survey program. 
This document comprises the 1991 survey 
guide. 

1-1 



Chapter 2 

Semiconductor Companies Surveyed 
Worldwide 1991 

North American Companies 

Actel 
Adviinced Micro Devices 
Allegro Microsystems 
Altera 
Analog Devices 
Appian Technology 
Applied Micro Circuits Corporation 
AT&T 
Atmel 
Brooktree 
Burr-Brown 
California Micro Devices 
Catalyst 
Cherry Semiconductor 
Chips & Technologies 
Cirrus Logic 
Comlinear 
Crystal 
Cj^ress Semiconductor 
Dallas Semiconductor 
Elantec 
Exar 
General Instrument 
Gennum 
Gould AMI 
Harris 
Hewlett-Packard 
Honeywell 
Hughes 
IMI 
Integrated Device Technology 
Intel 
International CMOS Technology 
International Microelectronic Products 
International Rectifier 

nr 
Kulite 
Lattice 
Linear Technology 
LSI Logic 
Maxim 
Micro Linear 
Micro Power Systems 
Microchip Technology 

Micron Technology 
Microsemi 
Mitel 
MOSel 
Motorola 
National Semiconductor 
NCR 
Novasensor Inc. 
Optek 
Performance Semiconductor 
Powerex 
Quality Technologies 
Raytheon 
Rockwell 
SEEQ Technology 
Semtech 
Sierra Semiconductor 
Silicon General 
Silicon Systems 
Siliconix 
Sipex 
Solitron 
Standard Microsystems 
Supertex 
Tektronix 
Teledyne 
Texas Instruments 
TRW 
Unitrode 
Universal 
Vitelic 
VLSI Technology 
VTC 
WaferScale Integration 
Weitek 
Western Digital 
Xicor 
Xilinx 
Zilog 

Japanese Companies 

Fuji Electric 
Fujitsu 
Hitachi 
Matsushita 
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Mitsubishi 
NEC 
New JRC 
NMB Semiconductor 
Oki 
Ricoh 
Rohm 
Sanken 
Sanyo 
Seiko Epson 
Sharp 
Shindengen Electric 
Sony 
Toko 
Toshiba 
Yamaha 
European Companies 

ABB-HAFO 
ABB-IXYS 
Austria Mikro Systeme 
Ericsson 
Eupec 
European Silicon Structures 
Eurosil 
Fagor 
GEC Plessey 
Matra-MHS 
MEDL 
Mietec 
Philips Semiconductors 
Semikron 
SGS-Thomson 
Siemens 
STC 
TAG 
Telefunken Electronic 
TMS 
Zetex 

Asia/Pacific Companies 

Daewoo 
Goldstar 
Hualon Microelectronics Corporation 
Hyundai 
Korean Electronic Company 
MOSpec 
Samsung 
Silicon Integrated Systems 
United Microelectronics 
Winbond Electronics 
Summary 

83 North American Companies 
20 Japanese Companies 
21 European Companies 
10 Asia/Pacific Companies 
134 Worldwide Companies 

©1992 Dataquest Incorporated March-Reproduction Prohibited 



chapter 3 

General Sales Definitions 

1. Sales to customer. All sales are reported 
according to customer location, that is, the 
shipping destination. 

2. Hnished semiconductor products. 
Defined as assembled and tested semicon­
ductor products. Only count sales of fin­
ished semiconductor products to distributors 
and equipment manufacturers. Do not 
include sales of finished semiconductors to 
other semiconductor vendors for value-
added resale. Resale revenue will be 
estimated separately for these companies. 

3. Unfinished semiconductor products. 
Defined as wafer and die foundry products. 
Only count sales of unfinished semiconduc­
tor products to distributors and equipment 
manufacturers. Do not include sales of 
unfinished semiconductors to other semi­
conductor vendors for resale. Resale 
revenue will be estimated separately for 
these companies. 

4. Internal semiconductor sales. Defined as 
revenue from finished or unfinished semi­
conductor products from intracompany (in­
ternal or in-house) transfers to divisions 
and subsidiaries of your parent company 
that manufacture end equipment. Include 
all such internal semiconductor sales at 
market price. 

5. Hybrid products. Defined as products that 
comprise a number of active semiconductor 
die and/or passive components in a single 
package. Only count sales of hybrid 
products that conform with definition 2 
or 3. 

6. Modules and board-level products. 
Defined as products that comprises a num­
ber of active semiconductor and/or passive 
components mounted on a single printed 
circuit board (PCB). Only count sales of 
modules and board-level products that 
conform with definition 2 or 3. Only 
include the market value of the active 
semiconductors in the module or board-
level product. 

7. S^tem-level products. Defined as 
products that comprise a number of 
module and/or board-level products 
amounting to a single system or sub­
system. Examples include development 
systems, hardware platforms, and box-level 
products. Do not include any sales from 
such system-level products. 

8. NR£ charges. Defined as nonrecurring 
engineering charges made to customers as 
the result of costs incurred during the 
design or customizing of a semiconductor 
device for that customer. Tliis occurs in the 
following product areas: 

• Design chaiges for ASICs including gate 
arrays, ceU-based ICs, and fiill-custom 
ICs. 

• Mask charges that result fi-om the cus­
tomizing of a programmable array logic 
(PAL), when the customer's fuse pattern 
is masked into it to produce a hard­
wired array logic (HAL). 

• Mask charges that result from the 
customizing of ROMs. 

• Mask charges that result from the storage 
of the customer's microcode in a 
microcontroller. 

Only count revenue from NRE charges on 
active semiconductor products that conform 
with definition 2 or 3. Include these NRE 
charges as part of the revenue received 
from associated semiconductor product. Do 
not include revenue from NRE chaiges 
incurred during research, feasibility studies, 
or facility rental to third parties. 

9. Electronic design automation (EDA) 
software. EDA software is used to auto­
mate the design of semiconductors. Data-
quest includes revenue from ASIC semicon­
ductor vendors that also sell their own 
EDA software. Include any revenue derived 
from EDA software in the appropriate ASIC 
product category. The applicable categories 
are PLD, gate array, and cell-based IC. 

3-1 
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lO.IPR iacome. Defined as intellectual and dispute settlements. Do not include 
property rights, income from royalties, any such IPR income. 
licensing agreements, technology transfers, 
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Chapter 4 

Exchange Rate Definitions 

when converting a company's local currency 
sales into U.S. dollars, or vice versa, it is 
important to use the 1991 exchange rates 
provided below. This will prevent inconsisten­
cies in the conversion of offshore sales 

between each company. These are the 
exchange rates that will be used in the final 
1991 semiconductor market share survey. 
Exchange rates for historical years are available 
on request. 

Average 1991 Exchaage Rates against the U.S. Dollar 

Cotmtry 1991 Rate Curreacy 

Austria 

Belgium 

Denmark 

Finland 

France 

Germany 

Ireland 

Italy 

Japan 

Luxembourg 

Netherlands 

Norway 

Portugal 

South Korea 

Spain 

Sweden 

Switzerland 

Taiwan 

United Kingdom 

ECU 

11.67 

34.13 

6.39 

4.04 

5.64 

1.66 

0.62 

1,238.93 

134.68 

34.13 

1.87 

6.49 

144.02 

730.90 

103.81 

6.04 

1.43 

26.50 

0.57 

0.81 

Schillings/$ 

Belgian Francs/$ 

Danish Kroner/$ 

Markka/$ 

Frendi Francs/$ 

Deutsche Marks/$ 

Pounds/$ 

Lire/$ 

Yen/$ 

Luxem. Francs/$ 

Gulden/$ 

Norwegian Kroner/$ 

Escudos/$ 

Won/S 

Pesetas/$ 

Swedish Kronor/$ 

Swiss Francs/$ 

NT$/$ 

Pounds/$ 

ECU/$ 

4-1 



4-2 Semiconductor Market DefinitloDS Chapter 4 

©1992 Dataquest Incorporated March—Reproduction Prohibited 



Chapter 5 

Semiconductor Product Category 
Hierarchy 

The following semiconductor product category 
hierarchy begins with total semiconductor, 
and indents each subcategory in the left-hand 
column according to its position in the hierar­
chy. At each level in the hierarchy, all 

subcategories that contribute to this level are 
shown as a subcategory summation in the 
right-hand column. Any level in the hierarchy 
that does not depend on any subcategories is 
marked as a "Data Point." 

Total Semiconductor: 

Total Integrated Circuit: 

IC + Discrete + Optoelectronic 

Digital Monolithic Bipolar IC + Digital Monolithic MOS IC + Analog/ 
Mixed-Signal Monolithic IC + Hybrid IC 

Bipolar Digital IC: 1. Bipolar Digital TlVOther IC + Bipolar Digital ECL IC—technology 
^Itt 

2. Bipolar Digital Memory IC + Bipolar Digital Microcomponent IC + 
Bipolar Digital loffc—Junction ^lit 

Bipolar Digital TVL/Cnhs: IC: Data Point 

Bipolar Digital ECL IC: Data Point 

Bipolar Digital Memory IC: 

Bipolar Digital Micro IC: 

Bipolar Digital Logic IC: 

Bipolar Digital ASIC: 

Bipolar Digital GA: 

Bipolar Digital PLD: 

Bipolar Digital CBIC: 

Bipolar Digital FCIC: 

Bipolar Digital Standard Logic IC: 

Other Bipolar Digital Logic IC: 

MOS Digital IC: 

CMOS Digital IC: 

BiCMOS Digital IC: 

NMOS/Other Digital IC: 

Data Point 

Data Point 

Bipolar Digital Application-Specific IC + Bipolar Digital Standard Logic 

IC + Other Bipolar Digital Logic IC 

Bipolar Digital Gate Array + Bipolar Digital Programmable Logic 
Device + Bipolar Digital Cell-Based IC + Bipolar Digital Full-Custom 

IC 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

1. CMOS Digital IC + BiCMOS Digital IC + NMOS/Other Digital IC— 
technology split 

2. MOS Memory IC + MOS Microcomponent IC + MOS Logic IC— 
function split 

Data Point 

Data Point 

Data Point 

* • ! 
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MOS Digital Memory IC: 

DRAM: 

SRAM: 

EPROM: 

Other NV MOS Memory IC: 

Other MOS Memory IC: 

DRAM + SRAM + EPROM + Other Nonvolatile MOS Digital Memory 
IC + Other MOS Digital Memory IC 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

MOS Digital Microcomponent IC: 

MOS Digital MPU: 

MOS Digital MCU: 

MOS Digital MPR: 

MOS Digital Microprocessor + MOS Digital Microcontroller + MOS 
Digital Microperipheial 

Data Point 

Data Point 

Data Point 

MOS Digital Logic IC: 

MOS Digital ASIC: 

MOS Digital GA: 

MOS Digital PLD: 

MOS Digital CBIC: 

MOS Digital FQC: 

MOS Digital Standard Logic IC: 

Other MOS Digital Logic IC: 

MOS Digital Application-Specific IC + MOS Digital Standard Logic IC 
+ Other MOS Digital Logic IC 

MOS Digital Gate Array + MOS Digital Programmable Logic Device + 

MOS Digital Cell-Based IC + MOS Digital Full-Custom IC 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Analog IC: Monolithic Analog IC + Hybrid IC 

Monolithic Analog IC: Linear IC + Mixed-Signal IC 

Linear IC: 

Amplifier IC: 

Voltage Regulator IC: 

Voltage Reference IC: 

Comparator IC: 

Special Function IC: 

Special Consumer IC: 

Special Automotive IC: 

Linear Array ASIC: 

Amplifier IC + Voltage Regulator IC + Voltage Reference IC + Compa­
rator IC + Special Function IC + Special Consumer IC + Special 
Automotive IC + linear Array ASIC 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Mixed-Signal IC: Data Converter IC + Telecom IC + Interface IC + Switch/Multiplexer 
IC + Disk Drive IC + Mixed-Signal ASIC 

Data Converter IC: 

Telecom IC: 

Data Point 

Data Point 
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Interface IC: 

Switch/Multiplexer IC: 

Disk Drive IC: 

Mixed-Signal ASIC: 

Data Point 

Data Point 

Data Point 

Data Point 

Hybrid IC: Data Point 

Total Discrete: 

Transistor: 

Small-Signal Transistor: 

Power Transistor: 

Bipolar Power Transistor: 

MOS Power Transistor: 

Power IGBT: 

Transistor + Diode + Thyristor + Other Discrete 

Small-Signal Transistor + Power Transistor 

Data Point 

Bipolar Power Transistor + MOS Power Transistor + Power Insulated 
Gate Bipolar Transistor (IGBD 

Data Point 

Data Point 

Data Point 

Diode: 

Small-Signal Diode: 

Power Diode: 

Thyristor: 

Other Discrete: 

Small-Signal Diode + Power Diode 

Data Point 

Data Point 

Data Point 

Data Point 

Total Optoelectronic: 

LED lamp/Display: 

Optocoupler: 

CCD: 

Laser Diode: 

Photosensor: 

Solar Cell: 

LED Lamp/Display + Optocoupler + CCD + Laser Diode + 
Photosensor + Solar Cell 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 

Data Point 
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Chapter 6 

SemicondMCtor Product Category 
Definitions 

The following semiconductor product category 
definitions begin with total semiconductor, 
and continue through each subcategory in the 
same order as shown in the preceding semi­
conductor product category hierarchy. At each 

level in the hierarchy, all subcategories that 
contribute to this level are shown as a 
subcategory summation in the right-hand 
column. Comprehensive definitions are 
given at every level. 

Total Semiconductor: 

Total Integrated Circuit: 

Bipolar Digital IC: 

TTL/Other Bipolar Digital IC: 

ECL IC: 

Bipolar Digital Memory IC: 

(IC + Discrete + Optoelectronic.) Defined as an active semiconduc­
tor product that contains semiconducting material (such as silicon, 
gennanium, or gallium arsenide) and reacts dynamically to an input 
signal, either by modifying its shape or adding eneigy to it. TTiis 
definition exdudes standalone p>assive components, such as capaci­
tors, resistors, induaors, oscillators, crystals, transformers, and relays. 

(Digital Monolithic Bipolar IC + Digital Monolithic MOS IC + Analog 
Monolithic IC + Hybrid IC.) An IC is defined as a laige number of 
passive and/or active discrete semiconductor dicuits integrated into 
a single package. A monolithic IC is one in which discrete circuits 
are integrated onto a single die, while a hybrid IC is one in which 
discrete circuits are integrated onto a small number of die. 

1. technology sp/«—(TnyOther Bipolar IC + ECL) 

2. Junction split—(Bipolar Digital Memory IC + Bipolar Digital 
Microcomponent IC + Bip)olar Digital Logic IC) 

A bipolar digital IC is defined as a monolithic semiconductor pro­
duct in which 100 p>ercent of the die area performs digital func­
tions, and concurrently, 1(X) percent of the die area is manufactured 
using bipolar semiconductor technology. A digital function is one in 
'wWch data-carrying signals vary in discrete values. 

Defined as a bipolar digital IC manufactured using transistor-
transistor logic (TTO semiconductor technology. Other bipolar tech­
nologies include resistor-transistor logic (RTL) and diode-transistor 
logic (DTL). 

Defined as a bipolar digital IC manufactured using emitter-coupled 
logic (ECL) semiconduaor technology. 

Defined as a bipolar digital semiconduaor produa in which binary 
data are stored and electronically retrieved. Includes ECL random-
access memory (RAM), read-only memory (ROM), programmable 
ROM (PROM), last-in/first-out (LIFO) memory, first-in/first-out (FIFO) 
memory. 

fr^l 
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Bipolar Digital Micro IC: 

Bipolar Digital Logic IC: 

Bipolar Digital ASIC: 

Bipolar Digital GA: 

Bipolar Digital PIX>: 

Bipolar Digital CBIC: 

Bipolar Digital FQC: 

Bipolar Digital Standard Logic IC: 

Defined as a bipolar digital semiconductor produa that contains a 
data processing unit or serves as an inter&ce to such a unit. 
Includes both complex-instruction-set computing (CISC) and 
reduced-instruction-set computing (RISC) processor architectures. 
Includes bipolar digital microprocessor (MPLD, bipolar digital 
miCTOController (MCLD, and bipolar digital microperipheral (MP]©, 
where applicable. 

(Bipolar Digital A4>plication-Specific IC + Bipolar Digital Standard 
Logic IC + Other Bipolar Digital Logic IC.) Defined as a bipolar 
digital semiconductor produa in which more than 50 percent of 
the die area p>erfbrms logic fiuictions. Excludes bipolar digital 
microcomponent ICs. 

(Bipolar Digital Gate Array + Bipolar Digital Programmable Logic 
Device + Bipolar Digital Cell-Based IC + Bipolar Digital Full-
Custom IC.) Defined as a single-user bipolar digital Icjgic IC that is 
manufactured using vendor-supplied tools and/or libraries. Do not 
include bipolar digital ASICs incorporating microcontroller cells, as 
these should be reported in the bip>olar digital microcontroller IC 
category. 

Bipolar Digital Gate Array is defined as an ASIC device that is 
customized by the vendor to end-user specification using layers of 
interconnect. Included in this category are generic or base wafers 
with embedded functions, for example, SRAM, EEPROM. 

Bipolar Digital Programmable Logic Device is defined as an ASIC 
device that is customized by the end user after assembly. Included 
in this category are bipolar field-programmable logic (bipolar FPL), 
bipolar field programmable gate array (bipolar FPGA), bipolar 
progranunable array logic (bipolar PAL), bipolar programmable logic 
array (bipolar PLA), bipolar electrically programmable logic device 
(bipolar EPLD), and bip>olar programmable multilevel logic device 
(bipolar PMD). 

Bipolar Digital Cell-Based IC is defined as an ASIC device that is 
produced from a library of standard circuits/cells to a single-user 
specification. This process involves automatic routing and place­
ment of cells. Included in this definition is bipolar standard cell 
IC. Excluded from this definition are ceU-based ICs with processor 
cores. These should be reported under bipolar digital micro-
components. 

Bipolar Digital Full-Custom IC is defined as an ASIC device that is 
produced for a single user using a full set of masks. This manu­
facturing process involves manual routing and placement of cells. 

Defined as commodity bipolar family logic with less than 150 gates. 
Sometimes referred to as glue logic. Examples include TIL, ECL 
and other family logic: TlX-compatible SSI, MSI, LSI; standard, AS, 
FAST, LS, ALS lines; ECL-compatible SSI, MSI, LSI. Also RTL and 
DTL. 
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Other Bipolar Digital Logic IC: 

JVIOS Digital IC: 

CMOS Digital IC: 

BiCMOS Digital IC: 

NMOS/Other Digital IC: 

MOS Digital Memory IC: 

DRAM: 

SRAM: 

EPROM: 

Other NV MOS Memory IC: 

Defined as all other bipolar digital logic ICs not accounted for in 
the preceding categories. Includes bipolar commodity family logic 
with 150 or more gates, and bipolar digital general-purpose logic 
not belonging to any femilies. 

1. technology split—<.CMOS + BiCMOS + NMOS/Other) 

2. Junction ^lit—CMOS Digital Memory IC + MOS Digital 
Microcomponent IC + MOS Digital Logic IC) 

A MOS digital IC is defined as a monolithic semiconductor produa 
in which 100 percent of the die area performs digital functions, and 
concurrency, any portion of the die area that is manufactured using 
metal oxide semiconduaor (MOS) techncJogy. A digital function is 
one in which data-carrying signals vary in discrete values. Includes 
mixed technology manufacturing, such as BiMOS and BiCMOS, 
where there is some MOS technology employed. 

Defined as a MOS digital IC manufactured entirely in complemen­
tary metal oxide semiconductor (CMOS) technology. 

Defined as a MOS digital IC manufactured using bipolar and com­
plementary metal cadde semiconduaor (CMOS) technologies. 

Defined as a MOS digital IC manufactured entirely in N-channel 
metal oxide semiconduaor (NMOS) technology. Other MOS technol­
ogies include P-channel metal oxide semiconduaor (PMOS). 

(DRAM + SRAM + EPROM + Other Nonvolatile MOS Digital Mem­
ory + Other MOS Digital Memory.) Defined as a MOS digital IC in 
which binary data are stored and electronically retrieved. 

Defined as Dynamic RAM, Multiport-DRAM (M-DRAM), and Video-
DRAM (V-DRAM). DRAMs have memory cells consisting of a single 
transistor, and require externally cycled memory cell refreshes on 
a regular basis. These are volatile memories and addressing is 
multiplexed. 

Defined as Static RAM, Multiport-SRAM (M-SRAM), Battery Backed-
Up SRAM (BB-SRAM), and Pseudo SRAM (PSRAM). SRAMs have 
memory cells consisting of a Tninimnm of four transistors, except 
PSRAM, which has a memory cell consisting of a single transistor 
and is similar to DRAM. SRAMs do not require externally cycled 
memory cell refreshes. These are volatile memories and addressing 
is not multiplexed (except in the case of PSRAM). Note that color 
palette DACs are included in the mixed-signal data converter 
category. 

Defined as Erasable Programmable Read-Only Memory. Includes 
Ultraviolet EPROM (UV EPROM) and One-Tune Programmable Read­
only Memory (OTP ROM). EPROMs have memory cells consisting 
of a single transistor, and do not require any memory cell refresh­
es. These are nonvolatile memories. 

Includes EEPROM, flash memory, and mask ROM. These are all 
nonvolatile memories. 
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EEPROM is defined as Electrically Erasable Programmable Read-Only 
Memory. Includes Serial EEPROM (S-EEPROM), Parallel EEPROM OP-
EEPROM), and Electrically Alterable Read-Only Memory (EAROM). 
EEPROMs have memory cells consisting of a minimum of two tran­
sistors, and do not require memory cell refreshes. Includes Nonvola­
tile RAM (NVRAM), also known as Shadow RAM. These semicon-
duaor products are a combination of an SRAM and a P-EEPROM in 
each memory cell. The P-EEPROM functions as a shadow backup 
for the SRAM when power is lost 

Flash memory is defined as rapidly electrically erasable nonvolatile 
memory. Includes flash memory based on an EPROM cell structure 
(that is, single transistor) and flash memory based on an EEPROM 
cell structure (that is, minimum of two transistors), and does not 
require memory cell refireshes. Includes flash memory based on sin­
gle- or dual-voltage supply. Mask ROM is defined as Mask-
Programmable Read-Only Memory. Specifically, a form of memory 
that is programmed by the manu&cturer to a user specification 
using a mask step. Mask ROM is programmed in hardware rather 
than software. 

Other MOS Digital Memory IC: 

MOS Digital Microcomponent IC: 

MOS Digital MPU: 

MOS Digital MCU: 

Defined as all other MOS digital memory not already accounted for 
in the preceding categories. Includes MOS digital content addressa­
ble memory (CAM), MOS digital cache-tag RAM, MOS digital first-in/ 
first-out memory (FIFO), MOS digital last-in/first-out (UFO) memory, 
ferroelectric memory. 

(MOS Digital Microprocessor + MOS Digital Microcontroller + MOS 
Digital Microperipheral.) Defined as a MOS digital IC that contains a 
data processing unit or serves as an interface to such a unit. 
Includes both complex-instruction-set computing (CISC) and 
reduced-instruction-set computing (RISC) processor architectures. 

Defined as a MOS Digital Microprocessor. A semiconductor product 
serving as the central processing unit (CPU) of a system. Cotisists 
of an instruction decoder, arithmetic logic unit (ALU), registers, and 
additional logic. An MPU performs general-purpose computing func­
tions by e35;ecuting external instructions and manipulating data held 
in external memory. Includes MOS digital MPUs incorporating or 
developed from an ASIC design. 

Defined as a MOS Digital Microcontroller. A semiconduaor product 
serving as a dedicated, or embedded controller in a system. Con­
sists of an integral MPU, some nonvolatile memory containing end-
user-specified instructions, and some volatile memory for temporary 
storage of code or data. An MCU can perform basic computing 
functions without support form microperipheral (MPR) products. 
This category also contains members of miaocontroller produa 
families that have had the on-chip nonvolatile memory removed 
and instead, access the end-user program contained in external 
nonvolatile memory. Includes MOS digital MCUs performing a 
standalone digital signal processing (DSP) function. Includes MOS 
digital MCUs incorporating or developed from an ASIC design. 
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MOS Digital MPR: 

MOS Digital Lpgic IC: 

MOS Digital ASIC: 

Defined as a MOS Digital Microperipheral. A semiconductor produa 
serving as a logical support function to an MPU or MCU in a sys­
tem. An MPR provides enhancement of system performance and/or 
interfece with external systems. Includes MOS digital MPRs compris­
ing more than one device, such as PC ciiip sets. Examples of a 
MOS digital MPR include: timer, interrupt control, DMA, MMU, 
peripheral controllers (for example, disk, graphics display, CRT, key­
board controllers), communications controllers (for example, UARTO, 
chip sets for microprocessor supp)ort, LAN coprocessors, accelerator 
coprocessors (for example, floating-point unit, graphics coprocessor, 
image processor). 

(MOS Digital Application-Specific IC + MOS Digital Standard Logic 
IC + Other MOS Digital Logic IC.) Defined as a MOS digital IC in 
which more than 50 percent of the die area performs logic func­
tions. Excludes MOS digital microcomponent ICs. 

(MOS Digital Gate Array + MOS Digital Programmable Logic 
Device + MOS Digital Cell-Based IC + MOS Digital Full-Custom IC.) 
Defined as a single-user logic IC that is manufactured using vendor-
supplied tools and/or libraries. Do not include ASICs incoiporating 
microcontroller cells that should be included in microcontroller 

MOS Digital GA: 

MOS Digital PLD: 

MOS Digital CBIC: 

MOS Digital FQC: 

MOS Digital Standard Logic IC; 

MOS Digital Gate Array is defined as an ASIC device that is cus­
tomized by the vendor to end-user specification using layers of 
interconnea. Included in this category are generic or base wafers 
with embedded functions, for example, SRAM, EEPROM. 

MOS Digital Programmable Logic Device is defined as an ASIC 
device that is customized by the end user after assembly. Included 
in this category are MOS field-jwogrammable logic (MOS FPL), MOS 
field-programmable gate array (MOS FPGA), MOS progranaaiable 
array logic (MOS PAL), MOS programmable logic array (MOS PLA), 
MOS electrically programmable logic device (MOS EPLD), and MOS 
programmable multilevel logic device (MOS PMD). 

MOS Digital Cell-Based IC is defined as an ASIC device that is 
produced from a library of standard circuits/cells to a single-user 
specification. This process involves automatic routing and place­
ment of cells. Included in this definition is MOS standard cell IC. 
Excluded from this definition are cell-based ICs with processor 
cores. These should be reported under MOS digital micro-
comp)onent. 

MOS Digital Full-Custom IC is defined as an ASIC device that is 
produced for a single user using a full set of masks. This process 
involves manual routing and placement of cells. 

Defined as commodity MOS family logic with less than 150 gates. 
Sometimes referred to as glue logic. Examples include: HC, HCT, 
AC, ACT, FACT, and 74BC BiCMOS fiamily logic. 
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Other MOS Digital Logic IC: 

Analog IC: 

Monolithic Analog IC: 

Monolithic Linear IC: 

Amplifier IC: 

Voltage Regulator IC: 

Voltage Reference IC: 

Defined as all other MOS digital Ipgic ICs not accounted for in the 
preceding categories. Includes MOS commodity family logic with 
150 or more gates, and MOS digital general-purpose logic not 
belonging to any families. 

(Monolithic Analog IC + Hybrid IC.) 

A monolithic analog IC is a semiconductor produa that deals in the 
realm of electrical signal processing, power contrd, or electrical 
drive capability. It is one in •wdiich some of the inputs or outputs 
can be defined in terms of continuously or linearly variable vol­
tages, currents, or frequencies. Includes all monolithic analog ICs 
manufacwred using b^lar, MOS, or BiCMOS technologies. A 
monolithic IC is a single die contained in a single package. 
A hybrid IC is a semiconduaor produa that consists of more than 
one die contained in a single package. A hybrid IC may perform 
100 percent linear, 100 percent digital, or mixed-signal (both linear 
and digital) functions. Note that hybrid digital ICs are reported in 
this category, and not under the earlier category of monolithic digi­
tal ICs. Includes all hybrid ICs manufactured using bipolar, MOS, or 
BiCMOS technologies. 

(Monolithic Linear IC + Monolithic Mixed-Signal IC.) 
Monolithic linear IC is defined as an analog device that has only 
analog I/O, therefore its charaaeristics are inherently linear. 
Monolithic mixed-signal IC is defined as an analog device that has 
both analog and digital I/O (see mixed-signal IC definition). 

(Amplifier IC + Vokage Regulator IC + Voltage Reference IC + 
Comparator IC + Special Function IC + Special Consumer IC + 
Special Automotive IC + linear Array ASIC.) Defined as an analog 
device that has 100 percent analog I/O. 

Defined as a general-purpose linear IC that provides a voltage or 
current gain to an input signal. Includes operational amplifiers 
(mono, dual, quad, and so on), instrumentation amplifiers, buffer 
amplifiers, and power amplifiers. Consumer-dedicated amplifier ICs 
are counted in special consumer IC. Amplifier ICs designed specifi­
cally for one customer using vendor-supplied tools and/or libraries 
are counted in analog/mixed-signal ASIC. 

Defined as a general-purpose linear IC that outputs a variable cur­
rent at a regulated DC voltage to other circuits from a variable cur­
rent and voltage input. Regulator ICs are either linear regulators in 
which the device provides an input-to-output voltage drop, or 
switching regulators, in which the device provides switched quanti­
ties of power to a smoothing circuit to gain higher efficiency and 
reduce power dissipation. 

Defined as a general-purpose linear IC that outputs a precise refer­
ence voltage to other circuits from a variable voltage input. A refer­
ence IC differs from a regulator IC in that it is not expeaed to 
power other circuits. In faa, voltage regulator ICs incorporate a 
voltage reference circuit. 
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Comparator IC: 

Special Function IC: 

Special Consumer IC: 

Special Automotive IC: 

Linear Array ASIC: 

Mixed-Signal IC: 

Defined as a general-purpose linear IC that compares two analog 
signal inputs and provides a single logic bit output. Although the 
output could be considered digital, these products are classed as 
linear ICs because they are specialty high-gain amplifiers, used in 
an open loop mode, and for •wiiich the output is constrained to 
only two states. By using a comparator, an unknown voltage can 
be compared with a known reference voltage. 

Defined as either general-purpose linear ICs tiiat do not fit into the 
other categories, or market/application-specific linear ICs for which 
a category does not yet exist. The main products that fall into 
this category include timers, phase-locked loops CPLLs), voltage-
controlled oscillators (VCOs), signal/function generator ICs, and 
analog multipliers. Disk-drive analog ICs should be reported in 
their dedicated category under mixed-signal analog. 

Defined as a general-purpose linear IC that is dedicated to general 
consumer applicatiotis, but is not application-specific. Includes ana­
log ICs implemented in audio, video, radio, speech synthesis and 
recognition, electronic games, personal and home appliances, and 
electronic cameras. Consumer ICs designed specifically for one 
customer using vendor-supplied tools and/or libraries are counted 
in linear array ASIC or mixed-signal ASIC. 

Defined as a linear IC that is used in the following applications: 
entertainment, engine control, safety, traction, and in-car electrical 
and suspension systems. 

Defined as a single-user linear IC that is manufactured using 
vendor-supplied tools and/or libraries. Linear arrays fall into one 
of three types, as follows: 

1. Arrays of discrete-level cells such as transistors, diodes, and 
transistors 

2. Arrays of discrete device combinations referred to as tUes 

3. Arrays of higher-level functional macro cells such as operational 
amplifiers, comparators, VCOs, references, and other analog 
functions. 

These arrays are interconnected with a metal mask or by means of 
some user-programmable interconnect scheme. Unlike cell-based 
designs, they do not have a unique set of masks for all layers. 

(Data Converter IC + Telecom IC + Interface IC + 
Switch/Multiplexer IC + Disk Drive IC + Mixed-Signal ASIC.) 
Defined as an analog IC that carries information in both digital (nu­
meric) and signal/power forms. An IC is considered mixed-signal if 
it has both analog I/O and digital I/O pins. This definition is not 
based on the comparative size of the ICs analog and digital cir­
cuitry. It is a definition based on external pin functionality. ICs that 
are mainly digital but have some nominal analog housekeeping 
functions such as voltage monitors, power-on reset, or dock osdlla-
tors are not considered to be mixed-signal because there is no 
analog signal being received by or sent from the active component. 
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Data Converter IC: 

Telecom IC: 

Interface IC: 

Switch/Multiplexer IC: 

Defined as a general-purpose mixed-signal IC that converts an ana­
log signal into a digital signal, or vice versa. Includes analog-to-
digital converters (ADCs), digital-to-analog convertors (DACs), com­
parators, sarqple-and-hold circuits (SHCs), voltage-to-frequency 
circuits (VFCs), frequency-to-voltage circuits (FVCs), synchro-to-digital 
circuits (SDCs), and digital-to-synchro circuits (DSCs). All these are 
general-purpose data converter ICs. Also included in this categpry 
are color-palette DACs. Consiuner-dedicated data converter ICs are 
counted in special consumer IC. Data converter ICs designed specif­
ically for one customer using vendor-supplied tools and/or libraries 
are counted in analog/mixed-signal ASIC. 

Defined as a general-purpose mixed-signal IC used for voice band 
communication or data communication over voice band media. Tliis 
category includes CODECS, combos and SLACs, SUCs, modem and 
fax/modem ICs, dialler and ringer ICs, repeaters, cellular communi-
cations ICs, ISDN ICs, telecom filter ICs, and other telecom-specific 
circuits. Telecoms ICs designed specifically for one customer using 
vendor-supplied tools and/or libraries are counted in linear array 
ASIC or mixed-signal ASIC. 

Defined as a general-purpose mixed-signal IC that senses as an 
interfece between a digital system and other external nonsemicon-
ductor systems. Includes line drivers, peripherals drivers, display 
drivers, keyboard encoders, receivers, transmitters, and transceivers. 
Consumer-dedicated inter&ce ICs are counted in special consumer 
ICs. Interfece ICs designed sjjedfically for one customer using 
vendor-supplied tools and/or libraries are counted in linear array 
ASIC or mixed-signal ASIC. 

Defined as a mixed-signal IC that digitally controls analog transmis­
sion gates. These products connect or disconnea the analog signal 
path in analog circuits. Analog switches op>erate in a mode where 
each switch is operated independently by a single logic bit. 
Multiplexers are multiple analog switches that are connected in 
a dependent manner, where only one signal path is connected 
through to the output depending on the state of a digital address 
word (greater than one bit). Thus, analog multiplexers are really 
addressable signal seleaor switches that selea one-out-of-many 
signals for further analog processing. Because these addressable 
analog switches were the key element in time-division multiplexing, 
the term "multiplexer" has remained. They are an important jjart of 
the data conversion produa family in that they are used to provide 
time-division multiplexing of signal inputs to a fast analog-to-digital 
converter. 

Disk Drive IC: 

Mixed-Signal ASIC: 

Defined as a mixed-signal IC that is designed specifically for the 
rotating mass storage market. Applications include the read/write 
path from preamp up to the ENDEC, head positioning controller, 
and spindle motor control. 

Ddfined as a mixed-signal analog IC that is naanufectured for a 
single user, using vendor-supplied tools and/or libraries. 
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Hybrid IC: 

Total Discrete: 

Transistor: 

Small-Signal Transistor: 

Power Transistor: 

BifKDlar Power Transistor: 

MOS Power Transistor: 

IGBT Power Transistor: 

Diode: 

Small-Signal Diode: 

Power Diodes: 

Thyristor: 

Other Discrete: 

Defined as a semiconductor product consisting of more than one 
die contained in a single package. May perform digital, analog, or 
mixed-signal functions. May be manufactured using bipolar, MOS, or 
BiCMOS technology. Includes hybrid implementation of all 
monolithic IC functions described in the preceding categories. 

(Transistor + Diode + Thyristor + Other Discrete.) A discrete semi­
conductor is defined as a unit building block performing a fun­
damental semiconductor function. 

(Small-Signal Transistor + Power Transistor) 

Defined as signal transistors, RF microwave transistors, dual transis­
tors, MOS field-effea transistors (MOS-FETs), conductivity modtilated 
field-effea transistors (COMFETs), insulated gate bipolar transistors 
(IGBTs), and MOS-bipolar transistors (MBTs). All rated below IW 
power dissipation, lA current rating, or lOOV operating voltage. 

(Bipolar Power Tranastor + MOS Power Transistor + Power IGBT.) 
All rated IW power dissipation and above, lA current rating and 
above, or lOOV op>erating voltage and above. 

Defined as bipolar Darlington transistor, bipolar microwave transis­
tor, bipolar radio frequency (RF) transistor. 

Defined as MOS field-effea transistor (MOS-FEI), MOS Darlington 
transistor, MOS microwave transistor, MOS radio frequency (RF) 
transistor. 

Defined as insulated gate bipolar transistor (IGBT). Also includes 
conductivity modulated field-effea transistor (COMFET), MOS-bipolar 
transistor (MBD, and GEMFET. 

(Small-Signal Diode + Power Diode) 

Defined as signal diodes, Schottky diodes, zener diodes, switching 
diodes, voltage reference diodes, voltage regulator diodes, and recti­
fier diodes. All rated below 0.1 A. 

Defined as zener diodes and rectifier diodes. All rated O.IA and 
above. 

Defined as thyristors, silicon<ontrolled rectifiers (SCRs), diacs, and 
triacs. Also includes solid-state relays (SSRs) incorporating triacs, 
thyristors, resistors, and capacitors. 

Defined as all other discrete semiconduaor products not accounted 
for in the preceding categories. Includes microwave diodes, 
varaaors, tuning diodes, tunnel effea diodes, and selenium 
rectifiers. 
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Total Optoelectronic: 

LED Lamp/Display: 

(LED Lamp/Display + Optocoupler + CCD + Laser Diode + 
Photosensor + Solar Cell.) Defined as a semiconductor product in 
which photons induce the flow of electrons, or vice versa. Other 
functions may also be integrated onto the product This category 
does not include 1X35, incandescent displays, fluorescent displays, 
cathode ray tubes (CRTs), or plasma displays. 
LED Lamp + TKD Display. 

An LED lamp is defined as a light-emitting diode: a semiconductor 
product consisting of a single die in which photons are emitted at 
firequencies dependent upon the semiconductor material employed. 
An LED display is defined as an array of LEDs: a semiconductor 
produa consisting of more than one die in which photons are 
emitted at frequencies dependent upon the semiconduaor material 
employed. 

Optocoupler: 

CCD: 

Laser Diode: 

Photosensor: 

Solar Cell: 

Defined as an optocoupler or optoisolator. A semiconductor produa 
consisting of an LED separated from a photosensor by a transpar­
ent, insulating, dielectric layer. These are mounted inside an opaque 
package. Includes optointerrupters, in which the separation between 
LED and photosensor is large enough to allow external physical 
systems to influence the device. 

Defined as a charge-coupled device. A semiconduaor produa con­
sisting of an array of photodiodes, an analog CCD shift register, 
and an output circuit. Includes linear array CCDs with serial shift 
registers and area array CCDs with parallel shift registers. Includes 
charge injection device (CID), chaige-coupled photodiode (CCP), 
charge-priming device (CPD), self-scanning photodiode (SSP). 

Defined as a diode that produces coherent light. A semiconduaor 
produa in 'ndiich the heterqunction structure stimulates light 
amplification by stimulated emission of radiation (laser), resulting in 
coherent light. Includes Fabrey-Perot laser diodes, pulsed laser 
diodes, and phase-shifted laser diodes. 

Photodiode + Phototransistor. Defined as a diode or transistor in 
which photons are used to affea current flow. 

Defined as photovoltaic or solar cells. A semiconduaor device in 
which photons are used to generate current flow. 
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Chapter 7 

Worldwide Geographical Region 
Definitions 

North America 
Includes United States (50 states: Illinois, 
Indiana, Michigan, Ohio, Wisconsin, Alabama, 
Kentucky, Mississippi, Tennessee, Arizona, 
Colorado, Idaho, Montana, Nevada, New 
Mexico, Utah, Wyoming, New Jersey, New 
York, Pennsylvania, Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island, 
Vermont, Alaska, California, Hawaii, Oregon, 
Washington, Delaware, Florida, Georgia, 
Maryland, North Caroliiia, South Carolina, 
Virginia, West Virginia, Iowa, Kansas, Minneso­
ta, Missouri, Nebraska, North Dakota, South 
Dakota, Arkansas, Louisiana, Oklahoma, Texas), 
Puerto Rico, and Canada (12 provinces: New-
foimdiand. Prince Edward Island, Nova Scotia, 
New Brunswick, Quebec, Ontario, Manitoba, 
Saskatchewan, Alberta, British Columbia, 
Labrador, Northwest Territories). 

Japan 
Includes Hokkaido, Tohoku, Kanto, Chubu, 
Kinki, Chugoku, Shihoku, and Kyushu. 

Europe 
Includes Benelux (Belgium, Netherlands, 
Luxembourg), France, Italy, Scandinavia 
(Denmark, Finland, Norway, Sweden, Iceland), 
United Kingdom and Eire (England, Wales, 
Scotland, Northern Ireland, Republic of Ire­
land), Germany (including former east Germa­
ny), and Rest of Europe (Austria, Gibraltar, 
Greece, Liechtenstein, Malta, Monaco, Portugal, 
San Marino, Spain, Switzerland, Turkey, Andor­
ra, Vatican City). 

Asia/Pacific 
Includes East Asia (China, Hong Kong, Macau, 
North and South Korea, Taiwan), South Asia 
(Bangladesh, Myanmar, India, Nepal, Maldives, 

Pakistan, Sri Lanka, Bhutan), Southeast Asia 
(Brunei, Timor, Indonesia, Kampuchea, Laos, 
Malaysia, Philippines, Singapore, Thailand, 
Vietoam, Borneo, Sumatra, Sulawesi, Java). 

Rest of World 
Includes Mexico, Arctic, Antarctica, Greenland, 
St. Pierre and Miquelon, Australia, New 
Zealand (North Island, South Island, Stewart 
Island), Tasmania, Christmas Island, Cocos 
Islands, New Zealand, Norfolk Island, Oceania 
(American Samoa, Canton and Enderbury 
Islands, Fiji, French Polynesia, Guam, Johnson 
Island, Kiribati, Midway Islands, Nauru, New 
Caledonia, Niue, Pacific Islands, Papua New 
Guinea, Pitcaim, Samoa, Solomon Islands, Toe-
lau, Tonga, Tuvalu, Vanuatu, Wake Island, Wal-
lis and Futuna Islands, New Britain, New Ire­
land, Admiralty Islands), Africa (Algeria, Libya, 
Egypt, Morocco, Mauritania, Mali, Senegal, 
Guinea, Sierra Leone, Liberia, Ghana, Ivory 
Coast, Togo, Benin, Nigeria, Niger, Chad, 
Sudan, Ethiopia, Central African Republic, 
Somalia, Zimbabwe, Uganda, Gabon, Came­
roon, Congo, Zaire, Tanzania, Zambia, Malawi, 
Kenya, Cabinda, Namibia, Botswana, Mozam­
bique, Rwanda, Burundi, South Africa, 
Swaziland, Benin, Equatorial Guinea, Burkina 
Faso, Djibouti, Lesotho, Ciskei, Transkei, 
Bophuthatswana, Venda), Madagascar, Mauritius, 
Comores, Reunion, Central America 
(Nicaragua, Panama, Guatemala, El Salvador, 
Belize, Honduras, Granada, Costa Rica), South 
America (Brazil, Chile, Uruguay, Paraguay, 
Argentina, Colombia, Peru, Bolivia, Venezuela, 
Guyana, Surinam, French Guiana, Equador, 
Falkland Islands), Caribbean Islands (Cuba, 
Jamaica, Haiti, Dominican Republic, Anguilla, 
Montserrat, Trinidad, Tobago, Dominica, 
Guadeloupe, Saint Lucia, Barbados, Martinique, 
Grenadine Islands, Bermuda, Bahamas, New 
Providence, Saint Vincent and The Grenadines, 
Saint Croix, Antilles), Eastern Europe (Albania, 
Bulgaria, CzechosloA^kia, Hungary, Poland, 
Yugoslavia, Romania, Estonia, Latvia, Ukraine, 
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Belorussia, Lithuania, Latvia, Georgia), Com- East (Bahrain, Cyprus, Demoaatic Yemen, 
montvealth of Independent States (formerly People's Republic of Yemen, Egypt, Gaza Strip, 
USSR: Russian Federation, Moldavia, Armenia, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, 
Azerbaijan, Kazakhstan, Uzbekistan, Tadjikistan, Oman, Qatar, Saudi Arabia, United Arab 
Kirghizia, Turkmenistan), Inner Asia (Af- Emirates, Syria). 
ghanistan, Bhutan, Mongolia, Pakistan), Middle 
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Chapter 8 

Semiconductor Application Segment 
Definitions 

Data Processing 
Defined as computer systems, terminals, smart 
cards, data storage devices, input/output 
devices, and dedicated systems: 

• Computer systems includes supercomputers, 
mainframe computers, superminicom­
puters, minicomputers, microcomputers, 
workstations, personal computers. 

• Data storage devices includes flexible/remov­
able disk drives, fixed/rigid disk drives, 
optical disk drives, tape drives (streamers). 

• Terminals includes alphanumeric terminals, 
graphics terminals, point-of-sales terminals, 
funds transfer terminals. 

• Smart cards includes credit cards or credit 
card-size devices with one or more 
integrated circuits such as token cards, entry 
key cards, bank cards, medical cards, com­
puter peripheral cards. 

• Input/output devices includes dot matrix 
printers, thermal printers, ink jet printers, 
fully formed printers, page printers, other 
input/output devices such as monitors, key-
entry equipment, media-to-media data con­
version, magnetic ink character recognition, 
optical scanning equipment, plotters, voice 
recognition/s5Tithesizer computer equipment, 
mice, keyboards, digitizers. 

• Dedicated systems includes office equipment 
such as copiers, duplicators, full-color copi­
ers, electronic calculators, dictating/transcrib­
ing equipment, electronic typewriters, word 
processors, banking systems and cash 
registers, mailing/letter-handling/addressing 
equipment. 

Commiuiicatioii 
Defined as premise telecom equipment, public 
telecom equipment, radio, and broadcast and 
studio: 

• Premise telecom equipment includes image 
and text communication such as facsimile, 
video conferencing, telex, videotex, CCTV; 
data communications equipment such as 
modems, statistical multiplexers, time-division 
multiplexers, local area networks (LANs), 
private packet data switching; PBX/key tele­
phone systems; call processing equipment 
such as answering machines, attendant con­
soles, automatic call distributors (ACDs), 
voice response units (VRUs), voice terminals, 
voice messaging systems, call management 
systems; desktop terminal equipment such 
as standard telephones, cordless telephones, 
cellular telephones, video telephones, 
answering machines. 

• Public telecom equipment includes transmis­
sion equipment, central office switching, 
public packet switching, and mobile commu­
nication such as mobile radio base stations, 
pagers, base stations. 

• Radio includes communications equipment 
transmitting and receiving sound through the 
use of electronic waves/signals. 

• Broadcast and studio includes all electronic 
equipment used to make information public 
by means of radio and television. 
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Consumer Appliances 
Defined as audio equipment, video equipment, 
personal electronics, and electronic/electrical: 

• Audio equipment includes compact disc 
players, radio combinations, stereo hi-fi 
components: amplifiers, preamplifiers, tuners, 
cassette decks, graphic equalizers, turntables, 
speakers, and equipment used in studio, 
broadcast, and home environments (equip­
ment that interprets frequencies correspond­
ing to audible sound waves), musical 
instruments. 

• Viifeo equipment includes video cameras, 
video camcorders, videocassette recorders, 
videotape recorders, color televisions, black-
and-white televisions. 

• Personal electronics includes watches, docks. 

• Electronic/electrical appliances includes air 
conditioners, microwave ovens, washers and 
dryers, refrigerators/freezers, dishwashers, 
ranges, ovens. 

Industrial 
Defined as security/alarm management, 
manufacturing systems, test equipment, process 
control equipment, robot systems, automated 
material handling, instrumentation, medical 
equipment, vending machines, laser equipment, 
power supply, traffic control, industrial and 
scientific research equipment, and other indus­
trial electronic equipment such as vending 
machines, laser systems, teaching machines, 
and aids. 

Military and Civil Aerospace 
Defined as military electronic equipment and 
citHl aero^ace. This includes radar, military/ 
civil sonar, missile weapon, space military 
equipment, military/civil navigation, communi­
cation, electronic warfare, reconnaissance, 
aircraft systems, military computer systems, 

military simulation and training, miscellaneous 
military equipment, civilian space, civil aircraft 
flight systems, and miscellaneous avionic 
equipment. 

Transportation 
Defined as in-car entertainment systems, body 
control electronics, driver information, power-
train, and safety and convenience electronics: 

• In-car entertainment includes FM/AM radio, 
cassette, compact disc player, radio cassette 
combination systems, two-way radio commu­
nications systems, CB radio. 

• Body control electronics includes vehicle 
controls such as four-wheel steering control, 
2WD/4'WD control, multiplex systems such 
as driver's door, auto-climate control, door 
locks, windshield wipers, heated rear win­
dows, memory seats, remote security sys­
tems, steering wheel, other multiplex sys­
tems; lighting controls including automatic 
headlight systems, timers, reminders, sequen­
tial signal controls, other lighting controls; 
other body electronics including aer­
odynamic aid control, power roof/window 
controls, other body electronics. 

• Driver information includes electronic dash­
board/instrument dusters, analog or digital 
dusters, electronic analog/digital docks and 
compasses, electronic thermometers, head-up 
displays, navigation and location systems, 
signal and warning lights. 

• Potvertrain controls indude engine manage­
ment systems, powertrain sensors, ignition 
control, fiid injection systems, fuel flow, 
engine temperature, air temperature, coolant 
level, and wheel speed sensors. 

• Safety and convenience indudes air purifier 
systems, airbag control systems, antilock 
braking systems (ABS), active suspension, 
collision avoidance systems, collision warn­
ing systems, cruise control, suspension 
control and traction control; and other safety 
and convenience systems. 
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Chapter 1 
Introduction 

This document contains detailed infonnation on Dataquesf s view of 
the electronic equipment m£U"kets. 

Worldwide production is segmented into four major geographic 
regions. The list of tables details the type of production data by 
region, application market, and unit of measure. Readers should note 
that some columns in the tables may not add to totals shown becaiise 
of rounding. 

Worldwide electroruc equipment production estimates combine data 
from many countries, each of which has a different and fluctuating 
exchange rate. Estimates of non-U.S. factory revenue are based on 
the average exchange rate for the given year. The section entitled 
"Exchange Rates" has more iniormation regarding these average rates. 
As a rule, Dataquesf s estimates are calculated in local cturendes and 
then converted to U.S. dollars. 

The average exchange rate for a quarter is estimated as the simple 
arithmetic mean of the average monthly values for the three months 
of the quarter. Similarly, the average exchange rate for a year is esti­
mated as the simple arithmetic mean of the average monthly values 
for the 12 months of the year. 

Dataquesf does not forecast exchange rates per se; however, we do 
forecast semiconductor markets in several regions of the world, and 
we use the U.S. dollar as a common currency for market comparisons. 
In the forecast period, Dataquesf assiunes that the most recent actual 
month's exchange rate will apply throughout all months of the fore­
cast. For example, the current semiconductor forecast uses actual 
exchange rates through June 1992, and assumes that the Jime rate 
applies throughout all future months. Then the quarterly and annual 
exchange rates are estimated as described in the previous paragraph. 

More detailed data on this market may be requested through Data­
quesf s client inquiry service. Qualitative analysis of these data is 
provided in the Dataquest Perspectives located in the binder of the 
same name. 

Segmentation 

This section outlines the market segments specific to this document. 
Dataquesf s objective is to provide data along lines of segmentation 
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1-2 Semiconductor Application Marl<ets Worldwide 

that are logical, appropriate to the industry in question, and . 
immediately useful to clients. I 

For a detailed explanation of Dataquesf s market segmentation, refer 
to the Dataquest Research and Forecast Methodology document located 
in the Source: Dataquest binder. For a complete listing of all market 
segments tracked by Dataquest, please refer to the Dataquest 
High-Technology Guide: Segmentation and Glossary. 

Dataquest defines the electronic equipment industry as the group of 
competing companies primarily engaged in manufacturing electronic 
goods. For the purposes of this report, important products of the elec­
tronics industry include data processing equipment, communications 
equipment, selected types of industrial equipment, consumer 
electrorucs, selected types of military and civilian aerospace and 
defense-oriented electronics, and automotive electronics. 

For forecasting purposes, Dataquest segments the electronics industry 
into six, broad semiconductor application markets, disaggregated into 
narrower electronic sj^em groups, as follows: 

Data Processing 
Computers 
Data Storage 
Terminals 
Input/Output Devices 
Dedicated Systems J 

Communicatioi\s 
Premise Telecom 
Public Telecom 
Mobile Communication 
Broadcast and Studio Equipment 
Other Communication 

Industrial 
Security and Energy Management Systems 
Manufacturing Systems and Instruments 
Medical Equipment 
Other Industrial Equipment 

Consumer 
Audio 
"Wdeo 
Personal Electronics 
Appliances 
Other Consumer Equipment 

Military/Qvilian Aerospace 

Transportation ^ 
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Definitions 

This section lists the definitions used by Dataquest to present the data 
in this docunient. Complete definitions for all terms associated with 
Dataquesf s segmentation of the high-technology marketplace can be 
found in the Dataquest High-Technology Guide.- Segmentation and 
Glossary. 

Electronic systems groups are comprised of the following specific 
electronic equipment types. 

Computer Systems: Includes supercomputers, mainframe computers, 
midrange computers (also known as superminicomputers and 
minicomputers), workstations, and personal computers (including 
portable computers). 

Data Storage: Includes rigid disk drives, flexible disk drives, optical 
disk drives, and tape drives. 

Terminals: Includes alphanumeric terminals and graphics terminals 
(for example, X terminals) 

Input /Output Devices: Includes printers, media-to-media data conver­
sion, magnetic ink character recognition, optical scanning equipment, 
plotters, voice recognition/sjTithesizer equipment, mouse, keyboard, 
and digitizers. 

Dedicated Systems: Includes electronic copiers, electronic calculators, 
smart cards, dictating/transcribing equipment, electronic typewriters 
and dedicated word processors, banking systems and funds transfer 
systems and terminals, point-of-sale terminals and electronic cash 
registers, and mailing/letter-handling/addressing equipnient. 

Premise Telecom Equipment: Includes image and text commurucation, 
such as facsimile and video teleconferencing; data communications 
equipment such as modems, statistical multiplexers, T-1 multiplexers, 
front-end processors, DSU/CSU, protocol converters, local area net­
works, internetworking, network management, and packet data 
switching/wide area networks; premise switching equipment, such as 
PBX telephone equipment, and key telephone systems; call processing 
equipment, such as voice messaging, interactive voice response sys­
tems, call accounting, and automatic call distributors; and desktop 
terminal equipment, such as telephone sets/pay telephones, and 
teleprinters. 

Public Telecom Equipment: Includes transmission equipment, such as 
n\ultiplexers, carrier systems, microwave radio, laser and infrared 
transmission equipment, and satellite communications equipment; and 
central office switching equipment. 

Mobile Communications Equipment: Includes mobile radio systems 
such as cellular telephones, mobile radios, and mobile radio base sta­
tion equipment; portable radio receivers and transmitters, and radio 
checkout equipment. 
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1-4 Semiconductor Application IVIarl<ets Worldwide 

Broadcast and Studio Equipn\ent: Includes audio equipment, video 
equipment, transmitters and RF power amplifiers, studio transmitter 
links, cable TV equipment, dosed circuit TV equipment, and other 
equipntent, such as studio and theater equipment. 

Other Telecom Equipment: Includes intercom equipment and electrical 
amplifiers, and communications equipment not elsewhere classified. 

Security/Energy Maixagement: Includes alarm systems, such as intru­
sion detection and fire detection systems, and energy management 
systems. 

Manufacturing Systems and Instrumentation: Includes semiconductor 
production equipment, controllers and actuators, sensor systems, 
management systems, and robotics; and semiconductor-dedicated auto­
matic test equipment (ATE), all other ATE, oscilloscopes and wave­
form analyzers, nuclear instruments, and other test and measurement 
equipment. 

Medical Equipment: Includes X-ray equipment, ultrasonic and scan­
ning equipment, blood and body fluid analyzers, patient monitoring 
equipment, and other diagnostic and therapeutic equipment. 

Other Industrial Equipment: Includes vending machines, power 
supplies, traffic control equipment, and industrial equipment not 
elsewhere classified. 

(Consumer) Audio Equipment: Includes compact disc players, radios, 
stereo components, musical instruments, and tape recorders. 

(Consiuner) 'Wdeo Equipment: Includes VCRs and VTRs, video 
cameras and camcorders, videodisk players, and color and 
monochrome TVs. 

Persoiml Electronics: Includes electronic games and toys, cameras, 
watches, and docks. 

Appliances: Indudes air conditioners, microwave ovens, washers and 
dryers, refrigerators, dishwashers, and ranges and ovens. 

Other Consumer Equipment: Includes automatic gau-age door openers, 
and consumer equipment not elsewhere classified. 

Military/Civil Aerospace: Indudes military electronics, such as radar 
and sonar, missiles and weapons, space-related electronics, commiwi-
cations and navigation equipment, electronic warfare, aircraft systems, 
computer systems, simulation systems, and military electronics not 
elsewhere classified; and dvilian aerospace electronics, such as radar, 
space-related electronics, communications and itavigation equipment, 
flight systems, and simulation systems. 

Itansportation Electronics: Indudes entertainnient systems, vehide 
controls, body controls, driver information systems, powertrain 
systems, and safety and convenience systems. 
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Regional Definitions 
North America: Includes United States and Canada (and, in future 
documents, Mexico) 

United States: Includes 48 contiguous states, Washington, D.C., 
Alaska, Hawaii, and Puerto Rico 

Canada: Canada 

Europe: Western Europe includes Benelux (Belgium, Netherlands, 
and Luxembourg), France, Italy, Scandinavia (Derunark, Finland, 
Norway, Sweden, and Iceland), United Kingdom and Eire (England, 
Wales, Scotland, Northern Ireland, and Ireland), Germany (including 
former East Germany), and Rest of Europe (Austria, Gibraltar, 
Greece, Liechtenstein, Malta, Monaco, Portugal, San Marino, Spain, 
Switzerland, Turkey, Andorra, and Vatican City) 

Japan:. Japan 

Asia/Pacific: Includes East Asia (People's Republic of China, Hong 
Kong, Macau, North and South Korea, and Republic of China), 
South Asia (Bangladesh, Myanmar, India, Nepal, Maldives, Pakistan, 
Sri Lanka, and Bhutan), Southeast Asia (Brunei, Timor, Indonesia, 
Kampuchea, Laos, Malaysia, Philippines, Singapore, Thailand, 
Vietnam, Borneo, Sumatra, Sulawesi, and Java) 

Rest of World: All other countries 

Line Item Definitions 
The objective of analyzing electronic systems production is to esti­
mate its important implications for semiconductor consumption. 
Therefore, general economic concepts such as production and 
consimiption are tailored to best isolate these implications. 

The value of production is estimated as factory revenue. For pur­
poses of this report, Dataquest defines factory revenue as the 
money exchange value of the commodity transaction between the 
original equipment manufacturer and the point of entry into distri­
bution. In the case of a direct sale that involves no distribution—as 
is the case with military systems—^factory revenue is equal to the 
final user cost, net of sales taxes. 

Production is the value-adding process by which the factors of 
production Gabor and capital) and material inputs are transformed 
into the finished goods that are desired for consumption and 
investment. As such, production can—and increasingly does—span 
both time and geography. For example, a North America-owned 
disk drive company may minimize its cost of production by 
manufactiuing (that is, consuming chips) its products in Singapore, 
for eventual sale in Europe. We would classify this as Asia/Padfic-
Rest of World (A/P-ROW) data storage device production, because 
we are interested in that stage of the production process that 
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relates particularly to semiconductor consumption. Production would 
be valued as the exchange value of the transaction between the 
North American company's Singapore operation (which is factory 
revenue) and the European distributor, or final user. 

Data Sources 

The historical information presented in the production data has been 
consolidated from a variety of sources, each of which focuses on a 
specific part of the market. These sources include the following: 

• Dataquesf s estimates of systems manufacturers' factory revenue 

• U.S. Department of Commerce estimates of manufacturers' ship­
ments 

• Japanese production statistics compiled and published by the 
Ministry of International Trade and Industry 

• Various European and Asian nations' government agency statistics 

• Trade association data 

• Estimates presented by knowledgeable and reliable industry 
spokespersons 

• Published product literature and prices 

Dataquest believes that the estimates presented here are the most 
accurate and meaningful generally available today. 

Forecast Methodology 

Dataquest uses a variety of forecasting techniques (both qualitative 
and quantitative) that vary by technology area. An overview of Data-
quest forecasting techniques can be found in the Dataquest Research 
and Forecast Methodology Guide. 

Dataquest follows a three-step process to forecast electronic equipment 
production. First, current and expected future worldwide macroeco-
nomic conditions are assessed and forecast. Dun & Bradstreet Corpora­
tion information is used to develop the macroeconomic forecasts for 
the world's major economies. This forecast identifies trends in the eco­
nomic health of the world's leading consumers and producers of elec­
tronic equipment. Using this forecast in conjimction with input from 
Dataquesf s regional offices, Dataquest estimates the overall business 
climate in which the electronic systems markets will operate. 

Second, Dataquest anal)^es and forecasts the significant long-range 
trend and outiook in the various electronic system groups. This 
establishes a five-year trend growth path or "envelope" for electronic 
system production. 

The final step in the forecast process is to reconcile expected fluctua­
tions about the market trends so that the two do not inexplicably 
diverge. Dataquest anticipates that, in the absence of shocks to the 
market, market fluctuations converge toward a long-term trend. 
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Because the time series data contained in this document are, in 
general, comprised of annual observations, and are sparse in terms 
of the number of observations, the data generally do not satisfy the 
requirements of quantitative empirical techniques such as econometric 
or statistical time-series models. Therefore, in most ceises, we have 
used judgmental models (that is, intuitive judgments, expert opinions, 
and subjective probabilities) or technological models (that is, curve 
fitting and the use of analogous data). 

Forecast Assumptions 

The worldwide economy is expected to show mixed results in 1992. 
The Dun & Bradstreet Corporation forecasts the following outlook for 
the Group of Seven (G7) Coimtries: 

• The U.S., Canadian, and U.K. economies are expected to recover 
from the recession in 1992. Real gross domestic product (GDP) is 
expected to expand 2.1, 1.6, and 0.5 percent, respectively, in 1992. 
(These economies contracted at rates of 0.7, 1.5, and 2.4 percent, 
respectively, in 1991.) Though modest in comparison to historical 
rates of expansion during recovery periods, the benefit is that 
inflatioi\ary pressures will likely be held in check, sustaining the 
expansion's duration. Expansion should accelerate to 2.5, 4.0, and 
2.2 percent, respectively, in 1993. 

• Real GDP growth is expected to accelerate in France and Italy dur­
ing 1991, from 0.9 percent in 1991 to 2.1 percent emd from 1.4 per­
cent in 1991 to 1.5 percent, respectively. The pace of growth should 
pick up in 1993 to 2.7 and 2.2 percent, respectively. 

• Real GDP growth is expected to decelerate in Germany and Japan 
diuing 1992, from 3.2 percent in 1991 to 1.1 percent and from 4.4 
percent in 1991 to 2.0 percent, respectively. Moderating these coun­
tries' short-term growth prospects are the cost burden of Germany's 
reunification and the rise in Japan's cost of capital and recent bout 
with asset deflation. The respective economies are expected to 
reaccelerate to 2.8 percent and 3.3 percent growth in 1993. 

Overall, worldwide electronic systems production is expected to 
expand 3.1 percent in 1992, slightly faster than the 2.4 percent rate of 
growth in 1991. Expansion is expected to accelerate further in 1993 to 
7.6 percent as the worldwide economic climate improves. In 1992, 
however, the value of worldwide production will be constrained by 
two important influences: 

• A moderate—in contrast to booming—rate of recovery from 
recession 

• An abimdance of productive capacity, combined with further 
proliferation of product and technology standards, both placing 
pressure on costs and prices 

From a semiconductor application-nuirket perspective, the forecast 
carries assumptions detailed in the following paragraphs. 

Data processing production will begin to make a moderate 2.6 percent 
recovery in 1992, after a depressing 2.2 percent decline in 1991. In 
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North America, recovery will continue into 1993 as economic condi­
tions continue to improve and stabilize. Japanese production will 
remain hemmed in for the remainder of 1992, as business and house­
holds adjust downward their spending plans in response to the lack­
luster business climate. The year 1993 and beyond should, however, 
find Japan back on the path of normal growth. Local content regula­
tions are spurring the placement of production facilities in Europe, 
helping explain the boost of growth in 1993. Once facilities are in 
place, though, growth is expected to assume a more sustainable pace. 
Asia/Padfic-ROW production prospects remain upbeat as it increas­
ingly becon\es the region of choice for mass manufacturing of 
established technologies. 

Communications production growth—^the most stable-growing of the 
application markets, owing to its heterogeneous composition of per­
sonal wireless communications, premise voice, and data products, 
and large-scale, long-life investment in public telecommunications 
infrastructure—will decelerate slightly in 1992 to 6.1 percent from 
7.3 percent in 1991. Investment in networking the existing stock of 
data processing equipment will help drive communications hardware 
growth through 1996. 

As is usually the case, production of industrial and consumer equip­
ment have borne the brunt of the recent downtiun in business condi­
tions, especially in North America and Japan. Europe and A/P-ROW 
have been somewhat insulated from the recent cycle, owing to foreign 
investment spurred by local production factors and cost of production 
advantages, respectively. In North America and Japan, though, these 
application markets are forecast to rebound in 1993, with the expected 
relaxation of business and household budget constraints. 

Military/civil aerospace electronics production was hit hard by 
Washington, D.C budget cuts in 1991, declining 5.5 percent world­
wide. Few positive opportunities remain for all but the most special­
ized niche players participating in simulation systems, dedicated mili­
tary computer systems, and dvil-space projects. Civil aerospace 
electronics production will remain the bright spot in this application 
market, fueled by replacement of aging jet airliners and upgrades of 
the worldwide air traffic control sjrstem. 

Transportation electronics production growth is expected to accelerate 
from 4.8 percent growth in 1991 to 6.0 percent in 1992, and to 10.2 
percent in 1993. Production was hurt by the recession, but growth 
prospects are relatively upbeat because of increased household spend­
ing, combined with increasing share of electronic systems' added value 
to new vehicles. 

Tables 1-1 and 1-2 provide a top-level forecast of worldwide 
electronics equipment production by geographic area. 

October 12,1992 ®1992 Dataquest Inconxxatsd SAWW-SVC-MT-^201 



Introduction 1-9 

Exchange Rates 
Dataquest uses an average annual exchange rate in converting revenue 
to U.S. dollar values. The following outlines these rates for 1991: 

Japan (Yen/U.S.$) 
Europe (ECU/U.S.$) 

France (Franc/U.S.$) 

Germany (Deutsche Mark/U.S.$) 

United Kingdom (U.S.$/Pound Sterling) 

136.00 
0.81 

5.64 

1.66 
1.77 

Project analyst: Gregory Sheppard 

> 

SAWW-SVC-MM201 ©1992 Dataquest Incoporaled October 12,1992 



1-10 Semiconductor Application Markets Worldwide 

Table 1-1 
Worldwide Electronic Equipment Production, 1989-1991 
(Millions of U.S. Dollars) 

North America 
Data Processing 
Conununication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Japan 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Europe 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Asia/Padfic-ROW 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Worldwide 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Exchange Rates: 

Yen/U.S.$ 
ECU/U.S.$ 

1989 

77^01 
28360 
32^02 
17,082 
59,876 
4,153 

219,274 

47,941 
19,752 
24,861 
52,474 

1,825 
9,199 

156,052 

31,242 
27,436 
31,111 
30,777 
21,749 

4,613 
146,928 

24,954 
8,944 
2,666 

23,893 
3,281 
1,625 

65,363 

181,638 
84,492 
90,940 

124,226 
86,731 
19,590 

587,617 

138 
0.908 

1990 

81,234 
29,935 
33,687 
16,995 
60,569 

4,115 
226,535 

46,771 
21,337 
26,412 
54,439 

1,602 
9,469 

160,031 

33,575 
32,734 
35,981 
32;241 
20,976 

5,556 
161,063 

27,356 
10,455 
3,059 

27,773 
3,583 
1,852 

74,078 

188,936 
94,461 
99,139 

131,448 
86,730 
20,992 

621,707 

144 
0.788 

1991 

73,691 
31,832 
33,909 
16,660 
55,257 

3,881 
215,230 

51^42 
22,926 
28,719 
61,773 

1,583 
9,931 

176,275 

30,392 
35,102 
36,356 
33,817 
21,171 
6,064 

162,902 

30,826 
11,480 
3,530 

32,204 
3,907 
2,124 

86,228 

188/409 
101,340 
102,514 
144,454 
81,918 
22,000 

640,635 

136 
0.811 

Source: Dataquest (October 1992) 
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Table 1-2 
Worldwide Electronic Equipment Production, 1992-1996 
(Millions of U.S. Dollars) 

North America 
Data Processing 
Commtmication 
Industrial 
Consumer 
Military/ 

Aerospace 
Transportation 

Total 

Japan 
Data PnDcessing 
Communication 
Industrial 
Consumer 
Military/ 

Aerospace 
Transportation 

Total 
Europe 

Data Processing 
Communication 
Industrial 
Consumer 
Military/ 

Aerospace 
Transportation 

Total 
Asia/Padfic-ROW 

Data Processing 
Communication 
Industrial 
Consumer 
Militeuy/ 

Aerospace 
Transportation 

Total 

1992 

75,861 
34,037 
35,483 
17,312 

54,937 
4,252 

221,882 

51,246 
23^98 
27,646 
59,633 

1,567 
9,935 

173,325 

31,850 
36,956 
37,756 
35,706 

21,544 

6,681 
170,493 

37,798 
13,224 
4,017 

36,567 

4,318 
2,451 

98375 

1993 

78,258 
36,375 
37,959 
18,216 

56,068 
4,694 

231,570 

53,581 
24,536 
29,848 
63,750 

1,603 
10,533 

183,849 

34,733 
40,440 
40378 
39/237 

22393 
7,610 

185,791 

41,691 
15343 
4,434 

42,600 

5,000 
2,856 

112,124 

1994 

82,433 
38,882 
40348 
19,161 

57,463 
4,996 

243,483 

55,827 
25,748 
32,270 
66,275 

1395 
11,018 

192,732 

36,713 
42355 
43382 
42346 

23,851 
8348 

196,995 

46,089 
17,627 
4,987 

47,923 

5307 
3,296 

125,429 

1995 

85354 
41,470 
43396 
20,155 

58,924 
5,265 

254,764 

57,762 
26,898 
34391 
69,059 

1,612 
11,411 

201334 

38,879 
46,427 
45335 
44,706 

24331 
9,214 

209,092 

51,230 
20,035 

5373 
53,634 

5,989 
3,780 

140,041 

1996 

90,265 
43,888 
46,479 
21,127 

60,132 

5316 
267,407 

60310 

28311 
37357 
72349 

1,635 
11,854 

2123I6 

41,282 
48,484 
47393 
47,959 

25,266 
10,169 

220,753 

57,075 
22,772 

6,057 
60,041 

6,482 
4,186 

156,613 

(Continued) 
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Table 1-2 (Continued) 
Worldwide Electronic Equipment Production, 1992-1996 
(Millions of U.S. Dollars) 

Worldwide 
Data Processing 
Communication 
Industrial 
Consumer 
Military/ 

Aerospace 
Transportation 

Total 
Exchange Rates: 

Yen/U.S.$ 
ECU/U.S.$ 

1992 

196,755 
107,515 
104,902 

149,218 

82,366 
23,319 

664,075 

136 
0.791 

1993 

208,263 
116,893 
113,119 

163,803 

85,564 
25,693 

713,334 

136 
0.791 

1994 

221^)62 
124,612 
121,187 

175,705 

88,416 
27,658 

758,639 

136 
0.791 

1995 

233,425 
134,831 
128,695 
187,554 

91/)56 
29,670 

805,231 

136 
0.791 

1996 

249,132 
143,455 
137,486 
201,976 

93,515 
31,725 

857,289 

136 
0.791 

Source: Dataquest (October 1992) 

i 

i 
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Chapter 2 

Data Processing Equipment: Worldwide . . 

Figure 2-1 shows .the regional production of data processing equip­
ment (computers, peripherals, and office equipment, among others). 
Figure 2-2 shows the global geographic markets for computer systems. 
North America will remain the largest producer of data processing 
equipment, but Japan and the Asia/Pacific countries such as Taiwan, 
South Korea, and Singapore—plus developing countries such as 
Malaysia—will grow faster in production revenue. The Asia/Pacific 
countries, in particular, continue to find roles as either captive or con­
tract producers of cost-sensitive hardware such as motherboards and 
disk drives. If the North American Free li-ade Agreement is ratified, 
there could be a substantial shift of production to North America. 

Figtire 2-1 
Regional Data Processing Production Revenue 

1992 1996 

Total = $196 Billion Total = $249 Billion 

Source: Dataquest (October 1992) GS00213S 
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Figure 2-2 
Regional Computer Markets 

1992 

Asia-Pacific (2%) 1 

Rest of World (3%) y | 

/ Japan \ 1 
/ {^8%) \\ 

North America 
(42%) 

\ Europe \ J 
V (35%) \ M 

Total = $109 Billion 

1996 

Asia-Pacific (2%) . 

Rest of World (5%) 1 

/ Japan \ \ 
i / (17%) \ | 

Nortti America B 
(44%) g 

' y Europe \ M 
Y (32%) \ # 

Total = $142 Billion 

Source: Dataquest (October 1992) Gssxa^x 

North America is expected to be the most fertile region on a market 
basis for sales of computer systems through the middle of the decade. 
North American growth principally will come from a resurgence in 
capital spending investment after several years of delayed update 
plans. 

Computer Systems 

Tables 2-1 through 2-7 and Figures 2-3 through 2-6 present Dataquesf s 
outlook for the worldwide computer systems markets. Key trends to 
note include the following: 

• There will be a dramatic movement of product mix to downsized, 
distributed computing based on workstation networks. Workstation 
market growth will come principally at the expense of midrange 
and mainfreune systems. 

• Open or UNIX-based server versions of workstation and midrange 
systems will displace a substantial percentage of the traditional 
midrange and mainframe markets. 

• Traditional desktop PCs will drop to 27 percent of the global PC 
revenue as ongoing price pressiue and vmit drop-off in favor of 
personal workstations and portables affect the market. 

• Notebook, pen-based, and hand-held PCs will surge in popularity 
as functionality increases and prices decrease. 

October 12,1992 ©1992 Dataquest Incorpoiated SAWW-SVC-MT-9201 
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Personal workstations based on Intel's P5 (also known as 586) and 
the Power PC from IBM/Apple/Motorola operating imder power 
multitasking, 32-bit operating systems (Windows NT, O/S 2 x.x, 
and UNIX) will capture the so-called "power" PC users. 

On a unit basis, there will be definitive shift to 486 SX/SL-based 
systems as they displace the 386 versions and captiu-e a large per­
centage of portables. 

Proliferation of nonstandard PC backplane buses, particularly with 
portable PCs, will continue. 

IBM and Apple will continue to be the largest producers of PCs. 
Apple benefited from a cost-cutting strategy that boosted its share 
to 9.0 percent on a unit basis. Market share is being picked up by 
low-cost operations that focus on channel and service value added. 

The PC market will remain fragmented, with the top 10 marketers 
orUy accounting for 49 percent of the market. 

Sun Microsystems will remain the leader in workstations, with 
Hewlett-Packard gaining share with aggressive price performance 
products based on its PA RISC architecture. NeXT will nearly quad­
rupled its share as it finds success in the financial mcu-kets. 

SAWW-SVC-lwrr-flaoi ©1992 Oataquest Incwporated ' October 12,1992 



Table 2-1 
Worldwide Computer Systems Forecast, Factory Revenue (Millions of Dollars) 

Supercomputer 

Mainframe 

Midrange 

Workstation 

Supenvorkstation 

Ti-adidonal Workstation 

Entry-Level Workstation 

Personal Workstation 

PC Subtotal 

Transportable 

Laptop AC 

Laptop DC 

Notebook 

Pen-Based 

Hand-Held 

Desktop 

E>eskside 

1 Total 

1990 

1,854.0 

30,865.2 

26,821.0 

7,614.9 

1,095.1 

2,796.0 

3,723.8 

0.0 

48,519.9 

405.0 

1,185.0 

5,184.0 

810.0 

19.0 

43.0 

37,913.0 

2,961.0 

115,675.0 

1991 

2,023.5 

26,649.8 

25,255.0 

8,709.8 

939.2 

5,018.2 

2,753.2 

0.0 

44,374.5 

326.0 

444.0 

4,852.0 

1,795.0 

85.0 

86.0 

33,079.0 

3,709.0 

107,012.6 

1992 

2,236.9 

25,%7.8 

25,382.3 

9,812.3 

867.4 

5,524.9 

3,417.6 

2.4 

45,911.0 

180.0 

210.0 

5,256.0 

2,857.0 

268.0 

254.0 

32,078.0 

5,077.0 

109,310.3 

1993 

2,516.2 

25,029.1 

25,538.1 

13,886.8 

900.7 

7,271.7 

3,964.4 

1,750.0 

48,953.0 

101.0 

103.0 

5,513.0 

4,369.0 

1,917.0 

653.0 

30,334.0 

5,964.0 

115,923.2 

1994 

2,831.4 

24,139.8 

25,765.0 

19,604.1 

957.4 

8,015.7 

5,631.0 

5,000.0 

51,092.0 

63.0 

68.0 

5,980.0 

5,798.0 

4,391.0 

1,193.0 

27,124.0 

6,474.0 

123,432.3 

19 

3,19 

23,37 

25,99 

25,57 

1,01 

8,39 

8,15 

8,00 

53,81 

4 

5 

5,86 

8,23 

7,96 

1,83 

22,96 

6,83 

131,95 

NM ° Not meaningful 
Source: Dataquest (October 1992) 
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Table 2-2 
Worldwide Computer Systems Forecast, Unit Shipments 

Supercomputer 

Mainframe 

Midrange 

Workstation 

Superworkstation 

Traditional Workstation 

Entry-Level Workstation 

Personal Workstation 

PC Subtotal 

Transportable 

Laptop AC 

Laptop DC 

Notebook 

Pen-Based 

Hand-Held 

Desktop 

Deskside 

Total 

1990 

1,008 

15,115 

727,712 

407,624 

19,703 

120,100 

267,821 

0 

23,935,200 

101,000 

349,000 

2,491,000 

408,000 

10,000 

217,000 

19,773,200 

587,000 

25,086,659 

1991 

1,062 

14,142 

754,917 

528,915 

15,925 

230,618 

282371 

0 

24,987,000 

78,000 

124,000 

2,764,000 

1,136,000 

41,000 

238,000 

19,626,000 

981,000 

26,286,036 

1992 

1,229 

13,640 

754,537 

677,000 

12,500 

246,000 

418,200 

300 

26,710,000 

42,000 

65,000 

3,101,000 

1,794,000 

122,000 

763,000 

19,441,000 

1,383,000 

28,156,406 

1993 

1,424 

13,167 

754,418 

1,130,000 

14,950 

317,150 

547,900 

250,000 

29,836,000 

24,000 

37,000 

3,392,000 

2,816,000 

800,000 

2,042,000 

19,078,000 

1,648,000 

31,735,009 

1994 

1,645 

12,721 

754,548 

2,217,000 

17,400 

370,700 

828,900 

1,000,000 

33,774,000 

15,000 

28,000 

3,669,000 

4,393,000 

1,759,000 

3,877,000 

18,204,000 

1,829,000 

36,759,914 

199 

1,90 

12,29 

754,91 

3,802,00 

20,30 

416,70 

1,365,00 

2,000,00 

39,127,00 

10,00 

24,00 

3,933,00 

6,809,00 

3,289,00 

6,188,00 

16,899,00 

1,975,00 

43,698,12 

NM = Not meaningful 
Source: Dataquest (October 1992) 
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Table 2-3 
Worldwide Computer Systems Forecast, Average Selling Price (Thousands of Dollars) 

Supercomputer 

Mainframe 

Midrange 

Workstation 

Superworkstation 

Traditional Workstation 

Entry-Level Workstation 

Personal Workstation 

PC Subtotal 

Transportable 

Laptop AC 

Laptop DC 

Notebook 

Pen-Based 

Hand-Held 

Desktop 

Deskside 

1990 

1^39.4 

2,042.0 

36.9 

18.7 

55.6 

23.3 

13.9 

0.0 

2.0 

4.0 

3.4 

2.1 

2.0 

1.9 

0.2 

1.9 

5.1 

1991 

1,905.1 

1,884.4 

33.5 

16.5 

59.0 

21.8 

9.8 

0.0 

1.8 

4.2 

3.6 

1.8 

1.6 

1.9 

0.4 

1.7 

3.8 

1992 

1,820.5 

1,903.8 

33.6 

14.5 

69.4 

22.5 

8.2 

8.0 

1.7 

4.3 

3.2 

1.7 

1.6 

2.2 

0.3 

1.7 

3.7 

1993 

1,767.2 

1,900.9 

33.9 

12.3 

60.2 

22.9 

7.2 

7.0 

1.6 

4.2 

2.8 

1.6 

1.6 

2.4 

0.3 

1.6 

3.6 

1994 

1,721.6 

1,897.7 

34.1 

8.8 

55.0 

21.6 

6.8 

5.0 

1.5 

4.2 

2.4 

1.6 

1.3 

2.5 

0.3 

1.5 

3.5 

1995 

1,671.6 

1,900.6 

34.4 

6.7 

50.2 

20.2 

6.0 

4.0 

1.4 

4.1 

2.3 

1.5 

1.2 

2.4 

0.3 

1.4 

3.5 

NM - Not Meaningful 
Source: Dataquest (October 1992) 

i 



§ 

? 

Table 2-4 
Worldwide PC Forecast, by Bus Type (Thousands of Unit Shipments) 

PC XT 

AT 

MCA (16 Bit) 

MCA (32 Bit) 

EISA 

Others 

Total 

1990 

1,925 

11,058 

1,450 

889 

272 

8,342 

23,936.00 

1991 

520 

13,149 

1,204 

827 

474 

8,812 

24,986.00 

1992 

261 

13,575 

1,163 

990 

646 

10,076 

26,711.00 

1993 

0 

13,289 

815 

1,513 

825 

13,394 

29,836.00 

1994 

0 

12,122 

255 

2,295 

981 

18,121 

33,774.00 

1995 

0 

10,139 

0 

2,856 

1,148 

24,984 

39,127.00 

Source: Datacjuest (October 1992) 
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Table 2-5 
Worldwide PC Forecast, by Microprocessor Type (Thousands of Unit Shipments) 

8088/8086 

80286 

80386 SX/SL 

80386 DX 

80486 SX/SL 

80486 DX/DX2 

80586 (P5) 

68XXX 

Others 

Total 

1990 

3^07 

7^01 

4^77 

3,663 

0 

241 

0 

3,550 

1,497 

23,936 

1991 

1,134 

3,917 

7,843 

4,880 

447 

1,948 

0 

3,798 

1,020 

24,987 

1992 

1,033 

1,259 

8,894 

5,154 

2,917 

2,700 

5 

4,332 

416 

26,710 

1993 

1,307 

452 

7,519 

3,526 

8,665 

3,125 

350 

4,730 

162 

29,836 

1994 

1,357 

222 

8,208 

2/)52 

12,237 

3,629 

1,001 

4,966 

101 

33,773 

1995 

1,299 

106 

8,204 

1,298 

16,213 

4,524 

1,995 

5,436 

53 

39,128 

NM a Not meaningful 
Source: Dataquest (October 1992) 

g 
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Table 2-6 
Worldwide Non-PC Computer Systems Market Share, 
Estimated Unit Shipments 

Supercomputer Vendors 

Teradata 

Convex Computer 

AMT 

Cray Research 

Intel 

Maspar Computer 

Alliant Computer 

Digital Eqmpment 

Ncube 

IBM 

FPS Computing 

Others 

Total 

Mainframe Vendors 

IBM 

Fujitsu 

NEC 

Hitachi 

Siemens Nixdorf 

Unisys 

Groupe Bull 

Mitsubishi 

Digital Equipment 

Amdahl 

Others 

Total 

Market Share (%) 

1990 

16.9 

20.6 

7.5 

6.4 

8.3 

3.0 

9.9 

4.2 

3.2 

2.8 

5.2 

12.5 

100.0 

29.6 

12.9 

12.9 

14.5 

6.4 

8.6 

4.3 

2.4 

0.7 

1.4 

6.3 

100.0 

1991 

18.8 

18.4 

9.9 

9.4 

7.8 

5.3 

5.2 

4.2 

4.0 

2.8 

1.7 

12.4 

100.0 

33.7 

16.6 

13.0 

11.7 

6.1 

5.2 

4.0 

2.3 

1.3 

1.2 

4.8 

100.0 

(Continued) 
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Table 2-6 (Continued) 
Worldwide Non-PC Computer Systems Market Share, 
Estimated Unit Shipments 

Market Share (%) 

1990 1991 
Midrange Vendors 

NEC 
IBM 

Fujitsu 
Unisys 

EHgital Equipment 
Groupe Bull 

Hewlett-Packard 
Siemens Nixdorf 

NCR 
Hitachi 
Others 

Total 
Workstation Vendors 

Sun Microsystems 
Hewlett-Packard 

Digital Equipment 
IBM 
NeXT 
Silicon Graphics 

Hitachi 

Sony 

Omron 

Toshiba 
Others 

Total 

10.0 

14.4 

9.8 

15.0 

6.8 

5.2 

2.7 

2.8 

2.1 

3.3 

27.8 

100.0 

35.6 

14.7 

16.6 

5.8 

1.0 

2.5 

3.3 

2.9 

1.1 

0.1 

26.4 

100.0 

15.6 

14.7 

12.2 

10.5 

7.2 

5.2 

3.0 

2.6 

1.9 

1.6 

25.4 

100.0 

35.6 

15.7 

12.3 

8.7 

3.6 

2.7 

2.6 

1.9 

1.2 

0.9 

14.7 

100.0 

Source: Oataquest (October 1992) 

October 12,1992 ©1992 Oataquest Incorporated SAWW-SVC-MT-9201 
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Table 2-7 
Worldwide PC Market Share, Estimated Unit Shipments 

All PC Vendors 

IBM 

Apple 

Conunodore 

NEC 

Compaq 

Packard Bell 

Toshiba 

Atari 

Tandy 

Groupe Bxill 

Olivetti 

AST Research 

Epson 

Samsung 

Hewlett-Packard 

Hyundai 

Dell Computer Corp. 

Amstrad 

MiTAC 

Tandon 

Others 

Total 

Desktop PC Vendors 

IBM 

Apple 

Commodore 

NEC 

Compaq 

Packard Bell 

Atari 

Olivetti 

AST Research 

Tandy 

Others 

Total 

Market Share (%) 

1990 

12.5 

7.5 

7.1 

5.6 

3.9 

2.2 

3.7 

3.1 

2.6 

1.8 

1.9 

1.1 

2.5 

1.2 

1.2 

1.1 

0.6 

1.3 

0.8 

0.9 

37.4 

100.0 

13.5 

8.8 

8.5 

4.9 

3.4 

2.4 

2.7 

2.2 

1.4 

2.7 

49.4 

100.0 

1991 

11.4 

9.0 

8.3 

5.8 

4.0 

2.5 

2.0 

2.0 

1.9 

1.9 

1.7 

1.6 

1.2 

1.1 

1.1 

1.1 

1.0 

1.0 

0.7 

0.7 

40.0 

100.0 

12.0 

10.5 

10.4 

4.7 

3.5 

2.7 

2.1 

2.0 

1.7 

1.7 

48.6 

100.0 

(Continued) 
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Table 2-7 (Continued) 
Worldwide PC Market Share, Estimated Unit Shipments 

Laptop DC/Pen-Based Computer 

NEC 

Toshiba 

Sharp 

Compaq 

ZDS-Groupe Bull 

Epson 

Tandy 

IBM 

GRID 

Amstrad 

Commodore 

Packard Bell 

Apple 

Others 

Total 

Notebook/Hand-Held Computer 

Atari 

Compaq 

AST Research 

IBM 

Groupe Bull 

Epson 

Texas Instruments 

Fujitsu 

Sharp 

Compuadd 

Samsung 

Others 

Total 

Vendors 

Vendors 

"x 

Market Share (%) 

1990 

13.8 

28.4 

0.8 

2.8 

7.0 

4.2 

3.8 

0.1 

1.7 

1.0 

0.2 

1.3 

1.8 

33.1 

100.0 

30.9 

29.6 

0.0 

0.0 

0.0 

5.3 

2.5 

0.2 

10.7 

0.8 

1.2 

18.8 

100.0 

1991 

18.3 

15.2 

8.0 

6.7 

4.8 

3.0 

2.9 

2.7 

2.5 

1.9 

1.4 

1.3 

1.2 

37.3 

100.0 

7.2 

5.9 

5.4 

5.3 

4.9 

3.9 

3.0 

3.0 

2.5 

1.5 

1.3 

56.1 

100.0 

Source: Dataquest (October 1992) 

October 12,1992 ©1992 Dataquest Incorporated SAWW-SVC-MT-5201 
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Figure 2-3 
Worldwide Computer Systems Market Mix 

1992 

Supercomputer (2.0%) 1 

Workstation (9.0%) \ ' 

I Midrange j 
I (23.2%) y^ 

PC ' 
(42.0%) 

\ Mainframe \ M 
X (23.8%) \ j0r 

Total = $109 Billion 

1996 

Supercomputer (2.5%) 1 

/Main f rame \ 
/ ^ (15.9%) \ 

1 1 Midrange ^ 
i I (18.4%) j / 

PC \ 
(39.7%) 1 

\ / ^ Workstation \ M 
N < (23.5%) \ ^ 

Total = $142 Billion 

Source: Dataquest (October 19S2) G200Z137 

Figure 2-4 
Worldwide PC and Personal Workstation Market Mix 

1992 
Personal Workstation (0.1%) — i 

Hand-Held (0.5%) , 
Pen-Based (0.6%) ,' 

Nntnhnnk PC (F, A<y \ _ « — i 

/ Others \ 
/ (22.6%) \ 

\^— Desktop PC M 
\ (70.0%) M 

Total = $45.9 Billion 

1996 
Hand-Held (3.0%) ^ 

/Notebooks 
/ PC \ 

A ^ ^ 1 4 . 8 % ) \ Desktop PC \ 
(27.1%) \ 

1 Pen-Based ^ " " ^ , B 
I (17.1%) ^>^\ ' • 1 
\ j/^ \ Personal B 
\ v ^ \ Workstation 3 
\ y ^ Others \ (19.1%) # 

\ (18.9%) \ ^ 

Total = $70.1 Billion 

Source: Dataquest (October 1992) G200213a 
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Figure 2-5 
Worldwide PC Forecast, by Microprocessor Mix 

1992 

P5(0.1%) 

80486 DX/DX2 (10.1%) 

Total = 26.7 Million Units 

1996 
Others (3.5%) 

P5 (4.6%) 

Total = 42.6 Million Units 

Source: Dataquest (October 1992) GZOOEias 

Figure 2-6 
1991 PC and Workstation Market Share, Unit Basis 

others 
(59.0%) 

IBM / v 
(11.4%) / X 

/ A p p l e ^ 
/ (9.0%) 

Silicon Graph 

NeXT (3.6°/, 

m 

ics 1 

.) 

2.7%) 1 

/ Others 
/ (21.4%) 

Commodore \ , ' ^ J ^ , X 
(8.3%) \ ^^-'^1/^ \ 

\j/^ DEC 1 
EC (5.8%) \^^^^(12.3%) 1 

^ Compaq (4.0%) ^ ^ ^ t e - j L 

- P a d (ard Bell (2.5« Yo) 

Sun 
Microsystems 

(35.6%) 

H-P X . 
(15.7%) ^ 

PC Workstation 

Source: Dataquest (Octot)er 1992) 
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Mass Storage 
Tables 2-8 through 2-16 and Figures 2-7 through 2-10 present Data-
quest's outlook for the woridwide computer storage systems markets. 
Key trends to note include the following: 

• Magnetic rigid disk drives (RDDs) will remain the dorrunant com­
puter mass storage system. 

• 3.5-inch will continue to dominate the RDD widths with growing 
but modest presence from 2.5-inch and smaller versions. 

• More than half of the 3.5-inch RDDs wUl ship with densities greater 
than 200MB by 1996. 

• CD-ROM will remain the largest optical drive category as factory 
prices head toward $60. Usage is coming from multimedia title 
publishing and software application program shipment. 

• 3.5-inch rewritable optical drives are expected to ramp up in 
volume as prices drop toward $100 because they offer an attractive 
mix of low price per bit and rewritability. 

SAWW-SVC-MT-9aoi ©1992 Dataquest Incorporalad October 12,1992 
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Table 2-9 
Worldwide Rigid Disk Drive Forecast, by Capacity 

1.8 Inch 

0-30MB 

31-60MB 

61-lOOMB 

101-200MB 

201-500MB 

501-1,000MB 

Total 

2.5 Inch 

0-30MB 

31-60MB 

61-lOOMB 

101-200MB 

201-500MB 

501-1,000MB 

Total 

3.5 Inch 

0-30MB 

31-60MB 

61-lOOMB 

101-200MB 

201-500MB 

501-l,0O0MB 

1-2GB 

2+GB 

Total 

5.25 Inch 

0-30MB 

31-60MB 

61-lOOMB 

101-200MB 

201-500MB 

501-1,000MB 

1-2GB 

2+GB 

Total 

1991 

4.2 

0 

0 

0 

0 

0 

4.2 

630.0 

1,955.0 

793.0 

0 

0 

0 

3,378.0 

474.0 

12,816.0 

4,572.2 

5,197.9 

2,223.3 

137.0 

1.0 

0 

25,421.4 

205.1 

517.8 

236.0 

323.5 

640.6 

823.7 

405.1 

2.6 

3,154.4 

1996 

12.0 

2,400.0 

4,800.0 

120.0 

60.0 

2.0 

7,394.0 

0 

200.0 

2,000.0 

3,400.0 

8,000.0 

1,200.0 

14,800.0 

0 

60.0 

800.0 

12,000.0 

16,000.0 

10,200.0 

6,000.0 

1,900.0 

46,960.0 

0 

0 

0 

0 

0 

12.0 

12.0 

550.0 

574.0 

CAGR (%) 
1991-1996 

NM 

MM 

NM 

NM 

NM 

NM 

NM 

NM 

-47.1 

-4.5 

63.1 

659.8 

NM 

27.1 

NM 

-69.8 

-41.9 

8.7 

37.3 

80.5 

165.9 

NM 

13.4 

-100.0 

-100.0 

-100.0 

-100.0 

-100.0 

-67.1 

-63.0 

54.7 

-31.3 

NM = Not meaningful 
Source: Dataquest (October 1992) 

SAWW-SVO-MT-9201 01992 Dataquest Incnporatsd October 12,1992 



2-18 Semiconductor Application Markets Worldwide 

Table 2-10 
Worldwide Rigid Disk Drive Market Share, Estimated 
Unit Shipments 

Vendor 

1.8 Inch 

Integral Peripherals 
Total 

2.5 Inch 
Conner Peripheriils 
JVC 
IBM 
Toshiba 

Western Digital 
Others 

Total 
3.5 Inch 

Seagate Technology 
Conner Peripherals 
Quantum Corp. 
IBM 

Western Digital 
Maxtor Corp. 

Others 
Total 

5.25 Inch 

Seagate Technology 

IBM 
Maxtor Corp. 

Fujitsu Ltd. 

Hewlett-Packjird 

Others 
Total 

Market Share (%) 

100.0 
100.0 

54.8 
14.8 

11.3 
6.2 

4.2 
8.7 

100.0 

26.4-

18.3 
15.7 

11.4 

8.3 

8.1 
11.8 

100.0 

46.0 
12.7 

11.6 

5.4 

4.5 

19.8 
100.0 

Source: Oataquest (October 1992) 

October 12,1992 ®1992 Oataquest Incoipotated SAWW^VC-MT-9201 
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2-20 Semiconductor Application l\terkets Worldwide 

Table 2-12 
1991 Worldwide Optical Disk Drive Market Share, 
Estimated Unit Shipments 

Vendor 
CD-ROM 

Sony 
Hitachi 
NEC 
Toshiba 
Panasonic 
Others 

Total 
5.25-Inch WORM 

Panasonic 
Pioneer 
Ricoh 
LMSI 
ISi 
Others 

Total 
12-Inch WORM 

Sony 
Hitachi 
LMSI 
Toshiba 
Others 

Total 
3.5-Inch Rewritable 

Sony 
IBM 
Panasonic 
Others 

Total 
5.25-Inch Rewritable 

Sony 
Ricoh 
Paimsonic 
Maxoptix 
Canon 
Others 

Total 

Market Share (%) 

40.1 
I 

19.2 
11.8 
10.1 
6.4 

12.4 
100.0 

32.6 
15.7 
15.0 
8.7 
8.5 

19.5 
100.0 

31.3 
20.9 
20.0 
10.4 
17.4 

100.0 

44.1 
27.3 
22.7 
5.9 

100.0 

47.7 
19.0 
12.4 
8.3 
5.8 
6.8 

100.0 
Source: Dataquest (October 1992) 

October 12,1992 ©1992 Dalaquest Incoipoiatsd SAWW-SVC-MM201 
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Table 2-13 
Worldwide Flexible Disk Drive Forecast 

Units (K) 

ASP ($) 

Factory Revenue ($M) 

1990 

35,900.0 

46.6 

1,671.2 

1991 

43,055.0 

42.5 

1,831.1 

1992 

43,900.0 

42.0 

1,843.8 

1993 

46,200.0 
41.4 

1,911.5 

1994 

49,300.0 

40.6 

2,000.8 

1995 

52,000.0 
39.4 

2,047.0 

Source: Dataquest (Octotjer 1992) 

S 



2-22 Semiconductor Application Marl<ets Worldwide 

Table 2-14 
1991 Worldwide Flexible Disk Drive Market Share, 
Estimated Unit Shipments 

Vendor 

Teac 

Panasomc 
Sony 
Chinon 

Citizen 
Mitsubishi 
Y-E Data 
Seiko Epson 
Toshiba 
Others 

Total 

Market Share (%) 

25.4 

15.8 
14.6 
11.3 
9.7 
7.2 
6.2 

2.3 
0.5 
7.0 

100.0 
Source: Dataquest (October 1992) 

October 12,1992 ®1992 Dataquest Incoiporated SAWW-S\/C-MT-«201 
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Table 2-15 
Worldwide Tape Drive Forecast 

Units (K) 

ASP ($) 

Factory Revenue ($M) 

1990 

1,704.9 

1,108.1 

1,889.2 

1991 

2,334.9 

874.9 

2,042.9 

1992 

2,694.7 

786.1 

2,188.3 

1993 

3,057.3 

724.1 

2,213.7 

1994 

3308.4 

678.1 

2,243.4 

1995 

3,463.8 

662.6 

2,295.2 

Source: Dataquest (October 1992) 



2-24 Semiconductor Application MaxMs Woridwide 

Table 2-16 
1991 Worldwide Tape Drive Market Share, Estimated 
Unit Shipments 

Vendor 

Archive 

Rexon (Wangtek/Wangdat) 

Colorado Memory Systems 
Tandberg 

Teac 
Exabyte 

Hewlett-Packard 
DEC 
Fujitsu 

Others 

Total 

Market Share (%) 

30.3 

15.3 

15.1 

9.6 

6.8 
6.0 

3.5 

2.0 

1.1 

10.3 
100.0 

Source: Dataquest (October 1992) 

October 12,1992 ®1992 Dataquest Incorporated SAWW-SVC-MT-9201 
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Figure 2-7 
Worldwide Storage Market 

1992 
Optical Disl< Drive (3.1%)—i 

Flexible Disk Drive —i \ . 
(7.5%) / • " X ^ 

/ T a p ^ \ 
/ Drive \ \ 

i .^ .17o) \ \ 

Y Rigid Disk Drive 
V (BO.3%) 

Total = $24.1 Billion 

1996 
Optical Disk Drive (4.8%) —i 

Flexible Disk Drive —\ 1 
(8.1%) V'-'T 

\ /Tap^V \ 
\ / Drive \ ^ \ 
1 /(S^^o) W 

m \ Rigid Disk Drive M 
B V (78.1%) # 

Total = $25.3 Billion 

Source: Dataquest (October 1992) 62002141 

Figure 2-8 
Worldwide Digital Disk Drive Forecast, by Width 

1992 1996 
1.8-Inch (<1.0%) - , 5.25-lnch{<1.0%) —1 

5.25-!nch (9.0%) — v , J , 

/ 2.5-Inch \ 
/ (15.2%) \ 

^ \ X i -S-inch 1 
\ / N ^ 1 0 . 6 % ) 1 

1 / 2.5-lnch \ 
1 1 (21.2%) N 

3.5-Inch B V ^ y ^ 3.5-Inch M 
(75.7%) B \ ^ (67.3%) M 

Total = 37.5 Million Units Total = 69.8 Million Units 
Note: Segments may not add to 100 percent because of rounding. 

Source: Dataquest (October 1992) G20oe;42 

SAWW-SVC-MT-9201 ®1992 Dataquest Incotporated October 12.1992 



2-26 Semiconductor Application Markets Worldwide 

Figure 2-9 
Worldwide Optical Disk Drive Forecast 

Thousands of Units 

9,000 

8,000-

7,000 

6,000 

5,000 

4,000 

3,000 

2,000-

1,000-

0 

H 5.25-Inch WORM H 3.5-Inch Rewritable 

• 5.25-Inch Rewritable • CD-ROM 

7,981 

6,605 

5,283 

1,057 

1.972 

M 

• " • > ' ' y ^ 

1991 1992 1993 1994 1995 1996 

Source: Dataquest (October 1992) 

Figure 2-10 
1991 Worldwide Mass Storage Market Share, Unit Basis (Selected) 

GEO(E143 

Western Digital (8.3%) Panasonic (6.4%) 

3.5-Inch Rigid Disk Drives CD-ROM 

Source: Dataquest (October 1992) 

October 12,1992 ©1992 Dataquest Incorporated 

Q2002144 

SAWW-SVC-MT-a201 
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Other Peripherals 
Tables 2-17 through 2-22 and Figure 2-11 present Dataquesf s forecast 
of selected computer peripherals including monitors, terminals, and 
printers. Key trends to note include the following: 

• Monitors will continue to grow at the rate of desktop systems ship­
ments with continual migration to finer dot pitch (for SVGA and 
workstations) and multisynch versions (variable up to 72Hz). 

• Networked X V\Sndow terminals will continue to be used as an 
office alternative as volumes approach 900,000 xmits by 1996. NCD, 
Digital Equipment Corporation, HP, and IBM will account for 
70 percent of the market. 

• Traditional dot matrix serial printers will continue to be displaced 
by laser and ink jet printers. By 1996 laser and ink jet printers will 
each rival dot matrix in unit size in the North American and Euro­
pean markets. HP and Epson will be the largest printer companies 
in the world, with about a third of the market between them. 

SAWW-SVC-MT-9201 ®1992 Dataquest IxofporateO October 12,1992 



Table 2-17 
Worldwide Display Terminal and Monitor Forecast (Thousands of Units) 

r» 

Display Terminals 

Monitors 

1990 

6,123.0 

24,764.0 

I99I 

5,542.0 

23,193.6 

1992 

5,736.0 

24,194.4 

1993 

5,925.0 

25,842.8 

1994 

6,076.0 

27,201.1 

1995 

6,187.0 

28,612.8 

Source: Dataquest (October 1992) 

I 
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Table 2-18 
1991 Worldwide Display Terminal and Monitor Market 
Share, Estimated Unit Shipments 

Vendor 

Display Terminals 

IBM 

Wyse 

Memorex Telex 

Digital 

Siemens 

Others 

Total 

Monitors 

IBM 

Philips 

Apple 

Commodore 

Samsvmg Information Systems 

Compaq 

Olivetti 

Packard Bell 

Tatung 

NEC 

Others 

Total 

Market Share (%) 

18.2 

10.4 

6.0 

4.1 

3.6 

57.7 

100.0 

7.9 

5.6 

4.8 

4.7 

2.8 

2.8 

2.6 

2.6 

2.3 

2.1 

61.8 

100.0 

Source: Dataquest (October 1992) 

SAWW-SVC-MT-9201 ®1992 Dataquest Incopoiated Octot»r 12,1992 
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Table 2-19 
Worldwide X Window Terminal and Monitor Forecast 

Units (K) 

ASP ($) 

Factory Revenue ($M) 

1990 

69.0 

2,608.0 

180.0 

1991 

111.1 

2,400.5 

266.7 

1992 

226.8 

2,059.1 
467.0 

1993 

407.2 

1,592.6 

648.5 

1994 

587.5 

1,361.8 

800.0 

1995 

722.5 

1,211.1 

875.0 
Source: Dataquest (October 1992) 

I 

i 
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Table 2-20 
1991 Worldwide X Window Terminal Market Share, 
Estimated Unit Shipments 

Vendor 

NCD 

Digital 

Hewlett-Packard 
IBM 

Tektronix 
Visual Technology 
HDS 
Others 

Total 

Market Share (%) 
28.3 

15.8 

17.9 
12.2 

8.1 
3.1 

3.2 
11.4 

100.0 

Source: Dataquest (October 1992) 

SAWW-SVC-MT-fl2D1 ®1992 Dataquest IncoiporatBd October 12.1992 
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Table 2-21 
North America and Europe Printer Forecast: 1991-1996 

North America 

Units (K) 

End-User ASP ($) 

End-User Revenue ($M) 

Europe 

Units (K) 

End-User ASP ($) 

End-User Revenue ($M) 

North America 

Units (K) 

End-User ASF ($) 

End-User Revenue ($M) 

Europe 

Units (K) 

End-User ASP ($) 

[ End-User Revenue ($M) 

1991 

8,346.7 

1,007.6 

8,410.0 

7381.1 

1,310.0 

9,642.7 

1991 

5,686.6 

480.6 

2,820.2 

5,843.5 

78.0 

4,554.7 

1992 

8,462.0 

1,000.0 

8,460.7 

7,914.5 

1,230.0 

9,706.7 

1992 

5,827.5 

483.1 

2,815.2 

6,077.5 

72.0 

4,404.1 

All Printers 

1993 

8,690.7 

1,017.0 

8,838.8 

8,553.7 

1,180.0 

10,073.4 

1994 

8,818.2 

1,031.0 

9,092.0 

9,037.3 

1,160.0 

10,454.5 

Serial Printers 

1993 

5,794.6 

496.6 

2,877.6 

6,376.0 

69.0 

4,395.3 

1994 

5,735.4 

496.0 

844.8 

6,533.3 

68.0 

4,419.2 

199 

8,885. 

1,036. 

9,207. 

9,545. 

1,140. 

10,885. 

199 

5,638. 

489. 

2,758. 

6,759. 

67. 

4,544 

i 
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Table 2-21 (Continued) 
North America and Europe Printer Forecast: 1991-1996 

North America 

Units (K) 

End-User ASP ($) 

End-User Revenue ($M) 

Europe 

Units (K) 

End-User ASP ($) 

End-User Revenue ($M) 

North America 

Units (K) 

End-User ASP {$) 

End-User Revenue ($M) 

Europe 

Units (K) 

End-User ASF ($) 

End-User Revenue ($M) 

1991 

94.0 

8,859.0 

832.4 

48.0 

1,157.0 

555.6 

1991 

2,384.1 

1,995.3 

4,757.2 

1,489.6 

3,040.0 

4,532.4 

1992 

95.5 

9,000.0 

859.5 

48.0 

1,102.0 

528.9 

1992 

2,539.0 

1,884.9 

4,785.9 

1,788.9 

2,670.0 

4,773.6 

Line Printers 

1993 

99.8 

8,968.0 

895.6 

49.2 

1,046.0 

514.3 

Page 

1993 

2,796.3 

1,811.5 

5,065.5 

2,128.5 

2,430.0 

5,163.8 

1994 

103.0 

8,990.0 

916.7 

50.2 

1,000.0 

501.4 

Printers 

1994 

2,979.8 

1,788.9 

5,330.4 

2,453.8 

2,260.0 

5,533.8 

19 

107 

8,830 

946 

51 

961 

496 

19 

3,139 

1,752 

5,502 

2,735 

2,140 

5,844 
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Table 2-21 (Continued) 
North America and Europe Printer Forecast: 1991-1996 

North America 

Units (K) 

End-User ASP {$) 

End-User Revenue ($M) 

Europe 

Units (K) 

End-User ASP ($) 

End-User Revenue ($M) 

1991 

721.4 

622.5 

449.1 

1,348.9 
750.0 

1,014.1 

Non 
1992 

1,011.5 

674.0 

681.8 

1,945.4 
670.0 

1,301.9 

-Impact, Serial 
1993 

1,193.6 

710.0 

848.6 

2,525.8 
630.0 

1,593.4 

, Ink-Jet 
1994 

1,383.4 

684.8 
947.4 

2,982.2 

620.0 
1,847.7 

Printers 
19 

1,582 

638 

1,010 

3,370 
630 

2,122 

Source: Dataquest (October 1992) 

I 
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Table 2-22 
1991 Worldwide Printer Market Share (North America 
and Europe Combined), Estimated Unit Shipments 

Vendor 

Hewlett-Packard 

Epson 

Panasonic 

Okidata 

Canon 

Apple 

IBM 

Others 

Total 

Market Share (%) 

17.7 

16.5 

8.9 

7.1 

3.9 

3.7 

3.2 

39.1 

100.0 

Source: Dataquest (October 1992) 

Figure 2-11 
North America and Europe Printer Market Forecast 

Thousands of Units 
25.000 • 

20,000 H 

15,000-j 

10,000 H 

5,000 H 

0 Page (Laser) Q Line H InltJet Serial (Less Ink Jet) 

15.544 
16,376 

17.243 17,854 18.431 18.756 

1991 1992 1993 1994 1995 1996 

Source: Dataquest (October 1992) GZDaC145 

SAWW-SVC-MT-9201 ®1992 Dataquest Incotporatad October 12,1992 



Chapter 3 

Communications Equipment: Nortli 
America ^ . ^ . ^ . . . . ^ . . ^ 

Tables 3-1 through 3-18 present market forecast and market share 
information on selected communication n\arkets tracked by Dataquest 
in North America. Figure 3-1 ranks the highest-growth communica­
tions equipment markets. Key trends to note include the following: 

• High-performance networking is expected to witness robust growth 
over the coming decade. In particular FDDI network interface cards 
(NICs) will grow, as will wiring center equipment such as hubs, 
and assorted internetworking equipment linking networks along 
with high-bandwidth backbones. 

• Ethernet and token ring NICs and internetworking equipment 
(bridges, routers, hubs, and gateways) will continue robust growth 
on a unit basis but competitive pricing pressure will limit revenue 
growth. 

• ISDN line (basic rate 2B + D) shipments in North America are 
expected to start in earnest past the midway point of the decade. 

• Central office and PBX switching systems are expected to continue 
following replacement market economics with steady, low growth. 
Unstandardized asynchronous transfer mode (ATM) technology is 
being broadly supported as a means of upgrading switches and 
multiplexers for point-to-point multimedia capability. 

• Conversion to fiber-optic transmission based on the SONET stan­
dard will continue throughout the decade. Fiber to the curb emd 
house are some of the potential developments as the regional Bells 
are cleared to offer "video" dial tones. 

• Cellular systems will continue expanding demand as they convert 
to digital processing and compression techniques (TDMA). New 
microcell-based systems called personal conunimications networks 
(PCNs) will start to emeige in 1994 to 1995. 

• Voice messaging and interactive response systems will continue 
finding expanded use with some competitive pressures factoring in 
by middecade. 

• 'S^deo teleconferencing, systems, both room and low-cost desktop 
versions based on COTT standards, will continue expanding into 
corporate use. 

SAWW-SVC-MT-9201 ©1992 Dataquest Incorporatad October 12.1992 



I Table 3-1 
^ Revenue and Shipments of ACD Systems to the United States 

i 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue {$M) 

1987 

3.2 

83.9 

264.6 

1992 

6.2 

90.3 

560.3 

1988 

4.5 

85.9 

388.2 

1993 

6.9 

88.9 

610.6 

1989 

4.9 

118.6 

577.3 

1994 

7.7 

87.6 

675.3 

1990 

5.4 

92.9 

497.2 

1995 

8.6 

87.6 

754.3 

Source: Dataquest (Octofcier 1992) 
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Table 3-2 
Revenue from Facsimile Equipment Placed in the United States 
(Millions of U.S. Dollars) 

Total Fax Equipment 

Total Group 3 

Total Group 4 

Total Fax Equipment 

Total Group 3 

Total Group 4 

1987 

998.8 

994.0 

4.8 

1992 

2,026.6 

2,013.6 

13.0 

1988 

1,779.6 

1,772.6 

7.0 

1993 

2,575.5 

2,556.7 

18.8 

1989 

2,231.3 

2,218.3 

13.0 

1994 

2,808.8 

2,776.9 

31.9 

1990 

2,086.5 

2,078.5 

8.0 

1995 

2,812.0 

2,756.7 

55.3 

Note: New segmentation sctienrte In 1991 further segmented Group 3 Into plain paper by printing method and retained thermal kiy price segm 
Source: Dataquest [October 1992) 

7 
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Table 3-3 
Revenue and Placements of Group 3 Facsimile Products in the United States 

Placements (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

Placements (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 
NA 

NA 

NA 

1992 

1,734.0 

1,161.0 

2,013.6 

1988 
1,039.2 

1,706.0 
1,772.7 

1993 

1,804.0 

1,417.0 
2,556.7 

1989 

1,435.7 

1,545.0 
2,218.4 

1994 

1,876.0 

1,480.0 

2,776.9 

1990 

1,404.3 

1,480.0 
2,078.5 

1995 

1,951.0 

1,413.0 
2,756.7 

NA - Not available 
Note: New segmentation scheme In 1991 further segmented Group 3 Into plain paper by printing method and retained thermal by price segm 
Source: Dataquest (October 1992) 

g 
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Table 3-4 
Revenue and Placements of Group 4 Facsimile Equipment in the United States 

Placements (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

Placements (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

1987 

NA 

NA 

NA 

1992 

1.3 

10.0 

13.0 

1988 

0.6 

11.7 

7.0 

1993 

2.0 

9.4 

18.8 

1989 

1.2 

10.8 

13.0 

1994 

3.5 

9.1 

31.9 

1990 

0.7 

11.2 

8.0 

1995 

6.5 

8.5 

55.3 

NA - Not Available 
Source: Dataquest (Octot>er 1992) 
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Table 3-5 
Revenue and Shipments of Voice Response Systems to the United States 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

1992 

8.6 

74.5 

641.1 

1993 

10.0 

79.6 

799.8 

1994 

11.8 

83.6 

989.0 

1995 

13.8 

86.5 

1,190.0 

Source: Dataquest (October 1992) 

§ 

§ 
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Table 3-6 
Revenue and Shipments of Key Telephone Systems to the United States 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

1987 

481.0 

4.9 

2,354.8 

1992 

467.2 

4.2 

1,944.0 

1988 

476.4 

4.6 

2,184.3 

1993 

476.5 

4.1 

1,957.1 

1989 

472.6 

4.3 

2,055.7 

1994 

486.0 

4.1 

1,969.8 

1990 

479.0 

4.2 

2,011.5 

1995 

495.7 

4.0 

1,982.1 

Source: Dataquest (October 1992) 
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Table 3-7 
Revenue from LANs Shipped to the United States 
(Millions of U.S. Dollars) 

@ 

Network Interface Cards 
Ethernet NIC 
Token-Ring NIC 
Other NIC 

Network Operating Software 
1-10 User NOS 
11-34 User NOS 
35+ User NOS 

Wiring Center 
Ethernet 
Token-Ring 

FDDI Network Interface Cards 
PC 
Workstation 
Host 

FDDI Internetworking 
Bridges 
Routers 

FDDI V\ftrine Centers 

1987 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1988 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1989 
998.0 
418.0 
479.0 
101.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1990 
1,123.7 

514.8 
516.5 
92.4 

688.0 
276.5 
244.1 
167.4 
381.4 
314.1 
47.7 
16.1 
0.7 

10.2 
5.2 

26.6 
11.6 
15.0 
2.6 



en Table 3-7 (Continued) 
Revenue from LANs Shipped to the United States 
(Millions of U.S. Dollars) 

Network Interface Cards 
Ethernet NIC 
Token-Ring NIC 
Other NIC 

Network Operating So^ttti^atie 
1-10 User NOS 
11-34 User NOS 
35+ User NOS 

Wiring Center 
Ethernet 
Token-Ring 

FDDI Network Interface Cards 
PC 
Workstation 
Host 

FDDI Internetworking 
Bridges 
Routers 

FDDI Wiring Centers 

1992 

1,198.8 
546.3 
575.2 

77.3 
734.8 
333.1 
237.3 
164.4 
585.5 
438.9 
141.6 
59.5 
9.0 

28.0 
22.5 
76.4 
11.3 
65.1 
21.1 

1993 

1,276.7 
559.1 
647.9 

69.7 
748.5 
320.8 
255.2 
172.5 
685.2 
503.6 
176.5 
164.5 
43.5 
75.0 
46.0 
90.2 
10.0 
80.2 
66.5 

1994 

1,368.8 
571.9 
734.7 
62.2 

753.1 
313.0 
258.9 
181.2 
763.1 
547.7 
210.4 
310.0 
90.0 

150.0 
70.0 
96.6 
10.5 
86.1 

173.3 

1995 

1,417.3 
559.6 
802.7 

55.0 
769.6 
318.8 
256.6 
194.2 
857.5 
591.3 
261.2 
607.7 
162.9 
360.0 

84.8 
100.1 
10.3 
89.8 

322.6 

Source: Dataquest (October 1992) 
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Table 3-8 
Revenue and Shipments of Network Interface Cards to the United States 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 

NA 

NA 

NA 

1992 

5,098.9 

235.0 

1,198.8 

1988 

NA 

NA 

NA 

1993 

6,080.5 

210.0 

1,276.7 

1989 

2,511.0 

397.0 

998.0 

1994 

6,902.9 

198.0 

1,368.8 

1990 

3,216.0 

349.0 

1,123.7 

1995 

7,335.2 

193.0 

1,417.3 

NA - Not available 
Source: Dataquest (October 1992) 
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Table 3-9 
Revenue and Shipments of Ethernet NICs to the United States 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 

NA 

NA 

NA 

1992 

3,206.9 

170.0 

546.3 

1988 

NA 

NA 

NA 

1993 

3,816.3 

147.0 

559.1 

1989 

1,202.0 

348.0 

418.0 

1994 

4,197.9 

136.0 

571.9 

1990 

1,846.3 

279.0 

514.8 

1995 

4,323.8 

129.0 

559.6 

NA t Not available 
Source: Dataquest (October 1992) 
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Table 3-10 
Revenue and Shipments of Token-Ring NICs to the United States 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 

NA 

NA 

NA 

1992 

1^83.8 

416.0 

575.2 

1988 

NA 

NA 

NA 

1993 

1,771.3 

366.0 

647.9 

1989 

764.0 

627.0 

479.0 

1994 

2;231.8 

329.0 

734.7 

1990 

832.0 

621.0 

516.5 

1995 

2,566.6 

313.0 

802.7 

NA - Not available 
Source: Dataquest (Octot>er 1992) 

I 
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Table 3-11 
Revenue and Shipments of Other NIC Protocols to the United States 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 

NA 

NA 

NA 

1992 

508.2 

152.0 

77.3 

1988 

NA 

NA 

NA 

1993 

492.9 

141.0 

69.7 

1989 

545.0 

185.0 

101.0 

1994 

473.2 

131.0 

62.2 

1990 

537.7 

172.0 

92.4 

1995 

444.8 

124.0 

55.0 

NA - Not available 
Source: Dataquest (Octot)er 1992) 
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Table 3-12 
Revenue and Shipments of Wiring Center Access Parts to the United States 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 

NA 

NA 

NA 

1992 

3,144.3 

186.0 

585.5 

1988 

NA 

NA 

NA 

1993 

4,271.7 

160.0 

685.2 

1989 

NA 

NA 

NA 

1994 

5,387.3 

142.0 

763.1 

1990 

1,269.8 

300.0 

381.4 

1995 

6,338.1 

135.0 

857.5 

NA - Not available 
Source: Dataquest (October 1992) 
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Table 3-13 
Revenue and Shipments of Modems to the United States 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 

2156.1 

603.0 

1300.1 

1992 

2724.1 

290.0 

790.0 

1988 

2446.5 

516.0 

1262.4 

1993 

2535.7 

280.0 

710.0 

1989 

2915.5 

381.0 

1110.8 

1994 

2370.4 

270.0 

640.0 

1990 

3049.2 

333.0 

1015.4 

1995 

2173.1 

260.0 

565.0 

Source: Dataquest (October 1992) 
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Table 3-14 
Revenue and Shipments of V.32 Modems to the United States 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 

20.0 

1^00.0 

30.0 

1992 

400.0 

550.0 

220.0 

1988 

48.0 

1388.0 

66.6 

1993 

350.0 

400.0 

140.0 

1989 

100.0 

1,100.0 

110.0 

1994 

320.0 

360.0 

115.2 

1990 

234.7 

900.0 

211.2 

1995 

300.0 

250.0 

75.0 

Source: Dataquest (October 1992) 
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Table 3-15 
Revenue and Shipments of PBX Systems to the United States 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

1987 

30.6 

101.5 

3,103.0 

1992 

23.4 

100.5 

2,370.9 

1988 

32.2 

96.8 

3,119.2 

1993 

24.2 

100.3 

2,447.9 

1989 

30.9 

94.0 

2,903.8 

1994 

25.4 

99.1 

2,542.9 

1990 

26.7 

99.4 

2,652.6 

1995 

26.0 

99.4 

2,620.1 

Source: Dataquest (October 1992) 



J« 

Table 3-16 
Revenue and Shipments of PBX Lines to the United States 

Shipments (K) 

New 

Add-On 

Average End-User Price ($) 

End-User Revenue ($M) 

Shipments (K) 

New 

Add-On 

Average End-User Price ($) 

End-User Revenue ($M) 

1987 

5,301.1 

4,330.0 

971.0 

717.0 

3,103.0 

1992 

4,665.8 

3,485.3 

1,180.5 

680.0 

2,370.9 

1988 

5,615.0 

4,404.0 

1,211.0 

708.0 

3,119.2 

1993 

4,829.1 

3,607.3 

1,221.8 

679.0 

2,447.9 

1989 

5,266.7 

4,157.5 

1,109.2 

698.0 

2,903.8 

1994 

5,022.2 

3,751.5 

1,270.7 

678.0 

2,542.9 

1990 

5,050.1 

3,847.4 

1,202.6 

689.0 

2,652.6 

1995 

5,172.8 

3,864.0 

1,318.8 

678.0 

2,620.1 

Source: Dataquest (Octotier 1992) 
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Table 3-17 
Revenue and Shipments of T-1 Multiplexers to the United States 

Shipments (K) 

Average End-User Price ($K) 

End-User Elevenue ($M) 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

1987 

6.7 

46.0 

308.8 

1992 

17.5 

22.8 

400.0 

1988 

8.4 

46.2 

388.0 

1993 

20.6 

18.9 

390.0 

1989 

11.4 

39.2 

445.5 

1994 

23.1 

15.9 

368.0 

1990 

12.7 

34.1 

433.9 

1995 

26.7 

12.7 

340.0 

Source: Dataquest (October 1992) 

S 
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Table 3-18 
Revenue and Shipments of Voice Messaging Systems to the United States 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

Shipments (K) 

Average End-User Price ($K) 

End-User Revenue ($M) 

1987 

7.0 

40.5 

284.8 

1992 

29.3 

34.6 

1,012.2 

1988 

13.6 

31.7 

431.5 

1993 

32.2 

34.1 

1,099.6 

1989 

20.5 

27.5 

562.8 

1994 

35.3 

33.6 

1,188.2 

1990 

22.7 

34.4 

781.7 

1995 

38.2 

33.5 

1,280.9 

Source: Dataquest (Octot>er 1992) 
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Figure 3-1 
High-Growth Commtmications Markets in North America 

Markets 

Voice Messaging Systems 

Token-Ring NICs 

Automatic Call Distributors 

Wiring Centers (Non-FDDI) 

Interactive Voice Response Systems 

Group 3 Fax Equipment 

FDDI NICs 

FDDI Wiring Centers 

n 1 I I I i 
20 40 60 80 100 120 

Growth Rate: CAGR 1992 -1996 
140 

Source: Dataquest (October 1992) Qnxaue 

The suppliers of automatic call distributors have the following market 
share: 

• AT&T—29 percent 

• Northern Telecom—23 percent 

• IBM/ROLM—14 percent 

• Others—34 percent 

The suppliers of facsimile equipment have the following market share: 

• Sharp—22 percent 

• Murata/Muratec—18 percent 

• Canon—12 percent 

• Panasonic Co.—10 percent 

• Toshiba—9 percent 

• Others—^29 percent 

SAWW-SVC-MT-9201 ®1992 Dataquest IncoporatBd October 12,1992 



3-22 Semiconductor Application Markets Worldwide 

The suppliers of interactive voice response systems have the following 
market share: I 

• AT&T—9 percent 

• InterVoice—6 percent 

• Syntellect—6 percent 

• Perception Tech.—4 percent 

• Others—75 percent 

The suppliers of key telephone systems have the following market 
share: 

• AT&T—29 percent 

• Northern Telecom—11 percent 

• Nitsuko/TIE—9 percent 

• Executone—7 percent 

• Toshiba—7 percent 

• Others—^37 percent 

The suppliers of network interface cards have the following market 
share: 

• IBM—19 percent A 

u SMC/Western Digital—20 percent " 

• 3Com—16 percent 

• Anthem—6 percent 

• Others—39 percent 

The suppliers of modems have the following market share: 

• Codex (Motorola)—12 percent 

• UDS (Motorola)—11 percent 

• Hayes—10 percent 

• U.S. Robotics—8 percent 

• Racal-Datacom—8 percent 

• Others—^51 percent 

The suppliers of PBX systems have the following market share: 

• AT&T— 2̂8 percent 

• Northern Telecom—23 percent 

• ROLM—15 percent 

• NEC—6 percent A 

October 12,1992 ®1992 Dataquest Incorporated SAWW-SVC-MT-92(}1 
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• Others—28 percent 

The suppliers of T-1 multiplexers have the following market share: 

• Ascom/Tmieplex—22 percent 

• NET—20 percent 

• Newbridge—15 percent 

• Tellabs—11 percent 

• Others—32 percent 

The suppliers of voice messaging systems have the following market 
share: 

• Octel—18 percent 

• AT&T—14 percent 

• Northern Telecom—14 percent 

• VMX—9 percent 

• Others—45 percent 

SAWW^SVC-MT-9a01 ®1992 Dataquest Incorporated October 12,1992 



Chapter 4 
Industrial Electronics: North America 

This chapter profiles the production of industrial electronic equipment 
and identifies major companies involved. 

Figure 4-1 shows the breakdown of the major system groups in the 
industrial electronic equipment market. Tables 4-1 and 4-2 present 
historical and forecast production and Tables 4-3 through 4-13 show 
the estimated historical total value of equipment production for each 
category. Some columns do not add to totals shown because of 
rounding. 

Figure 4-1 
Norht American Industrial Electronics Production 

1992 

Other Industrial 
Systems 

(11%) 

Security/Energy 
Management 

(11%) 

Total = $35.4 Billion 

Other Industrial 
Systems 

(11%) 

Security/Energy 
Management 

(10%) 

1996 

Total = $46.5 Billion 

Source: Dataquest (October 1992) G2D0E147 

SAWW-SVC-MT-9201 ©1992 Dataquest IncopotatBd October 12,1992 
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Table 4-1 
Revenue from North American Industrial Equipment Production, 1989-1991 (Millions of 

Industrial 

Security/Energy Management 

Alarm Systems 

Intrusion Etetection 

Fire Detection 

Total Alarm SystenM 

Energy Management Systems 

Total Security/Energy ManageE^E^at 

Manufacturing Systems 

Semiconductor Production 

Controllers & Actuators 

Sensor Systems 

Management Systems 

Robotics 

Total Manufacturing Systems 

Instrumentation 

ATE-Semiconductor Equipment 

ATE-Other 

Oscilloscopes & "Waveform Analyzisifs 

Nuclear Instruments 

Electrical Test Instruments 

Other Test & Measurement 

Total Instrumentation 

1989 

804 

477 

1^81 

2,209 

3,490 

1,696 

3,895 

1,640 

3,569 

256 

11,056 

570 

1,517 

785 

606 

1,003 

3,295 

7,776 

199 

87 

53 

1,40 

2,28 

3,69 

1,69 

3,98 

1,76 

3,68 

27 

1139 

59 

1,54 

83 

65 

1,02 

3,50 

8,16 
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Table 4-1 (Continued) 
Revenue from North American Industrial Equipment Production, 1989-1991 (Millions of D 

Medical Equipment 

X-Ray 

Ultrasonic & Scanning 

Blood & Body Fluid Analyzers 

Patient Monitoring Equipment 
Other Diagnostic & Therapeutic 

Total Medical Equipment 
Other Industrial Systems 

Total Industrial 

1989 

1,725 
320 

605 

305 
3,400 

6,355 

3,625 
32302 

1990 

1,756 
329 

618 
313 

3,664 

6,680 

3,749 

33,687 

Source: Dataquest (October 1992) 
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Table 4-2 
Revenue from North American Industrial Equipment Production, 1992-1996 (Millions of D 

Industrial 

Security/Energy Management 

Alarm Systems 

Intrusion Detection 

Fire Detection 

Total Alarm Systems 

Energy Management Systems 

Total Security/Energy Managetiteilt 

Manufacturing Systems 

Semiconductor Production 

Controllers & Actuators 

Sensor Systems 

Management Systems 

Robotics 

Total Manufacturing SystenoB 

Instrumentation 

ATE-Semiconductor Equipment 

ATE-Other 

Oscilloscopes & Waveform Analyzers 

Nuclear Instruments 

Electrical Test Instruments 

Other Test & Measurement 

Total Instruntwntation 

1992 

947 

577 

1^24 

2,405 

3,929 

1,521 

4,024 

1,866 

3,907 

325 

11,643 

537 

1,533 

862 

656 

1,030 

3,676 

8,294 

1993 

1,023 

608 

1,631 

2,513 

4,144 

1,690 

4,321 

2,028 

4,024 

359 

12,422 

584 

1,692 

920 

686 

1,068 

3,954 

8,904 

1994 

1,102 

641 

1,743 

2,634 

4,377 

2,001 

4,615 

2,193 

4,137 

395 

13,341 

679 

1,826 

982 

728 

1,110 

4,233 

9,558 

1995 

1,170 

676 

1,846 

2,761 

4,607 

2,302 

4,938 

2,379 

4,249 

432 

14300 

774 

1,912 

1,046 

774 

1,151 

4,558 

10,215 
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Table 4-2 (Continued) 
Revenue from North American Industrial Equipment Production, 1992-1996 (Millions of 

Medical Equipment 

X-Ray 

Ultrasonic & Scanning 

Blood & Body Fluid Analyzers 

Patient Monitoring Equipment 

Other Diagnostic & Therapeutic 

Total Medical Equipment 

Other Industrial Systems 

Total Industrial 

1992 

1,922 

368 

686 

346 

4,332 

7,653 

3,964 

35,482 

1993 

1,966 

385 

712 

354 

4,804 

8,220 

4,269 

37,958 

1994 

2,005 

402 

736 

361 

5,288 

8,791 

4,481 

40,547 

1995 

2,043 

422 

763 

369 

5,848 

9,444 

4,830 

43,395 

Source: Dataquest (October 1992) 



Table 4-3 
Revenue from North American Security/Energy Management Equipment Production 
(Millions of Dollars) 

Equipment 

Intrusion Detection 

Fire Detection 

Alarm Systems Subtotal 
Energy Management 

Total 

1983 

516 
364 

880 
1,894 

2,774 

1984 
568 
477 

1,045 

1,870 

2,915 

1985 

590 

431 

1,021 

1,878 

2,899 

1986 

679 
427 

1,106 
1,964 

3,070 

1987 

781 

436 
1,217 

2,093 
3,310 

1988 

752 

413 

1,165 
2,168 

3,333 
Source: Electronic Industries Association, U.S. Department of Commerce, Dataquest (October 1992) 

% 

% 
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Table 4-4 
Revenue from North American Manufacturing Systems Equipment Production 
(Millions of Dollars) 

Equipment 

Semiconductor Production 

Controls and Actuators 

Sensor Systems 

Management Systems 

Robotics 

Total 

1983 

908 

2,776 

1,055 

2,356 

231 

7,326 

1984 

1,461 

3,347 

1,211 

2,736 

281 

9,036 

1985 

1,258 

3,152 

1,339 

2,919 

345 

9,013 

1986 

1,077 

3,258 

1,241 

3,178 

346 

9,100 

1987 

1,105 

3,346 

1,350 

3,197 

284 

9,282 

1988 

1,541 

3,655 

1,511 

3,405 

229 

10,341 

1 

1 

3 

1 

3 

11 

Source: Electronic Industries Association, U.S. Department of Commerce, Dataquest (October 1992) 
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Table 4-5 
Revenue from North American Controls and Actuators Equipment Production 
(Millions of Dollars) 

Equipment 

AC FuU-Voltage Starters 

Motor Control Centers 

Starters and Contactors for Motors 

Pilot Circuit Devices 

Push Buttons, Rheostats, and Resist 

Crane and Hoist Controls 

Adjustable-Speed Drives 

Numerical Controls 

Other Controls* 

Total 

1982 

372 

215 

66 

214 

243 

29 

270 

55 

1,046 

2,511 

1983 

326 

242 

81 

200 

267 

20 

246 

599 

1,412 

3,392 

1984 

350 

251 

47 

306 

319 

28 

321 

910 

1,602 

4,134 

1985 

314 

282 

50 

271 

282 

27 

353 

844 

1,522 

3,945 

1986 

386 

262 

50 

324 

301 

20 

382 

816 

1,534 

4,074 

1987 

401 

243 

44 

363 

305 

26 

441 

741 

1,684 

4,248 

1988 

383 

252 

52 

425 

341 

37 

523 

803 

1,735 

4,550 

'Revised 
Source: Bectronic Industries Association, U.S. Department of Commerce, Dataquest (October 1992) 
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Table 4-6 
Revenue from North American Sensor Systems Equipment Production 
(Millions of Dollars) 

Equipment 

Temperature 

Pressure, Draft, and Vacuum 

Flow and Liquid Level 

Humidity Instruments 

Continuous-Process Gas and Liquid Analysis 

Instruments for Other Variables (Speed, 
Mscosity, Position, Density, Specific 
Gravity) 

Total 

1982 

119 

141 

548 

17 

219 

96 

1,139 

1983 

97 

128 

508 

16 

221 

84 

1,055 

1984 

131 

155 

585 

19 

230 

92 

1,211 

1985 

138 

169 

624 

19 

273 

117 

1,339 

1986 

129 

169 

594 

19 

233 

99 

1,241 

1987 

181 

185 

629 

24 

238 

93 

1,350 

19 

1 

20 

69 

2 

27 

1 

1,49 

Source: Electronic Industries Association, U.S. Department of Commerce, Dataquest (Octotwr 1992) 
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Table 4-7 
Revenue from North American Management Systems Equipment Production 
(Millions of Dollars) 

Equipment 

Electronic Systems (Unified Architecture 
Type) 

Controllers 

Recorders 

Indicators 

Electronic Systems (Nonunified Ardbitie^tsire 
Type) 

Multifunction Process Computers 

Pneumatic Systeira 

Annunciators 

Physical Properties Testing and Inspection 
Equipment 

Kinematic Test and Measuring Equipment 

Automatic Regulating Etevices 

Other Process Instnmients 

Total 

1982 

131 

73 

33 

519 

175 

63 

33 

371 

141 

495 

510 

2,544 

1983 

145 

66 

33 

441 

171 

79 

13 

365 

129 

505 

410 

2^56 

1984 

109 

76 

17 

652 

144 

62 

21 

395 

164 

508 

579 

2,736 

1985 

92 

77 

41 

706 

135 

66 

37 

409 

113 

622 

622 

2,919 

1986 

105 

71 

35 

690 

154 

61 

39 

494 

130 

609 

792 

3,178 

1987 

106 

92 

37 

778 

178 

60 

22 

534 

149 

515 

727 

3,197 

198 

12 

7 

4 

86 

17 

6 

2 

54 

14 

60 

68 

3,35 

Source: Electronic Industries Association, U.S. Department of Commerce, Dataquest (Octot)er 1992) 

§ 



i Table 4-8 
Revenue from North American Robotic Equipment Production 
(Millions of Dollars) 

Equipment 

Servo-Controlled Robots 

Point-to-Point Type 

Continuous-Path Type 

Nonservo-Contiolled 

Other Robots, Including Educational, Hobby/ and 
Experimental 

Robot Accessories, Subassemblies, Componmts, 
and Parts Sold Separately 

Sensors 

Total 

1984 

119 

87 

16 

3 

40 

15 

281 

1985 

142 

113 

18 

3 

52 

18 

345 

1986 

157 

99 

16 

3 

57 

15 

346 

1987 

136 

67 

8 

9 

49 

16 

284 

1988 

71 

67 

17 

-

56 

18 

229 

Source: Electronic Industries Association, U.S. Department of Commerce, Dataquest (October 1992) 
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Table 4-9 
Revenue from North American Instrumentation Equipment Production 
(Millions of Dollars) 

Equipment 

ATE-Semiconductor 

ATE-Other 

Oscilloscopes and Waveform Analyzers 

Nuclear Instruments 

Electrical Test Instruments 

Other Test and Measurement 

Total 

1983 

247 

941 

678 

490 

1,197 

2,524 

6,077 

1984 

476 

940 

739 

480 

1,450 

3,157 

7,242 

1985 

470 

954 

744 

519 

1,268 

3,094 

7,049 

1986 

460 

994 

679 

560 

1,251 

2,875 

6,819 

1987 

565 

1,379 

658 

601 

1,074 

2,938 

7,215 

1988 

581 

1,379 

714 

616 

980 

3,075 

7,345 

Source: Electronic Industries Association, U.S. Department of Commerce, Dataquest (October 1992) 

§ 

I 
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Table 4-10 
Revenue from North American Electric Test Instruments Equipment Production 
(Millions of Dollars) 

Equipment 

Voltage, Current, and Resistance Measuring 
Equipment 

Multimeters 

Power and Energy Measuring Equipment 

Frequency Measuring 

Signal-Generating Equipment 

Field Strength and Intensity Measuring 

Impedance and Standing Wave Ratio 
Measuring 

X-Y Plotters 
Total 

1982 

209 

105 

19 

98 

279 

129 

50 

168 

1,056 

1983 

229 

104 

54 

109 

328 

155 

36 

183 

1,197 

1984 

270 

127 

59 

114 

351 

211 

54 

263 
1,450 

1985 

276 

133 
80 

137 

315 
249 

44 

34 

1,268 

1986 

261 

127 

101 
17 

325 

231 

49 

34 
1,154 

1987 

302 

136 
98 

112 

357 

-

48 

19 
1,074 

1988 

284 

132 

7 
10 

27 

4 
1 

94 

Source: Electronic Industries Association, U.S. Department of Commerce, Dataquest (October 1992) 
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Table 4-11 
Revenue from North American Other Test and Measurement Equipment Production 
(Millions of Dollars) 

Equipment 

AC Watt-Hour Meters 

Combined Watt-Hour and Demand Meters 
and Time-Switches 

Other Integrating Meters and Instruments 
and Parts 

Standards and Calibration 

Microwave Test 

Communications Test 

Internal Combustion Engine Analyziar 

Associated Devices for Testing and 
Measuring 

Other Test, Measuring, and Analyze* 

Geophysical and Meteorological 

Survey and Drafting Instruments 

Total 

1982 

143 

70 

127 

134 

121 

-

221 

78 

%2 

224 

162 

2,240 

1983 

179 

75 

104 

133 

34 

39 

232 

118 

1,225 

224 

162 

2,524 

1984 

181 

85 

152 

131 

36 

178 

307 

225 

1379 

315 

167 

3,157 

1985 

197 

94 

HI 

184 

34 

263 

312 

NA 

1379 

332 

188 

3,094 

1986 

186 

103 

114 

145 

35 

259 

296 

NA 

1,214 

319 

204 

2375 

1987 

183 

101 

116 

186 

47 

363 

274 

NA 

1,063 

358 

247 

2,938 

198 

15 

11 

11 

19 

5 

44 

28 

NA 

1,08 

41 

27 

3,13 

NA - Not available 
Source: Electronic Industries Association, U.S. Department of Commerce, Dataquest (October 1992) 
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Table 4-12 
Revenue from North American Medical Equipment Production 
(Millions of Dollars) 

Equipment 

X-ray-

Ultrasonic and Scanning 

Blood and Body Fluid Analyzers 

Other Diagnostic 

Diagnostic Subtotal 

Patient-Monitoring Equipment 

Other Therapeutic 

Therapeutic subtotal 

Total 

1982 

U 4 2 

300 

641 

539 

2,821 

713 

806 

1,518 

4,339 

1983 

1,544 

376 

744 

476 

3,140 

762 

778 

1,540 

4,680 

1984 , 

1,758 

294 

715 

511 

3,278 

706 

919 

1,626 

4,904 

1985 

1,675 

172 

632 

588 

3,067 

842 

818 

1,660 

4,727 

1986 

1,522 

244 

572 

565 

2,903 

815 

830 

1,645 

4>17 

1987 

1,571 

337 

617 

935 

3,459 

859 

871 

1,730 

5,189 

1988 

1,696 

417 

-

1,196 

3,309 

919 

1,029 

1,948 

5,257 

Source: Bectronic Industries Association, U.S. Department of Commerce, Dataquest (Octoî er 1992) 



4-16 Semiconductor Application Marl<ets Worldwide 

Table 4-13 
Revenue from North American Other Industrial Systems 
Equipment Production (Millions of Dollars) 

Year 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Revenue ($M) 
2^25 
2,746 
2,575 
2,622 
3,266 
3,384 
3,625 
3,748 
3,702 

Source: Electronic Industries Association, U.S. Department of Commerce, 
Dataquest (Octot)er 1992) 

Key trends to note include the following: 

• The bulk of this heterogeneous category is affected by capital 
spending outlays by business and government. This expenditure is 
expected to continue recovering at a slow pace throughout 1992 and 
1993. 

• In general these systems are converting to digital-based processing 
of tiie real-world data they encounter. 

• A corollary trend is toward industrial equipment that can be 
networked to, and for coordination by a computer system. 

• Seciuity and energy management systems continue diffusing into 
almost every structure or premise. Stiffer fire codes and rising crime 
rates are positively affecting demand for security, fire, and intrusion 
systems. Energy management is being positively affected by energy 
conservation measures. 

• Electronics-based manufacturing systems continue to be employed 
«md updated for productivity improvement purposes. Many of these 
systems are becoming architecturally anchored on industrial buses 
such as VME and even networks of PCs and workstations. As eco­
nomics warrant, sensors and actuators are converting to solid-state 
semiconductor technology. 

• Driven by R&D, maintenance, and manufacturing requirements, 
instrumentation continues to have new deniands placed on it. 
Besides the trend to being digital microprocessor-based, much 
instrumentation is becoming portable. 

• Medical equipment is greatly affected by insurance reimbursement 
policies that, in general, are becoming more restrictive as soaring 
health costs become a political issue. However, the need for better 
intaging systems, low-cost doctor office/home equipment, and 

October 12,1992 ®1992 Dataquest Incoiporatsd SAWW-S\/C-MM201 
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personal medical electronics for blood monitoring and other uses 
will mitigate the negative factor already mentioned. 

Security/Energy Management OEMs 

The following sections identify major companies participating in the 
security/energy management systems arena. 

Companies participating in security include the following: 

• Alarm Device Manufactiuing 

• Cerberus Pyronics 

• EyeDefinately Inc. 

• Honeywell Inc. 

• Jolmson Controls Inc. 

• Simplex Time Recorder Co. 

• Wells Fargo Alarm Services 

Companies participating in energy are as follows: 

• Carrier Corporation 

• Emerson Electric 

• Honeywell/Building Controls Division 

• Joy Technologies 

• Scientific Atlanta Inc./Control Systems Business Division 

• Solid State Systems 

• Trane Co. 

• Westinghouse/Energy Systems 

Manufacturing Systems OEMs 

The following sections identify major companies participating in the 
manufacturing systems market. 

Companies participating in semiconductor production, along with 
their areas of focus, include the foUowing: 

• Anelva (sputtering, dry etch, molecular beam epitaxy, evaporation, 
LPCVD, PECVD, ECR, CVD) 

• Applied Materials (dry etch, silicon epitaxy, APCVD, PECVD, 
LPCVD, ion implantation) 

• ASM Lithography (steppers, direct write and maskmaking) 

• ASM International (diffusion, LPCVD, PECVD, silicon epitaxy) 

• Cannon (projection aligners, steppers, contact/proximity, resist 
processing equipment, optical CD/wafer inspection) 

SAWW-SVC-h/TF-gaoi ®1992 Dataquest Incnporated October 12,1992 
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• Dainippon Screen (resist processing equipment, wet process, rapid 
thennal processing) 

• Eaton (ion implcmtation, resist processing equipment, dry etch, dry 
strip, diffusion) 

• General Signal (steppers, resist processing equipment, dry etch, dry 
strip, diffusion, LPCVD, APCVD, sputtering) 

• Hitachi (direct write and maskmaking, steppers, dry etch, dry strip, 
ion implantation, optical CD/wafer inspection, APCVD) 

• Lam Research (dry etch, silicon epitaxy) 

• Nikon (steppers, optical CD/wafer inspection) 

• Silicon Valley Group (resist processing equipment, diffusion, 
LPCVD) 

• Tokyo Electron Limited (resist processing equipment, diffusion, 
LPCVD, dry etch, metalorganic CVD, rapid thermal processing) 

• Ulvac (sputtering, evaporation, ion implantation, molecular beemi 
epitaxy, PECVD, LPCVD, dry etch, dry strip, metalorganic CVDE) 

• Varian Associates (sputtering, ion implantation, molecular beam 
epitaxy, dry etch, LPCVD, rapid thermal processing, direct write 
and mask making) 

Companies participating in other manufacturing systems, along with 
their areas of focus, include the following: 

• Allen-Bradley (data acquisition, manufactiiring process controls, 
programmable controls, machine tools/presses, inspection equip­
ment) 

• Bailey Controls Company (manufacturing process controls, other 
manufacturing control systems) 

• Cincinnati Milacron (manufacturing process controls, programmable 
controls for machine and factory process, FMS materials handling 
equipment, machine tool accessories/tools) 

• Rsher Controls (manufacturing process controls) 

• Fisher & Porter Co. (manufacturing process controls) 

• General Electric (data acquisition/ID equipment, manufacturing 
process controls, programmable controls for machines and factory 
processes) 

• Johnson Controls (manufacturing process controls) 

• Leeds & Northrup Co. (nianufacturing process controls, program­
mable controls for machines, other material handling/shipping 
equipment) 

• Measiirex (sensor systems) 

• Modicon (data acquisition/ID equipment, manufacturing process 
controls for machines, programmable controls for machines and 
factory processes) 

October 12,1992 ®1992 Dataquest Incorporated SAWW-SVC-MT-4201 
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• Texas Instruments (manufacturing process controls) 

• Westinghouse (data acquisition/ID equipment, n\anufacturing 
process controls, other manufacturing control systems, machine 
tools/presses) 

Companies participating in robotics include the following: 

• Adept Technology 

• ASEA Brown Boveri Robotics Inc. 

• Automatix Inc. 

• Cimflex Teknowledge Corporation 

• Fisher Scientific Group 

• GE Factory Automation 

• Graco Robotics 

• Intelledex 

Adept Technology, ASEA Brown Boveri, Cimflex Teknowledge, and 
GE Factory Automation also produce vision systems. 

Instrumentation OEMs 

The following is a sample of the major companies participating in the 
electronic instrumentation category: 

Companies participating in automatic test equipment include the 
following: 

• Advantest 

• Asia Electronics 

• Credence 

• GenRad 

• Hewlett-Packard 

• LTX 

• Megatest 

• Minato 

• Schlumerger 

• Tektronix 

• Teradyne 

Companies peirticipating in electrical test instnunents include the 
following: 

• Analogic Corporation (oscilloscopes) 

• Ametek Inc. (infrared analyzers, calibrators, data logging/ 
acquisition, flow measuring equipment, level measuring equipment) 

SAWW-SVC-MT-gaoi ®1992 Dataquest Incorporalad October 12,1992 
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• EG&G (data recorders, oscilloscopes, detection equipment, 
seismograph measiiring equipment, geophysical measuring 
equipment, flow measuring equipment, frequency measuring 
equipment, spectrometers) 

• Fisher Controls (electronic function controls) 

• Gould (computer-related analyzers, oscilloscopes, data logging/ 
acquisition equipment, data recorders, waveform analyzers) 

• Hewlett-Packard (oscilloscopes, bar code readers, analyzers, 
coxmters/timers, data recorders, multimeters, power measuring 
equipment, spectrophotometers) 

• John Fluke (oscilloscopes, analyzers, counters/timers, voltmeters) 

• LeRoy Corporation (oscilloscopes) 

• IFR Systems (oscilloscopes) 

• Millipore/Chromatography Division (scientific instruments, 
coimters /recorders) 

• Nicolet (osdlloscopes, mass spectrometers) 

• Schlumerger (indicators, power measuring equipment, electrical 
measuring equipment, geophysical measuring equipment, 
oscilloscopes, analyzers, data logging/acquisition equipment) 

• Teledyne (chemical/physical analyzers, infrared analyzers, other 
analyzers, calibrators, energy fuel retrieved equipment, geophysical 
equipment, seismograph measuring equipment, voltmeters) 

• Tektronix (oscilloscopes, analyzers, calibrators) 

• Tracor Inc. (analjrzers, data recorders, detection equipment, 
spectroscopy equipment, spectrophotometers) 

• Westinghouse (data recorders, detection equipment, electronic 
function controls) 

Medical Electronics OEMs 

The following is a sample of major companies participating in the 
medical electronics arena: 

• Abbot Laboratories 

• Acuson 

• Bard (CR) 

• Baxter International 

• Becton, Dickenson 

• I>iasonics 

• EliLUly 

• Medtronic 

October ^Z 1992 ©1992 Dataquest Incoiporated SAWW-SVC-MT-4201 
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• General Electric 

• GEC, U.K. 

• Siemens 

• Philips 

• Hitachi 

• Toshiba 

SAWW-SVC-MT-€201 ®19ffi Maqusst Incnpnalsd October 12,1992 



Chapter 5 
Consumer Electronics: North America 

This chapter provides market statistics of the consumer electronic 
equipment market in North America. 

The 1980s saw the introduction of a new generation of consumer elec­
tronics gear—^VCRs and compact disc players—made possible by new 
and more powerful integrated circuits, and mass marketing and 
manufacturing. In the 1990s, products such as interactive television, 
multimedia coniputing, and digital compact cassette recorders are 
expected to change and fine-tune the home entertainment, communica­
tions, and educational possibilities available in North America and the 
world. 

Demographics and Economics 

Population and population growth play an important long-run role 
G ût by no means a sufficient role) in determination of the size and 
growth potential of the consumer electronics market. Working-age 
population and population growth for the Group of Seven (G7) 
industrialized economies are in Table 5-1. 

The growth in the value of a country's production is an important 
short- and long-run indicator of overall economic performance, and 
therefore an indicator of consumer market potential. Real gross domes­
tic product (GDP) growth for the G7 countries is in Table 5-2 (effects 
of changing relative values of currencies are corrected by measuring 
GDP levels in local currencies.) 

A related measure of economic performance is per-capita real GDP 
(see Table 5-3). (Note that the levels and growth rates in Table 5-3 
assume purchasing power parity exchange rates, a statistical adjust­
ment that ensures that the purchasing power in terms of goods for 
each currency is the same regardless of where the currency is used to 
buy goods.) 

Housing starts and per-capita disposable personal income are also 
important indicators of consumer electronics market potential. 
Table 5-4 has U.S. estimates for these statistics. 

SAWW-SVC-MT-9a01 ®1992 Dataquest Incotporatsd October 12,1992 
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Table 5-1 
Working Age Population in G7 Countries 

Country 

Canada 

France 

Germany 

Italy 

Japan 

United Kingdom 

United States 

Country 

Canada 

France 

Germany 

Italy 

Japan 
United Kingdom 

United States 

1980 

16,231 

34,320 

40,828 

37,121 

78,700 

36,078 

150,751 

1980 

1.83 

1.05 

1.34 

0.26 

0.94 

0.61 

1.54 

1981 

16,499 

34,796 

41,427 

37,351 

78,180 

36,302 

152,566 

1981 

1.65 

1.39 

1.47 

0.62 

-0.66 

0.62 

1.20 

Population, 15-64 Years (Tho 

1982 

16,692 

35,278 

41,973 

37,879 

79,860 

36,498 

154,203 

Percentage 

1982 

1.17 

1.39 

1.32 

1.41 

2.15 

0.54 

1.07 

1983 

16,845 

35,703 

42,390 

38,375 

80,670 

36,763 

155,661 

Rate of Chan 

1983 

0.92 

1.20 

0.99 

1.31 

1.01 

0.73 

0.95 

% 
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Table 5-1 (Continued) 
Working Age Population in G7 Countries 

Country 

Canada 

France 

Gennany 

Italy 

Japan 

United Kingdom 

United States 

Country 

Canada 

France 

Germany 

Italy 

Japan 

United Kingdom 

United States 

1986 

17,246 

36,480 

42,798 

39,405 

83,120 

37,281 

160,438 

1986 

0.79 

0.42 

0.14 

0.30 

0.98 

0.32 

1.02 

1987 

17,403 

36,663 

42,826 

39,396 

83,930 

37,368 

161,687 

1987 

0.91 

0.50 

0.07 

-0.02 

0.97 

0.23 

0.78 

Population, 15-64 Years (Tho 

1988 

17,580 

36,856 

42,960 

39,823 

84,760 

37,422 

162347 

Percentage 

1988 

1.02 

0.53 

0.31 

1.08 

0.99 

0.14 

0.72 

1989 

17,764 

37,032 

43,258 

39,609 

85,510 

37,458 

163,864 

Rate of Cha 

1989 

1.05 

0.48 

0.69 

-0.54 

0.88 

0.10 

0.62 

Source: Organization of Economic Cooperation and Development Dataquest (October 1992) 
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Table 5-2 
Real Gross Domestic Product (Percentage Change in Local Currencies) 

Countiy 

Canada 

France 

Germany 

Italy 

Japan 

United Kingdom 

United States 
Country 

Canada 

France 

Germany 

Italy 

Japan 
United Kingdom 

United States 

1980 

1.1 

1.6 

1.0 

1.0 

3.5 

-1.7 

-0.5 

1986 

3.3 

2.5 
2.2 

2.9 

2.6 

3.9 

2.9 

1981 

3.4 

1.2 

0.1 

0.6 
3.4 

-1.0 

1.8 

1987 

4.2 

2.3 

1.5 
3.1 

4.3 

4.8 

3.1 

1982 

-3.2 

2.6 
-1.1 

0.2 

3.4 

1.5 

-2.2 

1988 
4.7 

4.5 
3.7 

4.1 

6.2 

4.3 

3.9 

1983 

3.2 
0.7 

1.9 
1.0 

2.8 

3.5 

3.9 

1989 
2.5 

4.1 
3.8 

2.9 

4.8 

2.3 
2.5 

Source: Organization of Economic Cooperation and Development, Dataquest (October 1992) 
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ê  

CO 
0) 

i^rf 

C< 
oi 
bC 

« 

u 
X 

w 

13 
M 
O) 

o 

bO 

• ̂ H 

cn 

u 
M 

PLH 

u 

•Q 
O 
M 

Pi 

CA 
O) 

o 
D 
cn 
to 
O 
>-( 

O 
•-H 
(« 

CSS 
(0 

«r> .tS 

jj U 
3 IH 
H t i 

CM t ^ t ^ CM i n ON vo 
NO CM i-H i n o NO ^ s 
CO^ Os^ CO ON^ CM 1 - ^ ^ 
00 CO •<* C M " Tf- CO ON' 

00 i n ts. NO CO CO i n 

S K S S, S K ,̂ 
t s CO Tj< pv) CO CM ON 

§ CM ON 
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NO CO" CO CM CO CM 00 

C^ ON t v t - i CM 
i n NO CM 00 00 
C*̂  If^ CO CNJ^ 00^ 
NO CO crT CM"" cs" CM' 

t x 

p in in 
P. H K̂ 'H 1^ 

SI ^ 
t v CO CO CM CM <-i 0 0 

5 ' gi NO 0 0 

f1 • e l 
NO CO CO CM CNl CM 0 0 

ID 
y 
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Table 5-4 
Consumer Electronics' Potential Indicators in the United States, New Housing Starts and 
Personal Income 

New Housing Starts (Thousands of Units) 

Per-Capita Disposable Personal Income (1982 Dollars) 

New Housing Starts (Thousands of Units) 

Per-Capita Disposable Personal Income (1982 Dollars) 

1980 
12,004 

1,300 

1986 
13,552 

1,812 

1981 
12,156 

1,096 
1987 

13,545 

1,631 

1982 
12,146 

1,057 

1988 

13,889 

1,488 

19 
12,3 

1,7 

19 

14,0 

1,3 

Source: U.S. Department of Commerce, Dataquest (October 1992) 
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International Trade 

Highlights of international trade include the following: 

• Imports of consumer electronics to the United States were $14.9 bil­
lion in 1991, an increase of 1.3 percent from 1990. "Wdeocassette 
recorders/players accounted for about 32 percent of the import dol­
lar volimie. Total audiotape equipment accounted for the second 
largest category with imports of more than $2.9 billion, while color 
television imports totaled $1.6 billion. Total dollar values of key 
import categories are in Table 5-5. 

• Toted 1991 exports of consumer electronics amounted to $2.7 billion, 
a 13 percent increase over 1990. Exports of color televisions 
accounted for nearly 18 percent of the dollar value of total exports. 
This represented growth of over 16 percent from exports of color 
televisions in 1990. Exports of automobile radios also showed strong 
growth, rising 9 percent to $277 million. Total dolleu- values of key 
export categories are in Table 5-5. 

• In total, consumer electronics imports exceeded exports by 
$12.1 billion in 1991, a decline of 1.1 percent from 1990's 
$12.3 billion net import position. 

Production Outiooic 
As is usually the case, production of consumer electronic equipment 
has borne the brunt of the recent downturn in business conditions. 
North American production is expected to rebound in 1993 as house­
hold budget constraints are relaxed in response to the ^q^ected 
income growth (see Tables 5-6 and 5-7). Figiu« 5-1 shows the 
distribution of consumer electronics production in North America. 

Table 5-5 
1991 U.S. Consumer Electronics Trade Estimates 
(Millions of Dollars) 

Product 

Audio Equipment 
Color TVs 

Monochrome TVs 
Home Radios 

VCRs 

Exports 
227 

492 

57 
63 

0 

less Imports equals 

1,024 

1,603 

89 
736 

4,763 

Net 
Exports 

-797 

-1,111 

-32 
-673 

-4,763 
Source: Electronic Industries Association, U.S. Department of Commerce, 
Dataquest (Octotwr 1992) 

Octot»r 12,1992 ®1992 Dataquest Incoiporatsd SAWW-SVC-MT-9201 
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Table 5-6 
Revenue from North American Consumer Electronic Equipment Production, 1989-1996 
{Millions of Dollars) 

Equipment 

Audio 

Compact Disc Flayers 

Radio 

Stereo Components 

Musical Instruments 

Tape Recorders 

Total Audio 

'Wdeo 

VTRs, VCRs 

\^deodisk Players 

Color Televisions 

Total Video 

Personal Electronics 

Games 

Cameras 

Watches 

Qocks 

Total Personal Electrorucs 

1989 

8 

228 

208 

235 

19 

698 

245 

1 

3,160 

3,406 

301 

25 

100 

53 

479 

1990 

9 

233 

207 

240 

18 

707 

265 

1 

3,110 

3,376 

316 

25 

90 

50 

481 

1991 

9 

205 

204 

235 

18 

671 

266 

1 

3,115 

3,382 

335 

24 

82 

48 

489 

1992 

9 

212 

214 

238 

17 

690 

272 

0 

3,193 

3,465 

347 

24 

75 

48 

494 

1993 

9 

219 

227 

253 

17 

725 

290 

0 

3,337 

3,627 

359 

25 

70 

49 

503 
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Table 5-6 (Continued) 
Revenue from North American Consumer Electronic Equipment Production, 1989-1996 
(Millions of Dollars) 

@ 

Equipment 

Appliances 

Air Conditioners 

Microwave Ovens 

Washers and Dryers 

Refrigerators 

Dishwashers 

Range and Ovens 

Total Appliances 

Other Consumer 

Automatic Garage Door Openers 

Other Consun:\er Equipment, NEC 

Total Other Consumer 

Total Consumer 

1989 

1,846 

619 

2,981 

4,024 

979 

982 

11,431 

255 

813 

1,068 

17,082 

1990 

1,935 

531 

3,032 

3,923 

981 

956 

11,358 

263 

810 

1,073 

16,995 

1991 

1,683 

478 

2,973 

3,962 

971 

966 

11,033 

260 

825 

1,085 

16,660 

1992 

1,758 

500 

3,106 

4,141 

1,015 

1,009 

11,529 

272 

862 

1,134 

17,312 

1993 

1,855 

527 

3,277 

4,368 

1,071 

1,065 

12,163 

284 

914 

1,198 

18,216 

1 

1 

Source: Dataquest (October 1992) 
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Table 5-7 
Revenue Growth from North American Consumer Electronic Equipment Production, 198 
(Percentage Change) 

Equipment 

Audio 

Compact Disc Players 

Radio 

Stereo Components 

Musical Instruments 

Tape Recorders 

Total Audio 

'Wdeo 

VTRs, VCRs 

Mdeodisk Players 

Color Televisions 

Total Video 

Personal Electronics 

Games 

Cameras 

Watches 

Qocks 

Total Petscwud^bedjEQ^cs 

1989 

166.7 

-9.2 

1.0 

4.4 

5.6 

-0.7 

-7.5 

-88.9 

22.0 

18.9 

32.6 

8.7 

0 

-3.6 

18.3 

1990 

12.5 

2.2 

-0.5 

2.1 

-5.3 

1.3 

8.2 

0 

-1.6 

-0.9 

5.0 

0 

-10.0 

-5.7 

0.4 

1991 

0 

-12.0 

-1.4 

-2.1 

0 

-5.1 

0.4 

0 

0.2 

0.2 

6.0 

-4.0 

-8.9 

-4.0 

1.7 

1992 

0 

3.4 

4.9 

1.3 

-5.6 

2.8 

2.3 

0 

2.5 

2.5 

3.6 

0 

-8.5 

0 

1.0 

1993 

0 

3.3 

6.1 

6.3 

0 

5.1 

6.6 

0 

4.5 

4.7 

3.5 

4.2 

-6.7 

2.1 

1.8 

1994 

0 

3.7 

4.8 

4.7 

0 

4.3 

6.6 

0 

4.5 

4.7 

3.3 

4.0 

-7.1 

0 

1.6 

7 



Table 5-7 (Continued) 
Revenue Growth from North American Consumer Electronic Equipment Production, 198 
(Percent Change) 

Equipment 

Appliances 

Air Conditioners 

Microwave Ovens 

Washers and Dryers 

Refrigerators 

Dishwashers 

Range and Ovens 

Total AppUances 

Other Consumer 

Automatic Garage Door 
Openers 

Other Consumer Equipment, 
NEC 

Total Other Consumer 

Total Consumer 

1989 

6.8 

-13.5 

3.2 

20.8 

11.1 

4.7 

9.1 

-3.8 

10.5 

6.7 

10.5 

1990 

4.8 

-14.2 

1.7 

-2.5 

0.2 

-2.6 

-0.6 

3.1 

-0.4 

0.5 

-0.5 

1991 

-13.0 

-10.0 

-1.9 

1.0 

-1.0 

1.0 

-2.9 

-1.1 

1.9 

1.1 

-2.0 

1992 

4.5 

4.6 

4.5 

4.5 

4.5 

4.5 

4.5 

4.6 

4.5 

4.5 

3.9 

1993 

5.5 

5.4 

5.5 

5.5 

5.5 

5.6 

5.5 

4.4 

6.0 

5.6 

5.2 

1994 

5.5 

5.5 

5.5 

5.5 

5.5 

5.4 

5.5 

4.6 

6.0 

5.7 

5.2 

1 

Source: Dataquest (Octot>er 1992) 
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Figure 5-1 
North American Consumer Electronics Production 

1992 1996 
Personal Electronics (3%) 

Audio (4%) 

Others (7%) 

Personal Electronics (2%) 

Audio (4%) 

Others (7%) 

Total = $17.3 Billion Total = $21.1 Billion 

Source: Dataquest (October 1992) G20cei4s 

Manufacturing 
Table 5-8 lists major consumer electronics equipment and appliance 
manufacturers witih manufacturing facilities in the United States. 

Audio Equipment 
Digital audio is setting higher standards for fidelity than ever 
before. The trend continues toward multiroom systems and 
secondary systems in rooms other than the main room for home 
entertainment listening or viewing. 

Table 5-9 lists imit shipments of audio equipment to the United 
States in 1991. Also noted, where data are available, are the house­
hold saturation rates (for 1990, the latest estimates available at the 
time of publication) and unit replacements. (Saturation is defined as 
the percentage of U.S. households with a particular type of appU-
£mce, and does not reflect households with more than one of a 
particular appliance.) 

SAWW-SVC-MT-«a01 ®1992 Dataquest Incorporated October 12,1992 
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Table 5-8 
Major Consumer Electronic Manufacturers with 
U.S. Facilities 

Manufacturer 

Emerson Radio 

General Electric 
Kodak 

Litton Industries 

Matsushita Electric 
Mitsubishi Electric 

North American Philips 

Pioneer Electronics 

Poloroid 
Rajrtheon 

Sanyo 
Sharp 
Sony 
Tandy 

Texas Instruments 
Thomson 
Toshiba 

White Consolidated Industries 
Whirlpool 
Zenith 

Products 

Audio 

Appliances 

Personal electronics 

Appliances 

Video 
\^deo 

Video 

Audio 

Personal electronics 
Appliances 

Video, audio 
•N^deo 

Video 

Audio, personal electronics 

Personal electronics 

Video 

\^deo, audio 

Appliances 

Appliances 

^^deo 

Source: Appliance, Dataquest (October 1992) 

Video Equipment 
Current technology emphasizes the steady emergence of advanced 
television and new uses for the television screen. Digital high fidel­
ity and multichannel sound for video are reviving a wave of 
interest in audio and leading to the integration of audio and video 
in products such as laser disk audio/video combination players, 
which play both compact audio disks and laser videodisks. 

The complex combination of audio and video is perhaps best 
demonstrated by the increasingly popular home theater concept. The 
mix of mutlidimensional surroimd sound and theater-quality video 
creates a heretofore unachievable home entertainment environment. 

Table 5-10 lists unit shipments of video equipment to the United 
States in 1991. Also noted, where data are avetilable, are the house­
hold saturation rates (for 1990, the latest estimates available at the 
time of publication) and unit replacements. 

i 
October 12,1992 ®1992 Dataquest Incoiporatad SAWW-SVC-MT-9201 
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Table 5-9 
1991 Shipments of Audio Equipment to the United 
States (Thousands of Units) 

Total Audio Equipment 

Portable Audio 
Equipment 

Players Only 

Recorders/Players 

Radio/Tape/CD 
Combinations 

Home Radios 

Qock Radios 

Portable Radios 

Table Radios 

Audio Hi-Fi Systems 

Compact Systems 

Component 
Systems 

Amps and 
Preamps 

Cassette Decks 

Compact Disc 
Players 

Equializers 

Receivers 

Tuners 

Shipments 

39,669 

4,986 

5,831 

28,852 

18,530 

10,958 

7,374 

198 

3,139 

6,959 

338 

695 

3,422 

192 

2,109 

203 

1990 
Penetration* 

(%) Replacements 

NA 

NA 

NA 

NA 

98.0 

NA 

NA 

NA 

62.0 

64.0 

NA 

NA 

28.0 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1,659 

NA 

NA 

NA 

NA 

NA 

1,4402 

NA 

*1990 penetration rates are latest estimates at time of publication. 
NA - Not aveulable 
Source: Appliance, Electronics Industry Associ2ttion, Dataquest (October 1992) 

Table 5-11 lists the top three companies' share of total unit ship­
ments of video equipment to the United States in 1990. Estimates 
represent the approximate 1990 percentage of products produced by 
each manufacturer for the U.S. video equipment market (including 
private brands). 

Home Appliances 
Table 5-12 lists unit shipments of home appliances to the United 
Sates in 1991. Also noted, where data are available, are the house­
hold saturation rates (for 1990, the latest estimates available at the 
time of publication) and unit replacements. 

SAWW-SVC-MT-9201 ©1992 Dataquest Incorpotatad October 12,1992 
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Table 5-10 
1991 Shipments of Video Equipment to the United States 
(Thousands of Units) 

@ 

§ 

i 

Total \^deo Equipment 

Color Receivers 

Consoles 

LCD TVs 

Projection TVs 

Table and Portable 

TV/VCR Combined 

Videocassette Recorders 

VCR Decks 

CanYCorders 

Monochrome Receivers 

Satellite Earth Stations 

Videodisk Players 

Shipments 

37,091 

22,109 

1,526 

500 

398 

19,023 

662 

13,688 

10,809 

2,879 

784 

310 

200 

1990 Penetration* (%) 

NA 

97.2 

NA 

7.0 

7.0 

NA 

3.0 

NA 

72.0 

15.0 

42.0 

3.0 

6.6 

*1990 penetration r^es are latest gstlmates at time of put>llcatlon. 
NA • Not avaliatJie 
Source: Ajrpiiance, Electronics Industry Association, Dataquest (October 1992) 

i 
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Table 5-11 
1990 Top Three Companies' Share of Total Unit 
Shipments of Video Equipment to the United States 
(Percentage) 

Company 

Camcorders 

Sony 

Thontson 

Matsushita 

Color TVs 

Thomson 

Philips 

Zenith 

VCRs 

Matsushita 

Thomson 

Emerson 

Videodisk Players 

Pioneer 

Sony 

Matsushita 

Market Share (%) 

18 

18 

14 

21 

13 

12 

21 

15 

9 

40 

35 

7 

Source: Appliance, Bectronic Industry Association, Dataquest (October 1992) 

Table 5-13 lists the top three companies' share of total unit ship­
ments of honie apphances to the United States in 1990. Estimates 
represent the approximate 1990 percentage of products produced by 
each manufacturer for the United States appliance market (including 
private brands.) 

SAWW-SVC-MT-5201 ©1992 Dataquest Incoqxxatad OctotMr 12,1992 
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Table 5-12 
1991 Shipments of Appliances to the United States 
(Millions of Units) 

Total Appliances 

Electric 
Housewares 

Irons 

Coffeemakers 

Smoke 
Detectors 

Major Appliances 

Microwave 
Ovens 

Refrigerators 

Ranges 

Dryers 

Washers 

Dishwashers 

Air Conditioners 

Shipments 

89,454 

38,690 

14,690 

14,000 

10,000 

36,057 

8,335 

7,237 

5,779 

4,581 

6,555 

3,571 

6,103 

1990 
Penetration* 

(%) 

NA 

NA 

89.5 

72.6 

NA 

NA 

83.7 

99.9 

59.0 

45.0 

72.8 

51.8 

32.0 

Replacements 

NA 

NA 

10,797 

15,488 

6,970 

NA 

3,585 

4,577 

5,297, 

3,610 

4,812 

2/484 

5,336 

*1990 penetration rates are latest estimates at time of publication. 
NA • Not av£dleit>le 
Source: Appliance, Dataquest (October 1992) 

i 
October 12.1992 ©1992 Dataquest Incoiporated SAWW-S\/C-MT-9201 
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Table 5-13 
1990 Top Three Companies' Share of Total Unit 
Shipments of Appliances to the United States 
(Percentage) 

Company 

Air Conditioners 

Fedders 
Electrolux 

Whirlpool 

Dishwashers 
GE 

Whirlpool 
Maytag 

Dryers 
Whirlpool 
GE 
Maytag 

Microwave Ovens 
Sharp 

Samsung 
Matsushita 

Ranges 
GE 
Electrolux 

Whirlpool 
Refrigerators 

GE 

Whirlpool 
Electrolux 

Washers 

Whirlpool 

Maytag 

GE 

Market Share (%) 

23 
19 

19 

40 
32 
20 

51 
17 
15 

18 
17 
15 

40 
20 
17 

34 
23 

20 

51 

18 
16 

Source: Appliance, Dataquest (Octot)er 1992) 

SAWw-svc-r/rT-9aoi (01992 Dataquest Incofpotated Octotnr 12.1992 



Chapter 6 
Military and Civil Aerospace Electronics: North 
America ^^^^^^^^^^^^^^^^^^ 

Tables 6-1 through 6-8 and Figures 6-1 and 6-2 present key data and 
Dataquesf s forecast for the military and civil aerospace electronics 
market. Key trends to note include the following: 

• Overall decline for defense spending will continue across the board 
from the NATO coimtries in response to the ending of the cold war. 

• Demand will be weaker for military wares out of traditional export 
markets in the Middle East; demand will grow with the Asia/ 
Pacific countries such as Taiwan and South Korea. 

• Remaining spending will be electronic-intensive as existing plat­
forms (aircraift, ships, and ground equipment) are upgraded with 
new electronic systems to extend their operational lives. Equipment 
such as radar, electro-optics, and electronic warfare wiU be needed. 

• Emphasis will be placed on maintaining security in world hot spots 
such as the Persian Gulf and Yugoslavia. New systems will be 
required for this role including portable communication, satellite 
surveillance and communication, and small-scale C?I systems. 

• Qvil space programs will continue to flourish as they receive some 
funds diverted from the military programs. 

• The space station Freedom will be the single largest space project 
over the next decade, requiring em estimated $15 billion in electron­
ics systems in space and on the ground. 

• There are at least a half dozen proposals to launch arrays of satel­
lites to provide global and local cdlular communication to areas 
such as Asia, AMca, and Eastern Europe. There also are several 
direct broadcast satellite (DBS) systems planned to provide interac­
tive services and HDTV reception. 

• There are ongoing decade-long projects to upgrade the world's air 
traffic control systems. 

SAWW-SVC-MT-9201 ®1992 Dataquest Incnporated October 12,1992 



6-2 Semiconductor Application IVIarkets Worldwide 

Table 6-1 
Revenue from North American Military/Civil Aerospace 
Equipment Production, 1989-1991 (Millions of Dollars) 

Military/Civil Aerospace 

Military Aerospace 

Radar/Sonar 

Missile-Weapon 

Space 

Communication/Navigation 

Electronic Warfare 

Aircraft Systenis 

Computer Systems 

Simulation 

Misc. Equipment, NEC 

Total Military Aerospace 

Civil Aerospace 

Radar 

Space 

Communication/Navigation 

Flight SjTstems 

Simulation 

Total Civil Aerospace 

Total Military/Civil 
Aerospace 

1989 

9^26 

6,461 

5,552 

6,546 

5,571 

4,312 

2,308 

845 

10,806 

51,727 

2,080 

2,818 

808 

2,198 

245 

8,149 

59,876 

1990 

9,000 

6,280 

5,608 

6,317 

5,627 

4,204 

2,421 

946 

10,698 

51,101 

2;288 

3,114 

990 

2,791 

285 

9,468 

60,569 

1991 

7,182 

6,085 

5,022 

5,230 

4,628 

3,390 

2/430 

1JQ04: 

9,662 

44,633 

2,495 

3,343 

1,165 

3,291 

330 

10,624 

55,257 

Source: Dataquest (October 1992) 

i 

i 
October 12,1992 ®1992 Dataquest Incoiporatsd SAWW-SVC-MM201 
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Table 6-2 
Revenue from North American Military/Civil Aerospace Equipment Production, 1992-199 
(Millions of Dollars) 

Military/Civil Aerospace 

Military Aerospace 

Radar/Sonar 

Missile-Weapon 

Space 

Communication / Navigation 

Electronic Warfare 

Aircraft Systems 

Computer Systems 

Simulation 

Misc. Equipment, NEC 

Total Military Aerospace 

(^vil Aerospace 

Radar 

Space 

Communication / Navigation 

Flight Systems 

Simulation 

Total Civil Aerospace 

Total Mil i tary/avi l 
Aerospace 

1992 

6,643 

6,420 

4,595 

4,969 

4,420 

3,237 

2,527 

1,054 

9,324 

43,189 

2,695 

3,711 

1,270 

3,702 

370 

11,748 

54,937 

1993 

6,411 

6,709 

4,687 

4,919 

4,353 

3,205 

2,628 

1,107 

8,904 

42,923 

2,897 

4,397 

1,371 

4,073 

407 

13,145 

56,068 

1994 

6,186 

7,010 

4,781 

4,870 

4,332 

3,173 

2,733 

1,162 

8,459 

42,706 

3,114 

5,277 

1,467 

4,460 

439 

14,757 

57,463 

1995 

5,970 

7,326 

4,805 

4,821 

4,288 

3,189 

2,843 

1,220 

7,952 

42,414 

3,301 

6,332 

1,570 

4,839 

468 

16,510 

58,924 

i 
s 

Source: Dataquest (October 1992) 



Table 6-3 
Long-Range U.S. Defense Budget, Fiscal Years 
(Billions of Dollars) 

Military Personnel 

Operations and 
Maintenance 

Procurement 

KTD&E 

Construction 

Housing 

Other 

Total 

1991 

79 

86 

64.1 

34.6 

5 

3.3 

1 

273 

1992 

78.3 

85.8 

64.7 

38 

4.9 

3.6 

3 

278.3 

1993 

77.1 

86.5 

54.4 

38.8 

6.2 

4 

1.5 

268.5 

1994 

72.3 

83.7 

58.8 

39.7 

9 

3.9 

1.4 

268.8 

1995 

71.9 

85.4 

63.3 

37.9 

7.2 

3.7 

1.3 

270.7 

Source: U.S. Department of Defense 

s 



Military and Civil Aerospace Electronics: North America 6-5 

Table 6-4 
Major U.S. Defense Program Spending (Procurement and 
RTD&E), Fiscal Years (Billions of Dollars) 

Aircraft Programs 

AH-64 Helicopter 

RAH-66 Comache 

UH-60L Blackhawk 

AX Attack Aircraft 

EA-6B Remanufacture 

CH/MH-53 Super Stallion 

F /A 18 C-F 

F-14D Renuinufacture 

B-2 Stealth Bomber 

C-17 AirUft 

E-8A JSTARS 

F-15E Eagle 

F-16 Falcon 

F-22 ATF 

Missile Programs 

AAWS-M Javelin 

ATACMS Tactical Missile 

Avenger 

Patriot 

MLRS 

TOW-2 

AMRAAM 

Standard 

Tomahavrk 

Trident H 

Navy Vessels 

CVN-68 Aircraft Carrier 

DDG-51 AEGIS Destroyer 

Space Systems 

FLTSATCOM Satellites 

DMSP Satellites 

DSP Satellites 

Medium Launch Vehicle 

Milstar 

1991 

88.4 

333.7 

152.4 

137.5 

368.2 

342.6 

1901 

1239 

4144 

1021 

216.1 

2275 

2155 

943.5 

75.9 

241.9 

117.6 

1048.7 

615.8 

338.5 

852 

341.6 

1097.4 

1665.8 

15.8 

3276.7 

244.4 

197.2 

607.8 

500.7 

955.6 

1992 

209.9 

538.8 

507.5 

0 

128.1 

511.1 

2661 

317 

4369 

2260 

467.4 

918 

1404 

1621.1 

119.8 

176.4 

186.1 

194 

206.5 

273.9 

794 

376.9 

470.8 

1259.7 

168.2 

4244.7 

283.1 

135 

122.5 

288.1 

1375.7 

1993 

170.3 

443 

428.5 

165.6 

617.9 

527.5 

3035 

244 

4028 

3140 

743.7 

91.5 

900.9 

2224.3 

109.7 

188.2 

164.9 

67.8 

230.9 

183.1 

915.1 

297.5 

422.6 

1054.9 

859.2 

3591.6 

326 

55.9 

371.5 

302.1 

1533.9 

(Continued) 

SAWW-SVC-MT-^aOl ®1992 Dataquest Incwporatsd October 12,1992 



6^ Semiconductor Application Marl<ets Worldwide 

Table 6-4 (Continued) 
Major U.S. Defense Program Spending (Procurement and 
RTD&E), Fiscal Years (Billions of Dollars) 

Navstar (GPS) 

Unmaimed Aerial Vehicles 

Strategic Defense Initiative 

Miscellaneous 

M-ITank 

Bradley Fighting Vehicle 

Lonbow 

SINCGARS Radio 

1991 

282.6 

132 

2703.3 

805.9 

667.3 

197 

265.6 

1992 

396.8 

205.3 

3286.9 

136.2 

108.6 

232.2 

340.2 

1993 

419.7 

278 

4364.9 

87.2 

112.9 

281.8 

283.2 

Source: U.S. Department of Defense 

{ 

i 
October 12,1992 ®1992 Dataquest Incorporated SAWW-SVC-»«T-«201 
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Table 6-5 
1990 Defense Electronics Revenue of Top Companies 
(Billions of Dollars) 

GM Hughes Electronics 

Thomson-CSF 

General Electric 

Rajrtheon 

GEC 

Lockheed 

Westinghouse 

Martin-Marietta 

Unisys 

Deutsche Aerospace 

Texas Instruments 

Loral 

IBM 

Litton Industries 

GTE 

ITT 

British Aerospace 

Boeing 

E-Systems 

Selenia 

Mitsubishi Electric 

Rockwell International 

Allied Signal 

Textron 

TRW 

Siemens 

Aerospatiale 

Matra 

Teledyne 

Northrop 

NEC 

6.7 

5.5 

5.4 

5.0 

3.5 

3.4 

2.9 

2.9 

2.2 

2.2 

2.1 

2.0 

1.9 

1.9 

1.8 

1.6 

1.6 

1.6 

1.5 

1.5 

1.4 

1.3 

1.3 

1.3 

1.2 

1.1 

1.1 

1.1 

1.0 

0.9 

0.8 

Source: Defense Electronics 

SAWW-SVC-MT-«201 ®1992 Dataquest incorporatsd Octotier 12,1992 
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Table 6-6 
Principal Military/Aerospace Electronic Equipment Producers 

Company 

GM Hughes Electronics 

Thomson-CSF 
GE 

Etaytheon 

GEC Plessey 

Lockheed 

TRW 

Unisys 
Martin Marietta 

Rockwell 

Texas Instruments 

Litton 

Honeywell 

Westinghouse 

IBM 

ITT 

Deutsche AeiospapB 

E-Systems 

Northrop 

General I>ynamic8 

Harris 

Loral/Ford 

GTE 

Ferranti 

Airborne 

X 

X 
X 

X 

X 
X 

X 

X 

X 

X 

X 

Radar 
Ship/Groimd 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

Sonar 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Missile 
Weapon 

X 

X 
X 

X 

X 

X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

Space 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 
X 
X 

X 

Navigation 

X 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 
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Table 6-6 (Continued) 
Principal Military/Aerospace Electronic Equipment Producers 

Company 

Etoeing 

British Aerospace 
Allied-Signal 

Philips 

Thom-EMI 

Mitsubishi 

Motorola 

AT&T 

Siemens 

Sextant Avionique 

Smiths Industries 

Dassault Electronique 

AIL Systems 

Toshiba 

Emerson Electric 
NEC 

Ericsson 

McDonnell Ekniglas 

lAI/EIta 

Racal 

Gnimman 

Selenia 
Tadiran/Elisra 

Matra 

Airborne 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Radar 
Ship/Ground 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Sonai 

X 

X 

X 

X 

Missile 
Weapon 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Space 
X 

X 
X 

X 

X 
X 
X 

X 
X 

X 

X 
X 

X 

X 

X 

X 

X 

Navigation 

X 
X 

X 

X 

X 

X 

X 
X 

X 
X 

X 
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Table 6-6 (Continued) 
Principal Military/Aerospace Electronic Equipment Producers 

Company 

GM Hughes Electronics 

Thomson-CSF 

GE 

Raytheon 

GEC Plessey 

Lockheed 

TRW 

Unisys 

Martin Maiieliit 

Rockwell 

Texas InstrusiEltits 

Litton 

Honeywell 

Westinghouse 

IBM 

rrr 

Deutsche Aer̂ lgfaciB 

E-Systems 

Northrop 

Electro-Optic 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

Aircraft 
Systems 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Computer 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

Simulat. 
Trainers 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Test 

X 

X 

X 

X 

X 

X 

X 

X 
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Table 6-6 (Continued) 
Principal Military/Aerospace Electronic Equipment Producers (Continued) 

Company 
General Dynamics 

Harris 

Loral/Ford 

GTE 

Ferranti 

Boeing 

British Aerospace 
Allied-Signal 

Philips 
Thom-EMI 

Mitsubishi 

Motorola 

AT&T 

Siemens 
Sextant Avionique 

Smiths Industries 
Dassault Electronlqtie 

AIL Systems 

Toshiba 
Emerson Electric 

NEC 

Ericsson 

Electro-Optic 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

Aircraft 
Systems 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Computer 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Simulat. 
Trainers 

X 

X 

X 

X 

X 

X 

X 

X 

Test 

X 

X 

X 

X 
X 

X 
X 

X 

X 



Table 6-6 (Continued) 
Principal Military/Aerospace Electronic Equipment Producers (Continued) 

Company 
McDonnell 

lAI/Elta 

Racal 

Grumman 

Selenia 

Douglas 

Tadiran/Elisra 

Matra 

Electro-Optic 

X 

X 

X 

X 

X 

Aircraft 
Systems 

X 

X 

X 

X 

Computer 

X 

X 

Simulat. 
Trainers 

X 
X 

X 

Test 

X 

X 

SouTcs: Dataquest (October 1992) 

i 
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Table 6-7 
U.S. Aircraft and Ship Inventory (Units) 

. ^^.^^^.^^ 

Navy Vessels 

Aircraft Carriers 

Surface Combatants 

Mine Warfare Ships 

Attack Submarines 

Others 

Total 

Tactical Aircraft 

A-6 

AV-8 

A-10 

F-4 

F-14 

F-15 

F-15E 

F-16 

F/A-18 

Others 

Total 

1991 

15 

159 

9 

87 

256 

526 

210 

160 

423 

156 

294 

462 

72 

882 

479 

474 

3,612 

1992 

15 

134 

11 

87 

227 

474 

232 

160 

249 

66 

300 

408 

108 

996 

474 

324 

3;317 

1993 

14 

127 

15 

90 

216 

462 

210 

160 

159 

30 

268 

396 

144 

1,164 

472 

111 

3,114 

Source: U.S. Deptartment of Defense 

SAWW-SVC-MT-5201 (E>1992 Oataquest Incorpocatsd October 12.1992 
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Table 6-8 
Proposed Small Satellite Systems 

System 

Low Earth Orbit 

Iridium 

Orbcomm 

Ellipso 

GlobeStar 

SmartCar 

Aries 

Vita 

Medium Earth Orbit 

Odyssey 

Geostationary Earth Orbit 

Tritium 

Unicom 

Afrispace 

Project 21 

Sponsor 

Motorola 

Orbital Sciences 

Ellipsat 

Loral/Qualcomm 

Leosat 

Constellation Communications 

Volunteers in Technical Assistance 

TRW 

Hughes 

Unicom Satellitfi C^Krpoin&]^ 

Afrispace 

INMARSAT 

No. of Satellites 

T7 

20-24 

24 

24-48 

24 

48 

2 

12 

3 

4 

1 

NA 

Servi 

World 

Mess 

World 

Voice 

Vehic 

Voice 

Comm 

Cellu 

World 

Voice 

Direc 

Telep 

NA - Not available 
Source: U.S. D^artment of Commerce 

% 
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Figure 6-1 
North American Military and Civil Aerospace Electronics Production 

1992 

Total = $54.9 Billion 

1996 

Total = $60.1 Billion 

Source: Dataquest (October 1992) 

Figure 6-2 
1991 Worldwide Government Civil Space Spending 

others (4%)-
Italy (4%) 

Germany (4%)-

Japan (6%) 

Total = $23.1 Billion 

Source: American Institute for Aeronautics and Astronautics 020021 so 

SAWW-SVC-MT-SaOl ©1992 Dataquest Incorporatsd October 12.1992 



Chapter 7 
Transportation Electronics: North America 

Tables 7-1 through 7-8 and Figure 7-1 present key data and Data-
quest's forecast for transportation electronics. Key trends to note 
include the following: 

• There is continuing penetration of various electronic subsystems 
and controls into cars and trucks. 

• In the drive train area, a new class of controls for integrated engine 
and transmission management is emerging, stimulated by efficien­
cies needed for even higher corporate fuel economy requirements 
imposed by the U.S. Congress. 

• Electronic-intensive antilock brakes and air bags continue their 
penetration of vehicle shipments. Antilock braking is emerging from 
its traditional use on truclcs (two wheels) to high-end cars (four 
wheels). Driver-side air bags are becoming standard equipment on 
almost every vehicle. Passenger-side air bag versions are now enter­
ing the market. 

• Electronic suspension and steering are begirming to appear on some 
models as the market and vendors evaluate the futtue of these sys­
tems. 

• Keyless entry and other security features are proving to be popular 
options. 

• Multiplex wiring, or a vehicle communications bus, appears to be at 
least five years off from broad-scale use. 

• Intelligent vehicles that employ navigation aids and collision 
avoidance systems, and communicate with the highway system to 
optimize traffic flow, remain at least a decade off from broad-scale 
use. 

SAWW-SVC-MT-9201 ®1992 Dataquest Inxxporated October 12,1992 



7-2 Semiconductor Application Markets Worldwide 

Table 7-1 
Revenue from North American Transportation Equipment 
Production, 1989-1991 (Millions of Dollars) 

Transportation 

Entertainment 

Vehicle Controls 

Body Controls 

Driver Information 

Powertrain 

Safety and Convenience 

Total Transportation 

1989 

490 

397 

57 

710 

2,073 

426 

4,153 

1990 

442 

463 

74 

705 

1,875 

556 

4,115 

1991 

403 

481 

78 

645 

1,704 

570 

3,881 

Source: Dataquest (October 1992) 

October 12,1992 ®1992 Dataquest Incorporated SAWW-S\/C-MM201 
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Table 7-2 
Revenue from North American Transportation Equipment Production, 1992-1996 (Million 

Transportation 

Entertainment 

Vehicle Controls 

Body Controls 

Driver Information 

Powertrain 

Safety and Convenience 

Total Transportation 

1992 

429 

566 

82 

710 

1,806 

659 

4,252 

1993 

446 

737 

85 

749 

1,889 

788 

4,694 

1994 

458 

846 

88 

777 

1,945 

882 

4,996 

1995 

466 

966 

91 

800 

1,977 

965 

5,265 

Source: Dataquest (October 1992) 

7 



Table 7-3 
North American Auto and Light Truck Production (Millions of Dollars) 

@ 

Automobiles 

Light Trucks/Vans 

Total 

1989 
7,972 

4,749 

12,721 

1990 
7,164 

4,630 

11,794 

1991 

6,509 

4;284 

10,793 

1992 

6,717 

4,820 
11,537 

1993 

7,154 

5,109 

12,263 

1994 

7,476 

5,287 

12,763 

1 

7, 

5, 
13 

Source: Dataquest (October 1992) 

i 

§ 
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Table 7-4 
Estimated Electronic Value of the Average 
North American Vehicle (Dollars) 

Year 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1991-1996 CAGR (%) 

Value ($) 

326 

349 

360 

369 

383 

391 

401 

413 

2.8 

Source: Dataquest (October 1992) 

SAWW-SVC-MT-4201 ®1992 Dataquest Incopoiatad October 12,1992 
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Table 7-5 
North American Auto and Light Truck Electronics Production (Millions of Dollars) 

IVansportation 

Bntertainment 

Vehicle Controls 

Body Controls 

Driver Infomation 

Power Train 

Safety and Convenience 

Total TVansportation 

1989 

490 

397 

57 

710 

2,073 

426 

4,153 

1990 

442 

463 

74 

705 

1,875 

556 

4,115 

1991 

403 

481 

78 

645 

1,704 

570 

3,881 

1992 

429 

566 

82 

710 

1,806 

659 

4,252 

1993 

446 

737 

85 

749 

1,889 

788 

4,694 

1994 

458 

846 

88 

777 

1,945 

882 

4,996 

Source: Dataquest (October 1992) 
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Table 7-6 
North American Auto and Light Truck Vehicle Production (Percentage of Total Productio 

General Motors 

Ford 

Chrysler 

Honda 

Toyota 

Nissan 

NUMMI 

Mazda 

Others 

1987 

46.4 

29.7 

15.8 

2.6 
NM 

1.7 

1.5 
NM 

2.3 

1988 
44.1 

30.2 

16.7 

3.2 
NM 

1.6 

1.0 
1.2 

2.0 

1989 

41.8 

30.0 
15.6 

3.4 
1.3 

1.8 

1.5 
1.7 

2.9 

NM - Not meaningful 
Source: Automotive Nnos, Dataquest (October 1992) 



7-8 Semiconductor Application Marl<ets Worldwide 

Table 7-7 
Primary North American Manufacturers of Vehicle 
Electronic Systems 

Company 

Allied-Signal 

Audiovox 

Chrysler/Acustar 

Eaton 

Ford-EED 

General Motors/Delco 

Hitachi Auton\otive 

ITT 

Kelsey/Hayes 
Motorola/AIEG 

Nippondenso 
Robert Bosch 

Rockwell International 

Siemens 

TRW 

United Technologies 
Wagner 

Principal Electronic System(s) 

Aftermarket, ABS 

Aftermarket audio, security, 
cruise control 

Audio, engine control, displays, 
body control 

Engine and body control, climate 
control 

Engine and body control 

Audio, ABS, engine and body 
control, suspension, displays 

Audio, engine control, ignition 
modules 

Audio, ABS 
ABS 
ABS, engine control, sensors, 

instixunents 

Engine control 

Audio, ABS, engine control, 
ignition modules 

Body control, suspension, motor 
control 

Fuel injection, ABS, ignition 
modules 

Steering, engine and body control 
Switches, ignition systems 
Lighting control 

Source: Dataquest (October 1992) 

October 12,1992 (D1992 Dataquest IncoipoiatBd SAWW-SVC-Mr-9201 
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Figure 7-1 
Automotive Electronics 

Phase 1 

Entertainment-
Analog 

t 
Legislation 
Phase II 

Entertainment--DSP 
Power train 1 

L ^ ^ 
i 

Legislation 

Phase III 

Power train II 
Antilock braking 
Electronic suspension 
Electronic steering 
Air bag/restraints 

Phase IV 

Multiplexing 
Collision avoidance 
Navigation 
Intelligent highways 
Electric vehicles 

Source: Oataquest (October 1992) G3CKU151 

SAWW-SVC-MT-3201 01992 Oataquest IncorpoialBd October 12,1992 
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Worldwide Semiconductor Consumption 
by Application Markets 

Introduction 
This document contains detailed information 
on Dataquest's view of worldwide semiconduc­
tor consumption in electronic equipment. 
Included in this document are the following: 

• 1989-1991 historical data 

• 1992-1996 forecast data 

The tables in this document present data to 
answer the following types of questions: 

• What general electronic equipment areas are 
driving semiconductor demand? 

• What is the semiconductor-value composi­
tion of various categories of electronic 
equipment' 

• What is the usage of particular semiconduc­
tor categories, such as MOS memory, across 
the various electronic equipment areas? 

The electronic equipment forecast contained in 
this document is the aggregate of Dataquest's 
regional electronic equipment production fore­
casts. Tiie regional forecasts may be found in 
their entirety and in greater detail in the com­
panion Source: Dataquest volumes, Worldwide 
and North American Electronic Equipment 
Forecast, Europe Electronic Equipment Forecast, 
Japanese Electronic Equipment Forecast, and 
Asia/Pacific-Rest of World Electronic Equipment 
Forecast. 

The aggregate semiconduaor consumption 
forecast (that is, consumption across all elec­
tronic equipment segments) contained in this 
document may be found in its entirety and by 
region in Source Dataquest: Semiconductor 
Consumption and Shipment Forecast. Estimates 
in this document may differ slighdy from 
the aforementioned documents because of 
rounding. 

The tables in this document are organized as 
follows: 

• Tables 1 through 3 cover total electronic 
equipment production 

• Tables 4 through 42 cover the data process­
ing application market and the data process­
ing equipment system groups 

• Tables 43 through 77 cover the communica­
tions application market and the communi­
cations equipment system groups 

• Tables 78 through 108 cover the industrial 
application market and the industrial equip­
ment system groups 

• Tables 109 through 144 cover the consumer 
application market and the industrial equip­
ment system groups 

• Tables 145 through 150 cover the military/ 
civil aerospace application market 

• Tables 151 through 156 cover the transpor­
tation application market 

The following six table types are associated 
with each application market or equipment 
system group: 

• Revenue from equipment production, and 
revenue from associated semiconductor ship­
ments, 1989-1991 

• Revenue from equipment production, and 
revenue from associated semiconductor ship­
ments, 1992-1996 

• Revenue growth from equipment production, 
and revenue growth from associated semi­
conductor shipments, 1989-1991 

• Revenue growth from equipment production, 
and revenue growth from associated semi­
conductor shipments, 1992-1996 

• Input/output ratios, 1989-1991 

• Input/output ratios, 1992-1996 

Segmentation 
The following two sections outline market seg­
ments specific to this document. The first sec­
tion outlines the electronic equipment seg­
ments. The second section outlines the 
semiconductor device segments. Dataquest's 
objective is to provide data along lines of seg­
mentation that are logical, appropriate to the 
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industry in question, and immediately useful to 
clients. 

For a detailed explanation of Dataquest's mar­
ket segmentation, refer to the Dataquest 
Research and Forecast Methodology document 
located in the Source: Dataquest binder. For a 
complete listing of all market segments tracked 
by Dataquest, please refer to the Dataquest 
High-Technology Guide: Segmentation and 
Glossary. 

Electronic Equipment 
Segmentation 

Dataquest defines the electronic equipment 
industry as the group of competing companies 
primarily engaged in manufacturing electronic 
goods. For the purposes of this report, impor­
tant products of the electronics industry 
include data processing equipment, communi­
cations equipment, selected types of industrial 
equipment, consumer electronics, selected 
types of military and civilian aerospace and 
defense-oriented electronics, and automotive 
electronics. 

For purposes of semiconductor consumption 
analysis, Dataquest segments the electronics 
industry into six, broad semiconductor applica­
tion markets, disaggregated into narrower elec­
tronic system groups, as follows: 

Data Processing 
Computers 
Data Storage 
Terminals 
Input/Output Devices 
Dedicated Systems 

Communications 
Premise Telecom 
Public Telecom 
Mobile Communications 
Broadcast and Studio Equipment 
Other Communications 

Industrial 
Security and Energy Management Systems 
Manufacturing Systems and Instruments 
Medical Equipment 
Other Industrial Equipment 

Consumer 
Audio 
Video 
Personal Electronics 

Appliances 
Other Consumer Equipment 

Military/Civilian Aerospace 
Transportation 

Semiconductor Device 
Segmentation 

Dataquest defines the semiconductor industry 
as the group of competing companies primar­
ily engaged in manufacturing semiconduaors 
and related solid-state devices. Important 
products of the semiconduaor industry include 
integrated circuits, discrete devices, and opto­
electronic devices. 

For purposes of semiconductor consumption 
analysis, Dataquest defines the semiconductor 
market according to the following functional 
segmentation scheme: 

Total Semiconductor 
Total Integrated Circuit 

Bipolar Digital 
Bipolar Memory 
Bipolar Logic 

MOS Digital 
MOS Memory 
MOS Microcomponents 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

Definitions 

The following two sections list the definitions 
used by Dataquest to present the data in this 
document. The first section gives the electronic 
equipment definitions. The second section 
gives the semiconductor device definitions. 
Complete definitions for all terms associated 
with Dataquest's segmentation of the high-
technology marketplace can be found in the 
Dataquest High-Technology Guide: Segmenta­
tion and Glossary. Definitions for semiconduc­
tor devices also can be found in the Data-
quest Semiconductor Market Share Survey 
Guide. 

Electronic Equipment Definitions 
Electronic systems groups comprise the follow­
ing specific electronic equipment types. 
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Computer Systems: Includes supercomputers, 
mainframe computers, midrange computers 
(also known as superminicomputers and 
minicomputers), workstations, and personal 
computers. 

Data Storage: Includes rigid disk drives, flexi­
ble disk drives, optical disk drives, and tape 
drives. 

Terminals: Includes alphanumeric terminals and 
graphics terminals (for example, X terminals). 

Input/Output Devices: Includes printers, media-
to-media data conversion, magnetic ink charac­
ter recognition, optical scanning equipment, 
plotters, voice recognition/synthesizer equip­
ment, mouse, keyboard, and digitizers. 

Dedicated Systems: Includes electronic copiers, 
electronic calculators, smart cards, dictat­
ing/transcribing equipment, electronic type­
writers and dedicated word processors, bank­
ing systems and funds transfer systems and 
terminals, point-of-sale terminals and electronic 
cash registers, and mailing/letter-
handling/addressing equipment. 

Premise Telecom Equipment: Includes image 
and text communication, such as facsimile and 
video teleconferencing; data communications 
equipment such as modems, statistical multi­
plexers, T-1 multiplexers, front-end processors, 
DSU/CSU, protocol converters, local area net­
works, internetworking, network management, 
and packet data switching/wide area networks; 
premise switching equipment, such as PBX tel­
ephone equipment, and key telephone sys­
tems; call processing equipment, such as voice 
messaging, interactive voice response systems, 
call accounting, and automatic call distributors; 
and desktop terminal equipment, such as tele­
phone sets/pay telephones, and teleprinters. 

Public Telecom Equipment: Includes transmis­
sion equipment, such as multiplexers, carrier 
systems, microwave radio, laser and infrared 
transmission equipment, and satellite communi­
cations equipment; and central office switching 
equipment. 

Mobile Communications Equipment: Includes 
mobile radio systems such as cellular tele­
phones, mobile radios, and mobile radio base 
station equipment; portable radio receivers and 
transmitters, and radio checkout equipment. 

Broadcast and Studio Equipment: Includes 
audio equipment, video equipment, transmitters 
and RF power amplifiers, studio transmitter 
links, cable TV equipment, closed circuit TV 
equipment, and other equipment, such as 
studio and theater equipment. 

Other Telecom Equipment: Includes intercom 
equipment and electrical amplifiers, and com­
munications equipment not elsewhere 
classified. 

Security/Energy Management: Includes alarm 
systems, such as intrusion detection and fire 
detection systems, and energy management 
systems. 

Manufacturing Systems and Instrumentation: 
Includes semiconductor production equipment, 
controllers and actuators, sensor systems, 
management systems, and robotics; and 
semiconductor-dedicated automatic test equip­
ment (ATE), all other ATE, oscilloscopes and 
waveform analyzers, nuclear instruments, and 
other test and measurement equipment. 

Medical Equipment: Includes X-ray equipment, 
ultrasonic and scanning equipment, blood and 
body fluid analyzers, patient monitoring equip­
ment, and other diagnostic and therapeutic 
equipment. 

Other Industrial Equipment: Includes vending 
machines, power supplies, traffic control equip­
ment, and industrial equipment not elsewhere 
classified. 

(Consumer) Audio Equipment: Includes com­
pact disc players, radios, stereo components, 
musical instruments, and tape recorders. 

(Consumer) Video Equipment: Includes VCRs 
and VTRs, video cameras and camcorders, 
videodisk players, and color and monochrome 
TVs. 

Personal Electronics: Includes electronic games 
and toys, cameras, watches, and docks. 

Appliances: Includes air conditioners, micro­
wave ovens, washers and dryers, refrigerators, 
dishwashers, and ranges and ovens. 

Other Consumer Equipment: Includes automatic 
garage door openers, and consumer equipment 
not elsewhere classified. 
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Military/Civil Aerospace: Includes military elec­
tronics, such as radar and sonar, missiles and 
weapons, space-related electronics, communica­
tions and navigation equipment, electronic 
warfare, aircraft systems, computer systems, 
simulation systems, and military electronics not 
elsewhere classified; and civilian aerospace 
electronics, such as radar, space-related elec­
tronics, communications and navigation equip­
ment, flight systems, and simulation systems. 

Transportation Electronics: Includes entertain­
ment systems, vehicle controls, body controls, 
driver information systems, power train sys­
tems, and safety and convenience systems. 

Semiconductor Device Definitions 

Semiconductor device categories comprise the 
following specific types of semiconductor 
devices: 

Total Semiconductor (IC + Discrete + Opto­
electronic). Defined as any active semiconduc­
tor product that contains semiconducting 
material (such as silicon, germanium, or gal­
lium arsenide) and reacts dynamically to an 
input signal, either by modifying its shape or 
adding energy to it. This definition excludes 
standalone passive components such as capaci­
tors, resistors, inductors, oscillators, crystals, 
transformers, and relays. 

Total Integrated Circuit (Digital Monolithic 
Bipolar IC + Digital Monolithic MOS IC + 
Analog Monolithic IC). An IC is defined as a 
large number of passive and/or active discrete 
semiconduaor circuits integrated into a single 
package. In a monolithic IC, discrete circuits 
are integrated onto a small number of dice. 

Bipolar Digital (Bipolar Digital Memory IC + 
Bipolar Digital Logic IC). A bipolar digital IC 
is defined as a monolithic semiconductor 
product in which 100 percent of the die area 
performs digital functions, and concun-ently, 
100 percent of the die area is manufactured 
using bipolar semiconductor technology. A 
digiul fijnction is one in which data carrying 
signals vary in discrete values. 

Bipolar Memory. Defined as a bipolar digital 
semiconductor produa in which binary data 
are stored and electronically retrieved. Includes 
ECL random access memory (RAM), read-only 
memory (ROM), programmable ROM (PROM), 
first-in/first-out (FIFO) memory. 

Bipolar Logic (Bipolar Application-Specific IC + 
Odier Bipolar Logic IC + Bipolar Digital 
Microcomponent). Defined as a bipolar digital 
semiconductor product in which more than 
50 percent of the die area performs logic 
functions. Includes bipolar digital microcompo­
nent ICs. 

MOS Digital (MOS Digital Memory IC + MOS 
Digital Microcomponent IC + MOS Digital 
Logic IC). Defined as a monolithic semicon­
ductor product in which 100 percent of the 
die area performs digital functions, and con­
currently, any portion of the die area is 
manufactured using metal-oxide semiconductor 
(MOS) technology. A digital function is one in 
which data carrying signals vary in discrete 
values. Includes mixed technology manufactur­
ing, such as BiMOS and BiCMOS, where some 
MOS technology is employed. 

MOS Memory (DRAM + SRAM + EPROM + 
Other Nonvolatile MOS Digital Memory + 
Other MOS Digital Memory). Defined as an 
MOS digital IC in which binary data are stored 
and electronically retrieved. 

MOS Microcomponents (MOS Digital Micro­
processor + MOS Digital Microcontroller + 
MOS Digital Microperipheral). Defined as an 
MOS digital IC that contains a data processing 
unit or serves as an interface to such a unit. 
Includes both QSC and RISC. 

MOS Digital Logic (MOS Digital Application-
Specific IC + Other MOS Logic IC). Defined as 
an MOS digital semiconduaor produrt in 
which more than 50 percent of the die area 
performs logic ftmctions. Excludes MOS digital 
microcomponent ICs. 

Analog IC. Defined as monolithic analog ICs 
plus hybrid ICs. (A monolithic analog IC is a 
semiconductor product that deals in the realm 
of electrical signal processing, power control, 
or electrical drive capability. It is one in which 
some of the inputs or outputs can be defined 
in terms of continuously or linearly variable 
voltages, currents, or frequencies. Includes all 
monolithic analog ICs manufactured using 
bipolar, MOS, or BiCMOS technologies. A 
monolithic IC is a single die contained in a 
single package. A hybrid IC is a semiconduc­
tor product that consists of more than one die 
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contained in a single package. A hybrid IC 
may perform 100 percent linear, 100 percent 
digital, or mixed-signal (both linear and digital) 
functions. Note that hybrid digital ICs are 
reported in this category, and not under the 
earlier category of monolithic digital ICs. 
Includes all hybrid ICs manufactured using 
bipolar, MOS, or BiCMOS technologies.) 

Total Discrete (Transistor + Diode + Thyristor 
+ Other Discrete). A discrete semiconductor is 
defined as a unit building block performing a 
fundamental semiconductor function. 

Total Optoelectronic (LED Lamp/Display + 
Optocoupler + CCD + Laser Diode + Photo­
sensor + Solar Cell). Defined as a semiconduc­
tor product in which photons induce the flow 
of electrons, or vice versa. Other functions 
may also be integrated onto the product. This 
category does not include LCD, incandescent 
displays, fluorescent displays, cathode ray 
tubes (CRTs), or plasma displays. 

Line Item Definitions 

The following two sections discuss definitions 
of the table line items specific to this docu­
ment. The first section defines the line items 
associated with electronic equipment; the 
second section defines the line items 
associated with the semiconductor devices. 

Electronic Equipment Line Item 
Definitions 

The objective of analyzing electronic systems 
production is to estimate its important implica­
tions for semiconductor consumption. There­
fore, general economic concepts such as 
production and consumption are tailored to 
best isolate these implications. 

The value of electronic equipment production 
is estimated as factory revenue. For purposes 
of this report, Dataquest defines factory 
revenue as the money exchange value of the 
commodity transaction between the original 
equipment manxofacturer and the point of entry 
into distribution. In the case of a direa sale 
that involves no distribution—as is the case 
with military systems—factory revenue is equal 
to the final viser cost, net of sales taxes. 

Semiconductor Device Line Item 
Definitions 

Factory revenue is defined as the money value 
received by a semiconductor manufacturer for 
its goods. Dataquest includes all revenue, both 
merchant and captive, for semiconductor sup­
pliers selling to the merchant market. The data 
exclude completely captive suppliers where 
devices are manufactured solely for the com­
pany's own use. A product that is used inter­
nally is valued at the market price rather than 
at the transfer or factory price. 

1989 and 1990 revenue estimates have been 
restated from previous publication to reflect 
modifications in Dataquest's data. 

Data Sources 
The historical electronic equipment production 
estimates presented in this document have 
been consolidated from a variety of sources, 
each of which focuses on a specific part of 
the market. These sources include the 
following: 

• Dataquest's estimates of systems manufac­
turers' factory revenue 

• Various government agencies' estimates of 
manufacturers' shipments 

• Trade association data 

• Estimates presented by knowledgeable and 
reliable industry spokespersons 

• Published product literature and prices 

Dataquest believes that the estimates presented 
here are the most accurate and meaningftil 
generally available today. 

Forecast and Input/Output Ratio 
Methodology 
The following three sections discuss the fore­
cast methodology used by Dataquest in this 
document. The first section gives the electronic 
equipment forecast methodology. The second 
section gives the semiconductor forecast 
methodology. The third section discusses the 
interpretation of input/output (I/O) ratios, and 
the methodology of the allocation of the 
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aggregate semicondurtor forecast across 
specific electronic equipment markets. 

Electronic Equipment Forecast 
Methodology 

Dataquest uses a variety of forecasting tech­
niques Qjoxh qualitative and quantitative) that 
vary by technology area. An overview of Data-
quest forecasting techniques can be found in 
the Dataquest Research Methodology guide. 

The electronic equipment forecast contained in 
this document is the aggregate of Dataquest's 
regional electronic equipment production fore­
casts. The regional forecasts may be found in 
their entirety and in greater detail in the com­
panion Source: Dataquest volumes, Woridwide 
and North American Electronic Equipment 
Forecast, Europe Electronic Equipment Forecast, 
Japanese Electronic Equipment Forecast, and 
Asia/Pacific-Rest of World Electronic Equipment 
Forecast. 

Dataquest follows a three-step process to fore­
cast electronic equipment production. First, 
current and expected future worldwide macro-
economic conditions are assessed and forecast. 
Dun & Bradstreet Corporation information is 
used to develop the macroeconomic forecasts 
for the w^orld's major economies. This forecast 
identifies trends in the economic health of the 
world's leading consumers and producers of 
electronic equipment. Using this forecast in 
conjunction with input from Dataquest's 
regional offices, Dataquest estimates the overall 
business climate in which the electronic sys­
tems markets will operate. 

Second, Dataquest analyzes and forecasts the 
significant long-range trends and outlook in 
the various electronic system groups. This 
establishes a five-year trend growth path, or 
"envelope," for electronic system production. 

The final step in the forecast process is to 
reconcile expected fluctuations about the mar­
ket trends so that the two do not inexplicably 
diverge. Dataquest anticipates that, in the 
absence of shocks to the market, market fluc­
tuations converge toward a long-term trend. 

Because the time series data contained in this 
document are, in general, comprised of annual 

observations, and are sparse in terms of the 
number of observations, the data generally do 
not satisfy the requirements of quantitative 
empirical techniques such as econometric or 
statistical time-series models. Therefore, in most 
cases ŵ e have used judgmental models (that 
is, intuitive judgments, expert opinions, and 
subjective probabilities) or technological 
models (that is, curve fitting and the use of 
analogous data). 

Aggregate Semiconductor 
Consumption Forecast Methodology 

Dataquest publishes five-year revenue forecasts 
for the aggregate semiconductor market during 
the second and fourth quarters of each year. 
In doing so, Dataquest uses a variety of fore­
casting techniques (both qualitative and quan­
titative) that vary by technology area. An over­
view of Dataquest forecasting techniques can 
be found in the Dataquest Research Methodol­
ogy guide. 

Dataquest's semiconductor forecast methodol­
ogy leverages the resources of its parent. The 
Dun & Bradstreet Corporation, as well as the 
considerable internal resources of Dataquest. 

Dun & Bradstreet information is used to 
develop the macroeconomic forecasts for the 
world's major economies. This forecast identi­
fies trends in the economic health of the 
world's leading consumers and producers of 
electronic equipment. Using this forecast in 
conjunction with input from Dataquest's 
regional offices, Dataquest identifies the likeli­
hood of whether a particular region or country 
will increase or decrease its consumption of 
electronic equipment. 

Dataquest follows a four-step process to fore­
cast tfie semiconductor market. First, Data-
quest's Semiconductor Applications Market 
group, along with Dataquest's various electron­
ics systems groups, provides a long-range out­
look for the overall growth of the electronic 
equipment market. Semiconductor content 
ratios are developed by region to reflect the 
growing penetration of semiconductors into 
electronic equipment. TTiis establishes a 
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five-year trend growth path for total semicon­
ductors for a five-year period from a demand-
side perspective. 

Second, Dataquest uses a decomposition time 
series model to generate forecasts of regional 
total semiconductor sales. The model assumes 
that sales are affected by factors such as long-
run trends, short-run aggregate economic and 
industry-specific conditions, and seasonality. 
The forecast is made by using statistical 
methods to analyze each of the components 
separately, then combining them into a single 
aggregate. The model is especially useful for 
assessing market fluctuations about the trend 
growth path. 

Third, Dataquest's worldwide Semiconductor 
service and its Semiconductor Equipment, 
Manufacturing, and Materials service, in con­
junction with its various regional offices, col­
laborate to formulate expectations of semicon­
ductor market short-range fluctuations around 
the long-range trend. Tactical market issues 
and anticipated semiconduaor materials 
demand significandy impact the short-range 
forecast out to 12 months. Semiconduaor 
equipment purchases and semiconductor 
device trends drive the forecast in the 12- to 
24-month time frame. Semiconductor fab facili­
ties and long-term semiconduaor device trends 
have the greatest impaa on the forecast 
period covering two to five years. 

The final step in the forecast process is to 
reconcile expeaed fluctuations in the electron­
ics market and trends in the semiconduaor 
industry so that the fluctuations do not inex­
plicably diverge from semiconduaor industry 
trends. Dataquest anticipates that, in the 
absence of shocks to the market, market fluc­
tuations converge toward the long-term trend. 

Input/Output Ratios and the 
Allocation of Aggregate 
Semiconductor Consumption 

The input/output (or I/O) ratio reflects the 
relationship between the dollar value of semi-
conduaors in a type of electronic system and 
the revenue generated by that system. The 
ratio is typically expressed as a percentage. 

For example, if a piece of electronic equip­
ment (sudi as a personal computer) sells for 

$1,000 and has $100 worth of semiconductors 
in it, the I/O ratio is expressed as: 

I/O ratio = Semiconductor Value—(Dollars In) 

Equipment Revenue—(Dollars Out) 

= $ 100 

$1,000 

«• 0.10 or 10 percent 

Dataquest estimates semiconduaor consumption 
by electronic equipment segment by combining 
sample information from electronic system 
semiconduaor content analyses and surveys of 
electronic manufacturers' semiconduaor pro­
curement, with modeled semiconductor con­
sumption. The semiconduaor content analyses 
are typically performed on equipment that 
sells in high volume or otherwise impacts the 
semiconduaor market. These analyses include 
personal computers, disk drives, printers, and 
cellular mobile radios. 

The semiconduaor consumption model makes 
use of the following inputs: 

• Historical electronic equipment production 
and the current electronic equipment 
production forecast 

• Historical semiconduaor consumption (both 
aggregate and by electronic equipment seg­
ment) and the current aggregate semicon­
duaor forecast 

• Information about long-run market trends or 
long-term systems technology trends 

Given these inputs, semiconduaor consump­
tion by equipment segment is estimated in an 
iterative procedure subjea to the following 
constraints and conditions: 

• The sum of semiconduaor consumption 
aaoss all equipment markets fully exhausts 
aggregate semiconduaor consumption. 

• Market fluctuations in the aggregate semi­
conduaor consumption forecast are realisti­
cally and appropriately mapped into the 
individual equipment segments' semiconduc­
tor consumption forecasts. 

The procedure is iterative in the respea that 
modeled results are checked against prior 
beliefs, expectations, and sample information 
about each equipment segment's semiconduapr 
consumption; and that this prior information is 
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then used to tune the model such that 
modeled consumption estimates converge to 
their respective expected values. 

The model combines two important sources of 
market variation: variation because of nonperi-
odic market fluctuations about the market's 
long-run trend growth path; and variation 
because of shifts in the market's long-run 
trend growth path. 

It is necessarily the case that nonperiodic fluc­
tuation in the total semiconductor market is 
the net sum of nonperiodic fluctuations in the 
individual semiconductor device markets. Fur­
ther, because of a variety of faaors, some 
device markets are relatively more volatile than 
other device markets. It is an observed fact 
that there is relatively more volatility in the 
MOS memory market—owing to price 
volatility—than in the analog market. There­
fore, fluctuation in the MOS memory market 
"explains" more fluctuation in the total semi­
conductor market than fluctuation in the 
analog market. The model takes given inputs 
and assumptions and proportionally distributes 
fluctuations in the aggregate semiconductor 
market according to the equipment markets' 
respective long-run device composition trends. 

For example, because the data processing 
application market in general—and the com­
puter equipment segment in particular— 
consumes proportionally more MOS memory 
devices than equipment in the industrial mar­
ket, other things being equal, it is reasonable 
to expect total semiconductor consumption to 
be more volatile in the data processing market 
than in the industrial market. 

Semiconductor markets, in general, are rela­
tively more volatile than the electronic equip)-
ment markets. By construction, then, the I/O 
ratios tend to reflect this difference in volatil­
ity. Users of the I/O ratios are therefore cau­
tioned to focus on long-run trends in the I/O 
ratios, rather than the year-to-year movements 
in their values. 

Forecast Assumptions 
The following three sections discuss the 
assumptions that underlie the forecasts in this 
document. The first section gives the assump­
tions of the economic outlook. The second 
section gives the assvimptions of the electronic 

equipment forecast. The third section gives the 
assumption of the semiconductor consumption 
forecast. 

Economic Outlook Assumptions 

The worldwide economy is expected to show 
mixed results in 1992. The Dun & Bradstreet 
Corporation forecast the following outlook for 
the Group of Seven (G7) countries: 

• The U.S., Canada, and U.K. economies are 
expected to recover from the recession in 
1992. Real gross domestic product (GDP) is 
expected to expand 2.1, 1.6, and 0.5 per­
cent, respectively, in 1992. (These econo­
mies contracted at rates of 0.7, 1.5, and 
2.4 percent, respectively, in 1991.) Though 
modest in comparison to historical rates of 
expansion during recovery periods, the 
benefit is that inflationary pressures will 
likely be held in check, sustaining the 
expansion's duration. Expansion should 
accelerate to 2.5, 4.0, and 2.2 percent, 
respectively, in 1993-

• Real GDP growth is expected to accelerate 
in France and Italy from 0.9 percent in 
1991 to 2.1 percent in 1992, and from 
1.4 percent in 1991 to 1.5 percent in 1992, 
respectively. The pace of growth should 
pick up in 1993 to 2.7 and 2.2 percent, 
respectively. . 

• Real GDP growth is expeaed to decelerate 
in Germany and Japan from 3-2 percent 
in 1991 to 1.1 percent in 1992, and from 
4.4 percent in 1991 to 2.0 percent in 1992, 
respectively. Moderating these countries' 
short-term growth prospects are the cost 
burden of Germany's reunification and the 
rise in Japan's cost of capital and recent 
bout of asset deflation. Tlie respective econ­
omies are ecpeaed to reaccelerate to 
2.8 percent and 3.3 percent growth in 1993-

Electronic Equipment Forecast 
Assumptions 

Overall, worldwide electronic systems produc­
tion is expected to expand 3.1 percent in 
1992, slightly faster than the 2.4 percent rate 
of growth in 1991. Expansion is expected to 
accelerate further in 1993 to 7.6 percent as the 
worldwide economic climate improves. In 
1992, however, the value of worldwide 
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production will be constrained by two impor­
tant influences: 

• A moderate—in contrast to booming—^rate 
of recovery from recession 

• An abundance of productive capacity, com­
bined with further proliferation of product 
and technology standards, both placing pres­
sure on costs and prices 

From a semiconductor application-market per­
spective, the forecast carries assumptions 
detailed in the following paragraphs. 

Data processing production will begin to make 
a moderate 2.6 percent recovery in 1992, after 
a depressing 2.2 percent decline in 1991. In 
North America, recovery will continue into 
1993 as economic conditions continue to 
improve and stabilize. Japanese production will 
remain hemmed in for the remainder of 1992, 
as business and households adjust downward 
their spending plans in response to the lack­
luster business climate. The year 1993 and 
beyond should, however, find Japan back on 
the path of normal growth. Local content 
regulations are spurring the placement of 
production facilities in Europe, helping explain 
the boost of growth in 1993- Once facilities 
are in place, though, growth is expected to 
assume a more sustainable pace. Asia/Pacific-
ROW production prospects remain upbeat as it 
increasingly becomes the region of choice for 
mass manufacturing of established technologies. 

Communications production growth—the most 
stable-growing of the application markets, 
owing to its heterogeneous composition of 
personal wireless communications, premise 
voice, and data products, and large-scale, long-
life investment in public telecommunications 
infrastructure—will decelerate slightiy in 1992 
to 6.1 percent from 7.3 percent in 1991. 
Investment in networking the existing stock of 
data processing equipment will help drive 
communications hardware growth through 
1996. 

As is usually the case, production of industrial 
and consumer equipment have borne the 
brunt of the recent downturn in business con­
ditions, especially in North America and Japan. 
Europe and Asia/Pacific-ROW have been some­
what insulated from the recent cycle, owing to 
foreign investment spurred by local production 

factors and cost of production advantages, 
respectively. In North America and Japan, 
though, these application markets are forecast 
to rebound in 1993, with the expected relaxa­
tion of business and household budget 
constraints. 

Military/civil aerospace electronics production 
was hit hard by Washington, D.C. budget cuts 
in 1991, declining 5.5 percent worldwide. Few 
positive opportunities remain for all but the 
most specialized niche players participating in 
simulation systems, dedicated military computer 
systems, and civil-space projects. Civil aer­
ospace electronics production will remain the 
bright spot in this application market, fueled 
by replacement of aging jet airliners and 
upgrades of the worldwide air traffic control 
system. 

Transportation electronics production growth is 
expected to accelerate ft-om 4.8 percent growth 
in 1991 to 6.0 percent in 1992, and to 
10.2 percent in 1993. Production was hurt by 
the recession, but growth prospects are rela­
tively upbeat because of increased household 
spending, combined with increasing share of 
electronic systems' added value to new 
vehicles. 

Semiconductor Forecast Assumptions 

The North American semiconductor market 
continues to strengthen. Dataquest expects the 
North American market to grow 151 percent 
in 1992, up from a meager 2.7 percent in 
1991. The market is clearly on target midway 
through the year: According to the latest WSTS 
statistics, total semicondurtor bookings (three-
month moving average) growth for the three 
months ended in July were 24.6 percent above 
year-earlier bookings, compared with 18.1 per­
cent in June. Total semiconductor billings 
growth for the same period was 17.5 percent 
above year-earlier billings, compared with 
14.8 percent in June. 

Strength in the North American market owes 
itself largely to the recovery of the U.S. econ­
omy and the relaxation of household and bus­
iness budget constraints for durable goods and 
capital equipment. In particular, however, chip 
demand stems from strong orders of portable 
PCs, client/server computers, and network 
hardware. 
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Dataquest expects the Japanese market to 
decline 9.4 percent (dollar-based) in 1992, the 
first yearly decline since 1985. The latest mar­
ket statistics support this outlook: The dollar 
value of total semiconductor billings for the 
three months ended in July were 7.2 percent 
below year-earlier billings. The bookings pic­
ture is even more bleak. Total semiconductor 
bookings for the same period were 8.0 per­
cent below year-earlier levels. 

Japan's situation is because of more than just 
weakness in its European export market. Other 
factors include a heightened level of interna­
tional competition in chips and systems; a glut 
of worldwide DRAM fab capacity; rising cost 
of capital in Japan; and a dearth of new, 
high-volume consumer electronic systems. 
Dataquest does not expect an improvement in 
Japan's export market to alleviate these struc­
tural problems in 1992. 

Dataquest forecasts the European market to 
grow 7.2 percent in 1992, up from 5.8 percent 
in 1991. Total semiconductor billings for the 
three months ended in July were 10.4 percent 
above year-earlier billings. Total semiconduaor 
bookings for the same period were 14.5 per­
cent above year-earlier levels. We believe that 

the European market will show more growth 
in the second half of 1992 than usual, as 
recovery in the U.S. market starts to pull 
through demand in Europe later in the year. 

Recovery of the U.K. and French economies 
will help offset decelerating growth in 
Germany. PC manufacture in Ireland is strong, 
and much of the growth in the United 
Kingdom is related to multinational companies 
increasing their data processing and consumer 
equipment production. Investment in telecom­
munications infrastructure and the introduction 
of Groupe Sp6ciale Mobile mobile cellular 
phones also provide growth stimulus. 

Dataquest forecasts the Asia/Pacific-Rest of 
World market to grow 21.6 percent in 1992. 
Again, the latest statistics support this outiook: 
Total semiconductor bookings growth for the 
three months ended in July was 25.8 percent 
above year-earlier bookings. Total semiconduc­
tor billings growth for the same period was 
27.2 percent above year-earlier billings. Expan­
sion continues to be driven by foreign invest­
ment and improvement in Western export 
markets. 
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Table 1 
Revenue from Worldwide Total Electronic Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in All Electronic Equipment Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Electronic Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

587,616 

54,339 

44,613 

4,314 

460 

3,854 

31,140 

15,405 

7,808 

7,927 

9,159 

7,320 

2,406 

621,707 

54,545 

44,459 

4,173 

431 

3,742 

30,152 

12,128 

9,584 

8,440 

10,134 

7,674 

2,412 

640,635 

59,694 

48,855 

3,628 

356 

3,272 

34,315 

12,841 

11,774 

9,700 

10,912 

8,035 

2,804 

Source; Dataquest (October 1992) 

Table 2 
Revenue from Worldwide Total Elecfronic Eqidpment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in All Electronic Equipment Applications, 1992-1996 
(MilUons of U.S. DoUars) 

1992 1993 1994 1995 1996 

Total Electronic Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

664,073 

62,925 

52,074 

3,271 

339 

2,932 

37,287 

14,683 

12,985 

9,619 

11,516 

8,126 

2,725 

713,332 

72,668 • 

60,902 

2,989 

274 

2,715 

45,007 

18,927 

14,804 

11,276 

12,907 

8,730 

3,036 

758,637 

82,627 

70,002 

2,733 

209 
2,524 

53,063 

22,888 

17,258 

12,917 

14,206 

9,290 

3,335 

805,230 

88,122 

74,609 

2,498 

185 

2,313 

56,540 

21,978 

20,016 

14,545 

15,571 

9,868 

3,645 

857,288 

94,991 

80,720 

2,252 

176 

2,076 

61,713 

23,661 

21,920 

16,132 

16,754 

10,403 

3,868 

Source: Dauquest COaober 1992) 
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Table 3 
Revenue Growth from Worldwide Total Electronic Equipment Production, a n d Revenue Growth from All 
Semiconductors Shipped to the World for Use in All Electronic Equipment Applications, 1989-1991 
(Percentage Change) 

1989 1990 1991 

Total Electronic Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5.8 

0.4 

-0.3 

-3.3 

-6.3 

-2.9 

-3.2 

-21.3 

22.7 

6.5 

10.6 

4.8 

0.2 

3.0 

9A 

9.9 

-13.1 

-17.4 

-12.6 

13.8 

5.9 

22.9 

14.9 

7.7 

4.7 

16.3 

NA " Not available 

Source: Dauquest (October 1992) 

Table 4 
Revenue Growth from Worldwide Total Electronic Equipment Production, and 
Revenue Growth from All Semiconductors Shipped to the World for Use in All Electronic Equipment 
Applications, 1992-1996 
(Percent^e C h a i s e ) 

Total Electronic Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.7 

5.4 

6.6 

-9.8 

-4.9 

-10.4 

8.7 

14.3 

10.3 

-0.8 

5.5 

1.1 

-2.8 

1993 

7.4 

15.5 

17.0 

-8.6 

-19.1 

-7.4 

20.7 

28.9 

14.0 

17.2 

12.1 

7.4 

11.4 

1994 

6.4 

13.7 

14.9 

-8.6 

-23.7 

-7.0 

17.9 

20.9 

16.6 

14.6 

10.1 

6.4 

9.8 

1995 
6.1 

6.7 

6.6 

-8.6 

-11.6 

-8.4 

6.6 

-4.0 

16.0 

12.6 

9.6 

6.2 

9.3 

1996 

6.5 

7.8 

8.2 

-9.8 

-4.9 

-10.2 

9.1 

7.7 

9.5 

10.9 

7.6 

5.4 

6.1 

CAGR (%) 
1991-1996 

6.0 

9.7 

10.6 

-9.1 

-13.2 

-8.7 

12.5 

13.0 

13.2 

10.7 

9.0 

5.3 

6.6 

Source: Dauquest (October 1992) 
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Table 5 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in All Electronic Equipment 
AppUcations, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

9.2 

7.6 

0.7 

0.1 

0.7 

5.3 

2.6 

1.3 

1.3 

1.6 

1.2 

0.4 

8.8 

7.2 

0.7 

0.1 

0.6 

4.8 

2.0 

1.5 

1.4 

1.6 

1.2 

0.4 

9.3 

7.6 

0.6 

0.1 

0.5 

5.4 

2.0 

1.8 

1.5 

1.7 

1.3 

0.4 

Source: E>auquest (October 1992) 

Table 6 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in All Electronic Equipment 
Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

9.5 10.2 10.9 10.9 11.1 

7.8 

0.5 

0.1 

0.4 

5.6 

2.2 

2.0 

1.4 

1.7 

1.2 

0.4 

8.5 

0.4 

0 

0.4 

6.3 
2.7 

2.1 

1.6 

1.8 

1.2 

0.4 

9.2 

0.4 

0 

0.3 

7.0 

3.0 

2.3 

1.7 

1.9 

1.2 

0.4 

9.3 

0.3 

0 

0.3 

7.0 

2.7 

2.5 

1.8 

1.9 

1.2 

0.5 

9.4 

0.3 

0 

0.2 

7.2 

2.8 

2.6 

1.9 

2.0 

1.2 

0.5 

Source: Dauquest (October 1992) 
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Table 7 
Revenue from Worldwide Data Processing Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Data Processing Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Data Processing 

Total Semiconduaor 

Total IC 

Bifxjlar Digital 

Bijxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompKDnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectfonic 

181,637 

25,565 

23,668 

2,674 

333 

2,341 

19,550 

11,633 

4,283 

3,634 

1,444 

1,489 

408 

188,936 

24,210 

22,345 

2,584 

333 

2,251 

18,173 

8,944 

5,356 

3,874 

1,587 

1,489 

377 

188,409 

26,743 

24,716 

2,281 

282 

1,999 

20,754 

9,553 

6,753 

4,447 

1,682 

1,607 

419 

Source: Oauquest (Oaober 1992) 

Table 8 
Revenue from Worldwide Data Processing Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Data Processing Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Data Processing 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

196,755 

28,684 

26,710 

2,096 

269 

1.827 

22,819 

11,046 

7,386 

4,386 

1,795 

1,514 

460 

'.08,262 

33,890 
31,816 

1,939 
222 

1,717 

27,851 

14,479 

8,311 
5,061 
2,026 
1,564 

509 

221,061 

39,260 

37,094 

1,793 
169 

1,625 

33,079 
17,687 

9,633 
5.758 
2,222 
1.612 

555 

233,425 

40.794 

38.522 

1,650 

150 

1,500 

34.465 

16.730 

11.238 

6.497 

2,406 

1,658 

614 

249.131 

43,667 

41,310 

1.502 

146 

1,357 

37,292 

17.907 

12.264 

7.122 

2,516 

1.709 

648 

Source: Dauquest (October 1992) 
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Table 9 
Revenue Growth from Worldwide Data Processing Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to t he World for Use in Data Processing Applications, 1989-1991 
(Percentage Change) 

1989 1990 1991 

Total Data Processing 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip)olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4.0 

-5.3 

-5.6 

-3.4 

0.1 

-3.8 

-7.0 

-23.1 

25.0 

6.6 

9.9 

0 

-7.7 

-0.3 

10.5 

10.6 

-11.8 

-15.4 

-11.2 

14.2 

6.8 

26.1 

14.8 

6.0 

8.0 

11.3 

NA - Not avaJlable 
Source: Dataquest (October 1992) 

Table 10 
Revenue Growth from Worldwide Data Processii^ Equipment Production, and Revenue Growth firom All 
Semiconductors Shipped to the World for Use in Data Processii^ Applications, 1992-1996 
(Percent^e C h a t ^ ) 

Total Data Processing 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.4 

7.3 

8.1 

-8.1 

-4.7 

-8.6 

9.9 

15.6 

9.4 

-1.4 

6.8 

-5.8 

9.6 

1993 

5.8 

18.1 

19.1 

-7.5 

-17.3 

-6.0 

22.1 

31.1 

12.5 

15.4 

12.8 

3.3 

10.8 

1994 

6.1 

15.8 

16.6 

-7.5 

-23.9 

-5.4 

18.8 

22.2 

15.9 

13.8 

9.7 

3.0 

9.0 

1995 

5.6 

3.9 

3.9 

-8.0 

-11.1 

-7.6 

4.2 

-5.4 

16.7 

12.8 

8.3 

2.9 

10.6 

1996 

6.7 

7.0 

7.2 

-9.0 

-3.1 

-9.6 

8.2 

7.0 

9.1 

9.6 

4.5 
3.0 

5.6 

CAGR (%) 
1991-1996 

5.7 

10.3 

10.8 

-8.0 

-12.4 

-7.5 

12.4 

13.4 

12.7 

9.9 

8.4 
1.2 

9.1 

Source: Dataquest COctober 1992) 
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Table 11 
Inout/Output Ratios of All Semiconductors Shipped to the World for Use in Data P roces s i i ^ Applications, 
1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip>olar Memory 

BifKslar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

14.1 

13.0 

1.5 

0.2 

1.3 

10.8 

6.4 

2.4 

2.0 

0.8 

0.8 

0.2 

12.8 

11.8 

1.4 

0.2 

1.2 

9.6 

4.7 

2.8 

2.1 

0.8 

0.8 

0.2 

14.2 

13.1 

1.2 

0.1 

1.1 

11.0 

5.1 

3.6 

2.4 

0.9 

0.9 

0.2 

Source: Dataquest (October 1992) 

Table 12 
Inout/Output Ratios of All Semiconductors Shipped to the World for Use In Data Processing Applications, 
1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semicondurtor 

Total IC 

Bipolar Digital 

BiF>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total OptoelegfQnlc 

14.6 

13.6 

1.1 

0.1 

0.9 

11.6 

5.6 

3.8 

2.2 

0.9 

0.8 

0.2 

16.3 

15.3 

0.9 

0.1 

0.8 

13.4 

7.0 

4.0 

2.4 

1.0 

0.8 

0.2 

. 17A 

16.8 

0.8 

0.1 

0.7 

15.0 

8.0 

4.4 

2.6 

1.0 

0.7 

0.3 

17.5 

16.5 

0.7 

0.1 

0.6 

14.8 

7.2 

4.8 

2.8 

1.0 

0.7 

0.3 

17.5 

16.6 

0.6 

0.1 

0.5 

15.0 

7.2 

4.9 

2.9 

1.0 

0.7 

0.3 

Source: DaUquest COctober 1992) 
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Table 13 
Revenue from Worldwide Computer Eqiiipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use In Computer Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Computers 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

103,434 

15,853 

15,311 
2,080 

319 

1,761 

13,061 

8,432 

2,725 

1,904 

170 

444 

97 

108,120 

14,584 

14,046 

2,018 

316 

1,702 

11,844 

6,334 

3,478 

2,031 

184 

443 

94 

103.255 

16,230 

15,669 

1,781 

267 

1,514 

13,694 

6,885 

4,503 

2,306 

193 

457 

105 

Source: Dataquest (October 1992) 

Table 14 
Revenue from Worldwide Computer Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Computer Applications, 1992-1996 
(MlUions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Computers 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

.08,940 

17,602 

17,039 

1,703 

254 

1,449 

15.131 

7,889 

4,862 

2,380 

205 

439 

125 

114,088 

20,647 

20,054 

1.578 

211 

1,368 

18,242 

10,117 

5,426 

2,698 

233 

459 

134 

121,892 

23,843 

23,229 

1,466 

161 

1,304 

21,507 

12,267 

6,194 

3,047 

256 

477 

137 

.29,438 

24,030 

23.377 

1,361 

143 

1,217 

21.731 

11,087 

7.183 

3.461 

286 

499 

154 

139.599 

25,476 

24,801 

1,255 

139 

1,116 

23,216 

11.677 

7.779 

3.760 

331 

513 
161 

Source: I}aiaquest (October 1992) 
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Table 15 
Revenue Growth from Worldwide Computer Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Computer Applications, 1989-1991 
(Percentage Change) 

1989 1990 1991 

Total Computers 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompKjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4.5 

-8.0 

-8.3 

-3.0 

-1.0 

-3.4 

-9.3 

-24.9 

27.6 

6.7 

8.3 

-0.2 

-3.0 

-4.5 

11.3 

11.6 

-11.7 

-15.4 

-11.0 

15.6 

8.7 

29.5 

13.5 

4.8 

3.0 

11.3 

NA - Not available 

Source: Dataquest (October 1992) 

Table l 6 
Revenue Growth from Worldwide Computer Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use In Computer Applications, 1992-1996 
(Percenti le Change) 

Total Computers 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

5.5 

8.5 

8.7 

-4.4 

-5.1 

-4.3 

10.5 

14.6 

8.0 

3.2 

6.0 

-3.9 

18.7 

1993 

4.7 

17.3 

17.7 

-7.3 

-17.0 

-5.6 

20.6 

28.2 

11.6 

13.4 

14.1 

4.7 

7.5 

1994 

6.8 

15.5 

15.8 

-7.1 

-23.5 

-4.6 

17.9 

21.3 

14.1 

12.9 

9.8 

3.8 

1.9 

1995 

6.2 

0.8 

0.6 

-7.2 

-11.1 

-6.7 

1.0 

-9.6 

16.0 

13.6 

11.5 

4.6 

12.6 

1996 

7.9 

6.0 

6.1 

-7.8 

-3.2 

-8.3 

6.8 

5.3 

8.3 

8.6 

15.7 

2.9 

5.0 

CAGR (%) 
1991-1996 

6.2 

9.4 

9.6 

-6.8 

-12.3 

-5.9 

11.1 

11.1 

11.6 

10.3 

11.4 

2.4 

9.0 

Source: Dauquest (October 1992) 
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Table 17 
Input /Output Ratios of All Semiconductors Shipped to the World for Use In Computer Applications, 
1989-1991 
(Percent^^e) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

15.3 

14.8 

2.0 

0.3 

1.7 

12.6 

8.2 

2.6 

1.8 

0.2 

0.4 

0.1 

13.5 

13.0 

1.9 

0.3 

1.6 

11.0 

5.9 

3.2 

1.9 

0.2 

0.4 

0.1 

157 

15.2 

1.7 

0.3 

1.5 

13.3 

6.7 

4.4 

2.2 

0.2 

0.4 

0.1 

Source: Dataquest (Oaober 1992) 

Table 18 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Computer Applications, 
1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconductor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

16.2 18.1 19.6 18.6 18.2 

15.6 

1.6 

0.2 

1.3 

13.9 

7.2 

4.5 

2.2 

0.2 

0.4 

0.1 

17.6 

1.4 

0.2 

1.2 

16.0 

8.9 

4.8 

2.4 

0.2 

0.4 

0.1 

19.1 

1.2 

0.1 

1.1 

17.6 

10.1 

5.1 

2.5 

0.2 

0.4 

0.1 

18.1 

1.1 

0.1 

0.9 

16.8 

8.6 

5.5 

2.7 

0.2 

0.4 

0.1 

17.8 

0.9 

0.1 

0.8 

16.6 

8.4 

5.6 

2.7 

0.2 

0.4 

0.1 

Source: Dataquest (October 1992) 
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Table 19 
Revenue from Worldwide Data Storage/Subsystems Equipment Production, and Revenue fivm All 
Semiconductors Shipped to the World for Use in Data Storage/Subsystems Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Data Storage/Subsystems 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

20,511 

3,044 

2,793 

203 

4 

200 

1,826 

650 

604 

572 

764 

219 

32 

20,476 

3,138 

2,887 

183 

5 

178 

1,859 

545 

713 

600 

845 

222 

29 

21,125 

3,276 

3,001 

167 

4 

162 

1,976 

562 

771 

643 

858 

244 

31 

Source: Dataquest (October 1992) 

Table 20 
Revenue from Worldwide Data Storage/Subsystems Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Data Ston^e/Subsystems Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Data Storage/Subsystems 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

21,703 23,457 23,756 24,433 25,237 

3.393 

3,110 

126 

4 

122 

2,075 

600 

825 

650 

909 

245 

37 

3.853 

3.555 

125 

3 
121 

2,418 

861 

860 

697 

1,012 

258 

40 

4,171 

3,862 

108 

2 

106 

2.686 

1,010 

929 

747 

1,068 

266 

42 

4,365 

4,044 

96 

2 

94 

2,841 

1,042 

1,015 

784 

1,106 

277 

44 

4,510 

4,183 

89 

2 

87 

2,999 

1,117 

1,055 

828 

1,095 

281 

45 

Source: Dataquest (October 1992) 

01992 Dataquest Incorporated October—Reproduction Prohibited 



Worldwide Semiconductor Consumption by Application Markets 21 

Table 21 
Revenue Growth from Worldwide Data Storage/Subsystems Equipment Production, and Revenue Growth 
from All Semiconductors Shipped to the World for Use in Data Storage/Subsystems Applications, 
1989-1991 
(Percentage Change) 

1989 1990 1991 
Total Data Storage/Subsystems 

Total Semiconduaor 
Total IC 

Bipolar Digital 
Bipolar Memory 
Bip)olar Logic 

MOS Digital 
MOS Memory 
MOS Microcomponent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

-0.2 

3.1 

3.4 

-9.9 

27.8 

-10.6 

1.8 

-16.1 

18.0 

5.0 

10.6 

1.4 

-10.1 

3.2 

4.4 

4.0 

-9.1 

-12.0 

-9.0 

6.3 

3.1 

8.1 

7.1 

1.6 

9.9 

7.7 

NA - Not available 

Source: DaUquest (October 1992) 

Table 22 
Revenue Growth from Worldwide Data Ston^e/Subsystems Equipment Production, and Revenue Growth 
from All Semiconductors Shipped to the World for Use in Data Storage/Subsystems Applications, 
1992-1996 
(Percentage Change) 

Total Data Storage/Subsystems 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2.7 

3.6 

3.6 

-24.1 

5.5 

-24.8 

5.0 

6.7 

7.0 

1.1 

5.9 

0.7 

19.7 

1993 

8.1 

13.6 

14.3 

-1.3 

-21.3 

-0.6 

16.5 

43.5 

4.3 
7.2 

11.3 

5.2 

7.7 

1994 

1.3 

8.3 

8.7 

-13.1 

-31.6 

-12.6 

11.1 

17.2 

8.1 

7.2 

5.6 

3.3 

4.2 

1995 

2.8 

4.7 

4.7 

-11.2 

-13.4 

-11.2 

5.8 

3.2 

9.2 

5.1 

3.6 

4.0 

4.9 

1996 

3.3 

3.3 

3.4 

-7.9 

-1.6 

-8.0 

5.6 

7.2 

3.9 
5.5 

-1.0 

1.5 

3.5 

CAGR (%) 
1991-1996 

3.6 

6.6 

6.9 

-11.8 

-13.5 

-11.8 

8.7 

14.7 

6.5 
5.2 

5.0 

2.9 

7.8 

Source DaUquest (Oaober 1992) 
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Table 23 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Data Storage/Subsystems 
Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

14.8 

13.6 

1.0 

0 

1.0 

8.9 

3.2 

2.9 

2.8 

3.7 

1.1 

0.2 

15.3 

14.1 

0.9 

0 

0.9 

9.1 

2.7 

3.5 

2.9 

4.1 

1.1 

0.1 

15.5 

14.2 

0.8 

0 

0.8 

9.4 

2.7 

3.6 

3.0 

4.1 

1.2 

0.1 

Source: Oauquest (October 1992) 

Table 24 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Data Ston^e/Subsystems 
Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

BipKslar Digital 

BifKJlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Opioelectrotuc 

15.6 

14.3 

0.6 

0 

0.6 

9.6 

2.8 

3.8 

3.0 

4.2 

1.1 

0.2 

16.4 

15.2 

0.5 

0 

0.5 

10.3 

3.7 

3.7 

3.0 

4.3 

1.1 

0.2 

17.6 

16.3 

0.5 

0 

0.4 

11.3 

4.2 

3.9 

3.1 

4.5 

1.1 

0.2 

17.9 

16.5 

0.4 

0 

0.4 

11.6 

4.3 

4.2 

3.2 

4.5 

1.1 

0.2 

17.9 

16.6 

0.4 

0 

0.3 

11.9 

4.4 

4.2 

3.3 

4.3 

1.1 

0.2 

Source Dataquest (October 1992) 
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Table 25 
Revenue from Worldwide Terminal Equipment Production, and Revenue from All Semiconductors Shipped 
to the World for Use in Terminal Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Terminals 

Total Semiconductor 
Total IC 

Bipolar Digital 
Bipolar Memory 
Bipolar Logic 

MOS Digital 
MOS Memory 
MOS Microcomponent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

15,319 

2,388 

1,998 
141 

2 

139 
1,554 

885 

331 
338 

303 
349 
42 

16,105 

2,318 
1,914 

142 

3 

139 
1,437 

676 

392 
368 
336 

361 

43 

16,664 

2,463 
2,025 

137 
2 

135 
1,505 

627 
460 
418 

383 
391 
47 

Source: Dauquest COctober 1992) 

Table 26 
Revenue from Worldwide Terminal Equipment Production, and Revenue from All Semiconductors Shipped 
to the World for Use in Terminal Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Terminals 

Total Semiconductor 
Total IC 

Bipolar Digital 
Bipolar Memory 
Bipolar Logic 

MOS Digital 
MOS Memory 
MOS Microcomponent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

7,293 

2,427 

2,017 

106 

2 

103 

1,491 

647 

471 

373 
421 

356 

54 

18,377 

2,887 

2,464 

97 

2 

96 
1,865 

834 

567 

464 

502 

363 
60 

19,630 

3,472 

3,035 

94 

1 

92 

2,352 

1,065 

751 

536 

590 

369 

68 

20,803 

3,956 

3,503 

87 

1 

86 

2,749 

1,211 

925 

613 

667 

376 

76 

22,238 

4,207 

3,738 

72 

1 

71 

2,993 

1,304 

1,000 

689 

673 

388 

81 

Source: Dauquest (October 1992) 
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Table 27 
Revenue Growth from Worldwide Terminal Equipment Production, and Revenue Growth frvm All Semi­
conductors Shipped to the World for Use in Terminal Applications, 1989-1991 
(Percentage Change) 

1989 1990 1991 

Total Terminals 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5.1 

-2.9 

-4.2 

0.9 

52.9 

0.3 

-7.5 

-23.6 

18.4 

9.0 

10.7 

3.5 

2.6 

3.5 

6.2 

5.8 

-3.5 

-10.0 

-3.4 

4.8 

-7.3 

17.3 

13.6 

14.1 

8.3 

9.3 

NA - Not available 

Source: Dataquest (October 1992) 

Table 28 
Revenue Growth from Worldwide Terminal Equipment Production, and Revenue Growth from All Semi­
conductors Shipped to the World for Use in Terminal Applications, 1992-1996 
(Percenti le Change) 

Total Terminals 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.8 

-1.5 

-0.4 

-22.9 

-7.3 

-23.2 

-0.9 

3.2 

2.5 

-11.0 

9.8 

-9.1 

16.2 

1993 

6.3 

19.0 

22.1 

-7.7 

-16.1 

-7.5 

25.1 

28.9 

20.3 

24.5 

19.1 

2.2 

10.7 

1994 

6.8 

20.2 

23.2 

-3.7 

-25.6 

-3.3 

26.1 

27.7 

32.5 

15.5 

17.5 

1.6 

12.4 

1995 

6.0 

13.9 

15.4 

-7.2 

-4.2 

-7.3 

16.9 

13.8 

23.1 

14.4 

13.1 

2.0 

12.9 

1996 

6.9 

6.4 

6.7 

-17.0 

1.1 

-17.3 

8.9 

7.6 

8.1 

12.4 

0.9 

3.0 

6.8 

CAGR (%) 
1991-1996 

5.9 

11.3 

13.0 

-12.0 

-10.9 

-12.0 

14.7 

15.8 

16.8 

10.5 

11.9 
-0.2 

11.8 

Source: Oaaquest (October 1992) 
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Table 29 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Terminal Applications, 
1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

15.6 

13.0 

0.9 

0 

0.9 

10.1 

5.8 

2.2 

2.2 

2.0 

2.3 

0.3 

14.4 

11.9 

0.9 

0 

0.9 

8.9 

4.2 

2.4 

2.3 

2.1 

2.2 

0.3 

14.8 

12.2 

0.8 

0 

0.8 

9.0 

3.8 

2.8 

2.5 

2.3 

2.3 

0.3 

Source: Dataquest (October 1992) 

Table 30 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Terminal Applications, 
1992-1996 
(Percent^e) 

1992 1993 1994 1995 1996 

Total Semicondurtor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

14.0 15.7 17.7 19.0 18.9 

11.7 

0.6 

0 

0.6 

8.6 

3.7 

2.7 

2.2 

2.4 

2.1 

0.3 

13.4 

0.5 

0 

0.5 

10.1 

4.5 

3.1 

2.5 

2.7 

2.0 

0.3 

15.5 

0.5 

0 

0.5 

12.0 

5.4 

3.8 

2.7 

3.0 

1.9 

0.3 

16.8 

0.4 

0 

0.4 

13.2 

5.8 

4.4 

2.9 

3.2 

1.8 

0.4 

16.8 

0.3 

0 

0.3 

13.5 

5.9 

4.5 

3.1 

3.0 

1.7 

0.4 

Source: Dataquest (October 1992) 
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Table 31 
Revenue from Worldwide Input/Output Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Input/Output Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Input/Output Devices 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BipKDlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

22,929 

2.556 

2,148 

172 

5 

167 

1,856 

1,099 

359 
398 

120 

293 

114 

25,209 

2,536 

2,134 

179 

6 

173 

1,821 

913 

461 

447 

134 

297 

104 

27,252 

2,898 

2,452 

153 

5 

148 

2,151 

994 

609 

547 

148 

330 

116 

Source: OaUquest (October 1992) 

Table 32 
Revenue from Worldwide Input/Output Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Input/Output Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Input/Output Devices 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

!8,009 

3,352 

2,927 

128 

6 

122 

2,637 

1,315 

763 

559 

162 

307 

118 

30,091 

4,329 

3,867 

119 

4 

115 

3.568 

1,907 

917 

745 

180 

321 

142 

32.282 

5,303 

4,818 

109 

3 

106 

4,511 

2,457 

1,133 

921 

198 

325 

161 

34,028 

5,798 

5,278 

91 

3 

89 

4,966 

2,492 

1,390 

1,084 

221 

334 

186 

35.816 

6,627 

6,079 

74 

3 

71 

5.745 

2.846 

1,647 

1.251 

260 

349 

199 

Source: DaUquest COctober 1992) 
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Table 33 
Revenue Growth from Worldwide Input /Output Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use In Input /Output Applications, 1989-1991 
(Percentage Change) 

1989 1990 1991 

Total Input/Output Devices 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bip)olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9.9 

-0.8 

-0.7 

3.8 

10.3 

3.6 

-1.9 

-16.9 

28.5 

12.3 

11.2 

1.4 

-8.3 

8.1 

14.3 

14.9 

-14.5 

-14.6 

-14.5 

18.1 

8.9 

32.2 

22.4 

10.5 

10.9 

11.0 

NA •• Not available 

Source: Dataquest (October 1992) 

Table 34 
Revenue Growth from Worldwide Input/Output Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use In Input/Output Applications, 1992-1996 
(Percentage Cha i se ) 

Total Input/Output Devices 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bi{x>lar Memory 

BiF>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2.8 

15.7 

19.4 

-16.5 

24.4 

-17.8 

22.6 

32.2 

25.2 

2.2 

9.7 

-6.9 

1.5 

1993 

7.4 

29.2 

32.1 

-6.6 
-24.4 

-5.8 

35.3 

45.0 

20.1 

33.2 

10.6 

4.4 

20.8 

1994 

7.3 

22.5 

24.6 

-8.9 

-34.8 

-7.9 

26.4 

28.8 

23.6 

23.7 

10.5 

1.4 

13.1 

1995 

5.4 

9.3 

9.6 

-16.0 

-12.9 

-16.1 

10.1 

1.4 

22.7 

17.7 

11.5 

2.6 

15.7 

1996 

5.3 

14.3 

15.2 

-18.9 

-1.2 

-19.4 

15.7 

14.2 

18.5 

15.4 

17.8 

4.5 

7.1 

CAGR (%) 
1991-1996 

5.6 

18.0 

19.9 

-13.5 

-12.0 

-13.6 

21.7 

23.4 

22.0 

18.0 

12.0 

1.1 

11.4 

Source: Dauquest (October 1992) 
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Table 35 
Input /Output Ratios of All Semiconductors Shipped to the World for Use in Input /Output Applications, 

1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

BifHDlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

11.1 

9.4 

0.8 

0 

0.7 

8.1 

4.8 

1.6 

1.7 

0.5 

1.3 

0.5 

10.1 

8.5 

0.7 

0 

0.7 

7.2 

3.6 

1.8 

1.8 

0.5 

1.2 

0.4 

10.6 

9.0 

0.6 

0 

0.5 

7.9 

3.6 

2.2 

2.0 

0.5 

1.2 

0.4 

Source: I^auquest (October 1992) 

Table 36 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Input/Output Applications, 
1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

12.0 

10.5 

0.5 

0 

0.4 

9.4 

4.7 

2.7 

2.0 

0.6 

1.1 

0.4 

14.4 

12.9 

0.4 

0 

0.4 

11.9 

6.3 

3.0 

2.5 

0.6 

1.1 

0.5 

16.4 

14.9 

0.3 

0 

0.3 

14.0 

7.6 

3.5 

2.9 

0.6 

1.0 

0.5 

17.0 

15.5 

0.3 

0 

0.3 

14.6 

7.3 

4.1 

3.2 

0.6 

1.0 

0.5 

18.5 

17.0 

0.2 

0 

0.2 

16.0 

7.9 

4.6 

3.5 

0.7 

1.0 

0.6 

Source: Dataquest (October 1992) 
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Table 37 
Revenue from Worldwide Dedicated Systems Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use In Dedicated Systems Applications, 1989-1991 
(MlUlons of U.S. Dollars) 

1989 1990 1991 

Total Dedicated Systems 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

19,444 

1,724 

1,418 

78 

3 

75 

1,254 

568 

264 

422 

86 

184 

123 

19,026 

1,635 

1,363 

62 

4 

59 

1,213 

475 

311 

427 

88 

165 

106 

20,113 

1,876 

1,569 

43 

3 

40 

1,427 

485 

410 

533 

99 

186 

121 

Source: Dataquest (October 1992) 

Table 38 
Revenue from Worldwide Dedicated Systems Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Dedicated Systems Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Dedicated Systems 

Total Semiconductor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

;o,8io 

1,910 

1,617 

33 

2 

31 

1,485 

595 

466 

424 

99 

168 

126 

22,248 

2,173 

1,877 

20 

2 

18 

1,758 

759 

541 

457 

100 

163 

133 

23,500 

2,471 

2,149 

17 

1 

16 

2,023 

889 

626 

508 

109 

174 

148 

24,723 

2,646 

2,320 

15 

1 

14 

2,179 

898 

726 

555 

126 

172 

154 

26,241 

2,847 

2,508 

13 

1 

12 

2,339 

962 

783 

594 

156 

177 

161 

Source Dataquest (October 1992) 
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Table 39 
Revenue Growth from Worldwide Dedicated Systems Equipment Production, and Revenue Growth from 
All Semiconductors Shipped to the World for Use in Dedicated Systems Applications, 1989-1991 
(Percentage Change) 

1989 1990 1991 
Total Dedicated Systems 

Total Semiconduaor 
Total IC 

Bipyolar Digital 
Bipolar Memory 
Bip)olar Logic 

MOS Digital 

MOS Memory 
MOS Microcomponent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

-2.1 

-5.2 

-3.9 

-19.5 

34.9 

-21.5 

-3.3 

-16.4 

18.0 

1.1 

1.7 

-10.0 

-13.6 

5.7 

14.8 

15.1 

-31.7 

-17.7 

-32.6 

17.7 

2.1 

31.6 

24.8 

12.8 

12.5 

13.5 

NA - Not available 

Source: Dataquest (October 1992) 

Table 40 
Revenue Growth £rom Worldwide Dedicated Systems Equipment Production, and Revenue Growth from 
All Semiconductors Shipped to the World for Use in Dedicated Systems Applications, 1992-1996 
(Percent^e Change) 

Total Dedicated Systems 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.5 

1.8 

3.0 

-22.4 

-23.3 

-22.3 

4.0 

22.7 

13.6 

-20.3 

-0.5 

-9.8 

4.2 

1993 

6.9 

13.8 

16.1 

-41.0 

-26.7 

-42.1 

18.4 

27.6 

16.2 

7.8 

1.5 

-2.9 

5.7 

1994 

5.6 

13.7 

14.5 

-13.1 

-37.6 

-10.8 

15.1 

17.1 

15.7 

11.1 

9.2 

6.6 

11.5 

1995 
5.2 

7.1 

8.0 

-9.6 

-16.3 

-9.1 

7.7 

1.1 

15.9 

9.3 

15.3 

-1.1 

3.9 

1996 

6.1 

7.6 

8.1 

-16.5 

-5.0 

-17.2 

7.4 

7.1 

7.9 

7.1 

24.0 

3.3 

4.4 

CAGR (%) 
1991-1996 

5.5 

8.7 

9.8 

-21.4 

-22.5 

-21.3 

10.4 

14.7 

13.8 

2.2 

9.5 

-0.9 

5.9 

Source: Dataquest (Oaober 1992) 
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Table 41 
Input/Output Ratios of All Semiconductors Shipped to the World for Use In Dedicated Systems 
Applications, 1989-1991 
(Percenti le) 

1989 1990 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bip>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.9 

7.3 

0.4 

0 

0.4 

6.4 

2.9 

1.4 

2.2 

0.4 

0.9 

0.6 

8.6 

7.2 

0.3 

0 

0.3 

6.4 

2.5 

1.6 

2.2 

0.5 

0.9 

0.6 

1991 

9.3 

7.8 

0.2 

0 

0.2 

7.1 

2.4 

2.0 

2.6 

0.5 

0.9 

0.6 

Source: Dataquest COaober 1992) 

Table 42 
Input/Output Ratios of All Semiconductors Shipped to the World for Use In Dedicated Systems 
Applications, 1992-1996 
(Percent^e) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

9.2 

7.8 

0.2 

0 

0.1 

7.1 

2.9 

2.2 

2.0 

0.5 

0.8 

0.6 

9.8 

8.4 

0.1 

0 

0.1 

7.9 

3.4 

2.4 

2.1 

0.4 

0.7 

0.6 

10.5 

9.1 

0.1 

0 

0.1 

8.6 

3.8 

2.7 

2.2 

0.5 

0.7 

0.6 

10.7 

9.4 

0.1 

0 

0.1 

8.8 

3.6 

2.9 

2.2 

0.5 

0.7 

0.6 

10.8 

9.6 

0 

0 

0 

8.9 

3.7 

3.0 

2.3 

0.6 

0.7 

0.6 

Source: E>aaquest (October 1992) 
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Table 43 
Revenue from Worldwide Communicat ions Equipment Production, and Revenue £rom All Semiconductors 
Shipped to the World for Use in Communicat ions Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Communications 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bifxslar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

84,492 

6,841 

5,210 

505 

12 

493 

3,314 

1,337 

813 

1,164 

1,390 

1,175 

456 

94,461 

7,468 

5,676 

508 

12 

496 

3,475 

1,125 

1,030 

1.320 

1,692 

1,323 

469 

101,340 

8,131 

6,205 

438 

9 

429 

3,982 

1,165 

1,256 

1,562 

1,785 

1,359 

568 

Source: Dataquest (October 1992) 

Table 44 
Revenue from Worldwide Communications Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use In Communicat ions Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Communications 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelearonic 

107,515 

8,544 

6,588 

363 

11 

352 

4,302 

1,302 

1,404 

1,597 

1,922 

1,374 

583 

116,893 

9,765 

7,670 

324 

8 

316 

5,147 

1,606 

1,641 

1,900 

2,200 

1,460 

635 

124,612 

10,972 

8,745 

286 

5 

281 

5,982 

1,901 

1,940 

2,142 

2,477 

1.533 

694 

134,831 

11,840 

9,509 

252 

4 

248 

6,527 

1,855 

2.299 

2,374 

2,730 

1,589 

741 

143.455 

12,854 

10.397 

216 

4 

212 

7,239 

2,026 

2,547 

2,667 

2,942 

1,671 

785 

Source: Dataquest (October 1992) 
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Table 45 
Revenue Growth £rom Worldwide Conununications Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Communications Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Communications 

Total Semiconductor 
Total IC 

Bipolar Digital 
Bipolar Memory 
Bipolar Logic 

MOS Digital 

MOS Memory 
MOS Microcomponent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

11.8 

9.2 

8.9 

0.6 

-0.6 

0.6 

4.9 

-15.9 

26.7 

13.4 

21.7 

12.6 

2.9 

7.3 

8.9 

9.3 

-13.8 

-21.5 

-13.6 

14.6 

3.5 

21.8 

18.3 

5.4 

2.7 

21.0 

NA - Not available 

Source: Dataquest (October 1992) 

Table 46 
Revenue Growth from Worldwide Communications Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Communications Applications, 1992-1996 
(MilUons of U.S. Dollars) 

Total Communications 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp>onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.1 

5.1 

6.2 

-17.1 

15.9 

-17.9 

8.0 

11.8 

11.8 

2.2 

7.7 

1.1 

2.7 

1993 

8.7 

14.3 

16.4 

-10.8 

-29.7 

-10.3 

19.6 

23.3 

16.9 

19.0 

14.4 

6.3 

8.8 

1994 

6.6 

12.4 

14.0 

-11.7 

-37.9 

-11.1 

16.2 

18.4 

18.2 

12.8 

12.6 

5.0 

9.4 

1995 
8.2 

7.9 

8.7 

-11.8 

-20.8 

-11.6 

9.1 

-2.4 

18.5 

10.8 

10.2 

3.7 

6.8 

1996 

6.4 

8.6 

9.3 

-14.4 

-6.4 

-14.5 

10.9 

9.2 

10.8 

12.3 

7.8 

5.1 

5.9 

CAGR (%) 
1991-1996 

7.2 

9.6 

10.9 

-13.2 

-17.8 

-13.1 

12.7 

11.7 

15.2 

11.3 

10.5 
4.2 

6.7 

Source: Dauquest (October 1992) 
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Table 47 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Communications Applications, 
1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.1 

6.2 

0.6 

0 

0.6 

3.9 

1.6 

1.0 

1.4 

1.6 

1.4 

0.5 

7.9 

6.0 

0.5 

0 

0.5 

3.7 

1.2 

1.1 

1.4 

1.8 

1.4 

0.5 

8.0 

6.1 

0.4 

0 

0.4 

3.9 

1.1 

1.2 

1.5 

1.8 

1.3 

0.6 

Source: Dataquest (October 1992) 

Table 48 
Input/Output Ratios of All Semiconductors Shipped to the World for Use In Communications Applications, 
1992-1996 
(Percent^^e) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectfonic 

7.9 

6.1 

0.3 

0 

0.3 

4.0 

1.2 

1.3 

1.5 

1.8 

1.3 

0.5 

8.4 

6.6 

0.3 

0 

0.3 

4.4 

1.4 

1.4 

1.6 

1.9 

1.2 

0.5 

8.8 

7.0 

0.2 

0 

0.2 

4.8 

1.5 

1.6 

1.7 

2.0 

1.2 

0.6 

8.8 

7.1 

0.2 

0 

0.2 

4.8 

1.4 

1.7 

1.8 

2.0 

1.2 

0.5 

9.0 

7.2 

0.2 

0 

0.1 

5.0 

1.4 

1.8 

1.9 

2.1 

1.2 

0.5 

Source: Dataquest (October 1992) 
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Table 49 
Revenue from Worldwide Premise Telecom Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use In Premise Telecom Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Premise Telecom Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

35,156 

3,245 

2,575 

202 

3 

199 

1,746 

714 

453 

580 

626 

475 

195 

38,066 

3,345 

2,658 

187 

3 

184 

1,722 

572 

542 

608 

749 

505 

182 

40,701 

3,533 

2,833 

152 

3 

150 

1,910 

570 

648 

692 

771 

492 

208 

Source: I>ataquest (October 1992) 

Table 50 
Revenue from Worldwide Premise Telecom Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use In Premise Telecom Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Premise Telecom Equipment 

Total Semiconduaor 

Total IC 

Bif>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

42,624 

3,761 

3,060 

121 

3 

118 

2,101 

629 

742 

729 

838 

479 

222 

1993 

46,073 

4,339 

3,604 

107 

2 

105 

2,529 

776 

885 

868 

969 

494 

240 

1994 

49,017 

4,884 

4,102 

92 

1 

90 

2,932 

926 

1,048 

958 

1,079 

524 

258 

1995 

51,965 

5,234 

4,409 

77 

1 

76 

3,139 

864 

1,226 

1,049 

1,193 

548 

276 

1996 

54,588 

5,732 

4,862 

62 

1 

61 

3,510 

977 

1,380 

1,153 

1,290 

579 

291 

Source: Dataquest (October 1992) 
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Table 51 
Revenue Growth from Worldwide Premise Telecom Equipment Production, and Revenue Growth from All, 
Semiconductors Shipped to the World for Use in Premise Telecom Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Premise Telecom Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bijxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompxanent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8.3 

3.1 

3.2 

-7.6 

-0.2 

-7.7 

-1.4 

-19.9 

198 

4.9 

19.6 

6.2 

-6.8 

6.9 

5.6 

6.6 

-18.5 

-11.1 

-18.6 

10.9 

-0.3 

19.5 

13.8 

3.0 

-2.6 

14.4 

NA - Not available 

Source: DaUquest (October 1992) 

Table 52 
Revenue Growth from Worldwide Premise Telecom Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Premise Telecom Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Premise Telecom Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.7 

6.4 

8.0 

-20.4 

16.8 

-21.0 

10.0 

10.4 

14.5 

5.4 

8.6 

-2.7 

7.0 

1993 

8.1 

15.4 

17.8 

-12.1 

-30.4 

-11.6 

20.4 

23.4 

19.2 

19.0 

15.7 

3.2 

8.0 

1994 

6.4 

12.6 

13.8 

-14.1 

-38.1 

-13.6 

15.9 

19.3 

18.4 

10.4 

11.4 

6.1 

7.4 

1995 

6.0 

7.2 

7.5 

-15.5 

-20.8 

-15.5 

7.1 

-6.6 
17.0 

9.5 

10.6 

4.6 

7.1 

1996 

5.0 

9.5 

10.3 

-20.0 

-11.7 

-20.1 

11.8 

13.0 

12.6 

9.9 

8.1 

5.6 

5.3 

CAGR (%) 
1991-1996 

6.0 

10.2 

11.4 

-16.5 

-18.8 

-16.4 

12.9 

11.4 

16.3 

10.8 

10.8 

3.3 

6.9 

Source: Dataquest (October 1992) 
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Table 53 
Input/Output Ratios of All Semiconductors Shipped to t he World for Use in Premise Telecom 

Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

9.2 

7.3 

0.6 

0 

0.6 

5.0 

2.0 

1.3 

1.6 

1.8 

1.4 

0.6 

8.8 

7.0 

0.5 

0 

0.5 

4.5 

1.5 

1.4 

1.6 

2.0 

1.3 

0.5 

8.7 

7.0 

0.4 

0 

0.4 

4.7 

1.4 

1.6 

1.7 

1.9 

1.2 

0.5 

Source: Dataquest (Oaober 1992) 

Table 54 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Premise Telecom 
Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconductor 

Total IC 

Bipolar Digital 

BifK)lar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.8 

7.2 

0.3 

0 

0.3 

4.9 

1.5 

1.7 

1.7 

2.0 

1.1 

0.5 

9.4 

7.8 

0.2 

0 

0.2 

5.5 

1.7 

1.9 

1.9 

2.1 

1.1 

0.5 

10.0 

8.4 

0.2 

0 

0.2 

6.0 

1.9 

2.1 

2.0 

2.2 

1.1 

0.5 

10.1 

8.5 

0.1 

0 

0.1 

6.0 

1.7 

2.4 

2.0 

2.3 

1.1 

0.5 

10.5 

8.9 

0.1 

0 

0.1 

6.4 

1.8 

2.5 

2.1 

2.4 

1.1 

0.5 

Source: E)auquest (October 1992) 
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Table 55 
Revenue from Worldwide Public Telecom Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Public Telecom Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Public Telecom Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bifxjlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp>onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

24,446 

1,282 

917 

71 

3 

68 

611 

266 

138 

207 

235 

224 

141 

28,450 

1,464 

1,027 

83 

3 

80 

649 

228 

184 

237 

295 

278 

159 

30,763 

1,571 

1,110 

70 

3 

68 

740 

242 

220 

278 

300 

262 

198 

Source: Dataquest (October 1992) 

Table 56 
Revenue £rom Worldwide Public Telecom Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Public Telecom Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Public Telecom Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

32,842 

1,644 

1,187 

69 

3 

(6 

790 

275 

237 

278 

328 

266 

192 

1993 

35,874 

1,840 

1,363 

65 

2 

63 

936 

342 

260 

335 

362 

269 

207 

1994 

37,925 

2,017 

1.523 

62 

1 

61 

1,072 

393 

294 

385 

390 

270 

224 

1995 

40,065 

2,145 

1,635 

57 

1 

57 

1,160 

379 

356 

425 

418 

276 

234 

1996 

43,052 

2,294 

1,753 

53 

1 

52 

1.266 

414 

393 

459 

433 

286 

255 

Source: Dataquest (October 1992) 
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Table 57 
Revenue Growth from Worldwide Public Telecom Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Public Telecom Applications, 1989-1991 
(MiUions of U.S. Dollars) 

1989 1990 1991 

8.1 

7.3 

8.1 

-15.8 

-13.1 

-15.8 

14.0 

6.1 

19.5 

17.4 

1.7 

-5.5 

•24.5 

Total Public Telecom Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BipKjlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

16.4 

14.2 

12.0 

16.9 

1.1 

17.6 

6.3 

-14.1 

33.3 

14.5 

25.4 

24.1 

13.0 

NA - Not available 
Source: Dataquest (October 1992) 

Table 58 
Revenue Growth from Worldwide Public Telecom Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Public Telecom Applications, 1992-1996 
CMllllons of U.S. Dollars) 

Total Public Telecom Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.8 

4.7 

6.9 

-2.1 

10.3 

-2.6 

6.7 

13.4 

8.0 

-0.1 

9.4 

1.3 

-3.2 

1993 

9.2 

11.9 

14.9 

-5.1 

-31.9 

-4.0 

18.5 

24.3 

9.5 

20.3 

10.4 

1.1 

8.3 

1994 

5.7 

9.7 

11.7 

-5.1 

-40.1 

-4.1 

14.5 

14.8 

13.4 

15.0 

7.6 

0.6 

7.9 

1995 

5.6 

6.3 

7.3 

-74 

-22.3 

-6.8 

8.2 

-3.5 

20.9 

10.4 

7.2 

2.1 

4.5 

1996 

7.5 

7.0 

7.2 

-7.4 

-8.2 

-7.4 

9.2 

9.4 

10.3 

8.1 

3.8 

3.5 

9.0 

CAGR (%) 
1991-1996 

7.0 

7.9 

9.6 

-5.4 

-20.3 

-5.0 

11.3 

11.3 

12.3 

10.5 

7.6 

1.7 

5.2 

Source: Dauquest (Oaober 1992) 
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Table 59 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Public Telecom Applications, 
1989-1991 
( P e r c e n t ^ e ) 

1989 1990 1991 

Total Semiconductor 

Toral IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.2 

3.8 

0.3 

0 

0.3 

2.5 

1.1 

0.6 

0.8 

1.0 

0.9 

0.6 

5.1 

3.6 

0.3 

0 

0.3 

2.3 

0.8 

0.6 

0.8 

1.0 

1.0 

0.6 

5.1 

3.6 

0.2 

0 

0.2 

2.4 

0.8 

0.7 

0.9 

1.0 

0.9 

0.6 

Source: Dataquest (October 1992) 

Table 60 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Public Telecom Applications, 
1992-1996 
(Percenti le) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponeiu 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.0 

3.6 

0.2 

0 

0.2 

2.4 

0.8 

0.7 

0.8 

1.0 

0.8 

0.6 

5.1 

3.8 

0.2 

0 

0.2 

2.6 

1.0 

0.7 

0.9 

1.0 

0.7 

0.6 

5.3 

4.0 

0.2 

0 

0.2 

2.8 

1.0 

0.8 

1.0 

1.0 

0.7 

0.6 

5.4 

4.1 

0.1 

0 

0.1 

2.9 

0.9 

0.9 

1.1 

1.0 

0.7 

0.6 

5.3 

4.1 

0.1 

0 

0.1 

2.9 

1.0 

0.9 

1.1 

1.0 

0.7 

0.6 

Source: Dataquest (October 1992) 
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Table 6 l 
Revenue from Worldwide Mobile Communications Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Mobile Communications Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Mobile Communications Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

13,382 

1,450 

1,035 

152 

1 

150 

528 

166 

134 

228 

355 

336 

79 

15,264 

1,695 

1,234 

162 

1 

160 

648 

166 

179 

303 

424 

373 

88 

16,887 

1,983 

1,431 

152 

1 

151 

805 

185 

231 

388 

474 

443 

109 

Source: Dauquest (October 1992) 

Table 62 
Revenue from Worldwide Mobile Communications Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use In Mobile Communications Applications, 1992-1996 
(MllUons of U.S. Dollars) 

Total Mobile Communications Equipunent 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

18,197 

1,968 

1,393 

115 

2 

113 

787 

199 

234 

354 

492 

452 

122 

1993 

19,961 

2,220 

1,582 

103 

1 

101 

921 

231 

276 

414 

559 

503 

135 

1994 

21,863 

2,535 

1,850 

89 

1 

88 

1,094 

272 

332 

490 

666 

531 

154 

1995 

25,991 

2,784 

2,077 

80 

1 

79 

1,253 

298 

386 

570 

744 

538 

169 

1996 

28,046 

3,178 

2,406 

(^ 

1 

65 

1,505 

328 

442 

735 

835 

592 

179 

Source: Dauquest (October 1992) 
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Table 63 
Revenue Growth from Worldwide Mobile Communications Equipment Production, and Revenue Growth 
from All Semiconductors Shipped to the World for Use in Mobile Communicat ions Applications, 
1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Mobile Communications Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipdlai Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp>onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

14.1 

16.9 

19.2 

6.6 
-7.1 

6.7 

22.7 

0 

33.5 

32.8 

19.4 

11.1 

11.1 

10.6 

17.0 

16.0 

-5.9 

0.5 

-6.0 

24.1 

11.7 

29.0 

28.1 

11.9 

18.7 

24.6 

NA - Not available 

Source: Dataquest (October 1992) 

Table 64 
Revenue Growth from Worldwide Mobile Communications Equipment Production, and Revenue Growth 
from All Semiconductors Shipped to the World for Use In Mobile Communications Applications, 
1992-1996 
(MlUlons of U.S. Dollars) 

1992 1993 1994 1995 1996 
CAGR (%) 
1991-1996 

Total Mobile Communications Equipment 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

7.8 

-0.8 

-2.6 

•24.5 

34.4 

•25.0 

-2.2 

7.6 

1.1 

-8.9 

3.7 

2.1 

12.2 

9.7 

12.8 

13.5 

-10.7 

-22.5 

-10.5 

17.0 

15.8 

17.9 

17.1 

13.6 

11.3 

9.9 

9.5 

14.2 

17.0 

-13.0 

-32.3 

-12.8 

18.9 

18.0 

20.5 

18.3 

19.3 

5.4 

14.7 

18.9 

9.8 

12.3 

-10.9 

-11.9 

-10.9 

14.5 

9.3 

16.2 

16.3 

11.7 

1.5 

9.4 

7.9 

14.1 

15.8 

-16.6 

7.4 

-16.9 

20.1 

10.3 

14.4 

29.1 

12.2 

10.0 

6.0 

10.7 

9.9 

11.0 

-15.3 

-7.8 

-15.4 

13.3 

12.1 

13.8 

13.6 

12.0 

6.0 

10.4 

Source Dauquest (Oaober 1992) 
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Table 65 
Input /Output Ratios of All Semiconductors Shipped to the World for Use in Mobile Communicat ions 
Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

BifKjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomjxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

10.8 

7.7 

1.1 

0 

1.1 

3.9 

1.2 

1.0 

1.7 

2.7 

2.5 

0.6 

11.1 

8.1 

1.1 

0 

1.1 

4.2 

1.1 

1.2 

2.0 

2.8 

2.4 

0.6 

11.7 

8.5 

0.9 

0 

0.9 

4.8 

1.1 

1.4 

2.3 

2.8 

2.6 

0.6 

Source: Dataquest (October 1992) 

Table 66 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Mobile Communications 
Applications, 1992-1996 
( P e r c e n t i l e ) 

1992 1993 1994 1995 1996 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

10.8 

7.7 

0.6 

0 

0.6 

4.3 

1.1 

1.3 

1.9 

2.7 

2.5 

0.7 

11.1 

7.9 

0.5 

0 

0.5 

4.6 

1.2 

1.4 

2.1 

2.8 

2.5 

0.7 

11.6 

8.5 

0.4 

0 

0.4 

5.0 

1.2 

1.5 

2.2 

3.0 

2.4 

0.7 

10.7 

8.0 

0.3 

0 

0.3 

4.8 

1.1 

1.5 

2.2 

2.9 

2.1 

0.7 

11.3 

8.6 

0.2 

0 

0.2 

5.4 

1.2 

1.6 

2.6 

3.0 

2.1 

0.6 

Source: Dataquest (October 1992) 
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Table 67 
Revenue from Worldwide Broadcast and Studio Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Broadcast and Studio Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Broadcast and Studio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

3,484 

210 

173 

23 

2 

21 

112 

50 

24 

37 

39 

29 

9 

3,921 

234 

189 

23 

2 

22 

117 

41 

33 

43 

48 

36 

9 

4,164 

249 

205 

21 

0 

21 

135 

43 

41 

51 

49 

34 

10 

Source: E>aUquest (October 1992) 

Table 68 
Revenue from Worldwide Broadcast and Studio Equipment Productton, and Revenue from Ail 
Semiconductors Shipped to the World for Use in Broadcast and Studio Applications, 1992-1996 
(MiUlons of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Broadcast and Studio 

Total Semicondurtor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompranent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1,492 

265 

218 

18 

0 

18 

150 

49 

47 

54 

50 

36 

11 

5,019 

313 

263 

17 

0 

17 

187 

67 

55 

65 

58 

38 

12 

5,448 

361 

308 

17 

0 

17 

227 

85 

71 

72 

64 

39 

14 

5,923 

408 

353 

15 

0 

15 

269 

89 

102 

77 

69 

40 

15 

6,487 

415 

358 

14 

0 

14 

271 

88 

101 

82 

73 

40 

16 

Source: Dattaquest COctober 1992) 
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Table 69 
Revenue Growth from Worldwide Broadcast and Studio Equipment Production, and Revenue Growth from 
AU Semiconductors Shipped to the World for Use in Broadcast and Studio Applications, 1989-1991 
(Minions of U.S. DoUars) 

1989 1990 1991 

Total Broadcast and Studio 

Total Semiconduaor 
Total IC 

Bipolar Digital 
Bipolar Memory 
Bipolar Logic 

MOS Digital 

MOS Memory 
MOS Microcomp)onem 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA. 

NA 

NA 

NA. 

12.6 

11.4 

9.2 

2.5 

2.7 

2.5 

5.3 

-19.2 

37.5 

17.5 

24.4 

25.5 

8.4 

6.2 

6.0 

8.3 

-11.0 

-91.9 

-5.2 

14.7 

4.8 

23.0 

17.6 

1.9 

-6.0 

7.7 

NA - Not available 

Source: E>ataquest (October 1992) 

Table 70 
Revenue Growth from Worldwide Broadcast and Studio Equipment Production, and Revenue Growth from 
All Semiconductors Shipped to the World for Use in Broadcast and Studio Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Broadcast and Studio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bi]x>lar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompKDnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

7.9 

6.6 

6.5 

-13.6 

-40.2 

-13.4 

11.2 

15.1 

14.4 

5.5 

2.1 

6.2 

9.8 

1993 

11.7 

17.9 

20.6 

-5.6 

-54.6 

-5.4 

25.1 

35.8 

17.6 

21.8 

16.4 

3.9 
12.1 

1994 

8.5 

15.4 

17.2 

-1.3 

-23.2 

-1.3 

21.3 

26.9 

27.7 

10.1 

9.6 

3.1 
15.2 

1995 

8.7 

13.1 

14.5 

-11.2 

-14.6 

-11.2 

18.2 

5.4 

44.5 

7.5 

8.1 

3.3 

8.1 

1996 

9.5 

1.6 

1.6 

-4.2 

-33.7 

A.2 

0.8 

-1.4 

-0.9 

5.7 

6.0 

0.4 

5.4 

CAGR (%) 
1991-1996 

9.3 

10.8 

11.9 

-7.3 

-34.8 

-7.2 

15.0 

15.6 

19.7 

9.9 

8.4 

3.4 

10.1 

Source: Dauquest (October 1992) 
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Table 71 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Broadcast and Studio 
Applications, 1989-1991 
(Pe rcen t i l e ) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

BifKDlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomjxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.0 

5.0 

0.7 

0 

0.6 

3.2 

1.4 

0.7 

1.1 

1.1 

0.8 

0.2 

6.0 

4.8 

0.6 

0 

0.6 

3.0 

1.0 

0.9 

1.1 

1.2 

0.9 

0.2 

6.0 

4.9 

0.5 

0 

0.5 

3.2 

1.0 

1.0 

1.2 

1.2 

0.8 

0.2 

Source: Dataquest COctober 1992) 

Table 72 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Broadcast and Studio 
Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.9 

4.9 

0.4 

0 

0.4 

3.3 

1.1 

1.0 

1.2 

1.1 

0.8 

0.2 

6.2 

5.2 

0.3 

0 

0.3 

3.7 

1.3 

1.1 

1.3 

1.2 

0.8 

0.2 

6.6 

5.7 

0.3 

0 

0.3 

4.2 

1.6 

1.3 

1.3 

1.2 

0.7 

0.3 

6.9 

6.0 

0.3 

0 

0.2 

4.5 

1.5 

1.7 

1.3 

1.2 

0.7 

0.3 

6.4 

5.5 

0.2 

0 

0.2 

4.2 

1.4 

1.6 

1.3 

1.1 

0.6 

0.2 

Source: Dauquest (Oaober 1992) 
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Table 73 
Revenue from Worldwide Other Telecom Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Other Telecom Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Other Telecom 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bifjolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8,025 

654 

510 

57 

3 

54 

317 

141 

64 

112 

135 

111 

33 

8,759 

730 

567 

53 

3 

50 

338 

118 

91 

128 

176 

131 

32 

8,826 

796 

626 

43 

3 

40 

393 

125 

115 

153 

190 

127 

43 

Source: Dataquest (October 1992) 

Table 74 
Revenue from Worldwide Other Telecom Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Other Telecom Applications, 1992-1996 
(MilUons of U^. Dollars) 

1992 1993 1994 1995 1996 

Total Other Telecom 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

,360 

906 

730 

40 

3 

37 

475 

149 

143 

182 

215 

141 

36 

9,967 

1,054 

858 

32 

2 

30 

574 

190 

166 

218 

252 

156 

40 

10,359 

1,175 

962 

26 

1 

25 

657 

225 

194 

238 

279 

169 
44 

10,886 

1,269 

1,035 

23 

1 

22 

706 

225 

229 

253 

306 

187 

47 

11,282 

1,236 

1,018 

20 

1 

19 

687 

219 

231 

238 

311 
174 

44 

Source: Oauquest (October 1992) 
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Table 75 
Revenue Growth frx>m Worldwide Other Telecom Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use In Other Telecom Applications, 1989-1991 
(MiUions of U.S. Dollars) 

1989 1990 1991 

Total Other Telecom 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bifxjlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9.1 

11.8 

11.2 

-7.8 

-1.2 

-8.2 

6.6 

-16.1 

42.8 

14.3 

30.3 

18.4 

-2.7 

0.8 

9.0 

10.2 

-19.1 

-13.2 

-19.5 

16.1 

5.4 

26.2 

18.8 

7.8 

-2.9 

34.8 

NA - Not availaUe 

Source: DaUquest (Oaober 1992) 

Table 76 
Revenue Growth from Worldwide Other Telecom Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Other Telecom Applications, 1992-1996 
(MilUons of U.S. Dollars) 

Total Other Telecom 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.1 

13.9 

16.7 

-6.0 

13.9 

-7.3 

20.9 

19.7 

24.3 

19.3 

13.1 

10.5 

-17.0 

1993 

6.5 

16.3 

17.5 

-19.7 

-30.8 

-18.8 

20.8 

27.3 

15.6 

19.6 

17.2 

11.0 

12.5 

1994 

3.9 

11.5 

12.2 

-18.6 

-39.5 

-17.1 

14.6 

18.4 

17.3 

9.1 

10.7 

8.1 

9.2 

1995 

5.1 

8.0 

7.6 

-13.0 

-25.9 

-12.3 

7.5 

-0.2 

17.6 

6.5 

9.8 

10.5 

6.7 

1996 

3.6 

-2.6 

-1.7 

-11.6 

-10.3 

-11.7 

-2.8 

-2.7 

0.9 

-6.1 

1.6 

-6.8 

-5.8 

CAGR (%) 
1991-1996 

5.0 

9.2 

10.2 

-13.9 

-20.5 

-13.5 

11.8 

11.9 

14.9 

9.2 

10.4 

6.4 

0.5 

Source; Dauquest (October 1992) 
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Table Tl 
Input /Output Ratios of All Semiconductors Shipped to the World for Use in Other Telecom Applications, 
1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bip)olar Digital 

Bif)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.1 

6.4 

0.7 

0 

0.7 

4.0 

1.8 

0.8 

1.4 

1.7 

1.4 

0.4 

8.3 

6.5 

0.6 

0 

0.6 

3.9 

1.4 

1.0 

1.5 

2.0 

1.5 

0.4 

9.0 

7.1 

0.5 

0 

0.5 

1.4 

1.3 

1.7 

2.2 

1.4 

0.5 

Source: OataquesC (October 1992) 

Table 78 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Other Telecom Applications, 
1992-1996 
( P e r c e n t ^ e ) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

9.7 10.6 11.3 11.7 11.0 

7.8 

0.4 

0 

0.4 

5.1 

1.6 

1.5 

1.9 

2.3 

1.5 

0.4 

8.6 

0.3 

0 

0.3 

5.8 

1.9 

1.7 

2.2 

2.5 

1.6 

0.4 

9.3 

0.3 

0 

0.2 

6.3 

2.2 

1.9 

2.3 

2.7 

1.6 

0.4 

9.5 

0.2 

0 

0.2 

6.5 

2.1 

2.1 

2.3 

2.8 

1.7 

0.4 

9.0 

0.2 

0 

0.2 

6.1 

1.9 

2.0 

2.1 

2.8 

1.5 

0.4 

Source: Dataquest (October 1992) 
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Table 79 
Revenue from Worldwide Industrial Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use In Industrial Equipment Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Industrial 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

90,940 

5,503 

3,705 

471 

24 

447 

2,158 

839 

653 

1,076 

1,414 

384 

99,139 

5,865 

3,935 

456 

23 

434 

2,216 

687 

780 

749 

1,263 

1,518 

411 

102,514 

6,180 

4,225 

369 

18 

351 

2,527 

714 

945 

868 

1,328 

1,474 

481 

Source: £>ataquest (October 1992) 

Table 80 
Revenue from Worldwide Industrial Equipment Production, and Revenue from All Semiconductors 
Slilpped to the World for Use In Industrial Equipment Applications, 1992-1996 
(MiUions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Industrial 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

104,901 

6,467 

4,464 

331 

22 

309 

2,720 

784 

1,064 

872 

1.413 

1,509 

494 

113,118 

7,459 

5,294 

288 

16 

272 

3.360 

988 

1,277 

1,096 

1,646 

1,618 

547 

121,185 

8,556 

6,212 

254 

10 

244 

4,078 

1,187 

1.554 

1,338 

1,880 

1,730 

615 

128,694 

9,426 

6,912 

224 

8 

216 

4.568 

1,182 

1,806 

1,579 

2,120 

1,831 

683 

137,486 

10,264 

7,605 

198 

8 

190 

5.098 

1,298 

2,007 

1,792 

2,309 

1.931 

729 

Source: Dataquest (October 1992) 
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Table 81 
Revenue Growth from Worldwide Industrial Equipment Production, and Revenue Growth from All Semi­
conductors Shipped to the World for Use in Industrial Equipment Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Industrial 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9.0 

(>£ 

6.2 

-3.2 

-6.5 

-3.0 

2.7 

-18.1 

19.4 

12.4 

17.4 

7.4 

7.2 

3.4 

5.4 

7.4 

-19.1 

-19.7 

-19.1 

14.0 

3.9 

21.2 

15.9 

5.2 

-2.9 

16.8 

NA - Not available 

Source: Dataquest (October 1992) 

Table 82 
Revenue Growth from Worldwide Industrial Equipment Production, and Revenue Growth from All Semi­
conductors Shipped to the World for Use In Industrial Equipment Applications, 1992-1996 
(MilUons of U.S. Dollars) 

Total Industrial 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2.3 

4.6 

5.7 

-10.4 

18.7 

-11.9 

7.6 

9.9 

12.6 

0.4 

6.4 

2.4 

2.8 

1993 

7.8 

15.3 

18.6 

-13.0 

-27.0 

-12.1 

23.6 

25.9 

20.1 

25.7 

16.5 

7.2 

10.7 

1994 

7.1 

14.7 

17.3 

-11.6 

-36.5 

-10.2 

21.3 

20.1 

21.7 

22.1 

14.2 

6.9 

12.4 

1995 

6.2 

10.2 

11.3 

-11.7 

-16.7 

-11.5 

12.0 

-0.4 

16.3 

18.1 

12.8 

5.8 

11.2 

1996 

6.8 

8.9 

10.0 

-11.8 

-AA 

-12.1 

11.6 

9.9 

11.1 

13.5 

8.9 
5.4 

6.7 

CAGR (%) 
1991-1996 

6.0 

10.7 

12.5 

-11.7 

-15.2 

-11.6 

15.1 

12.7 

16.3 

15.6 

11.7 

5.5 

8.7 

Source: Dataquest (October 1992) 
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Table 83 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Industrial Equipment 
Applications, 1989-1991 
(Percent^e) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompxsnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.1 

4.1 

0.5 

0 

0.5 

2.4 

0.9 

0.7 

0.7 

1.2 

1.6 

0.4 

5.9 

4.0 

0.5 

0 

0.4 

2.2 

0.7 

0.8 

0.8 

1.3 

1.5 

0.4 

6.0 

4.1 

0.4 

0 

0.3 

2.5 

0.7 

0.9 

0.8 

1.3 

1.4 

0.5 

Source: Dauquest (October 1992) 

Table 84 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Industrial Equipment 
Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoeiectronic 

6.2 

4.3 

0.3 

0 

0.3 

2.6 

0.7 

1.0 

0.8 

1.3 

1.4 

0.5 

6.6 

4.7 

0.3 

0 

0.2 

3.0 

0.9 

1.1 

1.0 

1.5 

1.4 

0.5 

7.1 

5.1 

0.2 

0 

0.2 

3.4 

1.0 

1.3 

1.1 

1.6 

1.4 

0.5 

7.3 

5.4 

0.2 

0 

0.2 

3.5 

0.9 

1.4 

1.2 

1.6 

1.4 

0.5 

7.5 

5.5 

0.1 

0 

0.1 

3.7 

0.9 

1.5 

1.3 

1.7 

1.4 

0.5 

Source: DaUquest (October 1992) 
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Table 85 
Revenue from Worldwide Security/Energy Management Eqtilpment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Security/Energy Management Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Security/Energy Management 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

10,103 

518 

331 

36 

4 

33 

180 

58 

51 

71 

115 

143 

44 

11,015 

574 

365 

32 

3 

30 

194 

48 

64 

82 

140 

159 

50 

12,788 

654 

411 

27 

2 

25 

233 

54 

80 

100 

151 

179 

64 

Source: Dataquest (October 1992) 

Table 86 
Revenue from Worldwide Security/Energy Management Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Security/Energy Management Applications, 1992-1996 
(MiUions of U.S. Dollars) 

Total Security/Energy Management 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

13,921 

761 

508 

27 

2 

24 

312 

83 

103 

126 

169 

181 

72 

1993 

15.511 

884 

604 

23 

2 

21 

382 

99 

131 

153 

199 

197 

82 

1994 

17,157 

1,025 

727 

20 

1 

18 

476 

120 

165 

191 

231 

206 

93 

1995 

18,813 

1,150 

830 

17 

1 

16 

552 

122 

201 

229 

261 

217 

104 

1996 

20,874 

1,285 

930 

14 

1 

13 

623 

130 

230 

263 

293 

232 

123 

Source: Dataquest (October 1992) 
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Table 87 
Revenue Growth from Worldwide Security/Energy Management Equipment Production, and Revenue 
Growth from All Semiconductors Shipped to the World for Use in Security/Energy Management 
Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Security/Energy Management 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomjxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9.0 

10.8 

10.4 

-11.5 

-24.3 

-10.1 

7.7 

-16.5 

25.2 

14.8 

21.7 

11.1 

13.3 

16.1 

13.9 

12.5 

-16.8 

-22.2 

-16.4 

20.5 

11.2 

25.2 

22.4 

8.1 

12.6 

28.1 

NA - Not avaUable 

Source: Dauquest (October 1992) 

Table 88 
Revenue Growth £rom Worldwide Security/Energy Mani^ement Equipment Production, and Revenue 
Growth from All Semiconductors Shipped to the World for Use in Security/Energy Management 
AppUcations, 1992-1996 
(Millions of U.S. Dollars) 

Total Security/Eneigy Management 

Total Semiconductor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

8.9 

16.4 

23.6 

0.3 

18.7 

-1.2 

33.6 

53.5 

29.7 

25.9 

12.3 

1.4 

11.9 

1993 

11.4 

16.2 

19.0 

-16.2 

-27.1 

-15.1 

22.7 

20.0 

26.4 

21.5 

17.7 

8.9 

14.7 

1994 

10.6 

16.0 

20.3 

-12.8 

-37.0 

-10.7 

24.6 

20.7 

26.7 

25.3 

15.9 

4.2 

12.7 

1995 

9.6 

12.2 

14.1 

-138 

-16.3 

-13.7 

15.9 

1.9 

21.7 

19.5 

13.0 

5.5 

11.7 

1996 

11.0 

11.7 

12.1 

-17.3 

-5.1 

-18.0 

13.0 

7.1 

14.5 

14.8 

12.2 

6.8 

18.7 

CAGR (%) 
1991-1996 

10.3 

14.5 

17.8 

-12.2 

-15.4 

-11.9 

21.7 

19.4 

23.7 

21.3 

14.2 

5.3 

13.9 

Source: Dauquest (October 1992) 
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Table 89 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Security/Energy Management 
Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

BipKjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.1 

3.3 

0.4 

0 

0.3 

1.8 

0.6 

0.5 

0.7 

1.1 

1.4 

0.4 

5.2 

3.3 

0.3 

0 

0.3 

1.8 

0.4 

0.6 

0.7 

1.3 

1.4 

0.5 

5.1 

3.2 

0.2 

0 

0.2 

1.8 

0.4 

0.6 

0.8 

1.2 

1.4 

0.5 

Source: Dataquest (October 1992) 

Table 90 
Input/Output Ratios of All Semiconductors Shipped to the World for Use In Security/Energy Management 
Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.5 

3.6 

0.2 

0 

0.2 

2.2 

0.6 

0.7 

0.9 
1.2 

1.3 

0.5 

5.7 

3.9 

0.1 

0 

0.1 

2.5 

0.6 

0.8 

1.0 

1.3 

1.3 

0.5 

6.0 

4.2 

0.1 

0 

0.1 

2.8 

0.7 

1.0 

1.1 

1.3 

1.2 

0.5 

6.1 

4.4 

0.1 

0 

0.1 

2.9 

0.6 

1.1 

1.2 

1.4 

1.2 

0.6 

6.2 

4.5 

0.1 

0 

0.1 

3.0 

0.6 

1.1 

1.3 
1.4 

1.1 

0.6 

Source: Dataquest (October 1992) 
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Table 91 
Revenue from Worldwide Manufacturing Systems and Inst ruments Equipment Production, a n d Revenue 
from All Semiconductors Shipped to the World for Use In Manufacturing Systems and Ins t rumenta t ion 
AppUcatlons, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Manufacturing Systems and 
Instnimentation 

Total Semiconductor 

Total IC 

Bipolar Digital 

BifKDlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

55,320 

3,715 

2,512 

328 

14 

314 

1,587 

660 

502 

426 

597 

940 

262 

61,277 

3,910 

2,630 

322 

12 

310 

1,617 

544 

593 

479 

691 

997 

283 

62,174 

4,120 

2,830 

260 

10 

250 

1,837 

563 

717 

557 

733 

962 

328 

Source: Dauquest (October 1992) 

Table 92 
Revenue from Worldwide ManuCactiving Systems and Instruments Equipment Production, and Revenue 
from All Semiconductors Shipped to the World for Use in Manufacturing Systems and Instrumentation 
AppUcatlons, 1992-1996 
(Millions of U.S. Dollars) 

Total Manufacturing Systems and 
Instrumentation 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bif)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

62,853 

4,141 

2,859 

222 

12 

210 

1,885 

584 

785 

516 

751 

958 

325 

1993 

67,338 

4,759 

3,389 

193 

9 

184 

2,328 

735 

934 

659 

868 

1,016 

354 

1994 

71,964 

5,443 

3,963 

171 

6 

165 

2,811 

877 

1,121 

813 

981 

1,079 

401 

1995 

76,050 

5,958 

4.376 

150 

5 

145 

3,119 

863 

1,282 

974 

1,107 

1,133 

450 

1996 

80,744 

6,512 

4,846 

134 

4 

129 

3,505 

968 

1,416 

1,121 

1,208 

1,196 

470 

Source: Dataquest (October 1992) 
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Table 93 
Revenue Growth from Worldwide Manufacturing Systems and Instruments Equipment Production, and 
Revenue Growth from All Semiconductors Shipped to the World for Use in Manufacturing Systems and 
Instrumentation Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 
Total Manufacturing Systems and 

Instrumentation 

Total Semiconductor 
Total IC 

Bipolar Digital 
Bipolar Memory 
Bipolar Logic 

MOS Digital 

MOS Memory 
MOS Microcomp>onent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

10.8 

5.3 

4.7 

-1.6 

-9.5 

-1.3 

1.8 

-17.5 

18.1 

12.6 

15.7 

6.0 

8.0 

1.5 

5.4 

7.6 

-19.4 

-18.5 

-19.4 

13.7 

3.5 

21.0 

16.1 

6.1 

-3.5 

15.7 

NA - Not available 

Source: Dataquest (October 1992) 

Table 94 
Revenue Growth from Worldwide Manufacturing Systems and Instruments Equipment Production, and 
Revenue Growth from All Semiconductors Shipped to the World for Use in Manufacturing Systems and 
Instrumentation Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Manufacturing Systems and 
Instnunentation 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

1.1 

0.5 

1.0 

-14.4 

18.7 

-15.7 

2.6 

3.6 

9.5 

-7.3 
2.4 

-0.4 

-1.0 

1993 

7.1 

14.9 

18.6 

-13.2 

-27.2 

-12.4 

23.5 

25.9 

18.9 
27.8 

15.5 

6.0 

9.1 

1994 

6.9 

14.4 

16.9 

-11.5 

-36.5 

-10.3 

20.7 

19.4 

20.0 

23.2 

13.1 

6.3 
13.2 

1995 

5.7 

9.5 

10.4 

-12.3 

-16.7 

-12.2 

11.0 

-1.6 

14.4 

19.8 

12.8 

4.9 

12.2 

1996 

6.2 

9.3 

10.7 

-10.9 

-4.2 

-11.1 

12.4 

12.1 

10.5 

15.1 

9.1 

5.6 

4.5 

CAGR (%) 
1991-1996 

5.4 

9.6 

11.4 

-12.4 

-15.2 

-12.3 

13.8 

11.4 

14.6 

15.0 

10.5 

4.5 

7.5 

Source: Dauquest (October 1992) 
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Table 95 
Input^Output Ratios of All Semiconductors Shipped to the World for Use in Manufacturing Systems and 
Instrumentation Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip)olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.7 

4.5 

0.6 

0 

0.6 

2.9 

1.2 

0.9 

0.8 

1.1 

1.7 

0.5 

6.4 

4.3 

0.5 

0 

0.5 

2.6 

0.9 

1.0 

0.8 

1.1 

1.6 

0.5 

6.6 

4.6 

0.4 

0 

0.4 

3.0 

0.9 

1.2 

0.9 

1.2 

1.5 

0.5 

Source: Dataquest (October 1992) 

Table 96 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Manufacturing Systems and 
Instrumentation Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Ofitoelectronic 

6.6 

4.5 

0.4 

0 

0.3 

3.0 

0.9 

1.2 

0.8 

1.2 

1.5 

0.5 

7.1 

5.0 

0.3 

0 

0.3 

3.5 

1.1 

1.4 

1.0 

1.3 

1.5 

0.5 

7.6 

5.5 

0.2 

0 

0.2 

3.9 

1.2 

1.6 

1.1 

1.4 

1.5 

0.6 

7.8 

5.8 

0.2 

0 

0.2 

4.1 

1.1 

1.7 

1.3 

1.5 

1.5 

0.6 

8.1 

6.0 

0.2 

0 

0.2 

4.3 

1.2 

1.8 

1.4 

1.5 

1.5 

0.6 

Source: Dauquest (Oaober 1992) 
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Table 97 
Revenue from Worldwide Medical Equipment Production, and Revenue from All Semiconductors Shipped 
to the World for Use in Medical AppUcatlons, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Medical Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

12,833 

673 

474 

70 

5 

65 

235 

81 

58 

96 

168 

167 

32 

14,261 

719 

505 

66 

5 

61 

239 

64 

69 

105 

201 

179 

34 

15,005 

734 

529 

54 

4 

50 

266 

65 

84 

117 

210 

166 

39 

Source: Dataquest (Oaober 1992) 

Table 98 
Revenue from Worldwide Medical Equipment Production, and Revenue from All Semiconductors Shipped 
to the World for Use in Medical Applications, 1992-1996 
(MlUlons of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Medical Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

,599 

809 

590 

53 

5 

49 

304 

77 

101 

126 

232 

179 
41 

16,887 

930 

693 

48 

3 

44 

377 

100 

127 

150 

269 
192 

45 

18,110 

1,067 

811 

42 

2 

40 

463 

122 

164 

177 

306 

206 

50 

19,328 

1,177 

905 

38 

2 

36 

526 

123 

206 

197 

341 

217 

55 

20,6l6 

1,255 

976 

33 

2 

31 

581 

132 

237 

211 

363 

221 

58 

Source: Dataquest (October 1992) 
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Table 99 
Revenue Growth from Worldwide Medical Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Medical Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Medical Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bip>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

11.1 

6.9 

6.7 

-5.2 

7.6 

-6.1 

1.3 

-21.2 

18.9 

9.7 

19.2 

7.5 

5.8 

5.2 

2.1 

4.7 

-18.4 

-19.9 

-18.2 

11.3 

1.5 

21.1 

10.8 

4.5 

-7.6 

13.4 

NA - Not available 

Source: Dauquest (October 1992) 

Table 100 
Revenue Growth from Worldwide Medical Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Medical Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Medical Equipment 

Total Semicondurtor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.0 

10.3 

11.4 

-1.1 

19.3 

-2.8 

14.5 

18.1 

20.4 

8.3 

10.7 

7.8 

4.5 

1993 

8.3 

15.0 

17.5 

-10.6 

-26.8 

-9.1 

23.8 

30.8 

25.0 

18.6 

15.8 

7.4 

11.1 

1994 

7.2 

14.7 

17.1 

-11.2 

-36.3 

-9.2 

22.9 

21.2 

29.9 

18.0 

14.0 

7.3 

10.4 

1995 

6.7 

10.2 

11.5 

-10.0 

-16.8 

-9.6 

13.7 

0.9 

25.5 

11.5 

11.3 

5.1 

10.4 

1996 

6.7 

6.7 

7.9 

-12.9 

-4.4 

-13.3 

10.4 

7.8 

14.9 

7.2 

6.3 

2.1 

4.9 

CAGR (%) 
1991-1996 

6.6 

11.3 

13.0 

-9.3 

-15.1 

-8.9 

16.9 

15.3 

23.0 

12.6 

11.6 

5.9 

8.2 

Source: Dataquest (October 1992) 
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Table 101 
Input /Output Ratios of All Semiconductors Shipped to the World for Use in Medical Applications, 

1989-1991 
( P e r c e n t ^ e ) 

1989 1990 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.2 

3.7 

0.5 

0 

0.5 

1.8 

0.6 

0.5 

0.7 

1.3 

1.3 

0.3 

5.0 

3.5 

0.5 

0 

0.4 

1.7 

0.4 

0.5 

0.7 

1.4 

1.3 

0.2 

Source: Dauquest (October 1992) 

Table 102 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Medical Applications, 
1992-1996 
(Percent i le ) 

1992 1993 1994 1995 

1991 

4.9 

3.5 

0.4 

0 

0.3 

1.8 

0.4 

0.6 

0.8 

1.4 

1.1 

0.3 

1996 

6.1 

4.7 

0.2 

0 

0.2 

2.8 

0.6 

1.1 

1.0 

1.8 

1.1 

0.3 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bi{x>lar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.2 

3.8 

0.3 

0 

0.3 

2.0 

0.5 

0.6 

0.8 

1.5 

1.1 

0.3 

5.5 

4.1 

0.3 

0 

0.3 

2.2 

0.6 

0.7 

0.9 

1.6 

1.1 

0.3 

5.9 

4.5 

0.2 

0 

0.2 

2.6 

0.7 

0.9 

1.0 

1.7 

1.1 

0.3 

6.1 

4.7 

0.2 

0 

0.2 

2.7 

0.6 

1.1 

1.0 

1.8 

1.1 

0.3 

Source: Dataquest (October 1992) 
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Table 103 
Revenue from Worldwide Other Industrial Systems Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Other Industrial Systems Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Other Industrial Systems 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

12,684 

597 

389 

38 

2 

35 

156 

40 

42 

74 

196 

164 

45 

12,587 

662 

435 

36 

3 

33 

167 

31 

54 

83 

232 

183 

44 

12,547 

673 

454 

29 

2 

27 

191 

32 

64 

95 

235 

168 

50 

Source: Dauquest (October 1992) 

Table 104 
Revenue from Worldwide Other Industrial Systems Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Other Industrial Systems Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Other Industrial Systems 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

12,528 

756 

508 

28 

2 

26 

219 

41 

74 

104 

261 

191 

57 

13,382 

886 

608 

24 

2 

23 

273 

53 

86 

134 

310 

213 

65 

13,954 

1,020 

710 

21 

1 

20 

328 

68 

103 

157 

361 

239 

71 

14,504 

1,141 

801 

19 

1 

19 

371 

74 

117 

180 

411 

264 

75 

15,251 

1,212 

852 

17 

1 

16 

389 

68 

124 

197 

446 

281 

79 

Soufce: Dauquest (October 1992) 
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Table 105 
Revenue Growth from Worldwide Other Industrial Systems Equipment Production, and Revenue Growth 
from All Semiconductors Shipped to the World for Use In Other Industrial Systems Applications, 
1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

-0.3 

1.6 

4.5 

-19.6 

-21.9 

-19.5 

13.9 

3.8 

18.2 

14.9 

1.4 

-8.1 

13.9 

Other Industrial Systems 

Total Semiconduaor 
Total IC 

Bipolar Digital 
Bip>olar Memory 
Bipolar Logic 

MOS Digital 

MOS Memory 
MOS Microcomponent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

-0.8 

10.9 

11.9 

-4.8 

9.4 

-5.8 

7.7 

-23.1 

28.2 

12.7 

18.4 

11.9 

-2.1 

NA - Not available 

Source: Dataquest COctober 1992) 

Table 106 
Revenue Growth from Worldwide Other Industrial Systems Equipment Production, and Revenue Growth 
from All Semiconductors Shipped to the World for Use In Other Industrial Systems Applications, 
1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 
CAGR (%) 
1991-1996 

Other Industrial Systems 

Total Semiconductor 
Total IC 

Bipolar Digital 
Bipolar Memory 
6ip>olar Logic 

MOS Digital 

MOS Memory 
MOS MicrocompKjnent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

-0.2 

12.4 

11.7 

-1.9 
17.6 

-3.4 

14.6 

29.5 

15.9 

8.8 

11.0 

13.7 

14.3 

6.8 

17.2 

19.7 

-13.5 

-26.4 

-12.3 

24.9 

29.1 

16.5 
29.2 

18.9 

11.6 

14.5 

4.3 

15.1 

16.9 

-12.7 

-36.1 

-10.8 

20.1 

27.5 

19.8 

17.2 

16.5 

11.8 

9.1 

3.9 

11.9 

12.8 

-8.9 

-17.1 

-8.4 

13.1 

8.6 

13.8 

14.6 

13.8 

10.8 

5.8 

5.2 

6.2 

6.3 

-12.3 

-4.8 

-12.7 

4.8 

-7.8 

5.5 

9.6 

8.6 

6.4 

4.6 

4.0 

12.5 
13.4 

-10.0 

-15.3 
-9.6 

15.3 
16.4 

14.2 
15.7 
13.7 
10.8 
9.6 

Source: Dauquest (October 1992) 
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Table 107 
Input /Output Ratios of All Semiconductors Shipped to the World for Use in Other Industrial Systems 

Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

4.7 

3.1 

0.3 

0 

0.3 

1.2 

0.3 

0.3 

0.6 

1.5 

1.3 

0.4 

5.3 

3.5 

0.3 

0 

0.3 

1.3 

0.2 

0.4 

0.7 

1.8 

1.5 

0.3 

5.4 

3.6 

0.2 

0 

0.2 

1.5 

0.3 

0.5 

0.8 

1.9 

1.3 

0.4 

Source: Dauquest (Oaober 1992) 

Table 108 
Input/Output Ratios of All Semiconductors Shipped to the World for Use In Other Industrial Systems 
Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.0 

4.1 

0.2 

0 

0.2 

1.7 

0.3 

0.6 

0.8 

2.1 

1.5 

0.5 

6.6 

4.5 

0.2 

0 

0.2 

2.0 

0.4 

0.6 

1.0 

2.3 

1.6 

0.5 

7.3 

5.1 

0.2 

0 

0.1 

2.4 

0.5 

0.7 

1.1 

2.6 

1.7 

0.5 

7.9 

5.5 

0.1 

0 

0.1 

2.6 

0.5 

0.8 

1.2 

2.8 

1.8 

0.5 

7.9 

5.6 

0.1 

0 

0.1 

2.5 

0.4 

0.8 

1.3 

2.9 

1.8 

0.5 

Source: DaUquest (October 1992) 
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Table 109 
Revenue from Worldwide Consiuner Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use In Consumer Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Consumer 

Total SemiconduCTor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

124,226 

10,890 

7,780 

102 

4 

98 

3,502 

966 

1,096 

1,439 

4,176 

2,205 

906 

131,448 

11,309 

8,121 

91 

3 

88 

3,581 

805 

1,344 

1,433 

4,448 

2,282 

906 

144,454 

12,779 

9,199 

74 

3 

71 

4,151 

860 

1,613 

1,679 

4,974 

2,524 

1,056 

Source: Dataquest (October 1992) 

Table 110 
Revenue from Worldwide Consumer Eqtilpment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Consimier Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Consumer 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

49,218 

13,209 

9,632 

66 

3 
62 

4,367 

983 

1,830 

1,554 

5,199 

2,654 

922 

163,803 

14,872 

10,917 

48 

2 

46 

5,144 

1,206 

2,117 

1,821 

5,725 

2,915 

1,040 

175,705 

16,492 

12,197 

38 

1 

37 

5,958 

1,387 

2,456 

2,115 

6,201 

3,166 

1.129 

187,554 

18,160 

13,460 

32 

1 

31 

6,681 

1,454 

2,850 

2,377 

6,746 

3,471 

1,229 

201,976 

19,680 

14,703 

29 

1 

28 

7,363 

1,597 

3,095 

2,670 

7,312 

3,687 

1,290 

Source: Dataquest (October 1992) 
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Table 111 
Revenue Growth from Worldwide Consumer Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Consumer Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Consumer 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Micrc)comfX)nent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5.8 

3.8 

4.4 

-10.3 

-14.0 

-10.2 

2.3 

-16.7 

22.6 

-0.4 

6.5 

3.5 

0 

9.9 

13.0 

13.3 

-18.8 

-12.6 

-19.0 

15.9 

6.8 

20.1 

17.2 

11.8 

10.6 

16.5 

NA - Not available 
Source: Dataquest (Oaober 1992) 

Table 112 
Revenue Growth from Worldwide Consumer Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use In Consumer Applications, 1992-1996 
(Millions of U^. Dollars) 

Total Consumer 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.3 

3.4 

4.7 

-11.2 

7.1 

-12.0 

5.2 

14.4 

13.4 

-7.4 

4.5 

5.2 

-12.6 

1993 

9.8 

12.6 

13.3 

-26.9 

-30.0 

-26.8 

17.8 

22.6 

15.7 

17.2 

10.1 

9.8 

12.8 

1994 

7.3 

10.9 

11.7 

-21.1 

-41.5 
-20.1 

15.8 

15.1 

16.0 

16.1 

8.3 
8.6 

8.5 

1995 

6.7 

10.1 

10.4 

-14.9 

-22.0 

-14.7 

12.1 

4.8 

16.1 

12.4 

8.8 

9.6 
8.9 

1996 

7.7 

8.4 

9.2 

-10.8 

-9.0 

-10.9 

10.2 

9.8 

8.6 

12.3 

8.4 
6.2 

5.0 

CAGR (%) 
1991-1996 

6.9 

9.0 

9.8 

-17.2 

-20.8 

-17.1 

12.1 

13.2 

13.9 

9.7 

8.0 

7.9 

4.1 

Source: Dataquest (Oacber 1992) 
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Table 113 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Constmier Applications, 
1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.8 

6.3 

0.1 

0 

0.1 

2.8 

0.8 

0.9 

1.2 

3.4 

1.8 

0.7 

8.6 

6.2 

0.1 

0 

0.1 

2.7 

0.6 

1.0 

1.1 

3.4 

1.7 

0.7 

8.8 

6.4 

0.1 

0 

0 

2.9 

0.6 

1.1 

1.2 

3.4 

1.7 

0.7 

Source: Dataquest (October 1992) 

Table 114 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Consumer Applications, 
1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocomfKinent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.9 

6.5 

0 

0 

0 

2.9 

0.7 

1.2 

1.0 

3.5 

1.8 

0.6 

9.1 

6.7 

0 

0 

0 

3.1 

0.7 

1.3 

1.1 

3.5 

1.8 

0.6 

9.4 

6.9 

0 

0 

0 

3.4 

0.8 

1.4 

1.2 

3.5 

1.8 

0.6 

9.7 

7.2 

0 

0 

0 

3.6 

0.8 

1.5 

1.3 

3.6 

1.9 

0.7 

9.7 

7.3 

0 

0 

0 

3.6 

0.8 

1.5 

1.3 

3.6 

1.8 

0.6 

Source: Dauquest (October 1992) 
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Table 115 
Revenue f rom Worldwide Audio Equipment Production, and Revenue from All Semiconductors Shipped to 
the World for Use in Audio Applications, 1989-1991 
(Millions of TJ.S. Dollars) 

1989 1990 1991 

Total Audio 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

Bif>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

15,809 

2,082 

1,408 

18 

0 

18 

528 

99 

177 

252 

862 

410 

264 

16,849 

2,177 

1,453 

12 

0 

12 

533 

85 

209 

239 

908 

460 

264 

19,964 

2,535 

1,696 

11 

0 

11 

652 

87 

261 

304 

1,033 

524 

315 

Source: Dauquest (October 1992) 

Table l l 6 
Revenue from Worldwide Audio Equipment Production, and Revenue £rom All Semiconductors Shipped to 
the World for Use in Audio Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Audio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

21,098 

2,680 

1.831 

8 

0 

8 

716 

109 

331 

275 

1,107 

573 

276 

23.483 

3,059 

2,131 

6 

0 

6 

868 

139 

402 

327 

1,257 

618 

309 

25,764 

3,410 

2,415 

5 

0 

5 

995 

171 

443 

380 

1,415 

666 

330 

28,176 

3,730 

2,657 

4 

0 

4 

1,114 

188 

503 

423 

1.538 

717 

356 

31,124 

3,776 

2,696 

4 

0 

4 

1,177 

192 

514 

472 

1,515 

713 

366 

Source: Dauquest (October 1992) 
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Table 117 
Revenue Growth from Worldwide Audio Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Audio Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Audio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

MM 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

6.6 

4.6 

3.2 

-32.4 

NM 

-32.4 

0.9 

-14.5 

18.0 

-5.1 

5.3 

12.3 

0 

18.5 

16.4 

16.7 

-14.5 

NM 

-14.5 

22.4 

2.5 

24.9 

27.3 

13.8 

13.8 

19.3 

NA - No* available 

NM - Not meaningful 

Source: Dauquest (October 1992) 

Table 118 
Revenue Growth from Worldwide Audio Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Audio Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 
CAGR (%) 
1991-1996 

Total Audio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.7 11.3 9.7 9.4 10.5 9.3 

5.7 

8.0 

-22.9 

NM 

•22.9 

9.7 

25.9 

26.9 

-9.6 

7.2 

9.3 

•12.4 

14.1 

16.4 

-26.5 

NM 

-26.5 

21.3 

27.3 

21.2 

19.1 
13.6 

7.9 

12.0 

11.5 

13.3 

-11.1 

NM 

-11.1 

14.6 

23.3 

10.3 

16.1 

12.5 

7.6 

6.7 

9.4 

10.0 

-16.0 

NM 

-16.0 

12.0 

9.7 

13.7 

11.1 

8.7 

7.8 

7.8 

1.2 

1.5 

-12.5 

NM 

-12.5 

5.6 
1.9 

2.0 

11.6 

-1.5 

-0.6 

3.0 

8.3 

9.7 

-18.0 

NM 

-18.0 

12.5 

17.2 

14.5 

9.2 

8.0 

6.4 

3.1 

NM - Not meaningful 

Source: Dataquest (October 1992) 

01992 IJataquest Incorporated (October—Reproduction Prohibited 



70 Semiconductor Application Marlcets Worldwide 

Table 119 
Input/Output Ratios of AU Semiconductors Shipped to the World for Use in Audio Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

13.2 

8.9 

0.1 

0 

0.1 

3.3 

0.6 

1.1 

1.6 

5.4 

2.6 

1.7 

12.9 

8.6 

0.1 

0 

0.1 

3.2 

0.5 

1.2 

1.4 

5.4 

2.7 

1.6 

12.7 

8.5 

0.1 

0 

0.1 

3.3 

0.4 

1.3 

1.5 

5.2 

2.6 

1.6 

Source: OaUquest (October 1992) 

Table 120 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Audio Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

12.7 

8.7 

0 

0 

0 

3.4 

0.5 

1.6 

1.3 

5.2 

2.7 

1.3 

13.0 

9.1 

0 

0 

0 

3.7 

0.6 

1.7 

1.4 

5.4 

2.6 

1.3 

13.2 

9.4 

0 

0 

0 

3 9 

0.7 

1.7 

1.5 

5.5 

2.6 

1.3 

13.2 

9.4 

0 

0 

0 

4.0 

0.7 

1.8 

1.5 

5.5 

2.5 

1.3 

12.1 

8.7 

0 

0 

0 

3.8 

0.6 

1.7 

1.5 

4.9 

2.3 

1.2 

Source: Dataquest (October 1992) 
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Table 121 
Revenue from Worldwide A^deo Equipment Production, and Revenue from All Semiconductors Shipped to 
the World for Use in Mdeo AppUcatlons, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Video 

Total Semiconduaor 

Total IC 

BifX)lar Digital 

Bipolar Memory 

BifKDlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

39,659 

5,446 

3,936 

32 

2 

30 

1,746 

310 

548 

888 

2,158 

1,104 

406 

42,508 

5,555 

4,020 

30 

2 

28 

1,744 

251 

641 

852 

2,246 

1,127 

408 

46,043 

6,257 

4,509 

25 

2 

23 

1,978 

268 

744 

966 

2,505 

1,274 

• 475 

Source: Dataquest (October 1992) 

Table 122 
Revenue from Worldwide Video Equipment Production, and Revenue fit>m All Semiconductors Shipped to 
the World for Use in Video Applications, 1992-1996 
(Millions of U^. Dollars) 

1992 1993 1994 1995 1996 

Total Video 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomjxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectrotuc 

47,053 

6,052 

4,353 

27 

2 

25 

1,921 

302 

769 

850 

2,405 

1,311 

388 

51,184 

6,589 

4,703 

19 

1 

18 

2,207 

375 

857 

975 

2,478 

1,435 

451 

54,590 

7,105 

5,054 

15 

0 

15 

2,523 

417 

990 

1,117 

2,516 

1,554 

496 

58,876 

7,838 

5,587 

14 

0 

14 

2,852 

453 

1,142 

1,256 

2,721 

1,714 

537 

63,545 

8,751 

6,339 

13 

0 

13 

3,157 

473 

1,236 

1,448 

3,170 

1,851 

561 

Source: Dauquest COctober 1992) 
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Table 123 
Revenue Growth from Worldwide Video Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Video Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Video 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7.2 

2.0 

2.1 

-5.9 

16.5 

-7.2 

-0.1 

-19.0 

17.0 

-4.1 

4.1 

2.1 

0.3 

8.3 

12.6 

12.2 

-16.0 

-15.0 

-16.0 

13.5 

6.8 

16.1 

13.4 

11.5 

13.0 

16.4 

NA - Not available 
Source: Dataquest (October 1992) 

Table 124 
Revenue Growth from Worldwide Video Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use In Video Applications, 1992-1996 
(Millions of U.S. Etollars) 

Total Video 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2.2 

-3.3 

-3.5 

6.0 

9.4 

5.8 

-2.9 

12.9 

3.3 

-12.0 

-4.0 

2.9 

-18.1 

1993 

8.8 

8.9 

8.0 

-30.8 

-69.8 

-27.8 

14.9 

24.1 

11.4 

14.7 

3.0 

9.5 

16.1 

1994 

6.7 

7.8 

7.5 

-20.2 

-58.0 

-19.0 

14.3 

11.1 

15.5 

14.6 

1.5 

8.3 

10.0 

1995 

7.9 

10.3 

10.6 

-5.5 

-50.7 

-4.8 

13.0 

8.8 

15.4 

12.5 

8.2 

10.3 

8.2 

1996 

7.9 

11.7 

13.5 

-9.4 

-64.1 

-9.0 

10.7 

4.4 

8.2 

15.2 

16.5 

8.0 

4.4 

CAGR (%) 
1991-1996 

6.7 

6.9 
7.1 

-12.9 

-52.3 

-11.7 

9.8 

12.1 

10.7 

8.4 

4.8 

7.8 

3.4 

Source: DaUquest (October 1992) 
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Table 125 
Input/Output Ratios of All Semiconductors Shipped to the "World for Use in "Video Applications, 1989-1991 
(Percent^e) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

13.7 

9.9 

0.1 

0 

0.1 

4.4 

0.8 

1.4 

2.2 

5.4 

2.8 

1.0 

13.1 

9.5 

0.1 

0 

0.1 

4.1 

0.6 

1.5 

2.0 

5.3 

2.7 

1.0 

13.6 

9.8 

0.1 

0 

0.1 

4.3 

0.6 

1.6 

2.1 

5.4 

2.8 

1.0 

Source: Dataquest (Oaober 1992) 

Table 126 
Input/Output Ratios of All Semiconductors Shipped to the "World for Use In "Video Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BifXjlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomf)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

12.9 

9.3 
0.1 

0 

0.1 

4.1 

0.6 

1.6 

1.8 

5.1 

2.8 

0.8 

12.9 

9.2 

0 

0 

0 

4.3 

0.7 

1.7 

1.9 

4.8 

2.8 

0.9 

13.0 

9.3 
0 

0 

0 

4.6 

0.8 

1.8 

2.0 

4.6 

2.8 

0.9 

13.3 

9.5 

0 

0 

0 

4.8 

0.8 

1.9 

2.1 

4.6 

2.9 

0.9 

13.8 

10.0 

0 

0 

0 

5.0 

0.7 

1.9 

2.3 

5.0 

2.9 

0.9 

Source: Dataquest (October 1992) 
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Table 127 
Revenue £rom Worldwide Personal Electronics Equipment Production, a n d Revenue £rom All 
Semiconductors Shipped to the World for Use in Personal Electronics Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Personal Electronics 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

14,363 

1,253 

999 

29 

0 

29 

624 

309 

151 

163 

346 

130 

125 

16,790 

1,386 

1,120 

31 

0 

31 

697 

269 

224 

204 

392 

137 

129 

17,871 

1,562 

1,276 

25 

0 

25 

808 

295 

268 

244 

444 

142 

144 

Source: Dataquest (October 1992) 

Table 128 
Revenue from Worldwide Personal Electronics Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Personal Electronics Applications, 1992-1996 
(MilUons of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Personal Electronics 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory ' 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.969 

1.685 

1.399 

20 

0 

20 

876 

311 

309 

256 

504 

156 

130 

20,859 

1.908 

1.603 

15 

0 

15 

997 

348 

349 

301 

591 

164 

141 

21.992 

2.226 

1,901 

12 

0 

12 

1,208 

395 

445 

368 

681 

170 

155 

23,186 

2.480 

2.128 

9 

0 

9 

1,397 

412 

563 

422 

722 

177 

174 

24,493 

2.661 

2,292 

9 

0 

9 

1.593 

490 

645 

459 

690 

176 

193 

Source: DaUquest (October 1992) 
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Table 129 
Revenue Growth from Worldwide Personal Electronics Eqiiipment Production, and Revenue Growth from 
All Semiconductors Shipped to the World for Use in Personal Electronics Applications, 1989-1991 
(MilUons of U.S. DoUars) 

1989 1990 1991 

Total Personal Electronics 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NM 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

16.9 

10.6 

12.1 

5.1 

NM 

5.1 

11.8 

-12.9 

48.2 

24.7 

13.4 

5.9 

3.4 

6.4 

12.7 

13.9 

-19.6 

NM 

-19.6 

15.8 

9.7 

19.7 

19.6 

13.1 

3.6 

11.9 

NA - Not available 

NM - Not meaningful 

Source: Oataquest (Oaober 1992) 

Table 130 
Revenue Growth from Worldwide Personal Electronics Equipment Production, and Revenue Growth from 
All Semiconductors Shipped to the World for Use in Personal Electronics Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Personal Electronics 

Total Semiconductor 

Total IC 

Bip)olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.1 

7.8 

9.7 

-20.6 

NM 

-20.6 

8.4 

5.3 

15.1 

4.9 

13.7 

9.5 

-10.1 

1993 

10.0 

13.2 

14.6 

-22.5 

NM 

-22.5 

13.9 

11.9 

12.8 

17.6 

17.2 

5.3 

8.4 

1994 

5.4 

16.7 

18.6 

-23.8 

NM 

-23.8 

21.2 

13.7 

27.5 

22.4 

15.3 

3.9 

10.5 

1995 

5.4 

11.4 

12.0 

-19.3 

NM 

-19.3 

15.6 

4.3 

26.7 

14.5 
6.0 

4.1 

12.0 

1996 

5.6 

7.3 

7.7 

-6.1 

NM 

-6.1 

14.1 

18.8 

14.5 

8.8 

-4.4 

-0.7 

10.8 

CAGR (%) 
1991-1996 

6.5 

11.2 

12.4 

-18.7 

NM 

-18.7 

14.6 

10.7 

19.1 

13.5 

9.2 

4.4 

6.0 

NM - Not meaningful 

Souice: Dataquest (October 1992) 
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Table 131 
Input /Output Ratios of All Semiconductors Shipped to the World for Use in Personal Electronics 

Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

BifXjlar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.7 

7.0 

0.2 

0 

0.2 

4.3 

2.2 

1.1 

1.1 

2.4 

0.9 

0.9 

8.3 

6.7 

0.2 

0 

0.2 

4.2 

1.6 

1.3 

1.2 

2.3 

0.8 

0.8 

8.7 

7.1 

0.1 

0 

0.1 

4.5 

1.7 

1.5 

1.4 

2.5 

0.8 

0.8 

Source: Dataquest (October 1992) 

Table 132 
Input /Output Ratios of All Semiconductors Shipped to the World for Use In Personal Electronics 
Applications, 1992-1996 
( P e r c e n t ^ e ) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

8.9 

7.4 

0.1 

0 

0.1 

4.6 

1.6 

1.6 

1.3 

2.7 

0.8 

0.7 

9.1 

7.7 

0.1 

0 

0.1 

4.8 

1.7 

1.7 

1.4 

2.8 

0.8 

0.7 

10.1 

8.6 

0.1 

0 

0.1 

5.5 

1.8 

2.0 

1.7 

3.1 

0.8 

0.7 

10.7 

9.2 

0 

0 

0 

6.0 

1.8 

2.4 

1.8 

3.1 

0.8 

0.8 

10.9 

9.4 

0 

0 

0 

6.5 

2.0 

2.6 

1.9 

2.8 

0.7 

0.8 

Source: Dauquest (October 1992) 
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Table 133 
Revenue from Worldwide Appliances Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Appliances Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Appliances 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

45,074 

1,571 

1,114 

18 

0 

18 

463 

189 

178 

96 

634 

382 

75 

45,768 

1,642 

1,191 

14 

0 

14 

468 

153 

218 

97 

708 

384 

68 

50,394 

1,810 

1,333 

10 

0 

10 

545 

157 

273 

114 

778 

398 

79 

Source: Dataquest (October 1992) 

Table 134 
Revenue from Worldwide Appliances Eqiiipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Appliances Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Appliances 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

52,247 57,162 61,515 65,079 69,871 

2,088 

1,578 

8 

0 

8 

644 
191 

335 

118 

926 

429 

81 

2,452 

1,891 

6 

0 

6 

784 

252 

387 

146 

1,101 

474 

87 

2,771 

2,160 

5 

0 

5 

902 

296 

437 

168 

1,253 

521 

90 

3,023 

2,354 

3 

0 

3 

957 

282 

487 

188 

1,393 

571 

99 

3,380 

2,627 

2 

0 

2 

1,062 

314 

545 

203 
1,562 

650 

103 

Source: Dataquest (October 1992) 
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Table 135 
Revenue Growth from Worldwide Appliances Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Appliances Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Appliances 

Total Semiconduaor 

Total IC 

Bipolar Digital 

BifX)lar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.5 

4.5 

6.8 

-18.5 

-51.3 

-18.5 

1.2 

-19.2 

22.7 

1.4 

11.7 

0.3 

-8.7 

10.1 

10.2 

12.0 

-28.0 

-48.4 

-28.0 

16.4 

2.9 

25.3 

17.3 

9.9 

3.8 

15.1 

NA - Not available 

Source: Dauquest (October 1992) 

Table 136 
Revenue Growth from Worldwide Appliances Equipment Production, and Revenue Growth fix>m All 
Semiconductors Shipped to the World for Use in Appliances Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Appliances 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.7 

15.3 

18.3 

-22.8 

-18.1 

-22.8 

18.2 

21.3 

22.4 

3.7 

19.0 

7.7 

3.4 

1993 

9.4 

17.4 

19.9 

-27.6 

-24.0 

-27.6 

21.8 

32.2 

15.5 

22.8 

18.9 

10.5 

7.1 

1994 

7.6 

13.0 

14.2 

-12.5 

-33.6 

-12.5 

15.1 

17.7 

13.2 

15.7 

13.8 

9.9 

3.5 

1995 

5.8 

9.1 

9.0 

-31.2 

-49.7 

-31.2 

6.1 

-4.8 

11.4 

11.4 

11.2 

9.5 

10.0 

1996 

7.4 

11.8 

11.6 

-29.4 

-56.0 

-29.4 

11.0 

11.2 

12.0 

8.1 

12.1 

14.0 

4.4 

CAGR (»/o) 
1991-1996 

6.8 

13.3 

14.5 

-25.0 

-38.0 

-25.0 

14.3 

14.8 

14.8 

12.2 

15.0 

10.3 

5.6 

Source: Dauquest (October 1992) 
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Table 137 
Input /Outpu t Ratios of All Semiconductors Shipped to the World for Use in Appliances Applications, 
1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

3.5 

2.5 

0 

0 

0 

1.0 

0.4 

0.4 

0.2 

1.4 

0.8 

0.2 

3.6 

2.6 

0 

0 

0 

1.0 

0.3 

0.5 

0.2 

1.5 

0.8 

0.1 

3.6 
2.6 

0 

0 

0 

1.1 

0.3 

0.5 

0.2 

1.5 

0.8 

0.2 

Source: Dataquest (Oaober 1992) 

Table 138 

Inpu t /Outpu t Ratios of All Semiconductors Shipped to the World for Use in Appliances Applications, 
1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bi{x>lar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

4.0 

3.0 

0 

0 

0 

1.2 

0.4 

0.6 

0.2 

1.8 

0.8 

0.2 

4.3 

3.3 

0 

0 

0 

1.4 

0.4 

0.7 

0.3 

1.9 

0.8 

0.2 

4.5 

3.5 

0 

0 

0 

1.5 

0.5 

0.7 

0.3 

2.0 

0.8 

0.1 

4.6 

3.6 

0 

0 

0 

1.5 

0.4 

0.7 

0.3 

2.1 

0.9 

0.2 

4.8 

3.8 

0 

0 

0 

1.5 

0.4 

0.8 

0.3 

2.2 

0.9 

0.1 

Source: Dauquest (October 1992) 
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Table 139 
Revenue from Worldwide Other Consiuner Equipment Production, and Revenue from All Semiconductors 

Shipped to the World for Use in Other Consumer Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Other Consumer 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

9,321 

537 

322 

4 

2 

2 

142 

60 

42 

39 

176 

179 

36 

9,533 

548 

337 

4 

1 

2 

139 

48 

51 

40 

194 

174 

37 

10,182 

615 

386 

3 

1 

2 

169 

53 

66 

50 

214 

186 

43 

Source: Dauquest (October 1992) 

Table 140 
Revenue from Worldwide Other Consiuner Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Other Consumer Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Other Consumer 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

9,851 

704 

472 

3 

1 

2 

211 

71 

86 

55 

257 

186 

47 

11,114 

865 

589 

2 

2 

1 

288 

92 

124 

72 

298 

224 

52 

11,845 

980 

668 

1 

1 

0 

330 

108 

141 

81 

337 

255 

57 

12,237 

1,089 

733 

1 

1 

0 

361 

118 

154 

89 

371 

292 

64 

12,944 

1,112 

749 

1 

1 

0 

373 

129 

156 

89 

375 

296 

67 

Source: Dataquest (October 1992) 

©1992 Dataquest Incorporated October-Reproduction Prohibited 



Worldwide Semiconductor Consumption by Application Markets 81 

Table l 4 l 
Revenue Growth from Worldwide Other Consumer Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Other Constmier Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Other Consumer 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2.3 

2.0 

4.6 

-19.6 

-36.5 

-1.0 

-1.6 

-20.8 

21.4 

2.9 

10.2 

-2.8 

2.3 

6.8 

12.2 

14.4 

-14.1 

-9.4 

-17.4 

21.1 

11.3 

28.6 

23.2 

10.1 

6.8 

16.6 

NA - Not available 

Source: E)ataquest (October 1992) 

Table 142 
Revenue Growth from Worldwide Other Consumer Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Other Consumer Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Other Consumer 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BiF>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomjxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

-3.3 

14.6 

22.2 

2.8 

4.2 

1.8 

25.2 

33.6 

29.8 

10.1 

20.1 

0.2 

8.1 

1993 

12.8 

22.7 

24.8 

-21.8 

23.1 

-57.5 

36.2 

30.0 

44.0 

32.0 

16.0 

20.4 

11.4 

1994 

6.6 

13.3 

13.5 

-55.5 

-36.2 

NM 

14.6 

17.0 

14.2 

12.1 

12.9 

13.8 

9.2 

1995 

3.3 

11.1 

9.8 

-15.8 

-15.8 

NM 

9.4 

9.8 

8.9 

9.6 

10.3 

14.5 

11.8 

1996 

5.8 

2.1 

2.1 

-2.1 

-2.1 

NM 

3.4 

8.6 

1.2 

0.4 

0.9 

1.3 

5.2 

CAGR (%) 
1991-1996 

4.9 

12.6 

14.2 

-21.6 

-7.5 

-100.0 

17.2 

19.4 

18.7 

12.4 

11.9 

9.8 

9.1 

NM - Not meaningful 

Source: Dataquesc (October 1992) 
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Table 143 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Other Consiuner Applications, 
1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomfxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.8 

3.5 

0 

0 

0 

1.5 

0.6 

0.5 

0.4 

1.9 

1.9 

0.4 

5.8 

3.5 

0 

0 

0 

1.5 

0.5 

0.5 

0.4 

2.0 

1.8 

0.4 

6.0 

3.8 

0 

0 

0 

1.7 

0.5 

0.6 

0.5 

2.1 

1.8 

0.4 

Source: Dauquest (October 1992) 

Table 144 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Other Consumer Applications, 
1992-1996 
(Percent^e) 

1992 1993 1994 1995 1996 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

7.2 

4.8 

0 

0 

0 

2.1 

0.7 

0.9 

0.6 

2.6 

1.9 

0.5 

7.8 

5.3 

0 

0 

0 

2.6 

0.8 

1.1 

0.6 

2.7 

2.0 

0.5 

8.3 

5.6 

0 

0 

0 

2.8 

0.9 

1.2 

0.7 

2.8 

2.2 

0.5 

8.9 

6.0 

0 

0 

0 

3.0 

1.0 

1.3 

0.7 

3.0 

2.4 

0.5 

8.6 

5.8 

0 

0 

0 

2.9 

1.0 

1.2 

0.7 

2.9 

2.3 

0.5 

Source: DaUquest (October 1992) 
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Table 145 
Revenue from Worldwide MUltary/Civll Aerospace Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Milltary/Clvll Aerospace Applications, 1989-1991 
(MllUons of U.S. Dollars) 

1989 1990 1991 

Total Military/Civil Aerospace 

Total Semiconductor 

Total IC 

Bip)olar Digital 

Bip>olar Memory 

Bip)olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

86,731 

2,949 

2,287 

470 

85 

385 

1,237 

449 

328 

460 

581 

538 

123 

86,730 

2,882 

2,243 

424 

58 

366 

1,207 

390 

342 

475 

613 

519 

119 

81,918 

2,810 

2,186 

366 

43 

323 

1,233 

385 

360 

487 

587 

499 

125 

Source: Dauquest (October 1992) 

Table 146 
Revenue from Worldwide Mllltary/Clvll Aerospace Equipment Production, and Revenue from All 
Semiconductors Shipped to the World for Use in Military/Civil Aerospace Applications, 1992-1996 
(MilUons of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Military/Civil Aerospace 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

82,366 85,564 88,416 91,056 93,515 

2,791 

2,176 

326 

34 

292 

1,279 

397 

377 

505 

572 

486 

128 

2,955 

2,313 

300 

26 

274 

1,402 

439 

410 

552 

611 

503 

139 

3,133 

2,460 

279 

24 

255 

1,535 

481 

457 

597 

647 

519 

153 

3,301 

2,601 

255 

21 

233 

1,654 

514 

498 

642 

692 

539 

l6l 

3,472 

2,743 

230 

18 

212 

1,792 

565 

542 

684 

722 

557 

172 

Source: E>ataquest (October 1992) 
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Table 147 
Revenue Growth from Worldwide Military/Civil Aerospace Equipment Production, and Revenue Growth 
f rom All Semiconductors Shipped to the World for Use in Military/Civil Aerospace Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Military/Civil Aerospace 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bi{X)lar Memory 

Bip)olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.0 

-2.3 

-1.9 

-9.8 

-32.0 

-4.9 

-2.4 

-13.2 

4.5 

3.3 

5.5 

-3.5 

-3.6 

-5.5 

-2.5 

-2.6 

-13.5 

-24.8 

-11.8 

2.1 

-1.1 

5.2 

2.5 

-4.2 

-3.9 

5.0 

NA - Not available 

Source: Dataquest (October 1992) 

Table 148 
Revenue Growth from Worldwide Military/Civil Aerospace Equipment Production, and Revenue Growth 
from All Semiconductors Shipped to the World for Use in Military/Civil Aerospace Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Military/Civil Aerospace 

Total Semiconduaor 

Total IC 

Biix>lar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

0.5 

-0.7 

-0.4 

-11.0 

-21.5 

-9.5 

3.7 

3.1 

4.5 

3.7 

-2.6 

-2.6 

2.7 

1993 

3.9 

5.9 

6.3 

-8.0 

-23.6 

-6.2 

9.6 

10.6 

9.0 

9.3 

6.9 

3.5 

8.5 

1994 

3.3 

6.0 

6.4 

-7.1 

-7.8 

-7.0 

9.5 

9.6 

11.3 

8.1 

5.9 

3.2 

10.0 

1995 

3.0 

5.4 

5.7 

-8.6 

-11.0 

-8.3 

7.8 

6.9 

9.0 

7.6 

7.0 

3.8 

4.8 

1996 

2.7 

5.2 

5.5 

-9.7 

-16.9 

-9.0 

8.3 

9.9 

8.9 

6.6 

4.3 

3.4 

6.8 

CAGR (%) 
1991-1996 

2.7 

4.3 

4.6 

-8.9 

-16.4 

-8.0 

7.8 

8.0 

8.5 

7.0 

4.2 

2.2 

6.5 

Source: OaUquest (October 1992) 
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Table 149 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Military/Civil Aerospace 
Applications, 1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bifxjlar Digital 

Bipyolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

3.4 

2.6 

0.5 

0.1 

0.4 

1.4 

0.5 

0.4 

0.5 

0.7 

0.6 

0.1 

3.3 

2.6 

0.5 

0.1 

0.4 

1.4 

0.4 

0.4 

0.5 

0.7 

0.6 

0.1 

3.4 

2.7 

0.4 

0.1 

0.4 

1.5 

0.5 

0.4 

0.6 

0.7 

0.6 

0.2 

Source: Dataquest (October 1992) 

Table 150 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in MiUtary/Civil Aerospace 
Applications, 1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

3.4 

2.6 

0.4 

0 

0.4 

1.6 

0.5 

0.5 

0.6 

0.7 

0.6 

0.2 

3.5 

2.7 

0.4 

0 

0.3 

1.6 

0.5 

0.5 

0.6 

0.7 

0.6 

0.2 

3.5 

2.8 

0.3 

0 

0.3 

1.7 

0.5 

0.5 

0.7 

0.7 

0.6 

0.2 

3.6 

2.9 

0.3 

0 

0.3 

1.8 

0.6 

0.5 

0.7 

0.8 

0.6 

0.2 

3.7 

2.9 

0.2 

0 

0.2 

1.9 

0.6 

0.6 

0.7 

0.8 

0.6 

0.2 

Source: Oataquest (October 1992) 
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Table 151 
Revenue from Worldwide Transporta t ion Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Transportat ion Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total TranspHDrtation 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

19,590 

2,592 

1,963 

92 

2 

90 

1,379 

181 

634 

564 

492 

500 

129 

20,992 

2,811 

2,140 

109 

2 

107 

1,499 

177 

732 

590 

531 

542 

129 

22,000 

3,051 

2,323 

100 

0 

100 

1,668 

164 

847 

657 

556 

572 

156 

Source: Dataquest (October 1992) 

Table 152 

Revenue from Worldwide Transportation Equipment Production, and Revenue from All Semiconductors 
Shipped to the World for Use in Transportation Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Transportation 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

23,319 

3,230 

2,504 

89 

0 

89 

1,800 

170 

925 

706 

615 

588 

138 

25,693 

3,727 

2,892 

90 

0 

90 

2,103 

210 

1,047 

846 

699 

669 

166 

27,658 

4,214 

3.294 

83 

0 

83 

2,431 

245 

1,219 

967 

779 

730 

190 

29,670 

4,601 

3,605 

84 

0 

84 

2,645 

243 

1,325 

1,077 

876 

779 

216 

31,725 

5,054 

3,961 

77 

0 

77 

2,930 

268 

1,465 

1,197 

954 

848 

245 

Source: Oauquest (October 1992) 
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Table 153 
Revenue Growth from Worldwide Transportation Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Transportation Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Transportation 

Total Setniconduaor 
Total IC 

Bipolar Digital 
Bipolar Memory 
BifKDlar Logic 

MOS Digital 
MOS Memory 
MOS Microcomponent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7.2 

8.4 

9.0 

18.5 

3.3 

18.9 

8.7 

-1.7 

15.4 

4.5 

8.0 

8.4 

0.5 

4.8 

8.5 

8.6 

-8.8 

-98.2 

-7.1 

11.3 

-7.6 

15.8 

11.3 

4.7 

5.5 

20.1 

NA " Not available 

Source: Dataquest (October 1992) 

Table 154 
Revenue Growth from Worldwide Transportation Equipment Production, and Revenue Growth from All 
Semiconductors Shipped to the World for Use in Transportation Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Transp>ortation 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.0 

5.9 

7.8 

-10.4 

-31.5 

-10.4 

7.9 

3.6 

9.1 

7.5 

10.6 

2.8 

-11.2 

1993 

10.2 

15.4 

15.5 

1.1 

-43.2 

1.1 

16.8 

23.5 

13.3 

19.9 

13.7 

13.7 

20.6 

1994 

7.6 

13.1 

13.9 

-7.6 

-42.4 

-7.6 

15.6 

16.8 

16.4 

14.3 

11.5 

9.2 

14.1 

1995 

7.3 

9.2 

9.5 

1.1 

-60.3 

1.1 

8.8 

-0.6 

8.7 

11.3 

12.4 

6.7 

13.9 

1996 

6.9 

9.8 

9.9 

-8.3 

-5.4 

-8.3 

10.8 

10.1 

10.5 

11.2 

8.9 

8.9 

13.0 

CAGR (%) 
1991-1996 

7.6 

10.6 

11.3 

-5.0 

-39.0 

-5.0 

11.9 

10.3 

11.6 

12.8 

11.4 

8.2 

9.5 

Source: Dataquest (October 1992) 
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Table 155 
Input /Output Ratios of All Semiconductors Shipped to the World for Use in Transporta t ion Applications, 

1989-1991 
(Percentage) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

13.2 

10.0 

0.5 

0 

0.5 

7.0 

0.9 

3.2 

2.9 

2.5 

2.6 

0.7 

13.4 

10.2 

0.5 

0 

0.5 

7.1 

0.8 

3.5 

2.8 

2.5 

2.6 

0.6 

13.9 

10.6 

0.5 

0 

0.5 

7.6 

0.7 

3.9 

3.0 

2.5 

2.6 

0.7 

Source: Dataquest (October 1992) 

Table 156 
Input/Output Ratios of All Semiconductors Shipped to the World for Use in Transportation Applications, 
1992-1996 
(Percentage) 

1992 1993 1994 1995 1996 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

13.9 

10.7 

0.4 

0 

0.4 

7.7 

0.7 

4.0 

3.0 

2.6 

2.5 

0.6 

14.5 

11.3 

0.4 

0 

0.4 

8.2 

0.8 

4.1 

3.3 

2.7 

2.6 

0.6 

15.2 

11.9 

0.3 

0 

0.3 

8.8 

0.9 

4.4 

3.5 

2.8 

2.6 

0.7 

15.5 

12.2 

0.3 

0 

0.3 

8.9 

0.8 

4.5 

3.6 

3.0 

2.6 

0.7 

15.9 

12.5 

0.2 

0 

0.2 

9.2 

0.8 

4.6 

3.8 

3.0 

2.7 

0.8 

Source: Dauquest (October 1992) 
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North American Semiconductor 
Consumption by Application Market 

Introduction 
This document contains detailed information 
on Dataquest's view of North American semi­
conductor consumption in electronic equip­
ment. Included in this document are the 
following: 

• 1989-1991 historical data 

• 1992-1996 forecast data 

The tables in this document present data to 
answer the following types of questions: 

• What general electronic equipment areas are 
driving semiconductor demand? 

• What is the semiconductor-value composi­
tion of various categories of electronic 
equipment' 

• What is the usage of particular semiconduc­
tor categories, such as MOS memory, across 
the various electronic equipment areas? 

The electronic equipment forecast contained in 
this document may be found in its entirety 
and in detail down to the level of specific 
equipment type in the companion volume, 
Source: Dataquest, Worldwide and North 
American Electronic Equipment Production 
Forecast. 

The aggregate semiconductor consumption 
forecast (that is, consumption across all elec­
tronic equipment segments) contained in this 
document may be found in its entirety in 
Source: Dataquest, Semiconductor Consumption 
and Shipment Forecast. Estimates in this 
document may differ slightly from estimates 
in the two aforementioned documents due to 
rounding. 

The tables in this document are organized as 
follows: 

• Tables 1-
markets 

42 cover the six broad application 

Tables 43-72 cover the individual equipment 
system groups of the data processing appli­
cation market 

• Tables 73-102 cover the individual equip­
ment system groups of the communications 
application market 

• Tables 103-126 cover the individual equip­
ment system groups of the industrial appli­
cation market 

• Tables 127-156 cover the individual equip­
ment system groups of the consumer appli­
cation market 

The following six tables are associated with 
each application market or equipment system 
group: 

• Revenue from equipment production, and 
revenue from associated semiconductor ship­
ments, 1989-1991 

• Revenue from equipment production, and 
revenue from associated semiconductor ship­
ments, 1992-1996 

• Revenue growth from equipment production, 
and revenue growth from associated semi­
conductor shipments, 1989-1991 

• Revenue growth from equipment production, 
and revenue growth from associated semi­
conductor shipments, 1992-1996 

• Input/output ratios, 1989-1991 

• Input/ouqjut ratios, 1992-1996 

Segmentation 
The following two sections outline market 
segments specific to this document. The first 
section outlines the electronic equipment 
segments. The second section outlines the 
semiconduaor device segments. Dataquest's 
objective is to provide data along lines of seg­
mentation that are logical, appropriate to the 
industry in question, and immediately useful to 
clients. 

For a detailed explanation of Dataquest's mar­
ket segmentation, refer to the Dataquest 
Research and Forecast Methodology document 
located in the Source: Dataquest binder. For a 
complete listing of all market segments tracked 
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by Dataquest, please refer to the Dataquest 
High-Technology Guide: Segmentation and 
Glossary. 

Electronic Eqmpment Segmentation 

Dataquest defines the electronic equipment 
industry as the group of competing companies 
primarily engaged in manufacturing electronic 
goods. For the purposes of this report, impor­
tant products of the electronics industry 
include data processing equipment, communi­
cations equipment, selected types of industrial 
equipment, consumer electronics, selected 
types of military and civilian aerospace and 
defense-oriented electronics, and automotive 
electronics. 

For purposes of semiconductor consumption 
analysis, Dataquest segments the electronics 
industry into six broad semiconduaor applica­
tion markets, disaggregated into narrower elec­
tronic system groups: 

Data Processing 
Computers 
Data Storage 
Terminals 
Input/Output Devices 
Dedicated Systems 

Communications 
Premise Telecom 
Public Telecom 
Mobile Communications 
Broadcast and Studio Equipment 
Other Communications 

Industrial 
Security and Energy Management Systems 
Manufacturing Systems and Instruments 
Medical Equipment 
Other Industrial Equipment 

Consumer 
Audio 
Video 
Personal Electronics 
Appliances 
Other Consumer Equipment 

Military/Civilian Aerospace 
Transportation 

Semiconductor Device Segmentation 

Dataquest defines the semiconductor industry 
as the group of competing companies primar­
ily engaged in manufacturing semiconductors 
and related solid-state devices. Important 

products of the semiconductor industry include 
integrated circuits, discrete devices, and opto­
electronic devices. 

For purposes of semiconductor consumption 
analysis, Dataquest defines the semiconductor 
market according to the following functional 
segmentation scheme: 

Total Semiconductor 
Total Integrated Circuit 

Bipolar Digital 
Bipolar Memory 
Bipolar Logic 

MOS Digital 
MOS Memory 
MOS Microcomponents 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

Definitions 

The following three sections list the definitions 
used by Dataquest to present the data in this 
document. The first section gives the electronic 
equipment definitions. The second section 
gives the semiconductor device definitions. The 
third section gives the definition of the North 
American region. Complete definitions for all 
terms associated with Dataquest's segmentation 
of the high-technology marketplace can be 
found in the Dataquest High-Technology 
Guide: Segmentation and Glossary. Definitions 
for semiconductor devices also can be found 
in the Dataquest Semiconductor Market Share 
Survey Guide. 

Electronic Equipment I>efuiitions 

Electronic systems groups comprise specific 
electronic equipment types: 

Computer Systems. Include supercomputers, 
mainfiame computers, midrange computers 
(also known as superminicomputers and 
minicomputers), workstations, and personal 
computers (including personal computers). 

Data Storage. Include rigid disk drives, flexible 
disk drives, optical disk drives, and tape 
drives. 

Terminals. Include alphanumeric terminals and 
graphics terminals (for example, X terminals). 
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Input/Output Devices. Include printers, media-
to-media data conversion, magnetic ink charac­
ter recognition, optical scanning equipment, 
plotters, voice recognition/synthesizer equip­
ment, mouse, keyboard, and digitizers. 

Dedicated Systems. Include electronic copiers, 
electronic calculators, smart cards, dictat­
ing/transcribing equipment, electronic type­
writers and dedicated word processors, bank­
ing systems and funds transfer systems and 
terminals, point-of-sale terminals and electronic 
cash registers, and mailing/letter-
handling/addressing equipment. 

Premise Telecom Equipment. Includes image 
and text communication such as facsimile and 
video teleconferencing; data communications 
equipment such as modems, statistical multi­
plexers, T-1 multiplexers, front-end processors, 
DSU/CSU, protocol converters, local area net-
w^orks, internetworking, network management, 
and packet data switching/wide area networks; 
premise switching equipment such as PBX tel­
ephone equipment, and key telephone sys­
tems; call processing equipment such as voice 
messaging, interactive voice response systems, 
call accounting, and automatic call distributors; 
and desktop terminal equipment such as tele­
phone sets/pay telephones, and teleprinters. 

Public Telecom Equipment. Includes transmis­
sion equipment, such as multiplexers, carrier 
systems, microwave radio, laser and infrared 
transmission equipment, and satellite communi­
cations equipment; and central office switching 
equipment. 

Mobile Communications Equipment. Includes 
mobile radio systems such as cellular tele­
phones, mobile radios, and mobile radio base 
station equipment; portable radio receivers and 
transmitters; and radio checkout equipment. 

Broadcast and Radio Equipment. Includes 
audio equipment, video equipment, transmitters 
and RF power amplifiers, studio transmitter 
links, cable TV equipment, dosed circuit TV 
equipment, and other equipment such as stu­
dio and theater equipment. 

Other Telecom Equipment. Includes intercom 
equipment and electrical amplifiers, and 
communications equipment not elsewhere 
classified. 

Security/Energy Management. Includes alarm 
systems such as intrusion detection and fire 
detection systems, and energy management 
systems. 

Manufacturing Systems and Instrumentation. 
Includes semiconductor production equipment, 
controllers and actuators, sensor systems, 
management systems, and robotics; and 
semiconductor-dedicated automatic test equip­
ment (ATE), all other ATE, oscilloscopes and 
waveform analyzers, nuclear instruments, and 
other test and measurement equipment. 

Medical Equipment. Includes X-ray equipment, 
ultrasonic and scanning equipment, blood and 
body fluid analyzers, patient monitoring equip­
ment, and other diagnostic and therapeutic 
equipment. 

Other Industrial Equipment. Includes vending 
machines, power supplies, traffic control equip­
ment, and industrial equipment not elsewhere 
classified. 

(Consumer) Audio Equipment. Includes com-
paa disk players, radios, stereo components, 
musical instruments, and tape recorders. 

(Consumer) Video Equipment. Includes VCRs 
and VTRs, video cameras and camcorders, 
videodisk players, and color and monochrome 
TVs. 

Personal Electronics. Includes electronic games 
and toys, cameras, watches, and clocks. 

Appliances. Includes air conditioners, micro­
wave ovens, washers and dryers, refrigerators, 
dishwashers, and ranges and ovens. 

Other Consumer Equipment. Includes automatic 
garage door openers and consumer equipment 
not elsewhere classified. 

Military/Civil Aerospace. Includes military elec­
tronics such as radar and sonar, missiles and 
weapons, space-related electronics, communica­
tions and navigation equipment, electronic 
warfare, aircraft systems, computer systems, 
simulation systems, and military electronics not 
elsewhere classified; and civilijm aerospace 
electronics such as radar, space-related elec­
tronics, communications and navigation equip­
ment, flight systems, and simulation systems. 
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Transportation Electronics. Includes entertain­
ment systems, vehicle controls, body controls, 
driver information systems, powertrain systems, 
and safety and convenience systems. 

Semiconductor Device Definitions 

Semiconductor device categories comprise 
specific types of semiconductor devices: 

Total Semiconductor (IC + Discrete + Opto­
electronic). Defined as any active semiconduc­
tor product that contains semiconducting 
material (such as silicon, germanium, or 
gallium arsenide) and reacts dynamically to 
an input signal, either by modifying its shape 
or adding energy to it. This definition excludes 
standalone passive components such as capaci­
tors, resistors, induaors, oscillators, crystals, 
transformers, and relays. 

Total Integrated Circuit (Digital Monolithic 
Bipolar IC + Digital Monolithic MOS IC + 
Analog Monolithic IC). An IC is defined as a 
large number of passive and/or active discrete 
semiconductor circuits integrated into a single 
package. In a monolithic IC, discrete circuits 
are integrated onto a small number of dice. 

Bipolar Digital (Bipolar Digital Memory IC + 
Bipolar Digital Logic IC). A bipolar digital IC 
is defined as a monolithic semiconductor 
produrt in which 100 percent of the die area 
performs digital functions, and concurrentiy, 
100 percent of the die area is manufactured 
using bipolar semiconductor technology. A 
digital function is one in which data carrying 
signals vary in discrete values. 

Bipolar Memory. Defined as a bipolar digital 
semiconductor product in which binary data 
are stored and electronically retrieved. Includes 
ECL random-access memory (RAM), read-only 
memory (ROM), programmable ROM (PROM), 
and first-in/first-out (FIFO) memory. 

Bipolar Logic (Bipolar Application-Specific IC + 
Otiher Bipolar Logic IC + Bipolar Digital 
Microcomponent). Defined as a bipolar digital 
semiconductor product in which more than 
50 percent of the die area performs logic 
functions. Includes bipolar digital microcompo­
nent ICs. 

MOS Digital (MOS Digital Memory IC + MOS 
Digital Microcomponent IC + MOS Digital 
Logic IC). Defined as a monolithic semicon-
durtor product in which 100 percent of the 
die area performs digital functions, and con­
currently, any portion of the die area is 
manufactured using metal oxide semiconductor 
(MOS) technology. A digital function is one in 
which data carrying signals vary in discrete 
values. Includes mixed technology manufactur­
ing, such as BiMOS and BiCMOS, where some 
MOS technology is employed. 

MOS Memory (DRAM +SRAM + EPROM + 
Other Nonvolatile MOS Digital Memory + 
Other MOS Digital Memory). Defined as an 
MOS digital IC in which binary data are stored 
and electronically retrieved. 

MOS Microcomponents (MOS Digital 
Microprocessor + MOS Digital Microcontroller + 
MOS Digital Microperipheral). Defined as an 
MOS digital IC that contains a data processing 
unit or serves as an interface to such a unit. 
Includes both CISC and RISC. 

MOS Digital Logic (MOS Digital Application-
Specific IC + Other MOS Logic IC). Defined 
as an MOS digital semiconductor product in 
which more than 50 percent of the die area 
performs logic functions. Excludes MOS digital 
microcomponent ICs. 

Analog IC. Defined as monolithic analog ICs 
plus hybrid ICs. (A monolithic analog IC is a 
semiconductor product in the realm of electri­
cal signal processing, power control, or electri­
cal drive capability. It is one in which some 
of the inputs or outputs can be defined in 
terms of continuously or linearly variable vol­
tages, currents, or fi-equencies. Includes all 
monolithic analog ICs manufactured using 
bipolar, MOS, or BiCMOS technologies. A 
monolithic IC is a single die contained in a 
single package. A hybrid IC is a semiconduc­
tor product that consists of more than one die 
contained in a single package. A hybrid IC 
may perform 100 percent linear, 100 percent 
digital, or mixed-signal (both linear and digital) 
functions. Note that hybrid digital ICs are 
reported in this category, and not under the 
earlier category of monolithic digital ICs. 
Includes all hybrid ICs manufactured using 
bipolar, MOS, or BiCMOS technologies.) 
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Total Discrete (Transistor + Diode + Thyristor 
+ Other Discrete). A discrete semiconductor is 
defined as a unit building block performing a 
fundamental semiconductor function. 

Total Optoelectronic (LED Lamp/Display + 
Optocoupler + CCD + Laser Diode + Photo­
sensor + Solar Cell). Defined as a semiconduc­
tor product in which photons induce the flow 
of electrons, or vice versa. Other functions 
may also be integrated onto the product. This 
category does not include LCD, incandescent 
displays, fluorescent displays, cathode ray 
tubes (CRTs), or plasma displays. 

Regional Definitions 

North America: United States and Canada (and, 
in future documents, Mexico) 

United States: the 48 contiguous sutes, 
Washington, D.C., Alaska, Hawaii, and Puerto 
Rico 

Line Item Definitions 

The following two sections discuss definitions 
of the table line items specific to this docu­
ment. The first section defines the line items 
associated with electronic equipment; the 
second section defines the line items 
associated with the semiconductor devices. 

Electronic Equipment l ine Item 
Definitions 

The objective of analyzing electronic systems 
production is to estimate its important implica­
tions for semiconductor consumption. There­
fore, general economic concepts such as 
production and consumption are tailored to 
best isolate these implications. 

The value of electronic equipment production 
is estimated as factory revenue. For purposes 
of this report, Dataquest defines factory 
revenue as the money exchange value of the 
commodity transaction between the original 
equipment manufacturer and the point of entry 
into distribution. In the case of a direct sale 
that involves no distribution—as is the case 
with military systems—^factory revenue is equal 
to the final user cost, net of sales taxes. 

Production is the value-adding process by 
which the factors of production (labor and 
capital) and material inputs are transformed 
into the finished goods that are desired for 
consumption and investment. As such, produc­
tion can—and increasingly does—^span both 
time and geography. For example, a North 
America-owned disk drive company may 
minimize its cost of production by manufactur­
ing its products (that is, consuming chips) in 
Singapore, for eventual sale in Europe. We 
would classify this as Asia/Pacific-Rest of World 
(A/P-ROW) data storage device production, 
because we are interested in that stage of the 
production process that relates particularly to 
semiconductor consumption. Production would 
be valued as the exchange value of the trans­
action between the North American company's 
Singapore operation (which is faaory revenue) 
and the European distributor or final user. 

Semiconductor Device l ine Item 
Definitions 

Factory revenue is defined as the money value 
received by a semiconductor manufacturer for 
its goods. Dataquest includes all revenue, both 
merchant and captive, for semiconductor sup­
pliers selling to the merchant market. The data 
exclude completely captive suppliers where 
devices are manufactured solely for the com­
pany's own use. A product that is used inter­
nally is valued at the market price rather than 
at the transfer or factory price. 

Revenue estimates for 1989 and 1990 have 
been restated from previous publication to 
reflect modifications in Dataquest's data. 

Data Sources 
The historical electronic equipment production 
estimates presented in this document have 
been consolidated from a variety of sources, 
each of which focuses on a specific part 
of the market. These sources include the 
following: 

• Dataquest's estimates of systems manufac­
turers' factory revenue 

• U.S. Department of Commerce estimates of 
manufacturers' shipments 
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• Trade association data 

• Estimates presented by knowledgeable and 
reliable industry spokespersons 

• Published product literature and prices 

Dataquest believes that the estimates presented 
here are the most accurate and meaningful 
generally available today. 

Forecast and Input/Output 
Ratio Methodology 

The following three sections discuss the fore­
cast methodology used by Dataquest in this 
document. The first section gives the electronic 
equipment forecast methodology. The second 
section gives the semiconductor forecast 
methodology. The third section discusses the 
interpretation of input/output (I/O) ratios and 
the methodology of the allocation of the 
aggregate semiconduaor forecast across 
specific electronic equipment markets. 

Electronic Equipment Forecast 
Methodology 

Dataquest uses a variety of forecasting tech­
niques (both qualitative and quantitative) that 
vary by technology area. An overview of 
Dataquest forecasting techniques can be found 
in the Dataquest Research and Forecast 
Methodology Guide. 

The electronic equipment forecast contained in 
this document may be found in its entirety 
and in detail down to the level of specific 
equipment type in the companion Source: 
Dataquest volume, Worldwide and North 
American Electronic Equipment Production 
Forecast. 

Dataquest follows a three-step process to fore­
cast electronic equipment production. First, 
current and expected future worldwide macro-
economic conditions are assessed and forecast. 
The Dun & Bradstreet Corporation information 
is used to develop the macroeconomic fore­
casts for the world's major economies. This 
forecast identifies trends in the economic 
health of the world's leading consumers and 
producers of electronic equipment. Using this 
forecast in conjunction with input from Data-
quest's regional offices, Dataquest estimates the 

overall business climate in which the electronic 
systems markets will operate. 

Second, Dataquest analyzes and forecasts the 
significant long range trends and outlook in 
the various electronic system groups. This 
establishes a five-year trend growth path or 
"envelope" for electronic system production. 

The final step in the forecast process is to 
reconcile expected fluctuations about the mar­
ket trends so that the two do not inexplicably 
diverge. Dataquest anticipates that, in the 
absence of shocks to the market, market fluc­
tuations converge toward a long-term trend. 

Because the time-series data contained in this 
document in general comprise armual observa­
tions and are sparse in terms of the number 
of observations, the data generally do not 
satisfy the requirements of quantitative empiri­
cal techniques such as econometric or statisti­
cal time-series models. Therefore, in most 
cases we have used judgmental models (that 
is, intuitive judgments, expert opinions, and 
subjective probabilities) or technological 
models (that is, curve fitting and the use of 
analogous data). 

Aggregate Semiconductor 
Consumption Forecast Methodology 

Dataquest publishes five-year revenue forecasts 
for the aggregate semiconductor market during 
the second and fourth quarters of each year. 
In doing so, Dataquest uses a variety of fore­
casting techniques (both qualitative and quan­
titative) that vary by technology area. An over­
view of Dataquest forecasting techniques can 
be found in the Dataquest Research and Fore­
cast Methodology document. 

Dataquest's semiconductor forecast methodol­
ogy leverages the resources of its parent, The 
Dun & Bradstreet Corporation, as well as the 
considerable internal resources of Dataquest. 

Dun & Bradstreet information is used to 
develop the macroeconomic forecasts for 
the world's major economies. This forecast 
identifies trends in the economic health of 
the world's leading consumers and producers 
of electronic equipment. Using this forecast 
in conjunction with input from Dataquest's 
regional offices, Dataquest identifies tiie 
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likelihood of whether a particular region or 
country will increase or decrease its consump­
tion of electronic equipment. 

Dataquest follows a four-step process to 
forecast the semiconductor market. First, 
Dataquest's Semiconductor Applications Market 
group, along with Dataquest's various electron­
ics systems groups, provides a long-range out­
look for the overall growth of the electronic 
equipment market. Semiconductor content 
ratios are developed by region to reflect the 
growing penetration of semiconductors into 
electronic equipment. This establishes a five-
year trend growth path for total semiconduc­
tors for a five-year period from a demand-side 
perspective. 

Second, Dataquest uses a decomposition time 
series model to generate forecasts of regional 
total semiconduaor sales. The model assumes 
that sales are affected by factors such as long-
run trends, short-run aggregate economic and 
industry-specific conditions, and seasonality. 
The forecast is made by using statistical 
methods to analyze each of the components 
separately, then combining them into a single 
aggregate. The model is especially useful for 
assessing market fluctuations about the trend 
growth path. 

Third, Dataquest's worldwide Semiconductor 
service and its Semiconductor Equipment, 
Materials, and Manufacturing service, in con­
junction with various regional offices, col­
laborate to formulate expectations of semicon­
ductor market short-range fluctuations around 
the long-range trend. Tactical market issues 
and anticipated semiconductor materials 
demand significandy impact the short-range 
forecast out to 12 months. Semiconductor 
equipment purchases and semiconductor 
device trends drive the forecast in the 12- to 
24-month time frame. Semiconductor fab facili­
ties and long-term semiconductor device trends 
have the greatest impact on the forecast 
period covering two to five years. 

The final step in the forecast process is to 
reconcile expected fluctuations in the electron­
ics market and trends in the semiconductor 
industry so that the fluctuations do not inex­
plicably diverge from semiconductor industry 
trends. Dataquest anticipates that, in the 
absence of shocks to the market, market fluc­
tuations converge toward the long-term trend. 

Input/Output Ratios and the 
Allocation of Aggregate 
Semiconductor Consumption 

The input/output (I/O) ratio reflects the rela­
tionship between the dollar value of semicon­
ductors in a type of electronic system and the 
revenue generated by that system. The ratio is 
typically expressed as a percentage. 

For example, if a piece of electronic equip­
ment (such as a personal computer) sells for 
$1,000 and has $100 worth of semiconductors 
in it, the I/O ratio is expressed as: 

I/O ratio = Semiconductor Value—(Dollars In) 
Equipment Revenue—(Dollars Out) 

= $100 
$1,000 

= 0.10 or 10 percent 

Dataquest estimates semiconductor consumption 
by electronic equipment segment by combining 
sample information from electronic system 
semiconductor content analyses and surveys 
of electronic manufacturers' semiconductor 
procurement with modeled semiconductor con­
sumption. The semiconductor content analyses 
are typically performed on equipment that sell 
in hig^ volume or otherwise impact the semi­
conductor market These analyses include per­
sonal computers, disk drives, printers, and cel­
lular mobile radios. 

The semiconduaor consumption model makes 
use of the following inputs: 

• Historical electronic equipment production 
and the current electronic equipment 
production forecast 

• Historical semiconductor consumption (both 
aggregate and by electronic equipment seg­
ment) and the current aggregate semicon­
ductor forecast 

• Information about long-run market trends or 
long-term systems technology trends 

Given these inputs, semiconductor consump­
tion by equipment segment is estimated in an 
iterative procedure subject to the following 
constraints and conditions: 

• The sum of semiconductor consumption 
across all equipment markets fully exhausts 
aggregate semiconduaor consumption. 
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• Market fluctuations in the aggregate semi­
conductor consumption forecast are realis­
tically and appropriately mapped into the 
individual equipment segments' semiconduc­
tor consumption forecasts. 

The procedure is iterative in the respect that 
modeled results are checked against prior 
beliefs, expectations, and sample information 
about each equipment segment's semiconductor 
consumption, and that this prior information 
is then used to tune the model such that 
modeled consumption estimates converge to 
their respective expected values. 

The model combines two important sources of 
market variation: variation because of nonperi-
odic market fluctuations about the market's 
long-run trend growth path; and variation 
because of shifts in the market's long-run 
trend growth path. 

It is necessarily the case that nonperiodic fluc­
tuation in the total semiconductor market is 
the net sum of nonperiodic fluctuations in the 
individual semiconductor device markets. Fur­
ther, because of a variety of factors, some 
device markets are relatively more volatile than 
are other device markets. It is an observed 
fact that there is relatively more volatility in 
the MOS memory market—owing to price 
volatility—than in the analog market. ITiere-
fore, fluctuation in the MOS memory market 
"explains" more fluctuation in the total semi­
conductor market than does fluctuation in the 
analog market. The model takes given inputs 
and assumptions and proportionally distributes 
fluctuations in the aggregate semiconductor 
market according to the equipment markets' 
respective long-run device composition trends. 

For example, because the data processing 
application market in general—and the com­
puter equipment segment in particular— 
consumes proportionally more MOS memory 
devices than does equipment in the industrial 
market, other things being equal, it is reason­
able to expect total semiconductor consump­
tion to be more volatile in the data processing 
market than in the industrial market. 

Semiconductor markets, in general, are rela­
tively more volatile than are the electronic 
equipment markets. By construction, then, the 
I/O ratios tend to reflect this difference in 
volatility. Users of the I/O ratios are therefore 

cautioned to focus on long-run trends in the 
I/O ratios rather than on the year-to-year 
movements in their values. 

Forecast Assumptions 
The following two sections discuss the 
assumptions that underlie the forecasts in this 
document. The first section gives the assump­
tions of the electronic equipment forecast. "The 
second section gives the assumption of the 
semiconductor consumption forecast. 

Electronic Equipment Forecast 
Assumptions 

The Dun & Bradstreet Corporation forecasts 
the U.S. economy to recover from the reces­
sion in 1992. Real gross domestic product 
(GDP) is expeaed to expand 2.1 percent in 
1992. (The U.S. economy contracted 0.7 per­
cent in 1991.) Though modest in comparison 
to historical rates of expansion during recovery 
periods, the benefit is tiiat inflationary pres­
sures will likely be held in check, sustaining 
the expansion's duration. Expansion should 
accelerate to 2.5 percent in 1993. 

Overall, North American electronic systems 
production is expected to expand 3-1 percent 
in 1992, after contracting 5.0 percent rate in 
1991. Expansion is expected to accelerate fur­
ther in 1993 to 4.4 percent as the economic 
climate improves. In 1992, however, the value 
of production growth will be constrained by 
two important influences, as follows: 

• A moderate—^in contrast to booming—^rate 
of recovery from recession 

• An abundance of productive capacity, com­
bined with further proliferation of product 
and technology standards, both placing pres­
sure on costs and prices 

From a semiconductor application-market per­
spective, the forecast assumes the following: 

• Data processing production will begin to 
make a moderate 2.9 percent recovery in 
1992, after a depressing 9-3 percent decline 
in 1991. Recovery will continue into 1993 as 
economic conditions continue to improve 
and stabilize. 
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• Communications production growth—^the 
most stable-growing of the application mar­
kets, owing to its heterogeneous composi­
tion of personal wireless communications, 
premise voice and data products, and large-
scale, long-life investment in public telecom­
munications infrastructure—will accelerate 
slightly in 1992 to 6.9 percent from 6.3 per­
cent in 1991. Investment in networking the 
existing stock of data processing equipment 
w îll help drive communications hardware 
growth through 1996. 

• As is usually the case, production of indus­
trial and consumer equipment has borne the 
brunt of the recent downturn in business 
conditions. Dataquest forecasts these equip­
ment markets to rebound in 1993 with the 
expected relaxation of business' and house­
holds' budget constraints. 

• North American military/civil aerospace elec­
tronics production was hit hard by Washing­
ton budget cuts in 1991, declining 8.8 per­
cent. Few positive opportunities remain for 
all but the most specialized niche players 
participating in simulation systems, dedicated 
military computer systems, and civil-space 
projects. Civil aerospace electronics produc­
tion will remain the bright spot in diis 
application market, fueled by replacement of 
aging jet airliners and upgrades of the 
worldwide air traffic control system. 

• Transportation electronics production growth 
is expected to rebound from a 5.7 percent 
decline in 1991 to 9.6 percent growth in 
1992, and to 10.4 percent growth in 1993. 
Production ^vas hurt by the recession, but 
growth prospects are relatively upbeat 
because of increased household spending, 
combined with increasing share of electronic 
systems' added value to new vehicles. 

Semiconductor Forecast Assumptions 

The North American semiconduaor market 
continues to strengthen. Dataquest expects the 
North American market to grow 15.1 percent 
in 1992, up from a meager 2.7 percent in 
1991. The market is clearly on target midway 
through the year: According to the latest WSTS 
statistics, total semiconductor bookings (three-
month moving average) growth for the three 
months ended in June was 18.0 percent above 
year-earlier bookings, compared with 11.9 per­
cent in May. Total semiconduaor billings 
growth for the same period was 14.8 percent 
above year-earlier billings, compared with 
13.3 percent in May. 

Strength in the North American market owes 
itself largely to the recovery of the U.S. econ­
omy and the relaxation of household and bus­
iness budget constraints for durable goods and 
capital equipment. In particular, however, chip 
demand stems from strong orders of portable 
PCs, client/server computers, and network 
hardware. 
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10 Semiconductor Application Markets Worldwide 

Table 1 
Revenue Crom North American Total Electronic Equipment Production, and Revenue £rom All 

Semiconductors Shipped to North America for Use in All Electronic Equipment Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Electronic Equipment 

Tool Semiconduaor 

Total IC 

Bipolar Digital 

Bi{X)lar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompwnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

219,273 

17,072 

15,104 

1,635 

180 

1,455 

10,990 

5,774 

2,796 

2,420 

2,479 

1,639 

329 

226,535 

16,540 

I4,6l6 

1,577 

160 

1,417 

10,390 

4,325 

3,381 

2,684 

2,649 

1,611 

313 

215,230 

16,990 

15,269 

1,331 

131 

1.200 

11,296 

4,510 

3,916 

2,870 

2,642 

1,389 

332 

Source: Dataquest (September 1992) 
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\ 
Table 2 
Revenue from North American Total Electronic Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in All Electronic Equipment Applications, 1992-1996 
(MiUions of U.S. Dollars) 

Total Electronic Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

221,881 

19,564 

1,332 

147 

1,185 

13,342 

5,477 

4,698 

3,167 

3,000 

1,530 

360 

1993 

231,568 

22,613 

1,170 

109 

1,061 

16,003 

7,133 

5,149 

3,721 

3,430 

1,630 

380 

1994 

243,481 

25,456 

1,042 

75 

967 

18,449 

8,360 

5,847 

4,242 

3,840 

1,725 

400 

1995 

254,763 

26,127 

935 

65 

870 

18,722 

7,507 

6,464 

4,751 

4,230 

1,820 

420 

1996 

267,406 

27,579 

828 

62 

766 

19,801 

7,820 

6,754 

5,227 

4,600 

1,915 

435 

Source: Dauquest (September 1992) 

> 
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12 Semiconductor Application Markets Worldwide 

Table 3 
Revenue Growth from North American Total Electronic Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use in All Electronic Equipment Applications, 
1989-1991 

(Percent Change) 

1989 1990 1991 

Total Electronic Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicTocompKjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.1 

7.8 

-18.7 

-23.4 

-18.1 

14.4 

34.3 

3.3 

-7.0 

12.8 

-2.2 

-6.8 

3.3 

-3.1 

-3.5 

-11.1 

-2.6 

-5.5 

-25.1 

20.9 

10.9 

6.9 

-1.7 

-4.9 

-5.0 

2.7 

-15.6 

-18.1 

-15.3 

8.7 

4.3 

15.8 

6.9 

-0.3 
-13.8 

6.1 

Source: Dataquest (September 1992) 
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Table 4 
Revenue Growth from North American Total Electronic Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use in All Electronic Equipment Applications, 
1992-1996 

(Percent Change) 

Total Electronic Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompxjnerjt 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.1 

15.2 

0.1 

12.2 

-1.3 

18.1 

21.4 

20.0 

10.3 

13.6 

10.2 

8.4 

1993 

4.4 

15.6 

-12.2 

-25.9 

-10.5 

19.9 

30.2 

9.6 

17.5 

14.3 

6.5 

5.6 

1994 

5.1 

12.6 

-10.9 

-31.2 

-8.9 

15.3 

17.2 

13.6 

14.0 

12.0 

5.8 

5.3 

1995 

4.6 

2.6 

-10.3 

-13.3 

-10.0 

1.5 

-10.2 

10.6 

12.0 

10.2 

5.5 

5.0 

1996 

5.0 

5.6 

-11.4 

-4.6 

-12.0 

5.8 

4.2 

4.5 

10.0 

8.7 

5.2 

3.6 

CAGR 
1991-1996 

4.4 

10.2 

-9.1 

-13.9 

-8.6 

11.9 

11.6 

11.5 

12.7 

11.7 

6.6 

5.6 

Source: Dauquest (September 1992) 
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14 Semiconductor Application Markets Worldwide 

Table 5 M 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in All Applications, ^ 

1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconductor 7.8 7.3 7.9 

Total IC 6.9 6.5 7.1 

Bipolar Digital 0.7 0.7 0.6 

Bipolar Memory 0.1 0.1 0.1 

Bipolar Logic 0.7 0.6 0.6 

MOS Digital 5.0 4.6 5.2 

MOS Memory 2.6 1.9 2.1 

MOS Microcomponent 1.3 1.5 1-8 

MOS Logic 1.1 1.2 1.3 

Analog 1.1 1.2 1.2 

Total Discrete 0.7 0.7 0.6 

Total Optoelectronic 0^ 0̂ 1 0.2 

Source: Dataquest (September 1992) 
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Table 6 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Ail Applications, 

1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

8.8 

8.0 

0.6 

0.1 

0.5 

6.0 

2.5 

2.1 

1.4 

1.4 

0.7 

0.2 

1993 

9.8 

8.9 

0.5 

0 

0.5 

6.9 

3.1 

2.2 

1.6 

1.5 

0.7 

0.2 

1994 

10.5 

9.6 

0.4 

0 

0.4 

7.6 

3.4 

2.4 

1.7 

1.6 

0.7 

0.2 

1995 

10.3 

9.4 

0.4 

0 

0.3 

7.3 

2.9 

2.5 

1.9 

1.7 

0.7 

0.2 

1996 

10.3 

9.4 

0.3 

0 

0.3 

7.4 

2.9 

2.5 

2.0 

1.7 

0.7 

0.2 

Source: Dauquest (September 1992) 
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16 Semiconductor Application Markets Worldwide 

Table 7 
Revenue from North American Data Processing Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Data Processing Applications, 1989-1991 
(MiUlons of U.S. Dollars) 

1989 1990 1991 

Total Data Processing 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

77,500 

9,569 

9,288 

947 

78 

869 

7,850 

4,602 

1,885 

1,363 

491 

186 

95 

81,234 

8,977 

8,708 

921 

82 

839 

7,291 

3,428 

2,370 

1,493 

495 

183 

87 

73,691 

9,444 

9,195 

785 

72 

713 

7.940 

3,595 

2,746 

1,599 

470 

151 

98 

Source: Dataquest (September 1992) 
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Table 8 
Revenue from North American Data Processing Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Data Processing Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Data Processing 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp>onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

75,861 

11,095 

824 

92 

732 

9,471 

4,415 

3,292 

1,764 

515 

172 

113 

1993 

78,257 

13,041 

724 

69 

655 

11,452 

5,803 

3,574 

2,074 

559 

182 

124 

1994 

82,432 

14,754 

644 

44 

599 

13,195 

6,823 

4,020 

2,352 

591 

191 

132 

1995 

85,554 

14,602 

579 

39 

540 

13,066 

6,067 

4,387 

2,612 

612 

200 

145 

1996 

90,264 

15,152 

515 

39 

476 

13,648 

6,296 

4,511 

2,842 

624 

209 

156 

Source: t>auquest (September 1992) 

• 
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18 Semiconductor Application Markets Worldwide 

Table 9 
Revenue Growth from North American Data Processii^ Equipment Production, and Revenue Growth £rom 

All Semiconductors Shipped to North America for Use in Data Processing Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Data Processing 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompKDnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoel ectronic 

6.0 

11.6 

-16.3 

-30.3 

-14.8 

17.3 

34.5 

6.0 

-8.6 

3.9 

2.3 

-0.4 

4.8 

-6.2 

-2.8 

4.0 

-3.4 

-7.1 

-25.5 

25.7 

9.5 

1.0 

-2.1 

-9.0 

-9.3 

5.2 

-14.8 

-12.3 

-15.0 

8.9 

4.9 

15.8 

7.1 

-5.1 

-17.1 

13.2 

Source: Dauquest (September 1992) 
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Table 10 
Revenue Growth from North American Data Processing Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use In Data Processing Applications, 1992-1996 
(Percent Change) 

Total Data Processing 

Total Semiconductor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2.9 

17.5 

5.1 

28.5 

2.7 

19.3 

22.8 

19.9 

10.3 

9.5 

13.5 

15.2 

1993 

3.2 

17.5 

-12.1 

-24.8 

-10.5 

20.9 

31.4 

8.6 

17.6 

8.5 

6.0 

9.6 

1994 

5.3 

13.1 

-11.1 

-35.7 

-8.5 

15.2 

17.6 

12.5 

13.4 

5.7 

5.0 

6.9 

1995 

3.8 

-1.0 

-10.1 

-12.7 

-9.9 

-1.0 

-11.1 

9.1 

11.0 

3.5 

4.5 

9.6 

1996 

5.5 

3.8 

-11.1 

0.6 

-12.0 

4.5 

3.8 

2.8 

8.8 

2.1 

4.3 

7.8 

CAGR 
1991-1996 

4.1 

9.9 

-8.1 

-11.4 

-7.8 

11.4 

11.9 

10.4 

12.2 

5.8 

6.6 

9.8 

Source: Dauquest (September 1992) 
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Table 11 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Data Processing 

Applications, 1989-1991 
(Percent) 

1989 19^0 1991 

Total Semiconductor 12.3 11.1 12-8 

Total IC 12.0 10.7 12.5 

Bipolar Digital 1.2 1.1 1.1 

Bipolar Memory 0.1 0.1 0.1 

Bipolar Logic 1.1 1.0 1.0 

MOS Digital 10.1 9.0 10.8 

MOS Memory 5.9- 4.2 4.9 

MOS Microcomponent 2.4 2.9 3.7 

MOS Logic 1.8 1.8 2.2 

Analog 0.6 0.6 0.6 

Total Discrete 0.2 0.2 0.2 

Total Optoelectronic OJ 0^1 0A_ 

Source: Dataquest (September 1992) 
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I Table 12 
" Input/Output Ratios of All Semiconductors Shipped to North America for Use in Data Processli^ 

Applications, 1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

BifKjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

14.6 

14.3 

1.1 

0.1 

1.0 

12.5 

5.8 

4.3 

2.3 

0.7 

0.2 

0.1 

1993 

16.7 

16.3 

0.9 

0.1 

0.8 

14.6 

7.4 

4.6 

2.7 

0.7 

0.2 

0.2 

1994 

17.9 

17.5 

0.8 

0.1 

0.7 

16.0 

8.3 

4.9 

2.9 

0.7 

0.2 

0.2 

1995 

17.1 

16.7 

0.7 

0 

0.6 

15.3 

7.1 

5.1 

3.1 

0.7 

0.2 

0.2 

1996 

16.8 

16.4 

0.6 

0 

0.5 

15.1 

7.0 

5.0 

3.1 

0.7 

0.2 

0.2 

Source: E>auquest (September 1992) 
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Table 13 
Revenue &om North American Commimlcatlons Equipment Production, and Revenue £rom All 

Semiconductors Shipped to North America for Use In Communications Applications, 1989-1991 
(MlUlons of U.S. Dollars) 

i 

1989 1990 1991 

Total Communications 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomjxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

28,360 

1,720 

1,437 

98 

7 

91 

859 

429 

206 

224 

480 

232 

51 

29,935 

1,735 

1,444 

94 

7 

87 

806 

286 

254 

265 

544 

242 

49 

31,832 

1,776 

1,525 

74 

6 

69 

897 

298 

311 

288 

553 

200 

52 

Source; Dauquest (September 1992) 
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> 
Table 14 
Revenue from North American Communications Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Communications Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Communications 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

34,037 

2,082 

72 

7 

65 

1,080 

363 

394 

323 

650 

225 

55 

1993 

36,375 

2,419 

59 

5 

54 

1,311 

473 

452 

387 

755 

238 

56 

1994 

38,882 

2,742 

' 4 9 

3 

46 

1,534 

551 

536 

446 

856 

249 

55 

1995 

41,470 

2,911 

41 

2 

39 

1,608 

486 

618 

503 

949 

259 

56 

1996 

43,888 

3,124 

34 

2 

32 

1,728 

500 

671 

557 

1,038 

268 

55 

Source: Dataquest (September 1992) 
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24 Semiconductor Application Markets Worldwide 

Table 15 
Revenue Growth from North American Communications Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use in Communications Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Communications 11.6 5.6 6.3 

Total Semiconduaor 7.0 0.9 2.4 

Total IC 

Bipolar Digital -34.6 -3.9 -21.0 

Bipolar Memory ^2.6 -2.4 -20.5 

Bipolar Logic -33.9 -4.1 -21.0 

MOS Digital 12.2 -63 11-4 

MOS Memory 55.5 -33.3 4.0 

MOS Microcomponent -0.9 23.5 22.3 

MOS Logic -20.6 18.2 8.9 

Analog 21.5 13.4 1.7 

Total Discrete -3.1 4.3 -17.5 

Total Optoelectronic -11.9 23^0 4 ^ 

Source: Dataquest (September 1992) 
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Table 16 
Revenue Growth from North American Communications Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use in Communications Applications, 1992-1996 
(Percent Change) 

Total Communications 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.9 

17.2 

-2.9 

16.6 

-4.6 

20.4 

21.8 

26.6 

12.1 

17.4 

12.9 

6.4 

1993 

6.9 

16.2 

-18.3 

-31.8 

-16.9 

21:4 

30.3 

14.7 

19.6 

16.3 

5.5 

1.3 

1994 

6.9 
13.3 

-17.1 

-41.7 

-15.0 

17.0 

16.6 

18.8 

15.3 

13.3 

4.5 

-1.2 

1995 

6.7 

6.2 

-16.5 

-20.8 

-16.3 

4.8 

-11.8 

15.2 

12.9 

10.9 
4.0 

1.2 

1996 

5.8 

7.3 

-17.7 

-8.8 

-18.2 

7.5 

2.9 

8.6 

10.6 

9.4 

3.8 

-0.4 

CAGR 
1991-1996 

6.6 
12.0 

-14.7 

-19.7 

-14.3 

14.0 

10.9 

16.6 

14.1 

13.4 

6.1 

1.4 

Source: £>auquest (September 1992) 
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Table 17 M 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Communications " 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 6.1 5.8 5-6 

Total IC 5.1 4.8 4.8 

Bipolar Digital 0.3 0.3 0.2 

Bipolar Memory 0 0 0 

Bipolar Logic 0.3.; 0.3 0.2 

MOS Digital 3.0 2.7 2.8 

MOS Memory 1.5 10 0.9 

MOS Microcomponent 0.7 0.8 1.0 

MOS Logic 0.8 0.9 0.9 

Analog 1.7 1.8 1.7 

Total Discrete 0.8 0.8 0.6 

Total Optoelectronic 0^2 0^2 0.2 

Source: Dataquest (September 1992) 

i 

i 
@1992 Dataquest Incorporated September—Reproduction Prohibited 



North American Semiconductor Consumption l>y Application Marlcet 27 

Table 18 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Communications 

Applications, 1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BifHDlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.1 

5.3 

0.2 

0 

0.2 

3.2 

1.1 

1.2 

1.0 

1.9 

0.7 

0.2 

1993 

6.7 

5.8 

0.2 

0 

0.1 

3.6 

1.3 

1.2 

1.1 

2.1 

0.7 

0.2 

1994 

7.1 

6.3 

0.1 

0 

0.1 

3.9 

1.4 

1.4 

1.1 

2.2 

0.6 

0.1 

1995 

7.0 

6.3 

0.1 

0 

0.1 

3.9 

1.2 

1.5 

1.2 

2.3 

0.6 

0.1 

1996 

7.1 

6.4 

0.1 

0 

0.1 

3.9 

1.1 

1.5 

1.3 

2.4 

0.6 

0.1 

Source: Dataquest (September 1992) 
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Table 19 
Revenue from North American Industrial Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Indiistrial Applications, 1989-1991 
(Millions of U.S. I>ollars) 

1989 1990 1991 

Total Industrial 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompMDnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

32,302 

1,664 

1,091 

171 

17 

154 

525 

171 

180 

174 

395 

499 

74 

33,687 

1,722 

1,166 

162 

16 

145 

554 

120 

210 

224 

451 

485 

71 

33,909 

1,737 

1,259 

129 

13 

115 

663 

135 

266 

261 

467 

404 

75 

Source: £>auquest (September 1992) 
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Table 20 
Revenue from North American Industrial Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use In Industrial Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Industrial 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BifXDlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

35,482 

2,067 

126 

16 

110 

841 

178 

350 

313 

559 

460 

80 

1993 

37,958 

2,406 

103 

11 

92 

1,068 

252 

417 

400 

663 

489 
82 

1994 

40,547 

2,773 

85 

7 

78 

1,325 

318 

513 

493 

766 

515 

82 

1995 

43,395 

3,075 

71 

6 

66 

1,513 
304 

614 

596 

866 

541 

84 

1996 

46,479 

3,410 

59 

5 

54 

1,735 

338 

692 

705 

966 

566 

85 

Source: Dataquest (September 1992) 

) 

\ 

©1992 E>ataquest Incorporated September-Reproduction Prohibited 



30 Semiconductor Application Marlcets Worldwide 

Table 21 
Revenue Growth from North American Industrial Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Industrial Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Industrial 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.3 

-1.1 

-34.8 

-42.0 

-33.8 

8.4 

65.8 

-2.3 

-11.7 

26.6 

-7.1 

-14.2 

4.3 

3.5 

-5.7 

-5.9 

-5.7 

5.6 

-29.7 

16.7 

28.6 

14.1 

-2.8 

-3.7 

0.7 

0.9 

-20.5 

-17.7 

-20.9 

19.6 

12.6 

27.0 

16.5 

3.7 

-16.8 

5.7 

Source: DaUquest (September 1992) 
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Table 22 
Revenue Growth from North American Industrial Equipment Production, and Revenue Grovrth from All 

Semiconductors Shipped to North America for Use in Industrial Applications, 1992-1996 
(Percent Change) 

Total Industrial 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipwlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.6 

19.0 

-1.7 

20.6 

-4.3 

27.0 

31.9 

31.4 

19.9 

19.7 

13.9 

7.5 

1993 

7.0 

16.4 

-18.3 

-29.4 

-167 

27.0 

41.1 

19.0 

27.9 

18.6 

6.4 

2.3 

1994 

6.8 

15.2 

-17.5 

-39.7 

-14.8 

24.0 

26.3 

23.3 

23.3 

15.5. 

5.3 

-0.2 

1995 

7.0 

10.9 

-16.2 

-18.1 

-16.0 

14.2 

-4.5 

19.6 

20.7 

13.0 

4.9 

2.3 

1996 

7.1 

10.9 

-17.0 

-5.6 
-18.0 

14.6 

11.4 

12.7 

18.3 

11.6 

4.6 

0.6 

CAGR 
1991-1996 

6.5 
14.4 

-14.4 

-16.9 

-14.1 

21.2 

20.1 

21.0 

22.0 

15.6 

7.0 

2.5 

Source: Dauquest (September 1992) 
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Table 23 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Industrial Applications, 

1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.2 

3.4 

0.5 

0.1 

0.5 

1.6 

0.5 

0.6 

0.5 

1.2 

1.5 

0.2 

5.1 

3.5 

0.5 

0 

0.4 

1.6 

0.4 

0.6 

0.7 

1.3 

1.4 

0.2 

5.1 

3.7 

0.4 

0 

0.3 

2.0 

0.4 

0.8 

0.8 

1.4 

1.2 

0.2 

Source: DaUquest (September 1992) 
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Table 24 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Industrial Applications, 

1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bijx)lar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

5.8 

4.3 

0.4 

0 

0.3 

2.4 

0.5 

1.0 

0.9 

1.6 

1.3 

0.2 

1993 

6.3 

4.8 

0.3 

0 

0.2 

2.8 

0.7 

1.1 

1.1 

1.7 

1.3 

0.2 

1994 

6.8 

5.4 

0.2 

0 

0.2 

3.3 

0.8 

1.3 

1.2 

1.9 

1.3 

0.2 

1995 

7.1 

5.6 

0.2 

0 

0.2 

3.5 

0.7 

1.4 

1.4 

2.0 

1.2 

0.2 

1996 

7.3 

5.9 

0.1 

0 

0.1 

3.7 

0.7 

1.5 

1.5 

2.1 

1.2 

0.2 

Source: I>ataquest (September 1992) 
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Table 25 
Revenue from North American Consimier Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Consumer Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Consumer 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

17,082 

1,152 

891 

11 

2 

9 

345 

177 

125 

42 

535 

245 

16 

16,995 

1,152 

899 

8 

2 

7 

326 

138 

141 

47 

564 

238 

15 

16,660 

1,174 

957 

6 
2 

4 

365 

144 

169 

53 

586 

201 

16 

Source: Dauquest (September 1992) 
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» 
Table 26 
Revenue from North American Consumer Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Consimier Applications, 1992-1996 
(MiUlons of U.S. Dollars) 

Total Consumer 

Total Semiconductor 

Total IC 

BifKDlar Digital 

Bipjolar Memory 

Biptolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

17,312 

1,402 

5 

2 

4 

445 

176 

209 

60 

703 

233 

17 

1993 

18,216 

1,644 

4 

1 

3 

537 

230 

234 

73 

834 

251 

18 

1994 

19,161 

1,881 

3 

1 

2 

627 

269 

272 

85 

965 

269 

18 

1995 

20,155 

2,042 

2 

1 

1 

643 

238 

307 

98 

1,092 

286 

19 

1996 

21,127 

2,227 

2 

1 

1 

682 

246 

326 

110 

1,220 

304 

19 

Source: Dataquest (September 1992) 

> 
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Table 27 
Revenue Growth from North American Consumer Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use In Consumer Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Cotisumer 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

10.5 

12.3 

-38.0 

24.4 

-45.8 

11.0 

31.3 

2.0 

-20.1 

23.5 

-0.4 

-10.6 

-0.5 

0 

-24.4 

-26.8 

-23.8 

-5.5 

-22.4 

12.3 

12.0 

5.6 

-3.0 

-7.0 

-2.0 

1.9 

-29.2 

-15.8 

-32.8 

11.9 

4.4 

19.7 

10.7 

3.9 

-15.5 

6.7 

Source: DaUquest (September 1992) 
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Table 28 
Revenue Growth £rom North American Consumer Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Consimier Applications, 1992-1996 
(Percent Change) 

Total Consumer 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.9 

19.5 

-8.0 

23.5 

-18.8 

21.8 

22.3 

23.9 

14.0 

19.9 

15.6 

8.5 

1993 

5.2 

17.3 

-28.7 

-Tin 
-29.3 

20.8 

30.9 

12.2 

21.5 

18.7 • 

8.1 

3.3 

1994 

5.2 

14.4 

-31.4 

-38.3 

-27.7 

16.7 

17.1 

16.2 

17.2 

15.6 

7.0 

0.7 

1995 

5.2 

8.6 

-24.8 

-16.2 

-28.8 

2.6 

-11.5 

12.8 

14.8 

13.2 

6.5 

3.3 

1996 

4.8 

9.1 

-21.0 

-3.4 

-30.4 

6.1 

3.3 

6.2 

12.5 

11.7 

6.3 

1.6 

CAGR 
1991-1996 

4.9 

13.7 

-23.2 

-14.9 

-27.1 

13.3 

11.4 

14.1 

15.9 

15.8 

8.6 

3.5 

Source: £>auquest (September 1992) 
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Table 29 M 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Consumer Applications, ^ 

1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconductor 6.7 

Total IC 5.2 

Bipolar Digital 0.1 

Bipolar Memory 0 

Bipolar Logic 0.1 

MOS Digital 2.0 

MOS Memory 1.0 

MOS Microcomp)onent 0.7 

MOS Logic 0.2 

Analog 3.1 

Total Discrete 1.4 

Total Optoelectronic 0.1 

6.8 

5.3 

0 

0 

0 

1.9 

0.8 

0.8 

0.3 

3.3 

1.4 

0.1 

7.0 

5.7 

0 

0 

0 

2.2 

0.9 

1.0 

0.3 

3.5 

1.2 

0.1 

Source: Dauquest (September 1992) 
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Table 30 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Consumer Applications, 

1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

8.1 

6.7 

0 

0 

0 

2.6 

1.0 

1.2 

0.3 

4.1 

1.3 

0.1 

1993 

9.0 

7.6 

0 

0 

0 

2.9 

1.3 

1.3 

0.4 

4.6 

1.4 

0.1 

1994 

9.8 

8.3 

0 

0 

0 

3.3 

1.4 

1.4 

0.4 

5.0 

1.4 

0.1 

1995 

10.1 

8.6 

0 

0 

0 

3.2 

1.2 

1.5 

0.5 

5.4 

1.4 

0.1 

1996 

10.5 

9.0 

0 

0 

0 

3.2 

1.2 

1.5 

0.5 

5.8 

1.4 

0.1 

Source: Dataquest (September 1992) 
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Table 31 
Revenue from North American Military/Civil Aerospace Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use In Military/Civil Aerospace Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 

Total Military/Civil Aerospace 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip)olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

59,876 

2,059 

1,655 

391 

73 

318 

863 

334 

192 

337 

401 

332 

72 

1990 

60,569 

2,038 

1,647 

361 

51 

310 

865 

298 

204 

363 

421 

321 

70 

1991 

55,257 

1,925 

1,553 

310 

39 

271 

851 

287 

205 

359 

392 

304 

68 

Source: OaUquest (September 1992) 
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Table 32 
Revenue from North American Military/Civil Aerospace Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Military/Civil Aerospace Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Military/CivU Aerospace 

Total Semiconductor 

Total IC 

Bip)olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

54,937 

1,873 

272 

30 

242 

863 

288 

206 

368 

379 

291 

69 

1993 

56,068 

1,940 

247 

22 

224 

920 

308 

219 

393 

398 

303 

73 

1994 

57,463 

2,028 

227 

20 

207 

983 

328 

236 

420 

420 

316 

83 

1995 

58,924 

2,130 

206 

18 

189 

1,061 

354 

259 

448 

448 

330 

86 

1996 

60,132 

2,225 

183 

15 

168 

1,142 

385 

283 

475 

469 

343 

87 

Source: Dauquest (September 1992) 
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Table 33 
Revenue Growth from North American Mllltary/Clvll Aerospace Equipment Production, and Revenue 

Growth from All Semiconductors Shipped to North America for Use In Mllltary/Clvll Aerospace 
Applications, 1989-1991 

(Percent Change) 

1989 1990 1991 

Total Military/Civil Aerospace 2.9 1-2 -8-8 

Total Semiconductor 3.0 -11 -5.5 

Total IC 

Bipolar Digital -9.5 -7.5 -14.3 

Bipolar Memory -2.8 -29.5 -24.3 

Bipolar Logic -10.9 -2.5 -12.7 

MOS Digital 14.1 0.3 -1-7 

MOS Memory 15.7 -10.5 -3.7 

MOS Microcomponent 9.2 6.1 0.4 

MOS Logic 15.5 7.7 -1.1 

Analog 1.1 4.8 -6.8 

Total Discrete -2.3 -3.5 -5.2 

Total Optoelectronic -2A 3̂̂ 7 -2.0 

Source: Dataquest (September 1992) 
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\ 
Table 34 
Revenue Growth from North American Military/Civil Aerospace Equipment Production, and Revenue 

Growth from All Semiconductors Shipped to North America for Use in Military/Civil Aerospace 
AppUcatlons, 1992-1996 

(Percent Change) 

Total Military/Civil Aerospace 

Total Semiconduaor 

Total IC 

BifK)lar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

-0.6 

-2.7 

-12.1 

-22.0 

-10.7 

1.4 

0.4 

0.7 

2.5 

-3.4 

-4.2 

0.7 

1993 

2.1 

3.6 

-9.3 

-25.8 

-7.2 

6.6 

6.9 

6.2 

6.6 

5.0 

4.0 

6.1 

1994 

2.5 

4.6 

-8.0 

-10.3 

-7.8 

6.9 

6.2 

7.7 

6.9 
5.4 

4.4 

14.3 

1995 

2.5 

5.0 

-9.1 

-11.9 

-8.8 

7.9 

7.9 

10.1 

6.7 

6.7 

4.4 

2.9 

1996 

2.1 

4.4 

-11.1 

-15.3 

-10.7 

7.7 

8.9 

9.0 

6.1 

4.7 

3.9 

2.0 

CAGR 
1991-1996 

1.7 

2.9 

-9.9 

-17.3 

-9.1 

6.1 

6.0 

6.7 

5.7 

3.6 

2.4 

5.1 

Source: Dauquest (September 1992) 
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Table 35 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Military/Civil Aerospace 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 3.4 3.4 3.5 

Total IC 2.8 2.7 2.8 

Bipolar Digital 0.7 0.6 0.6 

Bipolar Memory 0.1 0.1 0.1 

Bipolar Logic 0.5 0.5 0.5 

MOS Digital 1.4 1.4 1.5 

MOS Memory 0.6 0.5 0.5 

MOS Microcomponent 0.3 0.3 0.4 

MOS Logic 0.6 0.6 0.7 

Analog 0.7 0.7 0.7 

Total Discrete 0.6 0.5 0.5 

Total Optoelectronic 0^1 0^1 0-1 

Source: Oauquest (September 1992) 
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> 
Table 36 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Mllltary/Clvll Aerospace 

Applications, 1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.4 

2.8 

0.5 

0.1 

0.4 

1.6 

0.5 

0.4 

0.7 

0.7 

0.5 

0.1 

1993 

3.5 

2.8 

0.4 

0 

0.4 

1.6 

0.6 

0.4 

0.7 

0.7 

0.5 

0.1 

1994 

3.5 

2.8 

0.4 

0 

0.4 

1.7 

0.6 

0.4 

0.7 

0.7 

0.5 

0.1 

1995 

3.6 

2.9 

0.4 

0 

0.3 

1.8 

0.6 

0.4 

0.8 

0.8 

0.6 

0.1 

1996 

3.7 

3.0 

0.3 

0 

0.3 

1.9 

0.6 

0.5 

0.8 

0.8 

0.6 

0.1 

Source: Dauquest (September 1992) 
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Table 37 
Revenue from North American Transportation Eqiilpment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Transportation Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Transfxjrtation 

Total Semiconductor 

Total IC 

Bipolar Digital 

BifHDlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp>onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

4,153 

907 

742 

16 

2 

15 

548 

61 

208 

279 

178 

144 

21 

4,115 

917 

752 

31 

2 

29 

548 

54 

202 

292 

174 

143 

22 

3,881 

933 

781 

28 

0 

28 

580 

51 

220 

310 

172 

129 

23 

Source: Dauquest (September 1992) 
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Table 38 
Revenue from North American Transportation Equipment Production, and Revenue from AH 

Semiconductors Shipped to North America for Use in Transportation Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Transponation 

Total Semiconductor 

Total IC 

Bipolar Digital 

BifKjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4,252 

1,043 

32 

0 

32 

642 

56 

247 

339 

194 

149 

26 

1993 

4,694 

1,162 

33 

0 

33 

715 

67 

253 

395 

220 

167 

27 

1994 

4,996 

1,278 

34 

0 

34 

786 

71 

269 

446 

243 

185 

29 

1995 

5,265 

1,365 

35 

35 

831 

58 

278 

495 

264 

204 

31 

1996 

5,516 

1,441 

36 

36 

865 

55 

271 

539 

283 

225 

32 

Source: Dauquest (September 1992) 
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Table 39 
Revenue Growth from North American Transportation Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use in Transportation Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Transportation 0.5 -0.9 -5.7 

Total Semiconduaor -5.0 1-1 1-8 

Total IC 

Bipolar Digital -3.8 87.0 -8.3 

Bipolar Memory -40.6 5.5 -100.0 

Bipolar Logic 4.1 96.9 -2.4 

MOS Digital -8.2 -0.1 6.0 

MOS Memory -l6.6 -11.5 -5.2 

MOS Microcomponent -13.0 -2.8 8.7 

MOS Logic -2.0 4.4 6.2 

Analog -5.5 -2.0 -1.0 

Total Discrete 9.9 -0.9 -9-5 

Total Optoelectronic -4^1 3̂ 4 7.6 

Source: Dataquest (September 1992) 

i 

i 

i 
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Table 40 
Revenue Growth from North American Transportation Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use in Tranportatlon Applications, 1992-1996 
(Percent Change) 

Total Transportation 

Total Semiconductor 

Total IC 

Bip>olar Digital 

BifKjlar Memory 

Bipolar Logic 

IVIOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

9.6 

11.8 

13.7 

0 

13.7 

10.7 

10.4 

12.4 

9.5 

12.6 

15.5 

9.9 

1993 

10.4 

11.4 

3.0 

0 

3.0 

11.3 

18.3 

2.6 

16.5 

13.2 

11.7 

6.9 

1994 

6.4 

10.0 

4.7 

0 

4.7 

10.0 

6.5 

6.2 

13.0 

10.6 

10.9 
6.4 

1995 

5.4 

6.9 

3.2 

0 

3.2 

5.6 

-18.5 

3.3 

10.9 

8.7 

10.6 

6.1 

1996 

4.8 

5.5 

0.8 

0 

0.8 

4.1 

-5.4 

-2.5 

8.9 

7.1 

10.2 

4.5 

CAGR 
1991-1996 

7.3 

9.1 

5.0 

-100.0 

5.0 

8.3 

1.4 

4.3 

11.7 

10.4 

11.8 

6.7 

Source: Dauquest (September 1992) 
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Table 41 M 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Transportation ^ 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconductor 21.8 22.3 24.0 

Total IC 17.9 18.3 20.1 

Bipolar Digital 0.4 0.7 0.7 

Bipolar Memory ' 0 0 0 

Bipolar Logic 0.4 0.7 0.7 

MOS Digital 13.2 13.3 15.0 

MOS Memory 1.5 1.3 1 3 

MOS Microcomp)onent 5.0 4.9 5.7 

MOS Logic 6.7 7.1 8.0 

Analog 4.3 4.2 4.4 

Total Discrete 3-5 3.5 3.3 

Total Optoelectronic 0 5 0^5 0.6 

Source: Dauquest (September 1992) 

i 

4 
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> 
Table 42 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Transportation 

Applications, 1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bip>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomfxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

24.5 

20.4 

0.7 

0 

0.7 

15.1 

1.3 

5.8 

8.0 

4.6 

3.5 

0.6 

1993 

24.7 

20.6 

0.7 

0 

0.7 

15.2 

1.4 

5.4 

8.4 

4.7 

3.6 

0.6 

1994 

25.6 

21.3 

0.7 

0 

0.7 

15.7 

1.4 

5.4 

8.9 

4.9 

3.7 

0.6 

1995 

25.9 

21.5 

0.7 

0 

0.7 

15.8 

1.1 

5.3 

9.4 

5.0 

3.9 

0.6 

1996 

26.1 

21.4 

0.6 

0 

0.6 

15.7 

1.0 

4.9 

9.8 

5.1 

4.1 

0.6 

Source: Dataquest (September 1992) 

> 

^ 
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Table 43 
Revenue from North American Computer Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use In Computer Applications, 1989-1991 
(MllUons of U.S. Dollars) 

1989 1990 1991 

47,974 

6,851 

6,702 

703 

63 

641 

5,932 

2,857 

1,974 

1,100 

67 

96 

53 

Total Computers 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompMDnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

52,991 

7,120 

6,945 

845 

69 

775 

6,042 

3,766 

1,327 

948 

59 

119 

56 

55,750 

6,571 

6,406 

822 

72 

751 

5,518 

2,774 

1,715 

1,028 

66 

117 

48 

Source: Dataquest (September 1992) 
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Table 44 
Revenue from North American Computer Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Computer Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Computers 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

50,676 

7,980 

741 

81 

660 

6,995 

3,441 

2,344 

1,209 

78 

109 

58 

1993 

52,668 

9,269 

654 

61 

593 

8,351 

4,427 

2,512 

1,412 

89 

115 

60 

1994 

56,756 

10,311 

583 

39 

544 

9,449 

5,082 

2,780 

1.587 

99 

120 

61 

1995 

59,591 

9,938 

526 

34 

492 

9,118 

4,403 

2,975 

1,740 

107 

124 

63 

1996 

64,148 

10,067 

468 

34 

434 

9,293 

4,439 

2,989 

1,865 

114 

129 

63 

Source: Dataquest (September 1992) 

> 
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Table 45 
Revenue Growth from North American Computer Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use In Computer Applications, 1989-1991 
(Percent Change) 

i 

1989 1990 1991 

Total Computers 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BifX)lar Logic 

JVIOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

7.2 

13.2 

-16.6 

-28.3 

-15.4 

19.5 

35.0 

7.5 

-7.9 
8.6 

5.2 

0.8 

5.2 

-7.7 

r2.7 

3.4 

-3.2 

-8.7 

-26.3 

29.2 

8.4 

12.6 

-2.4 

-12.9 

-13.9 

4.3 

-14.4 

-12.4 

-14.6 

7.5 

3.0 

15.1 

7.0 

1.0 

-17.3 

8.6 

Source: Dauquest (September 1992) 

©1992 Dataquest Incorporated September—Reproduction Prohibited 



North American Semiconductor Consumption by Application Market 55 

Table 46 
Revenue Growth from North American Computer Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Computer Applications, 1992-1996 
(Percent Change) 

Total Computers 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

5.6 

16.5 

5.4 

28.5 

3.1 

17.9 

20.4 

18.7 

9.9 

16.2 

13.0 

10.0 

1993 

3.9 

16.2 

-11.8 

-24.8 

-10.2 

19.4 

28.6 

7.2 

16.8 

14.7 

5.5 

4.2 

1994 

7.8 

11.2 

-10.8 

-35.8 

-8.2 

13.1 

14.8 

10.7 

12.3 

11.2 

4.3 

1.1 

1995 

5.0 

-3.6 

-9.8 

-12.8 

-9.6 

-3.5 

-13.4 

7.0 

9.7 

8.4 

3.8 

3.1 

1996 

7.6 

1.3 

-11.0 

0.5 

-11.8 

1.9 

0.8 

0.5 

7.2 

6.6 

3.4 

0.9 

CAGR 
1991-1996 

6.0 

8.0 

-7.8 

-11.5 

-7.5 

9.4 

9.2 

8.6 

11.1 

11.4 

5.9 

3.8 

Source: E>ataqtiest (September 1992) 
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Table 47 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Computer Applications, 

1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 13.4 11.8 14.3 

Total IC 13.1 11.5 14.0 

Bipolar Digital 1.6 1.5 1.5 

Bipolar Memory 0.1 0.1 0.1 

Bipolar Logic 1.5 1-3 1.3 

MOS Digital 11.4 9.9 12.4 

MOS Memory 7.1 5.0 6.0 

MOS Microcomfxjnent 2.5 3.1 4.1 

MOS Logic 1.8 1.8 2.3 

Analog 0.1 0.1 0.1 

Total Discrete 0.2 0.2 0.2 

Total Optoelectronic 0.1 0.1 0.1 

Source: Dataquest (September 1992) 
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Table 48 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Computer Applications, 

1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

15.7 

15.4 

1.5 

0.2 

1.3 

13.8 

6.8 

4.6 

2.4 

0.2 

0.2 

0.1 

1993 

17.6 

17.3 

1.2 

0.1 

1.1 

15.9 
8.4 

4.8 

2.7 

0.2 

0.2 

0.1 

1994 

18.2 

17.8 

1.0 

0.1 

1.0 

16.6 

9.0 

4.9 

2.8 

0.2 

0.2 

0.1 

1995 

16.7 

16.4 

0.9 

0.1 

0.8 

15.3 

7.4 

5.0 

2.9 

0.2 

0.2 

0.1 

1996 

15.7 

15.4 

0.7 

0.1 

0.7 

14.5 

6.9 
4.7 

2.9 

0.2 

0.2 

0.1 

Source: Dataquest (September 1992) 
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Table 49 
Revenue from North American Data Storage/Subsystems Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Data Stor^e/Subsystems Applications, 1989-1991 
(MilUons of U.S. Dollars) 

1989 1990 1991 

Total Data Storage/Subsystems 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BipK)lar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5,458 

906 

878 

29 

3 

26 

513 

95 

225 

193' 

336 

21 

7 

5,400 

905 

879 

27 

3 

25 

522 

78 

244 

200 

330 

20 

6 

5,091 

868 

847 

21 

2 

18 

525 

81 

251 

193 

301 

16 

6 
Source: OaUquest (September 1992) 
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Table 50 
Revenue from North American Data Stor^e/Subsystems Equipment Production, and Revenue £rom All 

Semiconductors Shipped to North America for Use in Data Storage/Subsystems Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Data Storage/Subsystems 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4,081 

914 

19 

3 

16 

557 

100 

267 

191 

315 

16 

6 

1993 

3,255 

949 

15 

2 

13 

587 

131 

256 

200 

325 

16 

6 

1994 

2,265 

968 

12 

2 

10 

609 

153 

254 

203 

326 

16 

6 

1995 

1,743 

926 

9 

1 

8 

578 

135 

243 

200 

318 

15 

5 

1996 

1,240 

883 

7 

1 

6 

550 

138 

219 

193 

305 

15 

5 

Source: Dauquest (September 1992) 

i 
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Table 51 
Revenue Growth from North American Data Storage/Subsystems Equipment Production, and Revenue 

Growth from All Semiconductors Shipped to North America for Use in Data Storage/Subsystems 
Applications, 1989-1991 

(Percent Change) 

i 

1989 1990 1991 

Total Data Storage/Subsystems 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

-7.2 

-2.0 

-8.0 

-37.2 

-3.7 

-4.9 

16.1 

-1.8 

-15.4 

3.4 

-2.5 

-4.4 

-1.1 

-0.1 

-4.4 

8.7 

-5.6 

1.7 

-18.4 

8.5 

3.6 

-1.8 

-6.0 

-15.3 

-5.7 

-4.1 

-24.5 

-11.1 

-26.0 

0.7 

4.9 

3.0 

-3.7 

-9.0 

-22.7 

2.5 

Source: DaUquest (September 1992) 
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Table 52 
Revenue Growth from North American Data Stor^e/Subsystems Equipment Production, and 
Revenue Growth from All Semiconductors Shipped to North America for Use in Data Ston^e/Subsystems 

Applications, 1992-1996 
(Percent Change) 

Total Data Storage/Subsystems 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoeiectronic 

1992 

-19.8 

5.3 

-5.8 

30.3 

-10.6 

6.1 

22.6 

6.3 

-1.1 

4.6 

5.7 

3.8 

1993 

-20.2 

3.9 

-22.4 

-23.7 

-22.2 

5.4 

31.0 

-4.1 

5.1 

3.3 
-1.4 

-1.7 

1994 

-30.4 

1.9 

-22.8 

-34.8 

-20.5 

3.7 

16.9 

-0.9 

1.1 

0.2 

-2.4 

-4.6 

1995 

-23.0 

-4.3 

-20.3 

-11.5 

-21.7 

-5.1 
-11.8 

-4.2 

-1.3 

-2.3 

-2.9 

-2.8 

1996 

-28.9 

-4.7 

-19.7 

1.9 

-23.5 

-4.8 

2.7 

-10.1 

-3.5 

-4.0 

-3.3 

-4.8 

CAGR 
1991-1996 

-24.6 

0.3 

-18.4 

-10.2 

-19.8 

0.9 

11.2 

-2.7 

0 

0.3 

-0.9 

-2.1 

Source: Dauquest (September 1992) 

®1992 Dataquest Incorporated September—Reproduction Prohibited 



62 Semiconductor Application Markets Worldwide 

Table 53 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Data Storage/Subsystems 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor l6.6 l6.8 17.0 

Total IC 16.1 16.3 l6.6 

Bipolar Digital 0.5 0.5 0.4 

Bipolar Memory 0 0.1 0 

Bipolar Logic 0.5 0.5 0.4 

MOS Digital 9.4 9.7 10.3 

MOS Memory 1.7 1-4 1.6 

MOS Microcomponent 4.1 4.5 ^9 

MOS Logic 3.5 3.7 3.8 

Analog 6.2 6.1 5.9 

Total Discrete 0.4 0.4 0.3 

Total Optoelectronic OĴ  OĴ  0.1 

Source: Dauquest (September 1992) 
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> 
Table 54 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Data Storage/Subsystems 

Applications, 1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompwnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

22.4 

21.8 

0.5 

0.1 

0.4 

13.7 

2.4 

6.5 

4.7 

7.7 

0.4 

0.1 

1993 

29.2 

28.5 

0.5 

0.1 

0.4 

18.0 

4.0 

7.9 

6.2 

10.0 

0.5 

0.2 

1994 

42.7 

41.8 

0.5 

0.1 

0.4 

26.9 

6.7 

11.2 

8.9 

14.4 

0.7 

0.2 

1995 

53.1 

51.9 

0.5 

0.1 

0.5 

33.2 

7.7 

13.9 

11.5 

18.2 

0.9 

0.3 

1996 

71.2 

69.6 

0.6 

0.1 

0.5 

44.4 

11.2 

17.6 

15.6 

24.6 

1.2 

0.4 

Source: Dauquest (September 1992) 

^ 
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Table 55 
Revenue from North American Terminal Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Terminal Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 

Total Terminals 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocomfXJnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

2,179 

215 

203 

10 

l ' 

9 
147 

81 

42 

24 

47 

10 

2 

1990 

2,081 

186 

176 

8 

1 

8 

122 

50 

47 

25 

46 

9 

2 

1991 

1,952 

204 

195 

8 

1 

7 

139 

54 

58 

28 

48 

7 

2 

Source.' E>ataquest (September 1992) 
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Table 56 
Revenue from North American Terminal Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Terminal Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Terminals 

Total Semiconductor 

Total IC 

Bipolar Digital 

BifKDlar Memory 

BipKDlar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompKjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2,046 

249 

8 

1 

7 

172 

67 

73 

32 

58 

8 

3 

1993 

2,119 

301 

8 

1 

7 

212 

91 

83 

38 

70 

9 

3 

1994 

2,143 

351 

7 

1 

6 

251 

109 

97 

45 

81 

9 

3 

1995 

2,093 

371 

7 

1 

6 

260 

98 

110 

52 

92 

10 

3 

1996 

2,087 

401 

6 

1 

5 

278 

103 

117 

58 

102 

10 

3 

Source; Dauquest (September 1992) 

^ 
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Table 57 
Revenue Growth from North American Terminal Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Terminal Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Terminals 

Total Semiconduaor 

Total IC 

BipKjlar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS l^emory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

-5.8 

0.9 

-32.1 

-58.1 

-27.7 

7.2 

24.9 

-4.2 

-16.0 

-2.3 

-11.3 

-36.2 

-4.5 

-13.3 

-11.0 

8.7 

-12.9 

-17.0 

-38.5 

12.2 

4.7 

-2.7 

r l l .4 

-1.2 

-6.2 

9.4 

-10.7 

-3.6 

-11.6 

14.0 

7.5 

22.1 

11.7 

5.5 

-16.1 

15.3 

Source: Dataquest (September 1992) 
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Table 58 
Revenue Growth from North American Terminal Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Terminal Applications, 1992-1996 
(Percent Change) 

Total Terminals 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.8 

22.2 

10.8 

41.3 

6.8 

23.6 

25.8 

25.9 

14.6 

21.2 

14.8 

16.7 

1993 

3.6 

20.7 

-8.5 

-17.3 

-7.0 

23.3 

34.3 

13.7 

21.9 

19.7 

7.1 

10,5 

1994 

1.1 

16.7 

-8.2 

-29.3 

-4.9 

18.4 

19.9 

17.4 

17.2 

16.1 

6.0 

7.2 

1995 

-2.3 

5.8 

-6.2 

-4.1 

-6.4 

3.7 

-9.5 

13.5 

14.5 

13.2 

5.4 

9.4 

1996 

-0.3 

7.8 

•^.(y 

10.5 

-8.6 

7.1 

5.3 

(i£ 

11.8 

11.2 

5.0 

7.1 

CAGR 
1991-1996 

1.3 

14.5 

-4.0 

-2.6 

-4.2 

14.9 

14.0 

15.2 

16.0 

16.2 

7.6 

10.1 

Source: Dataquest (September 1992) 
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Table 59 § 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Terminal Applications, ^ 

19891991 
(Percent) 

1989 1990 1991 

Total Semiconductor 9.9 9.0 10.4 

Total IC 9.3 8.5 10.0 

Bipolar Digital 0.4 0.4 0.4 

BijX)lar Memory 0 0 0 

Bipolar Logic 0.4 0.4 0.3 

MOS Digital 6.7 5.9 7.1 

MOS Memory 3.7 2.4 2.7 

MOS Microcomponent 1.9 2.3 3.0 

MOS Logic 1.1 1.2 1.4 

Analog 2.2 2.2 2.5 

Total Discrete 0.4 0.4 0.4 

Total Optoelectronic OA 0^. 0J_ 

Source: Dataquest (September 1992) 

i 
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Table 60 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Terminal Applications, 

1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

12.2 

11.7 

0.4 

0.1 

0.3 

8.4 

3.3 

3.6 

1.5 

2.9 

0.4 

0.1 

1993 

14.2 

13.6 

0.4 

0 

0.3 

10.0 

4.3 

3.9 

1.8 

3.3 

0.4 

0.1 

1994 

16.4 

15.8 

0.3 

0 

0.3 

11.7 

5.1 

4.5 

2.1 

3.8 

0.4 

0.1 

1995 

17.7 

17.1 

0.3 

0 

0.3 

12.4 

4.7 

5.3 

2.5 

4A 

0.5 

0.2 

1996 

19.2 

18.5 

0.3 

0 

0.3 

13.3 

5.0 

5.6 

2.8 

4.9 

0.5 

0.2 

Source: Dataquest (September 1992) 

> 

^ 
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Table 6 l 
Revenue from North American Input/Output Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Input/Output Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Input/Output Devices 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

11,847 

994 

942 

49 

4 

45 

855 

507 

198 

150 

38 

25 

26 

13,209 

1,008 

954 

50 

5 

45 

862 

408 

264 

190 

43 

27 

27 

14,079 

1,191 

1,134 

42 

4 

38 

1,047 

477 

344 

225 

44 

24 

34 

Source: E>auquest (September 1992) 
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Table 62 
Revenue from North American Input/Output Equipment Production, and Revenue £rom All 

Semiconductors Shipped to North America for Use in Input/Output Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Input/Output Devices 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bip>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

14,299 

1,559 

44 

5 

39 

1,391 

653 

464 

274 

53 

28 

42 

1993 

15,186 

2,055 

39 

4 

35 

1,871 

953 

565 

354 

63 

32 

51 

1994 

15,985 

2,591 

35 

2 

32 

2,391 

1,241 

709 

441 

72 

35 

59 

1995 

16,635 

2,836 

31 

2 

29 

2,617 

1,220 

861 

536 

80 

39 

69 

1996 

17,095 

3,252 

27 

2 

25 

3,015 

1,396 

982 

636 

88 

43 

80 

Source: DaUquest (September 1992) 

• 
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Table 63 
Revenue Growth from North American Input/Output Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use in Input/Output Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Input/Output Devices 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocomfK>nent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

14.0 

22.8 

-6.6 
-40.2 

-1.6 

26.8 

43.1 

14.8 

1.8 

12.1 

5.7 

7.1 

11.5 

1.4 

0.8 

8.7 

0.1 

0.8 

-19.4 

32.9 

26.7 

12.1 

6.0 

2.3 

6.6 
18.1 

-14.9 

-12.9 

-15.1 

21.5 

16.9 

30.6 

18.6 

4.0 

-12.1 

24.5 

Source: E>ataquest (September 1992) 
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Table 64 
Revenue Growth from North American Input/Output Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use In Input/Output Applications, 1992-1996 
(Percent Change) 

Total Input/Output Devices 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

1.6 

30.9 

4.8 

27.6 

2.5 

32.8 

36.7 

34.8 

21.7 

19.5 

20.1 

26.1 

1993 

6.2 

31.9 

-12.4 

-25.3 

-10.7 

34.6 

46.0 

21.6 

29.4 

18.0 

12.1 

19.4 

1994 

5.3 

26.1 

-11.4 

-36.2 

-8.8 

27.8 

30.3 

25.6 

24.4 

14.4 

10.9 

15.9 

1995 

4.1 

9.5 

-10.4 

-13.4 

-10.1 

9.5 

-1.7 

21.5 

21.5 

11.6 

10.3 

18.2 

1996 

2.8 

14.7 

-11.5 

-0.2 

-12.3 

15.2 

14.4 

14.0 

18.7 

9.7 

9.9 

15.6 

CAGR 
1991-1996 

4.0 

22.3 

-8.4 

-12.1 

-8.0 

23.6 

23.9 

23.3 

23.1 

14.6 

12.6 

19.0 

Source; Dauquest (September 1992) 
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Table 65 ^ 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Input/Output ^ 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconductor 8.4 7.6 8.5 

Total IC 8.0 7.2 8.1 

Bipolar Digital 0.4 0.4 0.3 

Bipolar Memory 0 0 0 

Bipolar Logic 0.4 0.3 0.3 

MOS Digital 7.2 6.5 7.4 

IVIOS Memory 4.3 3.1 3.4 

MOS Microcomponent 1.7' 2.0 2.4 

MOS Logic 1.3 1-4 1.6 

Analog 0.3 0.3 0.3 

Total Discrete 0.2 0.2 0.2 

Total Optoelectronic 0̂ 2 0^2 0^2 

Source: Dauquest (September 1992) 

i 
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Table 66 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Input/Output 

Applications, 1992-1996 
(Percent) 

1992 1993 1994 1995 1996 
Total Semiconduaor 

Total IC 

Bipolar Digital 

Bifwlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

10.9 

10.4 

0.3 

0 

0.3 

9.7 

4.6 

3.2 

1.9 

0.4 

0.2 

0.3 

13.5 

13.0 

0.3 

0 

0.2 

12.3 

6.3 

3.7 

2.3 

0.4 

0.2 

0.3 

16.2 

15.6 

0.2 

0 

0.2 

15.0 

7.8 

4.4 

2.8 

0.4 

0.2 

0.4 

17.0 

16.4 

0.2 

0 

0.2 

15.7 

7.3 

5.2 

3.2 

0.5 

0.2 

0.4 

19.0 

18.3 

0.2 

0 

0.1 

17.6 

8.2 

5.7 

3.7 

0.5 

0.2 

0.5 

Source: Dataquest (September 1992) 
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Table 67 
Revenue from North American Dedicated Systems Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Dedicated Systems Applications, 1989-1991 
(Millions of U.S. Dollars) 

i 

1989 1990 1991 

Total Dedicated Systems 

Total Semlconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5,025 

335 

320 

15 

2 

13 

294 

153 

93 
48 

11 

11 

5 

4,794 

307 

293 

13 

2 

11 

269 

118 

100 

50 

11 

11 

4 

4,595 

331 

318 

11 

2 

9 

297 

125 

118 

54 

10 

9 
4 

Source: Dauquest (September 1992) 

©1992 Dataquest Incorporated September—Reproduction Prohibited 



North American Semiconductor Consumption by Application Market 77 

Table 68 
Revenue Crom North American Dedicated Systems Equipment Production, and Revenue £rom All 

Semiconductors Shipped to North America for Use in Dedicated Systems Applications, 1992-1996 
(MlUlons of U.S. Dollars) 

Total Dedicated Systems 

Total Semiconduaor 

Total IC 

Bip)oiar Digital 

Bip>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4,759 

394 

11 

2 

9 

357 

154 

144 

59 

12 

10 

4 

1993 

5,029 

467 

9 

1 

8 

430 

203 

159 

68 

13 

11 

4 

1994 

5,283 

532 

8 

1 

7 

495 

238 

180 

77 

14 

11 

4 

1995 

5,492 

530 

7 

1 

6 

493 

211 

198 

84 

15 

12 

4 

1996 

5,694 

549 

6 

1 

5 

512 

218 

204 

90 

15 

12 

4 

Source: E>auquest (September 1992) 

• 
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Table 69 
Revenue Growth from North American Dedicated Systems Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use in Dedicated Systems Applications, 
1989-1991 

(Percent Change) 

1989 1990 1991 

-4.2 

7.8 

-18.1 

-16.0 

-18.5 

10.4 

5.5 

18.1 

6.7 

-2.5 

-16.6 

6.3 

Total Dedicated Systems 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

-1.6 

-0.2 

-27.8 

-44.1 

-25.1 

2.7 

16.8 

AA 

-17.3 

-2.3 

-10.6 

-20.3 

-4.6 

-8.4 

-13.3 

8.7 

-16.0 

-8.5 

-22.7 

8.1 

4.6 

-0.6 

-1.6 

-21.0 

Source: Dauquest (September 1992) 
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Table 70 
Revenue Growth £rom North American Dedicated Systems Equipment Production, and Revenue Growth 

Crom All Semiconductors Shipped to North America for Use in Dedicated Systems Applications, 
1992-1996 

(Percent Change) 

Total Dedicated Systems 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomfxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.6 

19.1 

2.0 

23.1 

-1.5 

20.3 

23.3 

21.9 

9.6 
12.1 

14.0 

7.6 

1993 

5.7 

18.6 

-16.6 

-28.0 

-14.2 

20.4 

31.7 

10.0 

16.5 

10.7 

6.4 

1.9 

1994 

5.1 

14.0 

-16.2 

-38.5 

-12.3 

15.2 

17.6 

13.6 

12.0 

7.4 

5.2 

-1.1 

1995 

4.0 

-0.3 

-14.0 

-16.5 

-13.7 

-0.4 

-11.3 

9.9 

9.4 

4.7 

4.7 

0.9 

1996 

3.7 

3.5 

-14.5 

-3.8 

-15.7 

3.8 

3.2 

3.1 

6.9 

2.9 

4.3 

-1.3 

CAGR 
1991-1996 

4.4 

10.7 

-12.1 

-15.2 

-11.6 

11.5 

11.8 

11.5 

10.8 

7.5 

6.9 

1.5 

Source: DaUquest (September 1992) 
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Table 71 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Dedicated Systems 

Applications, 1989-1991 
(Percent) 

i 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.7 

6.4 

0.3 

0-

0.3 

5.8 

3.0 

1.8 

1.0 

0.2 

0.2 

0.1 

6A 

6.1 

0.3 

0 

0.2 

5.6 

2.5 

2.1 

1.0 

0.2 

0.2 

0.1 

7.2 

6.9 

0.2 

0 

0.2 

6.5 

2.7 

2.6 

1.2 

0.2 

0.2 

0.1 

Source: t>ataquest (September 1992) 

i 
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Table 72 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Dedicated Applications, 

1992-1996 
(Percent) ' 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

8.3 

8.0 

0.2 

0 

0.2 

7.5 

3.2 

3.0 

1.2 

0.2 

0.2 

0.1 

1993 

9.3 

9.0 

0.2 

0 

0.2 

8.5 

4.0 

3.2 

1.4 

0.3 

m 
0.1 

1994 

10.1 

9.8 

0.1 

0 

0.1 

9.4 

4.5 

3.4 

1.5 

0.3 

0.2 

0.1 

1995 

9.7 

9.4 

0.1 

0 

0.1 

9.0 

3.8 

3.6 

1.5 

0.3 

0.2 

0.1 

1996 

9.6 

9.4 

0.1 

0 

0.1 

.9.0 

3.8 

3.6 

1.6 

0.3 

0.2 

0.1 

Source: Dauquest (September 1992) 

> 
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Table 73 
Revenue from. North American Premise Telecom Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Premise Telecom Applications, 1989-1991 
(MilUons of U.S. Dollars) 

1989 1990 1991 

Total Premise Telecom Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

12,656 

971 

825 

51 

2 

49 

508 

258 

132 

118 

265 

125 

21 

13.916 

1,008 

852 

51 

2 

50 

491 

178 

166 

147 

309 

134 

22 

15,003 

1,042 

909 

41 

2 

39 

555 

185 

208 

161 

314 

110 

23 

Source: Dataquest (September 1992) 

i 

G1992 Dataquest Incorporated September-Reproduction Prohibited 



Nortli American Semiconductor Consumption by Application Market 83 

Table 74 
Revenue from North American Premise Telecom Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Premise Telecom Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Premise Telecom Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompKDnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

15,929 

1,232 

39 

2 

37 

677 

226 

269 

182 

367 

124 

25 

1993 

16,895 

1,443 

32 

1 

30 

829 

295 

314 

220 

426 

131 

26 

1994 

17,914 

1,649 

26 

1 

26 

979 

344 

380 

255 

481 

137 

26 

1995 

18,986 

1,761 

22 

1 

21 

1,039 

304 

446 

290 

531 

142 

27 

1996 

20,131 

1,899 

18 

0 

17 

1,128 

313 

492 

323 

579 

147 

27 

Source: Dauquest (September 1992) 

• 
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Table 75 
Revenue Growth from North American Premise Telecom Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use in Premise Telecom Applications, 1989-1991 
(Percent Change) 

i 

1989 1990 1991 

Total Premise Telecom Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

17.9 

11.9 

-32.0 

-37.8 

-31.8 

17.6 

60.9 

2.7 

-17.5 

25.2 

0 

-9.5 

10.0 

3.8 

0.9 

-2.4 

1.0 

-3.3 

-31.0 

26.0 

24.6 

16.4 

6.9 

5.8 

7.8 

3.5 

-21.2 

-11.0 

-21.6 

12.9 

4.1 

25.0 

9.7 

1.5 

-17.6 

6.3 
Source: Dataquest (September 1992) 

i 
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Table 76 
Revenue Growth from North American Premise Telecom Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use in Premise Telecom Applications, 1992-1996 
(Percent Change) 

Total Premise Telecom Equipment 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.2 

18.2 

-4.5 

13.8 

-5.3 

22.1 

22.0 

29.2 

12.9 

17.1 

12.8 

8.1 

1993 

6.1 

17.1 

-18.3 

-33.5 

-17.5 

22.4 

30.5 

16.9 

20.4 

16.0 

5.4 

2.9 

1994 

6.0 

14.3 

-16.7 

-43.4 

-15.6 

18.2 

16.7 

21.0 

16.1 

12.9 

4.3 

0.2 

1995 

6.0 

6.8 

-17.1 

-23.4 

-16.9 

6.1 

-11.7 

17.3 

13.7 

10.5 

3.8 

2.7 

1996 

6.0 

7.8 

-18.7 

-12.0 

-18.9 

8.5 

3.0 

10.4 

11.4 

9.0 

3.6 

1.0 

CAGR 
1991-1996 

6.1 

12.7 

-15.2 

-22.0 

-15.0 

15.2 

11.1 

18.8 

14.9 

13.1 

5.9 

2.9 

Source: DaUquest (September 1992) 
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Table 77 4 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Premise Telecom " 

Applications, 1989-1991 
(Percent) 

1989 1 9 ^ 1991 

Total Semiconductor 7.7 7.2 6.9 

Total IC 6.5 6.1 6.1 

Bipolar Digital 0.4 OA 0.3 

Bip>olar Memory 0 0 0 

Bipolar Logic 0.4 0.4 0.3 

MOS Digital 4.0 3.5 3.7 

MOS Memory 2.0 1.3 1.2 

MOS Microcomponent 1.0 1.2 1.4 

MOS Logic 0.9 11 11 

Analog 2.1 2.2 2.1 

Total Discrete 1.0 1.0 0.7 

Total Optoeiectronic 0̂ 2 0^2 0;2 

Source: Dauquest (September 1992) 

i 
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> 
Table 78 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Premise Telecom 

Applications, 1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

7.7 

6.8 

0.2 

0 

0.2 

4.3 

1.4 

1.7 

1.1 

2.3 

0.8 

0.2 

1993 

8.5 

7.6 

0.2 

0 

0.2 

4.9 

1.7 

1.9 

1.3 

2.5 

0.8 

0.2 

1994 

9.2 

8.3 

0.1 

0 

0.1 

5.5 

1.9 

2.1 

1.4 

2.7 

0.8 

0.1 

1995 

9.3 

8.4 

0.1 

0 

0.1 

5.5 

1.6 

2.3 

1.5 

2.8 

0.7 

0.1 

1996 

9.4 

8.6 

0.1 

0 

0.1 

5.6 

1.6 

2.4 

1.6 

2.9 

0.7 

0.1 

Source: Dataquest (September 1992) 

t 
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Table 79 
Revenue from North American Public Telecom Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Public Telecom Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Public Telecom Equipment 7,020 7,217 7,578 

Total Semiconductor 340 325 327 

Total IC 273 259 270 

Bipolar Digital 13 12 10 

Bipolar Memory 2 2 2 

Bipolar Logic 12 10 8 

MOS Digital 174 155 168 

MOS Memoo' 83 52 54 

MOS Microcomfjonent 37 43 51 

MOS Logic 53 60 64 

Analog 85 91 91 

Total Discrete 51 51 41 

Total OptQelectronic 16̂  l6 l6 

Source: DaUquest (September 1992) 
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Table 80 
Revenue from North American Public Telecom Equipment Production, and Revenue frvm All 

Semiconductors Shipped to North America for Use in Public Telecom Applications, 1992-1996 
(MilUons of U.S. Dollars) 

Total Public Telecom Equipment 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

8,247 

374 

10 

2 

8 

197 

65 

61 

71 

105 

46 

17 

1993 

8,949 

426 

8 

1 

6 

234 

83 

66 

84 

120 

48 

16 

1994 

9,660 

472 

6 

1 

5 

266 

96 

75 

95 

134 

50 

16 

1995 

10,397 

490 

5 

1 

5 

272 

84 

82 

106 

146 

52 

16 

1996 

11,061 

514 

4 

0 

4 

286 

86 

84 

116 

157 

53 

15 

Source: Dataquest (September 1992) 

> 
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Table 81 § 
Revenue Growth £rom North American Public Telecom Equipment Production, and Revenue Growth £rom ~ 

All Semiconductors Shipped to North America for Use in Public Telecom Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Public Telecom Equipment 4.2 2.8 5.0 

Total Semiconductor 1.3 ^ -5 0.6 

Total IC 

Bipolar Digital -39.0 -8.2 -20.0 

Bipolar Memory -37.8 -2.4 -11.0 

Bipolar Logic -39.1 -9.2 -21.6 

MOS Digital 4.9 -10.9 8.5 

MOS Memory 49.2 -37.6 3.1 

MOS Microcomponent -6.8 l6.1 l6.4 

MOS Logic -23.7 11.9 7.5 

Analog 15.1 7.2 0 

Total Discrete -6.6 -1.5 -18.3 

Total Optoelectronic -15.3 ;;3;0 2.3 

Source: Oauquest (September 1992) 

i 
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Table 82 
Revenue Growth from North American Public Telecom Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use in Public Telecom Applications, 1992-1996 
(Percent Change) 

Total Public Telecom Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

8.8 

14.6 

-2.1 

13.8 

-5.2 

16.8 

20.7 

20.3 

10.6 

15.3 

11.8 

4.0 

1993 

8.5 

13.9 

-20.5 

-33.5 

-17.5 

18.8 

29.2 

8.9 

18.0 

14.3 

4.5 

-1.1 

1994 

7.9 

10.8 

-20.0 

-43.4 

-15.6 

14.1 

15.5 

12.7 

13.7 

11.2 

3.4 

-3.6 

1995 

7.6 

3.7 

-17.6 

-23.4 

-16.9 

2.1 

-12.6 

9.2 

11.4 

8.9 

3.0 

-1.2 

1996 

6.4 

5.0 

-18.1 

-12.0 

-18.9 

5.0 

1.9 

2.8 

9.1 

7.4 

2.7 

-2.9 

CAGR 
1991-1996 

7.9 

9.5 

-15.9 

-22.0 

-14.9 

11.1 

9.9 

10.6 

12.5 

11.4 

5.0 

-1.0 

Source: Dataquest (September 1992) 
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Table 83 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Public Telecom 

Applications, 1989-1991 
(Percent) 

( 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomf)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

4.8 

3.9 

0.2 

0 

0.2 

2.5 

1.2 

0.5 

0.8 

1.2 

0.7 

0.2 

4.5 

3.6 

0.2 

0 

0.1 

2.2 

0.7 

0.6 

0.8 

1.3 

0.7 

0.2 

4.3 

3.6 

0.1 

0 

0.1 

2.2 

0.7 

0.7 

0.8 

1.2 

0.5 

0.2 

Source: DaUquest (September 1992) 

i 
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Table 84 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Public Telecom 

Applications, 1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bip>olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.5 

3.8 

0.1 

0 

0.1 

2.4 

0.8 

0.7 

0.9 

1.3 

0.6 

0.2 

1993 

4.8 

4.0 

0.1 

0 

0.1 

2.6 

0.9 

0.7 

0.9 

1.3 

0.5 

0.2 

1994 

4.9 

4.2 

0.1 

0 

0.1 

2.8 

1.0 

0.8 

1.0 

1.4 

0.5 

0.2 

1995 

4.7 

4.1 

0 

0 

0 

2.6 

0.8 

0.8-

1.0 

1.4 

0.5 

0.1 

1996 

4.7 

4.0 

0 

0 

0 

2.6 

0.8 

0.8 

1.0 

1.4 

0.5 

0.1 

Source: Dauquest (September 1992) 

\ 

> 
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Table 85 
Revenue Crom North American Mobile Communications Equipment Production, and Revenue £rom All 

Semiconductors Shipped to North America for Use in Mobile Communications Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Mobile Communications 

Equipment 

Total Setniconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip>olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

2,970 

126 

104 

11 

1 

10 

35 

18 

8 

8 

59 

17 

5. 

2,973 

125 

102 

9 

1 

9 

27 

10 

9 

9 

65 

18 

5 

3,138 

127 

107 

8 

1 

7 

30 

11 

10 

9 

68 

15 

5 

Source: Dataquest (September 1992) 
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> 
Table 86 
Revenue from North American Mobile Comnnuiications Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Mobile Communications Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Mobile Communications 
Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3,442 

151 

8 

1 

7 

37 

13 

13 

11 

83 

18 

5 

1993 

3,820 

176 

7 

1 

6 

45 

18 

14 

13 

100 

19 

5 

1994 

4,289 

201 

6 
1 

5 

53 

21 

17 

15 

116 

20 

5 

1995 

4,724 

220 

5 

1 

5 

55 

19 

19 

17 

133 

22 

6 

1996 

5,162 

242 

4 

1 

4 

59 

20 

20 

19 

150 

23 

6 
Source: Dauquest (September 1992) 

• 

• 
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Table 87 
Revenue Growth from North American Mobile Communications Equipment Production, and Revenue 

Growth from All Semiconductors Shipped to North America for Use in Mobile Communications 
Applications, 1989-1991 

(Percent Change) 

i 

1989 1990 1991 

Total Mobile Communications 

Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

28.9 

6.9 

-33.9 

-53.4 

-31.2 

11.7 

48.6 

4.9 

-23.3 

22.4 

-3.1 
-5.4 

Source: Dauquest (September 1992) 

0.1 

-1.2 

-10.1 

-2.4 

-10.8 

-21.3 

-42.6 

1.0 

1.3 

10.8 

4.0 

-3.0 

5.5 

1.9 

-16.4 

2.2 

-18.4 

11.8 

6.1 

20.3 

10.2 

5.1 

-15.6 

6.3 

i 
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Table 88 
Revenue Growth from North American MobUe Commimlcatlons Equipment Production, and Revenue 

Growth from All Semiconductors Shipped to North America for Use in Mobile Communications 
Applications, 1992-1996 

(Percent Change) 

Total Mobile Communications 
Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

9.7 

18.8 

2.4 

30.8 

-1.3 

20.9 

24.2 

24.4 

13.4 

21.2 

15.5 

8.1 

1993 

11.0 

16.7 

-15.5 

-23.7 

-14.1 

22.4 

32.9 

12.5 

20.9 

20.1 

7.9 

2.9 

1994 

12.3 

14.2 

-15.2 

-35.0 

-12.1 

17.5 

18.9 

16.5 

16.6 

16.9 

6.8 

0.2 

1995 

10.1 

9.7 

-13.3 

-12.0 

-13.5 

4.0 

-10.1 

12.9 

14.1 

14.4 

6.3 
2.7 

1996 

9.3 

10.0 

-13.8 

1.0 

-15.5 

7.5 

4.9 

6.3 

11.8 

12.9 

6.0 

1.0 

CAGR 
1991-1996 

10.5 

13.8 

-11.3 

-10.4 

-11.5 

14.2 

13.1 

14.4 

15.3 

17.0 

8.5 

2.9 

Source: Dataquest (September 1992) 

> 
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Table 89 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Mobile Communications 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconductor 4.2 4.2 4.0 

Total IC 3.5 3.4 3.4 

Bipolar Digital 0.4 0.3 0-3 

Bipolar Memory 0 0 0 

Bipolar Logic 0.3 0.3 0.2 

MOS Digital 1.2 0.9 1-0 

MOS Memory 0.6 0.3 0.3 

MOS Microcomponent 0.3 0.3 0.3 

MOS Logic 0.3 0.3 0.3 

Analog 2.0 2.2 2.2 

Total Discrete 0.6 0.6 0.5 

Total Optoelectronic 0^2 0̂ 2 0 ^ 

Source: Dauquest (September 1992) 
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) 
Table 90 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Mobile Communications 

Applications, 1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

BifKDlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.4 

3.7 

0.2 

0 

0.2 

1.1 

0.4 

0.4 

0.3 
2.4 

0.5 

0.2 

1993 

4.6 

4.0 

0.2 

0 

0.2 

1.2 

0.5 

0.4 

0.3 

2.6 

0.5 

0.1 

1994 

4.7 

4.1 

0.1 

0 

0.1 

1.2 

0.5 

0.4 

0.4 

2.7 

0.5 

0.1 

1995 

4.7 

4.1 

0.1 

0 

0.1 

1.2 

0.4 

0.4 

0.4 

2.8 

0.5 

0.1 

1996 

4.7 

4.1 

0.1 

0 

0.1 

1.1 

0.4 

0.4 

0.4 

2.9 
0.4 

0.1 

Source: Dataquest (September 1992) 

> 

> 
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Table 91 
Revenue from North American Broadcast & Radio Equipment Production, and Revenue fivm All 

Semiconductors Shipped to North America for Use in Broadcast & Radio Applications, 1989-1991 
(MilUons of U.S. Dollars) 

i 

1989 

Total Broadcast & Radio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1,786 

74 

62 

7 

1 

6 

37-

19 

7 

11 

18 

10 

3 

1990 

1,815 

72 

59 

6 

1 

5 

34 

12 

9 

12 

19 

11 

3 

1991 

1,923 

70 

59 

4 

0 

4 

36 

12 

11 

13 

19 

8 

3 

Source: Dauquest (September 1992) 

i 

i 
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> 
Table 92 
Revenue from North American Broadcast & Radio Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Broadcast & Radio Applications, 1992-1996 
(MlUlons of U.S. Dollars) 

Total Broadcast & Radio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2.038 

78 

3 

0 

3 

41 

14 

13 

14 

22 

9 

3 

1993 

2,149 

86 

3 

0 

3 

47 

18 

13 

16 

25 

9 

3 

1994 

2,284 

94 

2 

0 

2 

53 

20 

15 

18 

27 

9 

2 

1995 

2,418 

95 

2 

2 

52 

17 

16 

19 

29 

9 

2 

1996 

2,560 

97 

2 

2 

54 

17 

16 

21 

31 

9 

2 

Source: Dataquest (September 1992) 

> 

> 
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Table 93 
Revenue Growth £rom North American Broadcast & Radio Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use in Broadcast & Radio Applications, 

1989-1991 
(Percent Change) 

i 

1989 1990 1991 

Total Broadcast & Radio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

4.5 

-3.5 

-39.0 

-53.4 

-35.8 

4.0 

44.4 

-6.8 

-25.1 

10.2 

-11.9 

-5.4 

1.6 

-2.8 

-15.3 

-2.4 

-17.4 

-9.6 

-35.6 

26.2 

9.7 

10.2 

8.4 

-3.0 

6.0 

-3.5 

-34.9 

-100.0 

-22.5 

5.8 

0.6 

13.6 

4.8 

-1.4 

-21.0 

-1.9 

Source: Dataquest (September 1992) 

i 

i 
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Table 94 
Revenue Growth from North American Broadcast & Radio Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use in Broadcast & Radio Applications, 
1992-1996 

(Percent Change) 

Total Broadcast & Radio 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.0 

11.7 

-6.3 

-100.0 

-6.3 

14.1 

17.9 

17.4 

7.9 

13.8 

8.1 

-0.3 

1993 

5.4 

11.2 

-18.4 

-100.0 

-18.4 

16.2 

26.1 

6.2 

15.0 

12.7 

1.0 

-5.2 

1994 

6.3 

8.2 

-16.6 

-100.0 

-16.6 

11.4 

12.8 

9.9 

10.9 

9.7 

0 

-7.6 

1995 

5.9 

1.0 

-17.9 
NM 

-17.9 

-0.9 

-14.7 

6.6 

8.6 

7.4 

-0.4 

-5.3 

1996 

5.9 

2.5 

-19.8 

NM 

-19.8 

2.3 

-0.4 

0.3 

6.4 

6.0 

-0.7 

-6.9 

CAGR 
1991-1996 

5.9 

6.8 

-15.9 

-100.0 

-15.9 

8.4 

7.3 

8.0 

9.7 

9.9 

1.6 

-5.1 

• 
NM - Not meaningful 

Source: DaUquest (September 1992) 

> 
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Table 95 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Broadcast & Radio 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BijX)lar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

4.2 

3.5 

0.4 

0.1 

0.3 

2.1 

1.0 

0.4 

0.6-

1.0 

0.5 

0.2 

4.0 

3.2 

0.3 

0 

0.3 

1.9 

0.7 

0.5 

0.7 

1.1 

0.6 

0.2 

3.6 

3.1 

0.2 

0 

0.2 

1.9 

0.6 

0.6 

0.7 

1.0 

0.4 

0.1 

Source: Dataquest (September 1992) 
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Table 96 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Broadcast & Radio 

Applications, 1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.8 

3.2 

0.2 

0 

0.2 

2.0 

0.7 

0.6 

0.7 

1.1 

0.4 

0.1 

1993 

4.0 

3.5 

0.1 

0 

0.1 

2.2 

0.8 

0.6 

0.7 

1.1 

0.4 

0.1 

1994 

4.1 

3.6 

0.1 

0 

0.1 

2.3 

0.9 

0.6 

0.8 

1.2 

0.4 

0.1 

1995 

3.9 

3.4 

0.1 

0 

0.1 

2.2 

0.7 

0.6 

0.8 

1.2 

0.4 

0.1 

1996 

3.8 

3.4 

0.1 

0 

0.1 

2.1 

0.7 

0.6 

0.8 

1.2 

0.4 

0.1 

Source: Dauquest (September 1992) 

• 
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Table 97 
Revenue from North American Other Telecom Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Other Telecom Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Other Telecom 

Total Semiconductor 

Total IC 

Bipolar Digital 

BipKjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocomfKjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

3,928 

209 

174 

16 

2 

14 

105 

51 

21 

33 

53 

28 

7 

4,014 

205 

172 

15 

2 

13 

98 

34 

26 

37 

59 

29 

5 

4,190 

211 

181 

12 

2 

11 

108 

36 

32 

40 

61 

24 

5 

Source: Dataquest (September 1992) 
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Table 98 
Revenue £rom North American Other Telecom Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Other Telecom Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Other Telecom 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bip)olar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4,381 

247 

12 

2 

10 

129 

44 

39 

45 

72 

28 

5 

1993 
4,562 

287 

10 

1 

9 

156 

59 

44 

54 

85 

30 

5 

1994 

4,735 

326 

8 

1 

8 

182 

69 

50 

63 

98 

32 

5 

1995 

4,945 

345 

7 

1 

6 

189 

62 

56 

71 

110 

34 

6 

1996 

4,974 

371 

6 

0 

5 

202 

64 

60 

78 

121 

36 

6 

Source: Dataquest (September 1992) 

> 
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Table 99 
Revenue Growth from North American Other Telecom Equipment Production, and Revenue Growth from 

All Semiconductors Shipped to North America for Use in Other Telecom Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Other Telecom 0.3 2.2 4.4 

Total Semiconduaor -0.6 -1.6 2.5 

Total IC 

Bipolar Digital -37.2 -6.9 -18.7 

Bipolar iVlemory -37.8 -2.4 -11.0 

Bipolar Logic -37.2 -7.5 -19.7 

MOS Digital 3.8 -6.7 10.5 

MOS Memory 47.5 -33.3 5.2 

MOS Microcomponent -10.8 28.5 19.4 

MOS Logic -23.7 12.8 9.1 

Analog 17.5 12.0 3.0 

Total Discrete -6.3 1-9 -15.5 

Total Optoelectronic -17.2 -30.7 6.3 

Source: Dataquest (September 1992) 
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Table 100 
Revenue Growth from North American Other Telecom Equipment Production, and Revenue Growth £rom 

All Semiconductors Shipped to North America for Use In Other Telecom Applications, 1992-1996 
(Percent Change) 

Total Other Telecom 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.6 

17.2 

-0.8 

13.8 

-3.0 

19.2 

23.2 

23.5 

12.3 

18.8 

15.6 

8.1 

1993 

4.1 

16.5 

-18.2 

-33.5 

-15.5 

21,5 

31.8 

11.7 

19.7 

17.7 

8.0 

2.9 

1994 

3.8 

13.4 

-17.3 

-43.4 

-13.6 

16.4 

17.9 

15.6 

15.4 

14.6 

6.9 

0.2 

1995 

4.4 

6.0 

-15.6 

-23.4 

-14.9 

3.7 

-10.8 

12.1 

13.0 

12.1 

6.4 

2.7 

1996 

0.6 

7.5 

-16.6 

-12.0 

-17.0 

7.0 

4.1 

5.5 

10.7 

10.6 

6.1 

1.0 

CAGR 
1991-1996 

3.5 

12.0 

-13.9 

-22.0 

-12.9 

13.3 

12.2 

13.5 

14.2 

14.7 

8.5 

2.9 

Source: Oautquest (September 1992) 
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Table 101 J 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Other Telecom ™ 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 5.3 5.1 5.0 

Total IC 4.4 4.3 4.3 

Bipolar Digital 0.4 0.4 0.3 

Bipolar Memory 0 0 0 

Bipolar Logic 0.4 0.3 0.3 

MOS Digital 2.7' 2.4 2.6 

MOS Memory 1.3 0.9 0.9 

MOS Microcomponent 0.5 0.7 0.8 

MOS Logic 0.8 0.9 1.0 

Analog 1.3 1.5 1.5 

Total Discrete 0.7 0.7 0.6 

Total Optoelectronic 0 2 01 0.1 

Source: Dataquest (September 1992) 

i 
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> 
Table 102 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Other Telecom 

Applications, 1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

5.6 

4.9 

0.3 

0 

0.2 

2.9 

1.0 

0.9 

1.0 

1.7 

0.6 

0.1 

1993 

6.3 

5.5 

0.2 

0 

0.2 

3.4 

1.3 

1.0 

1.2 

1.9 

0.7 

0.1 

1994 

6.9 

6.1 

0.2 

0 

0.2 

3.8 

1.5 

1.1 

1.3 
2.1 

0.7 

0.1 

1995 

7.0 

6.2 

0.1 

0 

0.1 

3.8 

1.2 

1.1 

1.4 

2.2 

0.7 

0.1 

1996 

7.5 

6.6 

0.1 

0 

0.1 

4.1 

1.3 

1.2 

1.6 

2.4 

0.7 

0.1 

Source: Oauquest (September 1992) 

^ 

^ 
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Table 103 
Revenue from North American Security/Ener^ Management Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Security/Energy Management Applications, 
1989-1991 

(MilUons of U.S. Dollars) 

1989 1990 1991 

Total Security/Energy Management 

Total Semicondurtor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

3,490 

131 

98 

20 

2 

17 

38 

9 

8 

20 

41 

29 

4 

3,691 

139 

109 

18 

2 

16 

44 

6 

11 

27 

47 

27 

4 

3,781 

140 

116 

14 

1 

13 

54 

7 

15 

32 

48 

20 

4 

Source: DaUquesI (September 1992) 
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> 
Table 104 
Revenue from North American Security/Energy Management Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Security/Energy Management Applications, 
1992-1996 

(Millions of U.S. Etollars) 

Total Security/Energy Management 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcompjonent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3,929 

164 

14 

2 

12 

69 

8 

22 

39 

56 

21 

4 

1993 

4,144 

191 

11 

1 

10 

89 

11 

28 

51 

66 

21 

4 

1994 

4,377 

220 

9 

1 

9 

113 

13 

36 

64 

75 

20 

3 

1995 

4,607 

249 

8 

1 

7 

136 

11 

46 

78 

84 

19 

3 

1996 

4,849 

281 

7 

1 

6 

161 

12 

55 

94 

92 

18 

3 

Source: Dataquest (September 1992) 

• 

I 
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Table 105 
Revenue Growth from North American Security/Energy Management Equipment Production, and Revenue 

Growth from All Semiconductors Shipped to North America for Use in Security/Energy Management 
Applications, 1989-1991 

(Percent Change) 

1989 1990 1991 

Total Security/Energy Management 4.7 5.8 2.4 

Total Semiconduaor -4.5 6.2 0.4 

Total IC 

Bipolar Digital -34.3 -9-4 -20.6 

Bipolar Memory -37.8 -26.8 -17.7 

Bipolar Logic -33.7 -6.9 -20.9 

MOS Digital 4.5 180 21.5 

MOS Memory 57.0 -30.7 5.0 

MOS Microcomponent 5.9 33.3 36.1 

MOS Logic -10.2 34.4 19.3 

Analog 24.4 13-5 2.3 

Total Discrete -l4.8 -7.8 -23.8 

Total Optoelectronic -6;6 •^ -0-2 

Source: E>ataquest (September 1992) 
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Table 106 
Revenue Growth from North American Security/Energy Management Equipment Production, and Revenue 

Growth from All Semiconductors Shipped to North America for Use in Security/Energy Management 
Applications, 1992-1996 

(Percent Change) 

Total Security/Energy Management 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bif>olar Memory 

BifKDiar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.9 
17.3 

-1.8 

20.6 

-4.4 

27.8 

22.7 

40.7 

22.6 

18.0 

4.1 

1.5 

1993 

5.5 

16.2 

-18.4 

-29.4 

-16.7 

29.5 

31.1 

27.2 

30.5 

16.9 

-2.8 

-3.4 

1994 

5.6 

15.6 

-17.6 

-39.7 

-14.8 

26.4 

17.1 

31.5 

25.7 

13.9 

-3.9 

-5.8 

1995 

5.3 

13.2 

-16.3 

-18.1 

-16.1 

20.4 

-11.6 

27.4 

22.9 

11.4 

-4.4 

-3.5 

1996 

5.3 

12.6 

-17.1 

-5.6 
-18.1 

18.7 

3.0 

19.8 

20.3 

10.0 

-4.7 

-5.1 

CAGR 
1991-1996 

5.1 

15.0 

-14.4 

-16.9 

-14.2 

24.5 

11.4 

29.1 

24.4 

14.0 

-2.4 

-3.3 

Source: E>ataquest (September 1992) 
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Table 107 fl 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Security/Energy 

Management Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 3.8 3.8 3.7 

Total IC 2.8 2.9 3.1 

Bipolar Digital O.6., 0.5 0.4 

Bipolar Memory 0.1 0 0 

Bipolar Logic 0.5 0.4 0.3 

MOS Digital 1.1 1-2 1.4 

MOS Memory 0.3 0.2 0.2 

MOS Microcomponent 0.2 0.3 0.4 

MOS Logic 0.6 0.7 0.8 

Analog 1.2 1.3 1 3 

Total Discrete 0.8 0.7 0.5 

Total Optoelectronic Ol OA 0.1 

Source: Dataquest (September 1992) 

i 
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Table 108 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Security/Energy 

Management Applications, 1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.2 

3.5 

0.4 

0 

0.3 

1.8 

0.2 

0.6 

1.0 

1.4 

0.5 

0.1 

1993 

4.6 

4.0 

0.3 

0 

0.2 

2.2 

0.3 

0.7 

1.2 

1.6 

0.5 

0.1 

1994 

5.0 

4.5 

0.2 

0 

0.2 

2.6 

0.3 

0.8 

1.5 

1.7 

0.5 

0.1 

1995 

5.4 

4.9 

0.2 

0 

0.2 

2.9 

0.2 

1.0 

1.7 

1.8 

0.4 

0.1 

1996 

5.8 

5.4 

0.1 

0 

0.1 

3.3 

0.2 

1.1 

1.9 

1.9 
0.4 

0.1 

Source: Dataquest (September 1992) 

> 
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Table 109 
Revenue from North American Manufacturing Systems and Instrumentation Equipment Production, and 
Revenue from All Semiconductors Shipped to North America for Use in Manufacturing Systems and 

Instrumentation Applications, 1989-1991 
(MiUions of U.S. Dollars) 

1989 

Total Manufacturing Systems and 

Instrumentation 

Total Semiconductor 

Total IC 

Bipwlar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

18,832 

999 
621 

99 
10 

89 

345 

114 

151 

81 

177 

324 

53 

1990 

19,567 

1,021 

657 

93 

9 

84 

361 

82 

171 

107 

203 

313 

51 

1991 

19,244 

1,037 

725 

74 

7 

67 

439 
95 

215 

129 

212 

258 

54 

Source: Oauquest (September 1992) 
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Table 110 
Revenue from North American Manufacturing Systems and Instrumentation Equipment Production, 

and Revenue from All Semiconductors Shipped to North America for Use in Maniifacturing Systems and 
Instrumentation Applications, 1992-1996 

(Millions of U.S. Dollars) 

Total Manufacturing Systems and 
Instrumentation 

Total Semiconductor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

19,936 

1,244 

73 

9 

64 

567 

129 

279 

159 

254 

291 

59 

1993 

21,326 

1,452 

59 

6 

53 

723 

187 

328 

209 

303 

306 

60 

1994 

22,898 

1,683 

49 

4 

45 

903 

241 

398 

264 

352 

319 

60 

1995 

24,514 

1,862 

41 

3 

38 

1,030 

235 

467 

327 

399 

331 

61 

1996 

26,264 

2,064 

34 

3 

31 

1,180 

267 

516 

397 

448 

341 

61 

Source: EHitaquest (September 1992) 

> 

t 
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Table 111 
Revenue Growth from North American Manufacturing Systems and Instrumentation Equipment 

Production, and Revenue Growth from All Semiconductors Shipped to North America for Use in 
Manufacturing Systems and Instrumentation Applications, 1989-1991 

(Percent Change) 

1989 1990 

i 

1991 
Total Manufacturing Systems and 

Instrumentation 
Total Semiconduaor 

Total IC 
Bip>olar Digital 

Bipolar Memory 
Bipolar Logic 

MOS Digital 
MOS Memory 
MOS Microcomponent 
MOS Logic 

Analog 
Total Discrete 
Total Optoelectronic 

6.5 
-1.7 

-34.9 

-41.5 
-34.0 

11.3 
71.6 
-2.8. 

-9.1 
26.4 

-7.9 
-14.1 

3.9 
2.2 

-5.9 
-8.5 
-5.6 
4.4 

-27.8 
13.7 
32.5 
14.7 
-3.6 
-3.0 

-1.7 
1.6 

-20.5 
-17.7 
-20.8 

21.7 

15.8 
25.6 

20.1 
4.2 

-17.5 
5.7 

Source; Dataquest (September 1992) 

i 
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> 
Table 112 
Revenue Growth from North American Manufacturing Systems and Instrumentation Equipment 

Production, and Revenue Growth from All Semiconductors Shipped to North America for Use in 
Manufacturing Systems and Instrumentation Applications, 1992-1996 

(Percent Change) 

Total Manufacturing Systems and 
Instrumentation 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomjjonent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3.6 

19.9 

-1.8 

20.6 

-4.3 

29.1 

35.4 

29.8 

23.4 

20.3 
12.8 

7.5 

1993 

7.0 

16.7 

-18.2 

-29.4 

-16.6 

27.5 

44.6 

17.3 

31.4 

19.1 

5.3 

2.3 

1994 

7.4 

15.9 

-17.4 

-39.7 

-14.7 

24.9 

29.1 

21.3 

26.6 

16.0 

4.2 

-0.2 

1995 

7.1 

10.6 

-16.1 

-18.1 

-16.0 

14.0 

-2.5 

17.5 

23.8 

13.6 

3.6 

2.2 

1996 

7.1 

10.9 

-17.0 

-5.6 

-18.0 

14.6 

13.6 

10.5 

21.1 

12.1 

3.2 

0.6 

CAGR 
1991-1996 

6A 

14.8 

-14.3 

-16.9 

-14.0 

21.9 

22.9 

19.1 
25.2 

16.2 

5.8 

2.5 

t 
Source: Dataquest (September 1992) 

^ 
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Table 113 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Manufacturing Systems 

and Instrumentation Applications, 1989-1991 
(Percent) 

i 
1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total DisCTete 

Total Optoelectronic 

5.3 

3.3 

0.5 

0.1 

0.5 

1.8 

0.6 

0.8 

0.4 

0.9 

1.7 

0.3 

5.2 

3.4 

0.5 

0 

0.4 

1.8 

0.4 

0.9 

0.5 

1.0 

1.6 

0.3 

5.4 

3.8 

0.4 

0 

0.3 

2.3 

0.5 

1.1 

0.7 

1.1 

1.3 

0.3 

Source: Dauquest (September 1992) 

i 
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Table 114 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Manufacturing Systems 

and Instrumentation Applications, 1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.2 

4.5 

0.4 

0 

0.3 
2.8 

0.6 

1.4 

0.8 

1.3 

1.5 

0.3 

1993 

6.8 

5.1 

0.3 

0 

0.2 

3.4 

0.9 

1.5 

1.0 

1.4 

1.4 

0.3 

1994 

7.3 

5.7 

0.2 

0 

0.2 

3.9 

1.1 

1.7 

1.2 

1.5 

1.4 

0.3 

1995 

7.6 

6.0 

0.2 

0 

0.2 

4.2 

1.0 

1.9 

1.3 

1.6 

1.3 
0.2 

1996 

7.9 

6.3 

0.1 

0 

0.1 

4.5 

1.0 

2.0 

1.5 

1.7 

1.3 
0.2 

Source: Dataquest (September 1992) 

> 
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Table 115 
Revenue from North American Medical Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Medical Applications, 1989-1991 
(Millions of U.S. Dollars) 

i 
1989 1990 1991 

Total Medical Equipment 

Total Semiconduaor 

Total IC 

BipHDiar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6,355 

277 

201 

34 

3 

31 

84 

32 

10 

42 

83 

69 

7 

6,680 

287 

213 

33 

4 

29 

86 

21 

13 

51 

94 

67 

7 

7,182 

284 

220 

26 

3 

23 

98 

23 

19 

56 

96 

56 

8 

Source: Dauquest (September 1992) 

i 
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Table l l 6 
Revenue from North American Medical Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Medical Applications, 1992-1996 
(MiUions of U.S. Dollars) 

Total Medical Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

7,653 

331 

26 

4 

22 

120 

29 

28 

63 

114 

64 

8 

1993 

8,220 

382 

21 

3 

18 

151 

39 

37 

75 

133 

68 

9 

1994 

8,791 

434 

17 

2 

16 

185 

47 

51 

87 

151 

72 

9 

1995 

9,444 

476 

14 

1 

13 
208 

43 

68 

98 

169 

76 

9 

1996 

10,160 

524 

12 

1 

11 

238 

45 

86 

108 

186 

79 

9 

Source: DaUquest (September 1992) 

> 
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Table 117 
Revenue Growth from North American Medical Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Medical Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Medical Equipment 

Total Semiconductor 

Total IC 

BifMDiar Digital 

Bip)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.2 

-0.5 

-34.7 

-44.7 

-33.4 

5.8 

60.2' 

15.1 

-17.0 

27.8 

-6.1 

-16.9 

5.1 

3.4 

-3.1 

9.8 

-4.5 

1.5 

-33.0 

27.3 

21.0 

13.4 

-2.6 

-1.2 

7.5 

-1.0 

-20.6 

-17.7 

-21.0 

14.1 

7.9 

42.7 

9.3 

2.3 

-16.3 

5.7 

Source: Dataquest (September 1992) 
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Table 118 
Revenue Growth from North American Medical Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Medical Applications, 1992-1996 
(Percent Change) 

Total Medical Equipment 

Total Semiconduaor 

Total IC 

Bipolar Digital 

BifMDlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomfxjnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.6 

16.7 

-1.6 

20.6 

-4.5 

22.3 

26.2 

47.5 

12.3 

18.0 

UA 

7.5 

1993 

7.4 

15.3 

-18.5 

-29.4 

-16.8 

26.5 

34.7 

33.3 

19.6 

16.9 

6.8 

2.3 

1994 

6.9 

13.6 

-17.9 

-39.7 

-14.9 

22.1 

20.3 

37.9 

15.2 

13.9 

5.6 

-0.2 

1995 

7.4 

9.7 

-16.3 

-18.1 

-16.2 

12.9 

-9.1 
33.6 

12.6 

11.5 

5.1 

2.2 

1996 

7.6 

10.1 

-17.0 

-5.6 

-18.1 

14.4 

5.9 

25.6 

10.2 

10.0 

4.7 

0.6 

CAGR 
1991-1996 

7.2 

13.0 

-14.5 

-16.9 

-14.2 

19.5 

14.5 

35.4 

14.0 

14.0 

7.2 

2.5 

Source: Dauquest (September 1992) 
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Table 119 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Medical Applications, 

1989-1991 
(Percent) 

1989 1990 1991 
Total Semiconduaor 4.4 4.3 4.0 

Total IC 3.2 3.2 3.1 

Bipolar Digital 0.5 0.5 0.4 

Bipolar Memory 0.1 0.1 0 

Bipolar Logic 0.5 0.4 0.3 
MOS Digital 1.3 1.3 1.4 

MOS Memory 0.5 0.3 0.3 
MOS Microcomponent 0.2 0.2 0.3 
MOS Logic 0.7 0.8 0.8 

Analog 1.3 1.4 1.3 
Total Discrete 1.1 1.0 0.8 
Total Optoelectronic Ol OJ 01 

Source: E>ataquest (September 1992) 
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Table 120 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Medical Applications, 

1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bifwlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.3 

3.4 

0.3 

0 

0.3 

1.6 

0.4 

0.4 

0.8 

1.5 

0.8 

0.1 

1993 

4.6 

3.7 

0.3 

0 

0.2 

1.8 

0.5 

0.4 

0.9 

1.6 

0.8 

0.1 

1994 

4.9 

4.0 

0.2 

0 

0.2 

2.1 

0.5 

0.6 

1.0 

1.7 

0.8 

0.1 

1995 

5.0 

4.1 

0.2 

0 

0.1 

2.2 

0.5 

0.7 

1.0 

1.8 

0.8 

0.1 

1996 

5.2 

4.3 

0.1 

0 

0.1 

2.3 

0.4 

0.8 

1.1 

1.8 

0.8 

0.1 

Source: Dauquest (September 1992) 

> 
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Table 121 
Revenue from North American Other Industrial Systems Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Other Industrial Systems Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Other Industrial Systems 

Total Semiconductor 

Total IC 

Bip)olar Digital 

BijXJlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

3,625 

257 

170 

19 

2 

17 

57 

16 

10 

31 

94 

77 

9 

3,749 

275 

188 

18 

2 

16 

63 
10 

14 

39 

107 

79 

8 

3,702 

276 

198 

14 

1 

13 

72 

10 

17 

44 

112 

70 

9 
Source: Dauquest (September 1992) 
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Table 122 
Revenue from North American Other Industrial Systems Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Other Industrial Systems Applications, 1992-1996 
(Millions of U.S. Dollars) 

Other Industrial Systems 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3,964 

328 

14 

2 

12 

86 

12 

21 

52 

135 

84 

10 

1993 

4,269 

382 

11 

1 

10 

105 

15 

24 

65 

161 

94 

10 

1994 

4,481 

437 

9 

1 

9 

124 

17 

29 

78 

188 

104 

10 

1995 

4,830 

488 

8 

1 

7 

140 

15 

32 

92 

214 

115 

11 

1996 

5,206 

541 

7 

1 

6 

156 

15 

35 

106 

241 

127 

11 

Source: Dataquest (September 1992) 

> 
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Table 123 
Revenue Growth from North American Other Industrial Systems Equipment Production, and Revenue 

Growth from All Semiconductors Shipped to North America for Use In Other Industrial Systems 
Applications, 1989-1991 

(Percent Change) 

i 

1989 

Other Industrial Systems 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

7.1 

2.7 

-34.8 

-44.7 

-33.7 

-1.1:; 

45.6 

-13.7 

-11.3 

26.8 

-1.0 

-15.0 

Source: E>ataquest (September 1992) 

1990 

3.4 

7.3 

-5.4 

9.8 

-6.9 

10.3 

-35.9 

36.3 

25.3 

13.8 

2.5 

-11.1 

1991 

-1.3 

0.4 

-20.6 

-17.7 

-20.9 

13.7 

1.2 

21.4 

14.2 

4.6 

-12.0 

8.0 

i 

i 
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Table 124 
Revenue Growth £rom North American Other Industrial Systems Equipment Production, and Revenue 

Growth firom All Semiconductors Shipped to North America for Use in Other Industrial Systems 
Applications, 1992-1996 

(Percent Change) 

Other Industrial Systems 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bijjolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

7.1 

18.8 

-1.8 

20.6 

-4.4 

19.4 

18.3 
25.4 

17.4 

20.7 

20.3 

9.8 

1993 

7.7 

16.4 

-18.4 

-29.4 

-16.7 

22.3 

26.4 

13.4 

25.0 

19.6 

12.3 

4.5 

1994 

5.0 

14.3 

-17.6 

-39.7 

-14.8 

18.5 

12.8 

17.3 

20.3 

16.5 

11.1 

1.9 

1995 

7.8 

11.8 

-16.3 

-18.1 

-16.1 

12.2 

-14.8 

13.6 

17.7 

14.0 

10.5 

4.4 

1996 

7.8 

11.0 

-17.1 

-5.6 

-18.1 

11.5 

-0.7 

6.8 

15.2 

12.5 

10.1 

2.7 

CAGR 
1991-1996 

7.1 

14.4 

-14.4 

-16.9 

-14.2 

16.7 

7.4 

15.1 

19.1 

16.6 

12.8 

4.6 

Source: Dataquest (Septenib«r 1992) 

) 
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Table 125 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Other Industrial Systems 

Applications, 1989-1991 
(Percent) 

i 

1989 1990 1991 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompKanent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

7.1 

4.7 

0.5 

0 

0.5 

1.6 

0.4 

0.3 

0.9 

2.6 

2.1 

0.3 

7.3 

5.0 

0.5 

0 

0.4 

1.7 

0.3 

0.4 

1.0 

2.8 

2.1 

0.2 

7.5 

5.3 

0.4 

0 

0.3 

1.9 

0.3 

0.5 

1.2 

3.0 

1.9 

0.2 

Source; Dauquest (September 1992) 

i 

i 
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^ Table 126 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Other Industrial Systems 

Applications, 1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bif)olar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

8.3 

5.9 

0.4 

0 

0.3 

2.2 

0.3 

0.5 

1.3 

3.4 

2.1 

0.2 

1993 

8.9 

6.5 

0.3 

0 

0.2 

2.5 

0.4 

0.6 

1.5 

3.8 

2.2 

0.2 

1994 

9.7 

7.2 

0.2 

0 

0.2 

2.8 

0.4 

0.6 

1.8 

4.2 

2.3 

0.2 

1995 

10.1 

7.5 

0.2 

0 

0.1 

2.9 

0.3 

0.7 

1.9 

4.4 

2.4 

0.2 

1996 

10.4 

7.7 

0.1 

0 

0.1 

3.0 

0.3 

0.7 

2.0 

4.6 

2.4 

0.2 

Source: Oauquest (September 1992) 

> 
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Table 127 
Revenue from North American Audio Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Audio Applications, 1989-1991 
(Millions of U.S. Dollars) 

i 
1989 1990 1991 

Total Audio 

Total Semiconductor 

Total IC 

Bip>olar Digital 

BipKjlar Memory 

Bifjolar Logic 

IVIOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

698 

42 

31 

0 

0 

0 

9 

3 

6 

1 

22 

11 

1 

707 

44 

33 

0 

0 

0 

9 

3 

6 

1 

23 

11 

1 

671 

44 

35 

0 

0 

0 

11 

3 

7 

1 

24 

9 

1 

Source: Dataquest (September 1992) 

i 

i 
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\ 
Table 128 
Revenue from North American Audio Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Audio Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Audio 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

690 

52 

0 

0 

0 

13 

3 

8 

1 

28 

10 

1 

1993 

725 

60 

0 

0 

0 

15 

4 

10 

2 

33 

11 

1 

1994 

756 

67 

0 

0 

0 

17 

4 

11 

2 

38 

11 

1 

1995 

786 

73 

0 

0 

0 

18 

3 

13 

2 

42 

12 

1 

1996 

818 

78 

0 

0 

0 

19 

3 

13 

2 

46 

12 

1 

Source: Dataquest (September 1992) 

> 

> 
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Table 129 
Revenue Growth from North American Audio Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Audio Applications, 1989-1991 
(Percent Change) 

i 
1989 1990 1991 

Total Audio 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipwlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

-0.7 

-1.0 

NM 

NM 

NM 

-5.7 

40.7 

-6.3 

-51.0 

13.6 

-11.5 

-5.6 

1.3 

4.2 

NM 

NM 

NM 

0.4 

-2.2 

1.6 

0.6 

8.6 

-1.0 

-1.5 

-5.1 

0.1 

NM 

NM 

NM 

12.7 

-1.9 

19.9 

12.5 

2.3 

-16.8 

6.7 

NM - Not meaningful 

Source: Dataquest (September 1992) 

i 
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Table 130 
Revenue Growth from North American Audio Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Audio Applications, 1992-1996 
(Percent Change) 

Total Audio 

Total Semiconductor 

Total IC 

Bijxjlar Digital 

Bipolar Memory 

BipKjIar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2.8 

17.7 

NM 

NM 

NM 

20.9 

15.0 

24.1 

15.7 

18.0 

13.9 

8.5 

1993 

5.1 

14.4 

NM 

NM 

NM 

16.0 

22.9 

12.3 

23.3 

16.9 

6.4 

3.3 

1994 

4.3 

12.4 

NM 

NM 

NM 

15.0 

9.9 

16.4 

18.9 

13.8 

5.3 

0.7 

1995 

4.0 

8.8 

NM 

NM 

NM 

6.0 

-17.0 

12.9 

16.4 

11.4 

4.9 

3.3 

1996 

4.1 

7.8 

NM 

NM 

NM 

5.4 

-3.1 

6.3 

14.0 

9.9 

4.6 

1.6 

CAGR 
1991-1996 

4.0 

12.1 

NM 

NM 

NM 

12.5 

4.5 

14.2 

17.6 

13.9 

7.0 

3.5 

NM - Not meaningful 
Source: Dauquest (September 1992) 
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Table 131 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Audio Applications, 

1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 6.1 6.3 ^-^ 

Total IC 4.4 4.6 5.2 

Bipolar Digital 0 0 0 

Bipolar Memory 0 0 0 

Bipolar Logic 0 0 0 

MOS Digital 1.3 1-3 1-6 

MOS Memory 0.4 0.4 0.4 

MOS Microcomponent 0.8 0.8 1.0 

MOS Logic 0.1 0.1 0.2 

Analog 3.1 3.3 3.6 

Total Discrete 1.5 1-5 1-3 

Total Optoelectronic 0^1 0^. OJ 

Source: Dataquest (September 1992) 
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Table 132 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Audio Applications, 

1992-1996 
(Percent) 

Total Semiconductor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocompKDnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

7.5 

6.0 

0 

0 

0 

1.9 

0.4 

1.2 

0.2 

4.1 

1.4 

0.1 

1993 

8.2 

6.6 

0 

0 

0 

2.1 

0.5 

1.3 

0.2 

4.5 

1.5 

0.1 

1994 

8.8 

7.2 

0 

0 

0 

2.3 

0.6 

1.5 

0.2 

5.0 

1.5 

0.1 

1995 

9.3 

7.6 

0 

0 

0 

2.3 

0.4 

1.6 

0.3 

5.3 

1.5 

0.1 

1996 

9.6 

8.0 

0 

0 

0 

2.3 

0.4 

1.6 

0.3 

5.6 

1.5 

0.1 

Source: Dataquest (September 1992) 

\ 
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Table 133 
Revenue Crom North American Audio Equipment Production, and Revenue £rom All Semiconductors 

Shipped to North America for Use in Audio Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 

Total Video 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

3,406 

257 

188 

3 

1 

2 

69 

33 

26 

10 

117 

65 

4 

1990 

3,376 

259 

192 

2 

1 

1 

68 

28 

30 

11 

123 

62 

4 

1991 

3,382 

258 

201 

1 

1 

1 

75 

28 

35 

12 

125 

52 

5 

Source: Dauquest (September 1992) 
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Table 134 
Revenue from North American Audio Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Audio Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Video 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp)onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

3,465 

303 

2 

1 

1 

90 

34 

42 

13 

147 

59 

5 

1993 

3.627 

347 

1 

0 

1 

107 

45 

47 

16 

171 

63 

5 

1994 

3,796 

389 

0 

0 

0 

123 

52 

54 

18 

194 

(£ 

5 

1995 

3,973 

415 

0 

0 

125 

45 

60 

20 

215 

69 

5 

1996 

4,158 

445 

131 

46 

62 

23 

236 

73 

6 

Source: DaUquest (September 1992) 

> 
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Table 135 
Revenue Growth from North American Audio Equipment Production, and Revenue Growth from All 

Semiconductors Sliipped to North America for Use in Audio Applications, 1989-1991 
(Percent Change) 

i 

1989 1990 1991 

Total Video 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

BifKilar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

18.9 

19.3 

-35.9 

-17.1 

-42.2 

16.8 

36.8 

9.3 

-10.9 

34.2 

6.0 

-5.6 

-0.9 

0.8 

-27.7 

9.8 

^5.5 

-1.4 

-16.1 

12.5 

10.7 

5.4 

-4.0 

-1.5 

0.2 

-0.4 

-19.8 

-15.8 

-23.7 

10.6 

3.3 

17.9 

9.2 

1.9 

-16.7 

6.7 

Source: Dataquest (September 1992) 

i 

I 
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Table 136 
Revenue Growth from North American Audio Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Audio Applications, 1992-1996 
(Percent Change) 

Total Video 

Total Semiconduaor 

Total IC 

Bipolar Digital 

BifKjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp>onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

2.5 

17.4 

8.0 

23.5 

-8.5 

20.2 

21.1 

22.0 

12.4 

17.5 

139 

8.5 

1993 

4.7 

14.7 

-59.1 

NM 

-0.5 

19.1 

29.5 

10.5 

19.8 

16.4 

6.4 

3.3 

1994 

4.7 

12.1 

NM 

NM 

NM 

15.1 

15.8 

14.4 

15.5 

13.4 

5.4 

0.7 

1995 

4.7 

6.8 

NM 

NM 

NM 

1.4 

-12.5 

11.0 

13.0 

11.0 

4.9 

3.3 

1996 

4.7 

7.1 

NM 

NM 

NM 

4.7 

2.2 

4.6 

10.7 

9.5 

4.6 

1.6 

CAGR 
1991-1996 

4.2 

11.5 

-100.0 

-100.0 

-100.0 

11.8 

10.2 

12.3 

14.2 

13.5 

7.0 

3.5 

MM - Not meaningful 

Source: Dauquest (September 1992) 
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Table 137 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Audio Applications, 

1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 7.5 7.7 7.6 

Total IC 5.5 5.7 6.0 

Bipolar Digital 0.1 0.1 0 

Bipolar Memory 0 0 0 

Bipolar Logic 0.1 0 0 

MOS Digital 2.0 2.0 2.2 

MOS Memory 1.0 0.8 0.8 

MOS Microcomponent 0.8 0.9 1-0 

MOS Logic 0.3 0.3 0.3 

Analog 3.4 3.6 3.7 

Total Discrete 1.9 1.8 1-5 

Total Optoelectronic 0^1 0^1 0A_ 

Source: Dataquest (September 1992) 
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Table 138 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Audio Applications, 

1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

8.7 

6.9 

0 

0 

0 

2.6 

1.0 

1.2 

0.4 

4.2 

1.7 

0.1 

1993 

9.6 

7.7 

0 

0 

0 

3.0 

1.2 

1.3 

0.4 

4.7 

1.7 

0.1 

1994 

10.2 

8.4 

0 

0 

0 

3.3 

1.4 

1.4 

0.5 

5.1 

1.7 

0.1 

1995 

10.5 

8.6 

0 

0 

0 

3.2 

1.1 

1.5 

0.5 

5.4 

1.7 

0.1 

1996 

10.7 

8.8 

0 

0 

0 

3.2 

1.1 

1.5 

0.5 

5.7 

1.7 

0.1 

Source: Dataquest (September 1992) 
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Table 139 
Revenue from North American Personal Electronics Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Personal Elecfronics Applications, 1989-1991 
(Millions of U.S. Dollars) 

i 

1989 1990 1991 

Total Personal Electronics 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

479 

26 

20, 

1 

0 

1 

7 

2 

4 

1 

13 

5 

1 

481 

27 

21 

0 

0 

0 

8 

2 

5 

1 

14 

5 

1 

489 

27 

23 

0 

0 

0 

9 

2 

6 

1 

14 

4 

1 

Source: Dauquest (September 1992) 

i 

i 
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\ 
Table 140 
Revenue from North American Personal Electronics Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use In Personal Electronics Applications, 1992-1996 
(Millions of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Personal Electronics 

Total Semiconduaor 

Total IC 

Bifxjlar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

494 

32 

0 

0 

0 

10 

2 

7 

1 

17 

4 

1 

503 

37 

0 

0 

0 

12 

3 

7 

2 

20 

4 

1 

511 

42 

0 

0 

0 

14 

3 

9 

3 

23 

4 

1 

520 

46 

0 

0 

0 

15 

3 

9 

3 

25 

5 

1 

530 

50 

0 

0 

0 

16 

3 

10 

4 

28 

5 

1 

Source: Dauquest (September 1992) 
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Table 141 
Revenue Growth from North American Personal Electronics Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use In Personal Electronics Applications, 
1989-1991 

(Percent Change) 

1989 1990 1991 

Total Personal Electronics 18.3 0.4 1.7 

Total Semiconductor 8.4 3.7 2.2 

Total IC 

Bipolar Digital -13.3 NM NM 

Bipolar Memory NM NM NM 

Bipolar Logic -13.3 NM NM 

MOS Digital -17.3 14.9 13-8 

MOS Memory -6.2 -2.2 0.4 

MOS Microcomponent -6.3 27.1 17.4 

MOS Logic -51.0 0.6 22.0 

Analog 27.6 7.2 3.1 

Total Discrete 20.6 -1.0 -19.5 

Total Optoelectronic -5^6 - I J 6/7 

NM - Not meaningful 

Source: Dauquest (September 1992) 

I 

i 

i 
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Table l 4 2 
Revenue Growth from North American Personal Electronics Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use In Personal Electronics Applications, 
1992-1996 

(Percent Change) 

Total Personal Electronics 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocomjDonent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

1.0 

17.5 

NM 

NM 

NM 

19.3 

8.5 

21.5 

25.5 

19.0 

10.1 

8.5 

1993 

1.8 

15.0 

NM 

NM 

NM 

16.5 

25.8 

10.0 

33.8 

17.9 

2.9 

3.3 

1994 

1.6 

13.3 

NM 

NM 

NM 

16.1 

12.5 

13.9 

28.9 

14.8 

1.9 

0.7 

1995 

1.8 

10.1 

NM 

NM 

NM 

9.7 

-7.8 

10.5 

26.2 

12.3 

1.4 

3.3 

1996 

1.9 

8.5 

NM 

NM 

NM 

7.4 

-0.8 

4.1 

23.6 

10.8 

1.2 

1.6 

CAGR 
1991-1996 

1.6 

12.8 

NM 

NM 

NM 

13.7 

7.0 

11.9 

27.5 

14.9 

3.4 

3.5 

NM " Not meaningful 
Source: Dataquest (September 1992) 
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Table 143 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Personal Electronics 

Applications, 1989-1991 
(Percent) 

i 

1989 1990 1991 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bifxjlar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomp>onent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

5.4 

4.2 

0.2 

0 

0.2 

1.4 

0.4 

0.8 

0.2 

2.7 ' 

1.0 

0.2 

5.6 
4.4 

0 

0 

0 

1.6 

0.4 

1.0 

0.2 

2.8 

1.0 

0.2 

5.6 

4.6 

0 

0 

0 

1.8 

0.4 

1.1 

0.2 

2.9 

0.8 

0.2 

Source: Dauquest (September 1992) 

i 

i 
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Table 144 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Personal Electronics 

Applications, 1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

6.5 

5.5 

0 

0 

0 

2.1 

0.4 

1.4 

0.3 

3.4 

0.9 

0.2 

1993 

7.4 

6.3 

0 

• 0 

0 

2.4 

0.5 

1.5 

0.4 

3.9 

0.9 

0.2 

1994 

8.2 

7.2 

0 

0 

0 

2.7 

0.6 

1.7 

0.5 

4.4 

0.9 
0.2 

1995 

8.9 

7.8 

0 

0 

0 

2.9 

0.5 

1.8 

0.6 

4.9 

0.9 

0.2 

1996 

9.5 

8.4 

0 

0 

0 

3.1 

0.5 

1.8 

0.8 

5.3 

0.9 
0.2 

Source: DaUquest (September 1992) 

f 
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Table l45 
Revenue from North American Appliances Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use In Appliances Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Appliances 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

IVIOS Digital 

MOS Memory 

MOS MicrocompKDnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

11,431 

732 

581 

5 

0 

5 

229 

121 

81 

28 

347 

143 

8 

11,358 

730 

585 

5 

0 

5 

215 

94 

90 

31 

366 

139 

6 

11,033 

751 

626 

3 

0 

3 

241 

98 

109 

34 

382 

118 

7 

Source: Dataquest (September 1992) 
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Table 146 
Revenue from North American Appliances Equipment Production, and Revenue from All Semiconductors 

Shipped to North America for Use in Appliances Applications, 1992-1996 
(Millions of U.S. Dollars) 

Total Appliances 

Total Semiconduaor 

Total IC 

Bip>olar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

11,529 

902 

2 

0 

2 

294 

120 

135 

39 

461 

138 

7 

1993 

12,163 

1,067 

2 

0 

2 

356 

157 

152 

47 

552 

150 

7 

1994 

12,832 

1,229 

2 

0 

2 

416 

184 

177 

55 

642 

162 

7 

1995 

13,539 

1,340 

1 

0 

1 

426 

163 

201 

62 

731 

174 

8 

1996 

14,214 

1,469 

1 

0 

1 

451 

168 

214 

70 

822 

186 

8 

Source: Dataquest (September 1992) 

> 
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Table 147 f 
Revenue Growth from North American Appliances Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use In Appliances Applications, 1989-1991 
(Percent Change) 

19S9 1990 1991 

Total Appliances 9-1 -0.6 -2.9 

Total Semiconductor 11.4 -0.3 2.8 

Total IC 

Bipolar Digital -48.0 -9.2 -36.5 

Bijxjlar Memory NM NM NM 

Bipolar Logic -48.0 -9.2 -36.5 

MOS Digital 10.1 -6.3 11.9 

MOS Memory 28.7 -22.6 4.5 

MOS Microcomponent 0.7 12.3 20.1 

MOS Logic -18.8 11.0 10.3 

Analog 21.9 5.5 4.6 • 

Total Discrete -2.2 -3.1 -14.8 

Total Optoelectronic -5.6 -23-4 6 7 

NM - Not meaningful 

Source: Dataquest (September 1992) 

i 

i 
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Table 148 
Revenue Growth from North American Appliances Equipment Production, and Revenue Growth from All 

Semiconductors Shipped to North America for Use in Appliances Applications, 1992-1996 
(Percent Change) 

Total Appliances 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bijxjlar Memory 

BipKjlar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.5 

20.2 

-23.8 

NM 

-23.8 

22.0 

22.5 

24.3 

13.5 

20.7 

16.6 

8.5 

1993 

5.5 

18.2 

-17.2 

NM 

-17.2 

21.2 

30.9 

12.6 

20.9 

19.5 

9.0 

3.3 

1994 

5.5 

15.2 

-2.6 

NM 

-2.6 

16.8 

17.1 

16.6 

16.6 

16.4 

7.9 

0.7 

1995 

5.5 

9.0 

-28.8 

NM 

-28.8 

2.4 

-11.5 

13.1 

14.1 

13.9 

7.4 

3.3 

1996 

5.0 

9.6 

-30.4 

NM 

-30.4 

6.1 

3.3 

6.6 

11.7 

12.4 

7.1 

1.6 

CAGR 
1991-1996 

5.2 

14.4 

-21.2 

NM 

-21.2 

13.4 

11.4 

14.5 

15.3 

16.5 

9.5 

3.5 

NM - Not meaningful 

Source: Dauquest (September 1992) 
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Table 149 
Input/Output Ratios of AU Semiconductors Shipped to North America for Use in Appliances Applications, 

1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 6.4 6.4 6.8 

Total IC 5.1 5.2 5.7 

Bipolar Digital 0 0 0 

Bif)olar Memory 0 0 0 

Bipolar Logic 0 0 0 

MOS Digital 2.0 1.9 2.2 

MOS Memory 1.1, 0.8 0.9 

MOS Microcomponent 0.7 0.8 1.0 

MOS Logic 0.2 0.3 0.3 

Analog 3.0 3.2 3.5 

Total Discrete 1.3 1-2 1.1 

Total Optoelectronic OJ 0^ 0 1 

Source: E>auquest (September 1992) 
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Table 150 
Input/Output Ratios of All Semiconductors Shipped to North America for Use In Appliances Applications, 

1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

7.8 

6.6 

0 

0 

0 

2.5 

1.0 

1.2 

0.3 

4.0 

1.2 

0.1 

1993 

8.8 

' 7.5 

0 

0 

0 

2.9 

1.3 

1.2 

0.4 

4.5 

1.2 

0.1 

1994 

9.6 

8.3 

0 

0 

0 

3.2 

1.4 

1.4 

0.4 

5.0 

1.3 

0.1 

1995 

9.9 

8.6 

0 

0 

0 

3.1 

1.2 

1.5 

0.5 

5.4 

1.3 

0.1 

1996 

10.3 

9.0 

0 

0 

0 

3.2 

1.2 

1.5 

0.5 

5.8 

1.3 

0.1 

Source: Dataquest (September 1992) 
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Table 151 
Revenue from North American Other Consumer Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use in Other Consimier Applications, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Total Other Consumer 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS MicrocomfXJnent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1,068 

95 
71 

3 

2 

1 

31 

19 

9 

3 

37 

22 

2 

1,073 

92 

67 

2 

1 

1 

26 

12 

10 

4 

39 

22 

3 

1,085 

94 

72 

1 

1 

1 

30 

13 

13 

4 

41 

19 

3 

Source: Dauquest (September 1992) 
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Table 152 
Revenue from North American Other Consumer Equipment Production, and Revenue from All 

Semiconductors Shipped to North America for Use In Other Consumer, 1992-1996 
(MilUons of U.S. Dollars) 

1992 1993 1994 1995 1996 

Total Other Consumer 

Total Semiconductor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1,134 

113 

2 

1 

1 

38 

16 

16 

5 

49 

22 

3 

1,198 

134 

1 

1 

0 

47 

22 

18 

7 

59 

24 

3 

1,266 

154 

1 

1 

0 

57 

27 

22 

8 

69 

25 

3 

1,337 

168 

1 

1 

0 

59 
24 

25 

10 

78 

27 

3 

1,407 

185 

1 

1 

0 

64 

26 

27 

11 

88 

29 

3 

Source; Dauquest (September 1992) 
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Table 153 
Revenue Growth Crom North American Other Consumer Equipment Production, and Revenue Growth 

Crom AU Semiconductors Shipped to North America for Use in Other Consumer Applications, 1989-1991 
(Percent Change) 

1989 1990 1991 

Total Other Consumer 

Total Semicondurtor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

6.7 

9.3 

26.2 

65.8 

-13.3 

19.6 

44.3 

4.1 

-26.5 

13.0 

-3.5 

-37.1 

0.5 

-3.2 

-26.5 

-45.1 

8.9 

-15.3 

-36.4 

11.8 

34.1 

4.8 

-1.0 

47.7 

1.1 

2.3 

-19.8 

-15.8 

-23.7 

14.6 

7.9 

22.0 

15.1 

4.6 

-15.1 

6.7 

Source: Dataquest (September 1992) 
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Table 154 
Revenue Growth from North American Other Consumer Equipment Production, and Revenue Growth 

from All Semiconductors Shipped to North America for Use In Other Consumer Applications, 1992-1996 
(Percent Change) 

Total Other Consumer 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

4.5 

20.7 

8.0 

23.5 

-8.5 

25.2 

26.5 

26.2 

18.5 

20.7 

l6.2 

8.5 

1993 

5.6 

18.3 

-14.9 

44.6 

NM 

25.0 

35.2 

14.3 

26.3 

19.6 

8.5 

3.3 

1994 

5.7 

15.2 

-38.3 

-38.3 

NM 

20.1 

20.9 

18.4 

21.7 

16.4 

7.4 

0.7 

1995 

5.6 

8.9 

-16.2 

-16.2 

NM 

4.4 

-8.6 

14.9 

19.1 

14.0 

7.0 

3.3 

1996 

5.2 

10.0 

-3.4 

-3.4 

NM 

9.0 

6.7 

8.2 

16.7 

12.5 

6.7 

1.6 

CAGR 
1991-1996 

5.3 

14.5 

-14.4 

-2.2 

-100.0 

16.4 

15.1 

16.3 

20.4 

16.6 

9.1 

3.5 

MM - Not meaningful 

Source: Dataquest (September 1992) 
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Table 155 W 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Other Consumer 

Applications, 1989-1991 
(Percent) 

1989 1990 1991 

Total Semiconduaor 8.9 8.5 8.7 

Total IC 6.6 6.3 6.7 

Bipolar Digital 0.2 0.2 0.1 

Bipolar Memory 0.2 0.1 0.1 

Bipolar Logic 0 .1 ' 0.1 0.1 

MOS Digital 2.9 2.4 2.8 

MOS Memory 1.8 1.1 1-2 

MOS Microcomponent 0.9 10 1.2 

MOS Logic 0.3 0.4 0.4 

Analog 3.5 3.6 3.8 

Total Discrete 2.1 2.0 1.7 

Total Optoelectronic 02 0 2 0-3 

Source: Dataquest (September 1992) 

I 
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• Table 156 
Input/Output Ratios of All Semiconductors Shipped to North America for Use in Other Consimier 

Applications, 1992-1996 
(Percent) 

Total Semiconduaor 

Total IC 

Bipolar Digital 

Bipolar Memory 

Bipolar Logic 

MOS Digital 

MOS Memory 

MOS Microcomponent 

MOS Logic 

Analog 

Total Discrete 

Total Optoelectronic 

1992 

10.0 

7.8 

0.1 

0.1 

0.1 

3.3 

1.4 

1.4 

0.5 

4.3 

1.9 

0.3 

1993 

11.2 

9.0 

0.1 

0.1 

0 

3.9 

1.8 

1.5 

0.6 

4.9 

2.0 

0.3 

1994 

12.2 

10.0 

0.1 

0.1 

0 

4.5 

2.1 

1.7 

0.6 

5.4 

2.0 

0.3 

1995 

12.6 

10.3 

0.1 

0.1 

0 

4.4 

1.8 

1.9 

0.7 

5.8 

2.0 

0.2 

1996 

13.2 

10.9 

0 

0 

0 

4.6 

1.8 

1.9 

0.8 

6.2 

2.0 

0.2 

Source: DaUquest (September 1992) 

> 
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Worldwide and North American 
Electronic Equipment Production 
Forecast 

Introduction 
This document contains detailed information 
on Dataquest's view of the electronic equip­
ment markets in which semiconductors are 
used. Included in this document are the 
following: 

• 1989-1991 historical data 

• 1992-1996 forecast data 

Worldwide production is segmented into four 
major geographic regions. The list of tables 
details the type of production data by region, 
application market, and unit of measure. 

Electronic equipment production is an impor­
tant determinant of semiconductor market 
activity because semiconductor demand is der­
ived, in part, from the underlying demand for 
the systems that use semiconductors. There­
fore, the forecast of expected future electronics 
systems production is an essential component 
to assess expected future semiconductor 
market activity. 

"Worldwide electronic equipment production 
estimates combine data from many countries, 
each of which has a different and fluctuating 
exchange rate. Estimates of non-U.S. factory 
revenue are based on the average exchange 
rate for the given year. The section entitled 
"Exchange Rates" has more information regard­
ing these average rates. As a rule, Dataquest's 
estimates are cdculated in local currencies and 
then converted to U.S. dollars. 

The average exchange rate for a quarter is 
estimated as the simple arithmetic mean of the 
average monthly values for the 3 months of 
the quarter. Similarly, the average exchange 
rate for a year is estimated as the simple 
arithmetic mean of the average monthly values 
for the 12 months of the year. 

Dataquest does not forecast exchange rates per 
se; however, we do forecast semiconductor 
markets in several regions of the world, and 

we use the U.S. dollar as a common currency 
for market comparisons. In the forecast period, 
Dataquest assumes that the most recent actual 
month's exchange rate will apply throughout 
all months of the forecast. For example, the 
current semiconductor forecast uses actual 
exchange rates through June 1992, and 
assumes that the June rate applies throughout 
all future months. Then the quarterly and 
annual exchange rates are estimated as 
described in the previous paragraph. 

More detailed data on this market may be 
requested through Dataquest's client inquiry 
service. Qualitative analysis of these data is 
provided in the Dataquest Perspectives located 
in the binder of the same name. 

Segmentation 
This section outlines the market segments 
specific to this document. Dataquesfs objective 
is to provide data along lines of segmentation 
that are logical, appropriate to the industry in 
question, and immediately useful to clients. 

For a detailed explanation of Dataquest's mar­
ket segmentation, refer to the Dataquest 
Research and Forecast Methodology document 
located in the Source: Dataquest binder. For a 
complete listing of all market segments tracked 
by Dataquest, please refer to the Dataquest 
High-Technology Guide: Segmentation and 
Glossary. 

Dataquest defines the electronic equipment 
industry as the group of competing companies 
primarily engaged in manufacturing electronic 
goods. For the purposes of this report impor­
tant products of the electronics industry 
include data processing equipment, communi­
cations equipment, selected types of industrial 
equipment, consumer electronics, selected 
types of military and civilian aerospace and 
defense-oriented electronics, and automotive 
electronics. 



Semicoaductor Application Markets Worldwide 

For forecasting purposes, Dataquest segments 
the electronics industry into six broad semi­
conductor application markets, disaggregated 
into narrow^er electronic system groups, as 
follows: 

Data Processing 
Computers 
Data Storage 
Terminals 
Input/Output Devices 
Dedicated Systems 

Communications 
Premise Telecom 
Public Telecom 
Mobile Communication 
Broadcast and Studio Equipment 
Other Communication 

Industrial 
Security and Energy Management Systems 
Manufacturing Systems and Instruments 
Medical Equipment 
Other Industrial Equipment 

Consumer 
Audio 
Video 
Personal Electronics 
Appliances 
Other Consumer Equipment . 

Military/Civilian Aerospace 

Transportation 

Definitions 

This section lists the definitions used by Data-
quest to present the data in this document. 
Complete definitions for all terms associated 
with Dataquest's segmentation of the high-
technology markeqDlace can be found in 
the Dataquest High-Technology Guide: Segmen­
tation and Glossary. 

Electronic systems groups are comprised of the 
following specific electronic equipment types. 

Computer Systems: Includes supercomputers, 
mainframe computers, midrange computers 
(also known as superminicomputers and 
minicomputers), workstations, and personal 
computers (including portable computers). 

Data Storage: Includes rigid disk drives, flexi­
ble disk drives, optical disk drives, and tape 
drives. 

Terminals: Includes alphanumeric terminals and 
graphics terminals (for example, X terminals) 

Input/Output Devices: Includes printers, media-
to-media data conversion, magnetic ink charac­
ter recognition, optical scanning equipment, 
plotters, voice recognition/synthesizer equip­
ment, mouse, keyboard, and digitizers. 

Dedicated Systems: Includes electronic copiers, 
electronic calculators, smart cards, dictat­
ing/transcribing equipment, electronic type­
writers and dedicated word processors, bank­
ing systems and funds transfer systems and 
terminals, point-of-sale terminals and electronic 
cash registers, and maUing/letter-
handling/addressing equipment. 

Premise Telecom Equipment: Includes image 
and text communication, such as facsimile and 
video teleconferencing; data communications 
equipment such as modems, statistical multi­
plexers, T-1 multiplexers, front-end processors, 
DSU/CSU, protocol converters, local area net­
works, internetworking, network management, 
and packet data switching/wide area networks; 
premise switching equipment, such as PBX tel­
ephone equipment, and key telephone sys­
tems; call processing equipment, such as voice 
messaging, interactive voice response systems, 
call accounting, and automatic call distributors; 
and desktop terminal equipment, such as tele­
phone sets/pay telephones, and teleprinters. 

Public Telecom Equipment: Includes transmis­
sion equipment, such as multiplexers, carrier 
systems, microwave radio, laser and infrared 
transmission equipment, and satellite communi­
cations equipment; and central office switching 
equipment. 

Mobile Communications Equipment: Includes 
mobile radio systems such as cellular tele­
phones, mobile radios, and mobile radio base 
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Station equipment; portable radio receivers and 
transmitters, and radio checkout equipment. 

Stv^tio 
Broadcast and ^ss€xo Equipment: Includes 
audio equipment, video equipment, transmitters 
and EF power amplifiers, studio transmitter 
links, cable TV equipment, dosed circuit TV 
equipment, and other equipment, such as 
studio and theater equipment. 

Other Telecom Equipment: Includes inter­
com equipment and electrical amplifiers, and 
communications equipment not elsewhere 
classified. 

Security/Energy Management: Includes alarm 
systems, such as intrusion detection and fire 
detection systems, and energy management 
systems. 

Manufacturing Systems and Instrumentation: 
Includes semiconductor production equipment, 
controllers and actuators, sensor systems, 
management systems, and robotics; and 
semiconduaor-dedicated automatic test equip­
ment (ATE), all other ATE, oscilloscopes and 
waveform analyzers, nuclear instruments, and 
other test and measurement equipment. 

Medical Equipment: Includes X-ray equipment, 
ultrasonic and scanning equipment, blood and 
body fluid analyzers, patient monitoring equip­
ment, and other diagnostic and therapeutic 
equipment. 

Other Industrial Equipment: Includes vending 
machines, power supplies, traffic control equip­
ment, and industrial equipment not elsewhere 
classified. 

(Consumer) Audio Equipment: Includes com-
paa disk players, radios, stereo components, 
musical instruments, and tape recorders. 

(Consumer) Video Equipment: Includes VCRs 
and VTRs, video cameras and camcorders, 
videodisk players, and color and monochrome 
TVs. 

Personal Electronics: Includes electronic games 
and toys, cameras, watches, and clocks. 

Appliances: Includes air conditioners, micro­
wave ovens, washers and dryers, refrigerators, 
dishwashers, and ranges and ovens. 

Other Consumer Equipment: Includes automatic 
garage door openers, and consumer equipment 
not elsewhere classified. 

Military/Civil Aerospace: Includes military elec­
tronics, such as radar and sonar, missiles and 
weapons, space-related electronics, communica­
tions and navigation equipment, electronic war­
fare, aircraft systems, computer systems, simu­
lation systems, and military electronics not 
elsewhere classified; and civilian aerospace 
electronics, such as radar, space-related elec­
tronics, communications and navigation equip­
ment, flight systems, and simulation systems. 

Transportation Electronics: Includes entertain­
ment systems, vehicle controls, body controls, 
driver information systems, powertrain systems, 
and safety and convenience systems. 

Regional Deiuiitions 

North America: Includes United States and 
Canada (and, in future documents, Mexico) 

United States: Includes 48 contiguous states, 
Washington, D.C., Alaska, Hawaii, and Puerto 
Rico 

Canada: Canada 

Europe: Western Europe includes Benelux 
(Belgium, Netherlands, and Luxembourg), 
France, Italy, Scandinavia (Denmark, Finland, 
Norway, Sweden, and Iceland), United King­
dom and Eire (England, Wales, Scodand, 
Northern Ireland, and Ireland), Germany (in­
cluding former East Germany), and Rest of 
Europe (Austria, Gibraltar, Greece, Liechten­
stein, Malta, Monaco, Portugal, San Marino, 
Spain, Switzerland, Turkey, Andorra, and 
Vatican City) 

Japan: Japan 

Asia/Pacific: Includes East Asia (People's 
Republic of China, Hong Kong, Macau, North 
and South Korea, and Republic of China), 
South Asia (Bangladesh, Myaimiar, India, 
Nepal, Maldives, Pakistan, Sri Lanka, and Bhu­
tan), Southeast Asia (Brunei, Timor, Indonesia, 
Kampuchea, Laos, Malaysia, Philippines, Singa­
pore, Thailand, Vietnam, Borneo, Sumatra, 
Sulawesi, and Java) 

©1992 Daiaquest Incorporated August—Keproduction Prohibited 



Semiconductor Application Markets World'^de 

Rest of World: All other countries 

Line Item Definitions 

The objective of analyzing electronic systems 
production is to estimate its important implica­
tions for semiconductor consumption. There­
fore, general economic concepts such as 
production and consumption are tailored to 
best isolate these implications. 

The value of production is estimated as factory 
revenue. For purp>oses of this report. Data-
quest defines factory revenue as the money 
exchange value of the commodity transaction 
between the original equipment manufacturer 
and the point of entry into distribution. In 
the case of a direct sale that involves no 
distribution—^as is the case with military 
systems—^factory revenue is equal to the 
final user cost, net of sales taxes. 

Production is the value-adding process by 
which the factors of production Oabor and 
capital) and material inputs are transformed 
into the finished goods that are desired for 
consumption and investment. As such, produc­
tion can—and increasingly does—span both 
time and geography. For example, a North 
America-owned disk drive company may mini­
mize its cost of production by manufacturing 
(that is, consuming chips) its products in Sin­
gapore, for eventual sale in Europe. We would 
classify this as Asia/Pacific-Rest of World (A/P­
ROW) data storage device production, because 
we are interested in that stage of the produc­
tion process that relates particularly to semi­
conductor consumption. Production would be 
valued as the exchange value of the transac­
tion between the North American company's 
Singapore operation (which is factory revenue) 
and tiie European distributor or final user. 

Data Sources 
The historical information presented in the 
production data has been consolidated from a 
variety of sources, each of which focuses on a 
specific part of the market. These sources 
include the following: 

• Dataquest's estimates of systems manufac­
turers' factory revenue 

• U.S. Department of Commerce estimates of 
manufacturers' shipments 

• Japanese production statistics compiled and 
published by the Ministry of International 
Trade and Industry 

• Various European and Asian nations' govern­
ment agency statistics 

• Trade association data 

• Estimates presented by knowledgeable and 
reliable industry spokespersons 

• Published product literature and prices 

Dataquest believes that the estimates presented 
here are the most accurate and meaningful 
generally available today. 

Forecast Methodology 
Dataquest uses a variety of forecasting tech­
niques (both qualitative and quantitative) that 
vary by technology area. An overview of 
Dataquest forecasting techniques can be found 
in the Dataquest Research and Forecast Meth­
odology Guide. 

Dataquest follows a three-step process to fore­
cast electronic equipment production. First, 
current and expected future worldwide macro-
economic conditions are assessed and forecast. 
Dun & Bradstreet Corporation information is 
used to develop the macroeconomic forecasts 
for the world's major economies. This forecast 
identifies trends in the economic health of the 
world's leading consumers and producers of 
electronic equipment. Using this forecast in 
conjunction with input from Dataquest's 
regional ofifices, Dataquest estimates the over­
all business climate in which the electronic 
systems markets will operate. 

Second, Dataquest analyzes and forecasts the 
significant long range trends and outlook in 
the various electronic system groups. This 
establishes a five-year trend growth path or 
"envelope" for electronic system production. 

The final step in the forecast process is to 
reconcile expected fluctuations about the mar­
ket trends so that the two do not inexplicably 
diverge. Dataquest anticipates that, in the 
absence of shocks to the market, market 
fluctuations converge toward a long-term trend. 
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Because the time series data contained in this 
document are in general comprised of annual 
observations, and are sparse in terms of the 
number of observations, the data generally do 
not satisfy the requirements of quantitative 
empirical techniques such as econometric or 
statistical time-series models. Therefore, in most 
cases we have used judgmental models (that 
is, intuitive judgments, expert opinions, and 
subjective probabilities) or technological 
models (that is, curve fitting and the use of 
analogous data). 

Forecast Assiunptioiis 
The worldwide economy is expected to show 
mixed results in 1992. The Dun & Bradstreet 
Corporation forecast the following oudook for 
the Group of Seven (G7) Countries: 

• The U.S., Canadian, and U.K. economies are 
expected to recover from the recession in 
1992. Real gross domestic product (GDP) is 
expected to expand 2.1, 1.6, and 0.5 per­
cent, respectively, in 1992. (These econo­
mies contracted at rates of 0.7, 1.5, and 
2.4 percent, respectively, in 1991.) Though 
modest in comparison to historical rates of 
expansion during recovery periods, the ben­
efit is that inflationary pressures will likely 
be held in check, sustaining the expansion's 
duration. Expansion should accelerate to 
2.5, 4.0, and 2.2 percent, respectively, in 
1993. 

• Real GDP growth is expected to accelerate 
in France and Italy during 1991, from 
0.9 percent in 1991 to 2.1 percent and from 
1.4 percent in 1991 to 1.5 percent, respec­
tively. The pace of growth should pick up 
in 1993 to 2.7 and 2.2 percent, respectively. 

• Real GDP growth is expected to decelerate 
in Germany and Japan during 1992, from 
3.2 percent in 1991 to 1.1 percent and from 
4.4 percent in 1991 to 2.0 percent, respec­
tively. Moderating these countries' short-term 
growth prospects are the cost burden of 
Germany's reunification and the rise in 
Japan's cost of capital and recent bout of 
asset deflation. The respective economies 
are expected to reaccelerate to 2.8 percent 
and 3.3 percent growth in 1993. 

Overall, worldwide electronic systems produc­
tion is expected to expand 3.1 percent in 

1992, slighdy faster than the 2.4 percent rate 
of growth in 1991. Expansion is expected to 
accelerate further in 1993 to 7.6 percent as 
the worldwide economic climate improves. 
In 1992, how^ever, the value of worldwide 
production •will be constrained by two 
important influences: 

• A moderate—^in contrast to booming—^rate 
of recovery from recession 

• An abundance of productive capacity, com­
bined with further proliferation of product 
and technology standards, both placing 
pressure on costs and prices 

From a semiconductor application-market 
perspective, the forecast carries assumptions 
detailed in the following paragraphs. 

Data processing production will begin to make 
a moderate 2.6 percent recovery in 1992, after 
a depressing 2.2 percent decline in 1991. In 
North America, recovery will continue into 
1993 as economic conditions continue to 
improve and stabilize. Japanese production will 
remain hemmed in for the remainder of 1992, 
as business and households adjust downward 
their spending plans in response to the lack­
luster business climate. The year 1993 and 
beyond should, however, find Japan back on 
the path of normal growth. Local content 
regulations are spurring the placement of 
production facilities in Europe, helping explain 
the boost of growth in 1993. Once facilities 
are in place, though, growth is expected to 
assume a more sustainable pace. Asia/Padfic-
ROW production prospects remain upbeat as it 
increasingly becomes the region of choice for 
mass manufacturing of established technologies. 

Communications production growth—the most 
stable-growing of the application markets, 
owing to its heterogeneous composition of 
personal wireless communications, premise 
voice, and data products, and large-scale, long-
life investment in public telecommunications 
infrastructure—will decelerate slighdy in 1992 
to 6.1 percent from 7.3 percent in 1991-
Investment in networking the existing stock of 
data processing equipment w îll help drive 
communications hardware growth through 
1996. 

As is usually the case, production of industrial 
and consumer equipment have borne the 
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brunt of the recent downturn in business con­
ditions, especially in North America and Japan. 
Europe and A/P-ROW have been somewhat 
insulated from the recent cycle, owing to for­
eign investment spurred by local production 
factors and cost of production advantages, 
respectively. In Nortii America and Japan, 
though, these application markets are fore­
cast to rebound in 1993, with the expected 
relaxation of business and household budget 
constraints. 

Military/civil aerospace electronics production 
was hit hard by Washington, D.C. budget cuts 
in 1991, declining 5.5 percent worldwide. Few 
positive opportunities remain for all but the 
most specialized niche players participating in 
simulation systems, dedicated niilitary computer 
systems, and civil-space projects. Civil aero­
space electronics production will remain the 
bright spot in this application market, fueled 
by replacement of aging jet airliners and 
upgrades of the worldwide air traffic control 
system. 

Transportation electronics production growth is 
expected to accelerate from 4.8 percent growth 
in 1991 to 6.0 percent in 1992, and to 10.2 
percent in 1993. Production was hurt by the 
recession, but growth prospects are relatively 
upbeat because of increased household spend­
ing, combined with increasing share of elec­
tronic systems' added value to new vehicles. 

Exchange Rates 
Dataquest uses an average annual exchange 
rate in converting revenue to U.S. doUar 
values. The following outlines these rates for 
1991: 

Japan CYenAJ.S.S) 136.00 

Europe (ECUAJ.S.$) 0.81 

France CFrancAJ.S.$) 5.64 

Germany (Deutsche MarkAJ.S.$) 1.66 

United Kingdom (U.S.$/Pound Sterling) 1.77 
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Table 1 
Worldwide Revenue from Production of Each Electronic Equipment Group, 1989-1991 
(Millions of U.S. Dollars) 

1989 1990 1991 

Oamputers 

Data Storage 

Terminals 

Input/Output 

Dedicated Systems 

Data Processing 

Premises Telecom 

Public Telecom 

Mobile Communication 

Broadcast & Studio 

Other Communication 

Communication 

Security & Energy Management 

Manufacturing Systems/Instruments 

Medical Equipment 

Other Industrial 

Industrial 

Audio 

Video 

Personal Electronics 

Appliances 

Other Consumer 

Consumer 

Military/Civil Aerospace 

Transportation 

Total Equ^>ment 

Exchange Rates: 

YenAJ.S.$ 

ECUAJ.S.$ 

103,435 

20,511 

15,319 

22,929 

19,444 

181,638 

35,156 

24,446 

13,382 

3,484 

8,025 

84,492 

10,103 

55,320 

12,833 

12,684 

90,940 

15,809 

39,659 

14,363 

45,074 

9,321 

124,226 

86,731 

19,590 

587,617 

g 
138 

0.908 

108,120 

20,476 

16,105 

25,209 

19,026 

188,936 

38,066 

28,450 

15,264 

3,921 

8,759 

94,461 

11,015 

61,276 

14,261 

12,587 

99,139 

16,849 

42,508 

16,790 

45,768 

9,533 

131,448 

86,730 

20,992 

621,707 

144 

0.788 

103,255 

21,125 

16,664 

27,252 

20,113 

188,409 

40,701 

30,763 

16,887 

4,164 

8,826 

101,340 

12,788 

62,174 

15,005 

12,547 

102,514 

19,964 

46,043 

17,871 

50,394 

10,182 

144,454 

81,918 

22,000 

640,635 

136 

0.811 

Note: Cdumns may not add to totals shown because of rounding. 

Source: Dataquest CAugust 1992) 
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Table 2 
Worldwide Revenue firom Production of Each Electronic Equipment Group, 1992-1996 
(Millions of U^. Dollars) 

Computers 

Data Storage 

TermiDals 

Input/Output 

Dedicated Systems 

Data Processing 

Premises Telecom 

Public Telecom 

Mobile Communication 

Broadcast & Studio 

Other Communication 

Communication 

Security & Energy Management 

Manufacturing Systems/Instruments 

Medical Equipment 

Other Industrial 

Industrial 

Audio 

Video 

Personal Electronics 

Appliances 

Other Consumer 

Consumer 

Military/CJvU Aerospace 

Transportation 

Total Equipment 

Exchange Rates: 

YenAJ.S.$ 

ECUAJ.S.$ 

1992 

108,940 

21,703 

17,293 

28,009 

20,810 

196,755 

42,624 

32,842 

18,197 

4,492 

9,360 

107,515 

13,922 

62,854 

15,599 

12,528 

104,902 

21,098 

47,053 

18,969 

52,247 

9,851 

149,218 

82,366 

23,319 

664,075 

136 

0.791 

1993 

114,089 

23,457 

18,377 

30,091 

22,248 

208,263 

46,073 

35,874 

19,961 

5,019 

9,967 

116,893 

15,512 

67,338 

16,887 

13,382 

113,119 

23,483 

51,184 

20,859 

57,162 

11,114 

163,803 

85,564 

25,693 

713,334 

136 

0.791 

1994 

121,892 

23,756 

19,630 

32,283 

23,500 

221,062 

49,017 

37,925 

21,863 

5,448 

10,359 

124,612 

17,158 

71,965 

18,111 

13,954 

121,187 

25,764 

54,590 

21,992 

61,515 

11,845 

175,705 

88,416 

27,658 

758,639 

136 

0.791 

1995 
129,438 

24,433 

20,803 

34,028 

24,723 

233,425 

51,965 

40,065 

25,991 

5,923 

10,886 

134,831 

18,813 

76,050 

19,328 

14,504 

128,695 

28,176 

58,876 

23,186 

65,079 

12,237 

187,554 

91,056 

29,670 

805,231 

136 

0.791 

1996 

139,600 

25,237 

22,238 

35,816 

26,241 

249,132 

54,588 

43,052 

28,046 

6,487 

11,282 

143,455 

20,874 

80,745 

20,616 

15,251 

137,486 

31,124 

63,545 

24,493 

69,871 

12,944 

201,976 

93,515 

31,725 

857,289 

136 

0.791 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 3 
Worldwide Revenue Growth from Production of Each Electronic Equipment Group, 1989-1991 
(percentage Change) 

1989 1990 1991 

Computers 12.3 4.5 -4.5 

Data Storage 3.3 -0.2 3.2 

Terminals 1.7 5.1 3.5 

Input/Output 7.2 9.9 8.1 

Dedicated Systems 3.2 -2.1 5.7 

Data Processing 8.6 4.0 -0.3 

Premises Telecom 13.7 8.3 6.9 

Public Telecom -1.9 l6.4 8.1 

Mobile Communication 8.1 14.1 10.6 

Broadcast & Studio 3.2 12.6 6.2 

Other Communication 3.9 9.1 0.8 

Communication 6.5 11.8 7.3 

Security & Energy Management 3-2 9.0 16.1 

Manufacturing Systems/Instruments 5.5 10.8 1.5 

Medical Equipment 1 11.1 5.2 

Other Industrial 5.8 -0.8 -0.3 

Industrial 4.6 9.0 3.4 

Audio -1.6 6.6 18.5 

Video -0.2 7.2 8.3 

Personal Electronics 8.8 l6.9 6.4 

Appliances 6.2 1.5 10.1 

Other Consumer -0.6 2.3 6.8 

Consumer 2.8 5.8 9.9 

Military/Civil Aerospace 2.1 0 -5.5 

Transportation 7.3 7.2 4.8 

Total Equipment 5.4 5.8 3.0 

U.S.$ Appreciation versus 

Yen (%) 6.2 4.3 -5.6 

ECU (%) 7 3 -13.2 2 ^ 

Source: Dataquest CAugust 1992) 
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Table 4 
Worldwide Revenue Growth from Production of Each Electronic Equipment Group, 1992-1996 
(Percent i le C h a i s e ) 

1992 1993 1994 1995 1996 

Computers 

Data Storage 

Terminals 

Input/Output 

Dedicated Systems 

Data Processing 

Premises Telecom 

Public Telecom 

Mobile Communication 

Broadcast & Studio 

Otiier Communication 

Communication 

Security & Energy Management 

IVIanufacruring Systems/Instruments 

Medical Equipment 

Other Industrial 

Industrial 

Audio 

Video 

Personal Electronics 

Appliances 

Other Consumer 

Consumer 

Military/Civil Aerospace 

Transportation 

Total Equipment 

U.S.$ Appreciation versus 

Yen (%) 

ECU (%) 

5.5 

2.7 

3.8 

2.8 

3.5 

4.4 

4.7 

6.8 

7.8 

7.9 

6.1 

6.1 

8.9 

1.1 

4.0 

-0.2 

2.3 

5.7 

2.2 

6.1 

3.7 

-3.3 

3.3 

0.5 

6.0 

3.7 

0 

-2.4 

4.7 

8.1 

6.3 

7.4 

6.9 

5.8 

8.1 

9.2 

9.7 

11.7 

6.5 

8.7 

11.4 

7.1 

8.3 

6.8 

7.8 

11.3 

8.8 

10.0 

9.4 

12.8 

9.8 

3.9 

10.2 

7.4 

& 

6 

6.8 

1.3 

6.8 

7.3 

5.6 

6.1 

6.4 

5.7 

9.5 

8.5 

3.9 

6.6 

10.6 

6.9 

7.2 

4.3 

7.1 

9.7 

6.7 

5.4 

7.6 

6.6 

7.3 

3.3 

7.6 

6.4 

^ 

6 

6.2 

2.8 

6.0 

5.4 

5.2 

5.6 

6.0 

5.6 

18.9 

8.7 

5.1 

8.2 

9.6 

5.7 

6.7 

3.9 

6.2 

9.4 

7.9 

5.4 

5.8 

3.3 

6.7 

3.0 

7.3 

6.1 

0 
0 

7.9 

3.3 

6.9 

5.3 

6.1 

6.7 

5.0 

7.5 

7.9 

9.5 

3.6 

6.4 

11.0 

6.2 

6.7 

5.2 

6.8 

10.5 

7.9 

5.6 

7.4 

5.8 

7.7 

2.7 

6.9 

6.5 

« 

6 
Source: Dauquest (August 1992) 
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Table 5 
Worldwide Revenue firom Production of Each Equipment Group as a Share of Each Application Market, 
1989-1991 (Percent^e) 

1989 1990 1991 

Computers 

Data Storage 

Terminals 

Input/Output 

Dedicated Systems 

Data Processing 

Premises Telecom 

Public Telecom 

Mobile Communication 

Broadcast & Studio 

Other Communication 

Communication 

Security & Energy Management 

Manufacturing SystemsAnstruments 

Medical Equipment 

Other Industrial 

Industrial 

Audio 

Video 

Personal Electronics 

Appliances 

Other Consumer 

Consumer 

Military/Qvil Aerospace 

Transportation 

Total Equipment 

56.9 

11.3 

8.4 

12.6 

10.7 

100.0 

41.6 

28.9 

15.8 

4.1 

9.5 

100.0 

11.1 

60.8 

14.1 

13.9 

100.0 

12.7 

31.9 

11.6 

36.3 

7.5 

100.0 

100.0 

100.0 

100.0 

57.2 

10.8 

8.5 

13.3 

10.1 

100.0 

40.3 

30.1 

16.2 

4.2 

9.3 

100.0 

11.1 

61.8 

14.4 

12.7 

100.0 

12.8 

32.3 

12.8 

34.8 

7.3 

100.0 

100.0 

100.0 

100.0 

54.8 

11.2 

8.8 

14.5 

10.7 

100.0 

40.2 

30.4 

16.7 

4.1 

8.7 

100.0 

12.5 

60.6 

14.6 

12.2 

100.0 

13.8 

31.9 

12.4 

34.9 

7.0 

100.0 

100.0 

100.0 

100.0 

Note: Coltunns may not add to totals shown because of rounding. 

Source: Dataquest C^ugust 1992) 
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Table 6 
Worldwide Revenue from Production of Each Equipment Group as a Share of Each Application Market, 
1992-1996 (Percent^e) 

1992 1993 1994 1995 1996 

Computers 

Data Storage 

Terminals 

Input/Output 

Dedicated Systems 

Data Processing 

Premises Telecom 

Public Telecom 

Mobile Communication 

Broadcast & Studio 

Other Communication 

Communication 

Security & Energy Management 

Manufacturing Systems/Instruments 

Medical Equipment 

Other Industrial 

Industrial 

Audio 

Video 

Personal Electronics 

Appliances 

Other Consimier 

Consumer 

Military/Qvil Aerospace 

Transportation 

Total Equif)ment 

55.4 

11.0 

8.8 

14.2 

10.6 

100.0 

39.6 

30.5 

16.9 

4.2 

8.7 

100.0 

13.3 

59.9 

14.9 

11.9 

100.0 

14.1 

31.5 

12.7 

35.0 

6.6 

100.0 

100.0 

100.0 

100.0 

54.8 

11.3 

8.8 

14.4 

10.7 

100.0 

39.4 

30.7 

17.1 

4.3 

8.5 

100.0 

13.7 

59.5 

14.9 

11.8 

100.0 

14.3 

31.2 

12.7 

34.9 

6.8 

100.0 

100.0 

100.0 

100.0 

55.1 

10.7 

8.9 

14.6 

10.6 

100.0 

39.3 

30.4 

17.5 

4.4 

8.3 

100.0 

14.2 

59.4 

14.9 

11.5 

100.0 

14.7 

31.1 

12.5 

35.0 

6.7 

100.0 

100.0 

100.0 

100.0 

55.5 

10.5 

8.9 

14.6 

10.6 

100.0 

38.5 

29.7 

19.3 

4.4 

8.1 

100.0 

14.6 

59.1 

15.0 

11.3 

100.0 

15 

31.4 

12.4 

34.7 

6 5 

100.0 

100.0 

100.0 

100.0 

56.0 

10.1 

8.9 

14.4 

10.5 

100.0 

38.1 

30.0 

19.6 

4.5 

7.9 

100.0 

15.2 

58.7 

15.0 

11.1 

100.0 

15.4 

31.5 

12.1 

34.6 

6A 

100.0 

100.0 

100.0 

100.0 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 7 
Worldwide Revenue from Production of Each Equipment Group as a Share of Total Equipment, 1989-1991 
(Percentage) 

1989 1990 1991 

Computers 

Data Storage 

Terminals 

Input/Output 

Dedicated Systems 

Data Processing 

Premises Telecom 

Public Telecom 

Mobile Communication 

Broadcast & Studio 

Other Communication 

Communication 

Security & Energy Management 

Manufacturing Systems/Instruments 

Medical Equipment 

Other Industrial 

Industrial 

Audio 

Video 

Personal Electronics 

Appliances 

Other Consumer 

Consumer 

Military/Civil Aerospace 

Transportation 

Total Equipment 

17.6 

3.5 

2.6 

3.9 

3.3 

30.9 

6.0 

4.2.. 

2.3 

0.6 

1.4 

14.4 

1.7 

9.4 

2.2 

2.2 

15.5 

2.7 

6.7 

2.4 

77 

1.6 

21.1 

14.8 

3.3 

100.0 

17.4 

3.3 

2.6 

4.1 

3.1 

50.4 

6.1 

4.6 

2.5 

0.6 

1.4 

15.2 

1.8 

9.9 

2.3 

2.0 

15.9 

2.7 

6.8 

2.7 

7.4 

1.5 

21.1 

14.0 

3.4 

100.0 

16.1 

3.3 

2.6 

4.3 

3.1 

29.4 

6.4 

4.8 

2.6 

0.7 

1.4 

15.8 

2.0 

9.7 

2.3 

2.0 

16.0 

3.1 
7.2 

2.8 

7.9 

1.6 

22.5 

12.8 

3-4 

100.0 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest CAugust 1992) 
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Table 8 
Worldwide Revenue from Production of Each Equipment Group as a Share of Total Equipment, 1992-1996 
(Percentage) 

1992 1993 1994 

Computers 

Data Storage 

Temainals 

Input/Output 

Dedicated Systems 

Data Processing 

Premises Telecom 

Public Telecom 

Mobile Communication 

Broadcast & Studio 

Other Communication 

Coinmunication 

Security & Energy Management 

Manufacturing Systems/Instruments 

Medical Equipment 

Other Industrial 

Industrial 

Audio 

Video 

Personal Electronics 

Appliances 

Other Consumer 

Consumer 

Military/Civil Aerospace 

Transportation 

Total Equipment 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 

1995 1996 

16.4 

3.3 
2.6 

4.2 

3.1 

29.6 

6.4 

4.9 

2.7 

0.7 

1.4 

16.2 

2.1 

9.5 

2.3 

1.9 

15.8 

3.2 

7.1 

2.9 

7.9 

1.5 

22.5 . 

12.4 

3.5 

100.0 

16.0 

3.3 
2.6 

4.2 

3.1 

29.2 

6.5 

5.0 

2.8 

0.7 

1.4 

16.4 

2.2 

9.4 

2.4 

1.9 

15.9 

3.3 

7.2 

2.9 

8.0 

1.6 

23.0 

12.0 

3.6 

100.0 

16.1 

3.1 
2.6 

4.3 

3.1 

29.1 

6.5 

5.0 

2.9 

0.7 

1.4 

16.4 

2.3 

9.5 

2.4 

1.8 

16.0 

3.4 

7.2 

2.9 

8.1 

1.6 

23.2 

11.7 

3.6 

100.0 

16.1 

3.0 

2.6 

4.2 

3.1 

29.0 

6.5 

5.0 

3.2 

0.7 

1.4 

16.7 

2.3 

9.4 

2.4 

1.8 

16.0 

3.5 

7.3 

2.9 

8.1 

1.5 

23.3 

11.3 

3.7 

100.0 

16.3 

2.9 
2.6 

4.2 

3 

29.1 

6.4 

5.0 

3.3 

0.8 

1.3 

16.7 

2.4 

9.4 

2.4 

1.8 

16.0 

3.6 

7.4 

2.9 
8.2 

1.5 

23.6 

10.9 

3.7 

100.0 

©1992 Dataquest Incorporated August—Reproduction Prohibited 



Worldwide and North American Electronic Equipment Production Forecast 15 

Table 9 
Regional Revenue from Production of Each Application Market, 1989-1991 (Millions of U ^ . Dollars) 

1989 1990 1991 
North America 

Data Processing 
Conamunication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Japan 

Data Processing 

Commuriication 
Industrial 

Consumer 

Military/Aerospace 
Transportation 

Total 
Europe 

Data Processing 

Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Asia/Pacific-ROW 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Worldwide 

Data Processing 
Communication 
Industrial 

Consumer 

Military/Aerosp)ace 

Transportation 
Total 

Exchange Sates: 
YenAJ.S.$ 
ECUAJ.S.$ 

77,501 
28,360 
32,302 
17,082 
59,876 
4,153 

219,274 

47,941 

19,752 

24,861 
52,474 

1,825 

9,199 
156,052 

31,242 
27,436 
31,111 
30,777 
21,749 
4,613 

146,928 

24,954 

8,944 

2,666 

23,893 
3,281 
1,625 

65,363 

181,638 

84,492 

90,940 

124,226 

86,731 

19,590 

587,617 

138 

0.908 

81,234 

29,935 

33,687 

16,995 

60,569 

4,115 

226,535 

46,771 

21,337 

26,412 

54,439 

1,602 

9,469 

160,031 

33,575 

32,734 

35,981 

32,241 

20,976 

5,556 

161,063 

27,356 

10,455 

3,059 

27,773 

3,583 

1,852 

74,078 

188,936 

94,461 

99,139 

131,448 

86,730 

20,992 

621,707 

144 

0.788 

73,691 
31,832 
33,909 
16,660 
55,257 
3,881 

215,230 

51,342 

22,926 

28,719 

61,773 

1,583 
9,931 

176,275 

30,392 
35,102 
36,356 
33,817 
21,171 
6,064 

162,902 

30,826 
11,480 
3,530 

32,204 
3,907 
2,124 

86,228 

188,409 

101,340 

102,514 

144,454 

81,918 

22,000 

640,635 

136 

0.811 

Note: C<dumns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 

©1992 Dataquest Incoiporated August—Reproduction Prohibited 



l € Semiconductor Application' Markets Worldwide 

Table 10 
Regional Revenue from Production of Each Application Market, 1992-1996 (Millions of U.S. DoUars) 

1992 1993 1994 1995 1996 

North America 
Data Processing 
Communication 
Industrial 
Consumer 
MUitary/Aerospace 
Transportation 

Total 

Japan 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

Europe 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

Asia/Pacific-ROW 
Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

Worldwide 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

Exchange Rates: 
YenAJ.S.$ 
ECUAJ.S.$ 

75,861 

34,037 

35,483 
17,312 

54,937 
4,252 

218,245 

51,246 
23,298 

27,646 

59,633 
1,567 

9,935 
173,325 

31,850 

36,956 

37,756 
35,706 

21,544 

6,681 

170,493 

37,798 
13,224 

4,017 

36,567 
4,318 

2,451 

94,517 

196,755 

107,515 
104,902 

149,218 
82,366 

23,319 
664,075 

136 

0.791 

78,258 

36,375 

37,959 
18,216 
56,068 

4,694 
228,842 

53,581 

24,536 

29,848 
63,750 

1,603 
10,533 

183,849 

34,733 
40,440 
40,878 

39,237 

22,893 
7,610 

185,791 

41,691 

15,543 
4,434 

42,600 
5,000 

2,856 

107,631 

208,263 

116,893 

113,119 

163,803 
85,564 

25,693 
713,334 

136 

0.791 

82,433 
38,882 

40,548 

19,161 

57,463 
4,996 

239,959 

55,827 
25,748 

32,270 

66,275 

1,595 
11,018 

192,732 

36,713 
42,355 
43,382 

42,346 

23,851 
8,348 

196,995 

46,089 
17,627 

4,987 

47,923 
5,507 
3,296 

120,153 

221,062 

124,612 

121,187 

175,705 
88,416 
27,658 

758,639 

136 

0.791 

85,554 

41,470 

43,396 

20,155 
58,924 

5,265 
251,865 

57,762 

26,898 

34,591 
69,059 

1,612 
11,411 

201,334 

38,879 
46,427 

45,335 
44,706 

24,531 
9,214 

209,092 

51,230 

20,035 

5,373 
53,634 

5,989 
3,780 

• 133,603 

233,425 

134,831 

128,695 
187,554 
91,056 

29,670 

805,231 

136 

0.791 

90,265 
43,888 

46,479 
21,127 
60,132 

5,516 

263,913 

60,510 

28,311 
37,357 

72,849 

1,635 
11,854 

212,516 

41,282 

48,484 

47,593 

47,959 
25,266 

10,169 
220,753 

57,075 
22,772 

6,057 
60,041 

6,482 

4,186 

150,158 

249,132 

143,455 
137,486 

201,976 

93,515 
31,725 

857,289 

136 

0.791 
Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 11 
Regional Revenue Growth from Production of Each Application Market, 1989-1991 (Percent:^ Chaise) 

1989 1990 1991 
North America 

Data Processing 

Communication 
Industrial 

Consumer 

Military/Aerospace 
Transportation 

Total 
Japan 

Data Processing 

Communication 
Industrial 
Consumer 

Military/Aerospace 
Transportation 

Total 
Europe 

Data Processing 

Communication 

Industrial 
Consumer 

Military/Aerospace 

Transportation 
Total 

Asia/Pacific-ROW 

Data Processing 
Communication 

Industrial 
Consumer 

Military/Aerospace 
Transportation 

Total 
Worldwide 

Data Processing 
Communication 

Industrial 

Consumer 

MUitary/Aerospaoe 

Transportation 
Total 

U.S.$ Appreciation versus 

Yen (%) 

ECU (%) 

6.0 
11.6 
6.3 

10.5 
2.9 
0.5 
6.1 

5.0 
-4.4 

9.0 
-5.9 
-S.8 

4.7 

0.3 

21.2 

9.7 

-0.5 
10.2 

0.7 
17.1 
8.4 

9.9 
8.7 
8.8 
9.9 
4.7 

16.7 
9.6 

8.6 
6.5 
4.6 
2.8 
2.1 
7.3 
5.4 

6.2 

7.3 

4.8 

5.6 

4.3 

-0.5 

1.2 

-0.9 

3.3 

-2.4 
8.0 
6.2 
3.7 

-12.2 
2.9 
2.5 

7.5 
19.3 
15.7 
4.8 

-3.6 
20.4 

9.6 

9.6 

16.9 

14.7 

16.2 

9.2 

14.0 

13.3 

4.0 
11.8 
9.0 
5.8 

0 
7.2 
5.8 

4.3 
-13.2 

-9.3 
6.3 
0.7 

-2.0 
-8.8 
-5.7 
-5.0 

9.8 
7.4 
8.7 

13.5 
-1.2 
4.9 

10.2 

-9.5 
7.2 
1.0 
4.9 
0.9 
9.1 
1.1 

20.6 
9.8 

15.4 
16.0 
9.0 

14.7 
16.4 

-0.3 

7.3 

3.4 

9.9 

-5.5 
4.8 
3.0 

-5.6 

2.9 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 12 
Regional Revenue Growth Crom Production of Each Application Market, 1992-1996 (Percentile Change) 

North America 

Data Processing 

Communication 
Industrial 
Consumer 

Military/Aerospace 
Transp)ortation 

Total 

Japan 

Data Processing 
Communication 

Industrial 
Cor^umer 

Military/Aerospace 
Transportation 

Total 

Europe 
Data Processing 

Communication 

Industrial 
Consumer 

Military/Aerospace 
Transportation 

Total 
Asia/Pacific-ROW 

Data Processing 

Communication 

Industrial 

Consumer 

Military/Aerospace 
Transportation 

Total 
Worldwide 

Data Processing 

Communication 

Industrial 

Consumer 

Military/Aerospace 
Transportation 

Total 
11.8.$ Appreciation versus 

Yen (%) 

ECU (%) 

1992 

2.9 

6.9 
4.6 

3.9 
-0.6 

9.6 

3.1 

-0.2 

1.6 

-3.7 

-3.5 
-1.0 

0 

-1.7 

4.8 

5.3 

3.9 
5.6 
1.8 

10.2 

4.7 

14.6 
15.2 

13.8 

13.5 
10.5 
15.4 
14.1 

4.4 
6.1 

2.3 

• 3.3 
0.5 
6.0 
3.7 

0 
-2.4 

1993 

3.2 

6.9 
7.0 

5.2 
2.1 

10.4 
4.4 

4.6 

5.3 
8.0 

6.9 

2.3 
6.0 

6.1 

9.1 
9.4 

8.3 
9.9 
6.3 

13.9 
9.0 

10.3 

17.5 
10.4 

16.5 
15.8 

16.5 
14.0 

5.8 

8.7 
7.8 

9.8 

3.9 
10.2 
7.4 

0 
0 

1994 

5.3 

6.9 
6.8 

5.2 

2.5 
6.4 

5.1 

4.2 

4.9 
8.1 
4.0 

-0.5 
4.6 

4.8 

5.7 

4.7 
6.1 

7.9 
4.2 

9.7 
6.0 

10.5 
13.4 

12.5 

12.5 
10.1 
15.4 

11.9 

6.1 

6.6 

7.1 

7.3 

3.3 
7.6 
6.4 

0 

0 

1995 

3.8 

6.7 
7.0 
5.2 

2.5 
5.4 

4.6 

3.5 

4.5 
7.2 
4.2 

1.1 

3.6 

4.5 

5.9 
9.6 

4.5 
5.6 

2.9 
10.4 

6.1 

11.2 

13.7 

7.7 

11.9 
8.8 

14.7 
11.6 

5.6 
8.2 

6.2 

6.7 
3.0 

7.3 
6.1 

0 
0 

1996 

5.5 
5.8 

7.1 
4.8 

2.1 

4.8 
5.0 

4.8 
5.2 
8.0 

5.5 
1.4 

3.9 
5.6 

6.2 

4.4 

5.0 

7.3 
3.0 

10.4 

5.6 

11.4 

13.7 

12.7 

11.9 
8.2 

10.7 
11.8 

6.7 
6.4 

6.8 

7.7 
2.7 

6.9 
6.5 

0 
0 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 13 
R ^ o n a l Revenue from Production of Each Application Market as a Share of Worldwide Total Equipment, 
1989-1991 (Percentile) 

1989 1990 1991 
North America 

Data Processing 
Communication 
Indiistrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

Japan 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

Europe 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

Asia/Paciflc-ROW 
Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

Worldwide 

Data Processing 
Communication 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

42.7 
33.6 
35.5 
13.8 
69.0 
21.2 
37.3 

26.4 

23.4 

27.3 

42.2 

2.1 

47.0 

26.6 

17.2 
32.5 
34.2 
24.8 
25.1 
23.5 
25.0 

13.7 
10.6 
2.9 

19.2 
3.8 
8.3 

11.1 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

43.0 

31.7 

34.0 

12.9 

69.8 

19.6 

36.4 

24.8 

22.6 

26.6 

41.4 

1.8 

45.1 

25.7 

17.8 

34.7 

36.3 

24.5 

24.2 

26.5 

25.9 

14.5 

11.1 

3.1 

21.1 

4.1 

8.8 

11.9 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

39.1 
31.4 
33.1 
11.5 
67.5 
17.6 
33.6 

27.3 

22.6 

28.0 

42.8 

1.9 

45.1 

27.5 

16.1 
34.6 
35.5 
23-4 
25.8 
27.6 
25.4 

17.5 
11.3 
3.4 

22.3 
4.8 
9.7 

13.5 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 14 
Regional Revenue from Production of Each Application Market as a Share of Worldwide Total Equipment, 
1992-1996 (Percentile) 

NoiTh America 
Data Processing 

Communication 

Industrial 
Consumer 

Military/Aerospace 
Transpxjrtation 

Total 
Japan 

Data Processing 

Communication 

Industrial 
Consumer 

Military/Aerospace 

Transportation 

Total 
Europe 

Data Processing 
Communication 

Industrial 

Consumer 

Military/Aerospace 
Transportation 

Total 
Asia/Pacific-ROW 

Data Processing 
Communication 

Industrial 

Consumer 

Military/Aerospace 
Transportation 

Total 
Worldwide 

Data Processing 
Communication 

Industrial 

Consumer 

Military/Aerospace 
Transportation 

Total 

1992 

38.6 

31.7 
33.8 

11.6 

66.7 
18.2 

33.4 

26.0 

21.7 
26.4 

40.0 

1.9 
42.6 

26.1 

16.2 

34.4 

36.0 

23.9 
26.2 

28.7 
25.7 

19.2 

12.3 
3.8 

24.5 
5.2 

10.5 
14.8 

100.0 
100.0 

100.0 

100.0 

100.0 

100.0 
100.0 

1993 

37.6 

31.1 
33.6 
11.1 

65.5 

18.3 
32.5 

25.7 
21.0 

26.4 

38.9 

1.9 
41.0 

25.8 

16.7 
34.6 

36.1 

24.0 

26.8 

29.6 
26.0 

20.0 

13.3 
3.9 

26.0 

5.8 
11.1 

15.7 

100.0 

100.0 

100.0 
100.0 

100.0 
100.0 

100.0 

1994 

37.3 
31.2 

33.5 

10.9 
65.0 
18.1 
32.1 

25.3 
20.7 
26.6 

37.7 
1.8 

39.8 
25.4 

16.6 
34.0 

35.8 

241 

27.0 
30.2 

26.0 

20.8 
14.1 
4.1 

27.3 
6.2 

11.9 
16.5 

100.0 

100.0 

100.0 
100.0 

100.0 

100.0 
100.0 

1995 

36.7 
30.8 

33.7 

10.7 

64.7 

17.7 
31.6 

24.7 
20.0 

26.9 
36.8 

1.8 

38.5 
25.0 

16.7 
34.4 

35.2 

23.8 

26.9 

31.1 
26.0 

21.9 
14.9 
4.2 

28.6 

6.6 

12.7 
17.4 

100.0 
100.0 

100.0 

100.0 

100.0 

100.0 
100.0 

1996 

36.2 

30.6 
33.8 

10.5 

64.3 
17.4 

31.2 

24.3 
19.7 
27.2 

36.1 

1.7 
37.4 

24.8 

16.6 
33.8 

34.6 

23.7 
27.0 

32.1 
25.8 

22.9 
15.9 
4.4 

29.7 

6.9 
13.2 

18.3 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 
100.0 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 15 
Regional Revenue from Production of Each Application Market as a Share of Re^onal Total Equipment, 
1989-1991 (Percentage) 

1989 1990 1991 
North America 

Data Processing 35.3 35.9 34.2 
Conamunication 12.9 13.2 14.8 

Industrial 14.7 14.9 15.8 
Consumer 7.8 7.5 7.7 

Military/Aerospace 27.3 26.7 25.7 

Transportation 1.9 1.8 1.8 
Total 100.0 100.0 100.0 

Japan 

Data Processing 30.7 29.2 29.1 

Communication 12.7 13.3 13.0 

Industrial 15.9 16.5 l6.3 
Consumer 33.6 34.0 35.0 

Military/Aerospace 1.2 1.0 0.9 

Transportation 5-9 5.9 5.6 

Total 100.0 100.0 100.0 
Eufop)e 

Data Processing 21.3 20.8 18.7 

Communication 18.7 20.3 21.5 
Industrial 21.2 22.3 22.3 

Consumer 20.9 20.0 20.8 
Military/Aerospace 14.8 13.0 13.0 

Transportation 3.1 3.4 3.7 
Total 100.0 100.0 100.0 

Asia/Pacific-ROW 

Data Processing 38.2 36.9 38.3 
Communication 13.7 14.1 13.3 
Industrial 4.1 4.1 4.1 

Consumer 36.6 37.5 37-3 
Military/Aerospace 5.0 4.8 4.5 

Transportation 2.5 2.5 2.5 
Total 100.0 100.0 100.0 

Worldwide 

Data Processing 30.9 30.4 29.4 
Communication 14.4 15.2 15.8 

Industrial 15.5 15.9 l6.0 
Consumer 21.1 21.1 22.5 

Military/Aerospace 14.8 14.0 12.8 

Transportation 3.3 3.4 3.4 
Total 100.0 100.0 100.0 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 16 
Regional Revenue from Production of Each Application Market as a Share of R ^ o n a l Total Equipment, 
1992-1996 ( P e r c e n t ^ e ) 

1992 1993 1994 1995 1996 

North America 

Data Processing 
Communication 

Industrial 
Consumer 

Military/Aerospace 

Transportation 
Total 

Japan 

Data Processing 

Communication 

Industrial 
Consumer 

Military/Aerospace 
Transportation 

Total 
Europe 

Data Processing 
Communication 

Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 
Asia/Pacific-ROW 

Data Processing 
Communication 

Industrial 

Consumer 

Military/Aerospace 
Transportation 

Total 
Worldwide 

Data Processing 
Communication 

Industrial 
Consumer 

Military/Aerospace 
Transportation 

Total 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 

34.2 

15.3 
16.0 

7.8 

24.8 

1.9 
100.0 

29.6 

13.4 

16.0 
34.4 

0.9 
5.7 

100.0 

18.7 
21.7 
22.1 

20.9 
12.6 

3.9 
100.0 

38.4 

13.4 
4.1 

37.2 
4.4 

2.5 
100.0 

29.6 
16.2 

15.8 

22.5 
12.4 

3.5 
100.0 

33.8 

15.7 
16.4 

7.9 
24.2 

2.0 

100.0 

29.1 

13.3 
16.2 

34.7 

0.9 
5.7 

100.0 

18.7 
21.8 
22.0 
21.1 

12.3 
4.1 

100.0 

37.2 

13.9 
4.0 

38.0 

4.5 
2.5 

100.0 

29.2 

16.3 

15.9 
23.0 

12.0 
3.6 

100.0 

33.9 
16.0 

16.7 

7.9 
23.6 

2.1 

100.0 

29.0 

13.4 

16.7 
34.4 

0.8 

5.7 

100.0 

18.6 

21.5 
22.0 

21.5 
12.1 
4.2 

100.0 

36.7 
14.1 

4.0 
38.2 
4.4 

2.6 
100.0 

29.1 
16.4 

16.0 
23.2 

11.7 
3.6 

100.0 

33.6 

16.3 
17.0 

7.9 

23.1 
2.1 

100.0 

28.7 
13.4 
17.2 

34.3 
0.8 

5.7 
100.0 

18.6 
22.2 

21.7 
21.4 

11.7 
4.4 

100.0 

36.6 

14.3 
3.8 

38.3 
4.3 
2.7 

100.0 

29.0 

16.7 
16.0 

23.3 

11.3 
3.7 

100.0 

33.8 
16.4 
17.4 

7.9 

22.5 
2.1 

100.0 

28.5 

13.3 
17.6 

34.3 
0.8 

5.6 

100.0 

18.7 
22.0 
21.6 

21.7 
11.4 

4.6 

100.0 

36.4 

14.5 

3.9 

38.3 
4.1 

2.7 
100.0 

29.1 
16.7 

16.0 
23.6 

10.9 
3.7 

100.0 
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Table 17 
Revenue from North American Data Processii^ Equipment Production, 1989-1991 (Millions of Dollars) 

1989 1990 1991 
Data Processing 

Computers 

Supercomputers 

Mainframe 

Midrange 

Workstation 

Personal Computer 

Total Computer 

Data Storage/Subsystems 

Rigid Disk Drives 

l4-inch 

8-10-inch 

5.25-inch 

3.5-inch 

2.5-inch 

1.8-inch 

Total Rigid Disk Drives 

Optical Drives 

Rewrite Optical Disk Drives 

WORM Optical Drives 

CD-ROM 

Total Optical Drives 

Tape Drives 

Total Data Storage/Subsystems 

Terminals 

Graphics Terminals 

X Terminals 

Other Graphics Terminals 

Total Graphics Terminals 

Alphanumeric Terminals 

Total Terminals 

Input/Output Devices 

Printers 

Serial Printers 

Line Printers 

Page Printers 

Total Printers 

Other Input/Output Devices 

Total Input/Output Devices 

945 

18,517 

17,201 

4,335 

11,993 

52,991 

1,666 

1,240 

719 
1,026 

0 

0 

4,651 

9 

13 
1 

23 
784 

5,458 

0 

557 

557 

1,622 

2,179 

1,802 

989 

5,516 

8,307 

3,540 

11.847 

1,081 

19,065 

18,417 

5,037 

12,150 

55,750 

988 

2,147 

498 

913 
0 

0 

4,546 

14 

15 
1 

30 

824 

5,400 

139 
452 

591 

1,490 

2,081 

1,596 

912 

6,984 

9,492 

3,717 

13,209 

990 

15,491 

15,619 

5,048 

10,826 

47,974 

607 

2,617 

268 

623 
0 

0 

4,115 

16 

17 

1 

34 

942 

5,091 

199 

307 

506 

1,446 

1,952 

1,644 

1,004 

7,473 

10,121 

3,958 

14,079 
(Continued) 
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Table 17 (Continued) 
Revenue Crom North American Data Processing Equipment Production, 1989-1991 (Millions of Dollars) 

1989 1990 1991 

Dedicated Systems 

Copiers and Duplicators 

Personal Copiers 

Segments 1-3 

Segments 4-6 

Total Copiers and Duplicators 

Other Dedicated Systems 

Total Dedicated Systems 

Total Data Processing 

73 

903 

509 

1,485 

3,540 

5,025 

77,500 

79 

863 

482 

1,424 

3,370 

4,794 

81,234 

87 

803 

530 

1,420 

3,175 

4,595 

73,691 

Note; Columns may not add to totals shown because of rounding. 

Source; Dauquest (August 1992) 
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Table 18 
Revenue from North American Data Processing Equipment Production, 1992-1996 (Millions of Dollars) 

Data Processing 

Computers 

Sujjercomputers 

Mainframe 

Midrange 

•Workstation 

Personal Computer 

Total Computer 

Data Storage/Subsystems 

Rigid Disk Drives 

14-inch 

8-10-inch 

5.25-inch 

3.5-inch 

2.5-inch 

1.8-inch 

Total Rigid Disk Drives 

Optical Drives 

Rewrite Optical Disk Drives 

WORM Optical Drives 

CD-ROM 

Total Optical Drives 

Tape Drives 

Total Data Storage/Subsystems 

Terminals 

Graphics Terminals 

X Terminals 

Odier Graphics Terminals 

Total Graphics Terminals 

Alphanumeric Terminals 

Total Terminals 

Input/Output Devices 

Printers 

Serial Printers 

line Printers 

Page Printers 

Total Printers 

Other Input/Output Devices 

Total Input/Output Devices 

1992 

1,135 

15,536 

15,889 

6,385 

11,731 

50,676 

255 

2,267 

160 

391 

0 

0 

3,073 

17 

18 

2 

37 

971 

4,081 

341 

267 

608 

1,438 

2,046 

1,718 

1,039 

7,327 

10,084 

4,215 

14,299 

1993 

1,222 

15,022 

16,133 

7,687 

12,624 

52,668 

50 

1,764 

89 

298 

0 

0 

2,201 

18 

20 

3 

41 

1,013 

3,255 

460 

234 

694 

1,425 

2,119 

1,770 

1,070 

7,730 

10,570 

4,6l6 

15,186 

1994 

1,402 

15,081 

16,947 

9,344 

13,982 

56,756 

5 

1,030 

47 

101 

0 

0 

1,183 

19 

22 

5 

46 

1,036 

2,265 

536 

194 

730 

1,413 

2,143 

1,787 

1,097 

8,116 

11,000 

4,985 

15,985 

1995 

1,560 

14,742 

17,459 

10,652 

15,178 

59,591 

0 

501 

42 

87 

0 

0 

630 

21 

24 

6 

51 

1,062 

1,743 

560 

133 

693 

1,400 

2,093 

1,752 

1,124 

8,400 

11,276 

5,359 

16,635 

1996 

1,726 

15,282 

18,614 

11,919 

16,607 

64,148 

0 

0 

28 

69 

0 

0 

97 

23 

26 

6 

55 

1,088 

1,240 

589 

133 

722 

1,365 

2,087 

1,677 

1,169 

8,568 

11,414 

5,681 

17,095 
(Continued) 
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Table 18 (Continued) 
Revenue from North American Data Processing Equipment Production, 1992-1996 (Millions of Dollars) 

Dedicated Systems 

Copiers and Duplicators 

Personal Copiers 

Segments 1-3 

Segments 4-6 

Total Copiers and Duplicators 

Other Dedicated Systems 

Total Dedicated Systems 

Toal Data Processing 

1992 

89 

811 

541 

1,441 

3,318 

4,759 

75,861 

1993 

91 

819 
552 

1,462 

3,567 

5,029 

78,257 

1994 

93 

828 

563 

1,484 

3,799 

5,283 

82,432 

1995 

94 

836 

574 

1,504 

3,988 

5,492 

85,554 

1996 

96 

844 

586 

1,526 

4,168 

5,694 

90,264 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (August 1992) 
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Table 19 
Revenue Growth from North American Data Processing Equipment Production, 1989-1991 
(Percent^e Change) 

1989 1990 1991 
Data Processing 

Computers 

Supercomputers 

Mainframe 

Midrange 

Workstation 

Personal Computer 

Total Computer 

Data Storage/Subsystems 

Rigid Disk Drives 

14-inch 

8-10-inch 

5.25-inch 

3.5-inch 

2.5-inch 

1.8-inch 

Total Rigid Disk Drives 

Optical Drives 

Rewrite Optical Disk Drives 

WORJVI Optical Drives 

CD-ROM 

Total Optical Drives 

Tape Drives 

Total Data Storage/Subsystems 

Terminals 

Graphics Terminals 

X Terminals 

Other Graphics Terminals 

Total Graphics Terminals 

Alphanumeric Terminals 

Total Terminals 

Input/Output Devices 

Printers 

Serial Printers 

Line Printers 

Page Printers 

Total Printers 

Other Input/Output Devices 

Total Input/Output Devices 

1.2 

4.4 

7.6 

35.6 

3.7 

7.2 

-27.9 

5.4 

-30.7 

51.3 

NM 

NM 

-10.6 

200 

8.3 

0 

43.8 

17-9 

-7.2 

NM 
-18.2 

-18.2 

-0.6 

-5.8 

-11.4 

-0.5 

36.2 

17.4 

6.7 

14 

14.4 

3.0 

7.1 

16.2 

1.3 

5.2 

-40.7 

73.1 

-30.7 

-11 

NM 

NM 

-2.3 

55.6 

15.4 

0 

30.4 

5.1 

-1.1 

NM 

-18.9 
6.1 

-8.1 

-4.5 

-11.4 

-7.8 

26.6 

14.3 

5 

11.5 

-6.4 

-18.7 

-15.2 

0.2 

-10.9 

-13.9 

-38.6 

21.9 

-46.2 

-31.8 

NM 

NM 

-9.5 

14.3 

13.3 

0 

13.3 

14.3 

-5.7 

43-2 

-32.1 

-14.4 

-3 
-6.2 

3 
10.1 

7 

6.6 

6.5 
6.6 

(Continued) 
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Table 19 (Continued) 
Revenue Growth teom North American Data Processing Eqiiipment Production, 1989-1991 
(Percentage Chaise) 

1989 1990 1991 
Dedicated Systems 

Copiers and Duplicators 

Personal Copiers 5.8 8.2 10.1 

Segments 1-3 -2.8 -4.4 -7 

Segments 4-6 3.7 -5.3 10 

Total Copiers and Duplicators -0.3 -4.1 -0.3 

Other Dedicated Systems -2.2 -4.8 -5.8 

Total Dedicated Systems -1.6 -4.6 -4.2 

Total Data Processing 6̂ 0 4̂ 8 -9.3 

Note: Columns may not add to totals shown because of rounding. 

NM - Not meaningful 

Source: Dataquest (August 1992) 
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Table 20 
Revenue Growth from North American Data Processing Equipment Production, 1992-1996 
(Percent^e Chajo^) 

Data Processing 

Computers 

Supercomputers 

Mainframe 

Midrange 

Workstation 

Personal Computer 

Total Computer 

Data Storage/Subsystems 

Rigid Disk Drives 

14-inch 

8-10-inch 

5.25-inch 

3.5-inch 

2.5-inch 

1.8-inch 

Total Rigid Disk Drives 

Optical Drives 

Rewrite Optical Disk Drives 

WORM Optical Drives 

CD-ROM 

Total Optical Drives 

Tape Drives 

Total Data Storage/Subsystems 

Terminals 

Graphics Terminals 

X Terminals 

Other Graphics Terminals 

Total Graphics Terminals 

Alphanumeric Terminals 

Total Terminals 

Input/Output Devices 

Printers 

Serial Printers 

Line Printers 

Page Printers 

Total Printers 

Other Input/Output Devices 

Total Input/Output Devices 

1992 

14.6 

0.3 

1.7 

26.5 

8.4 

5.6 

-58 

-13.4 

-40.3 

-37.2 

NM 

NM 

-25.3 

6.3 

5.9 

100 

8.8 

3.1 

t.19.8 

71.4 

-13 

20.2 

-0.6 

4.8 

4.5 

3.5 

-2 

-0.4 

6.5 

1.6 

1993 

7.7 

-3.3 

1.4 

20.4 

7.6 

3.9 

-80.4 

-22.2 

-44.4 

-23.8 

NM 

NM 

-28.4 

5.9 

11.1 

50 

10.8 

4.3 

-20.2 

34.9 

-12.4 

14.1 

-0.9 

3.6 

3 

3 

5.5 

4.8 

9.5 

6.2 

1994 

14.7 

0.4 

5.2 

21.6 

10.8 

7.8 

-90 

-41.6 

-47.2 

-66.1 

NM 

NM 

^6.3 

5.6 

10 

66.7 

12.2 

2.3 

-30.4 

16.5 

-17.1 

5.2 

-0.8 

1.1 

1 

2.5 

5 

4.1 

8 

5.3 

1995 

11.3 

-2.2 

3.0 

14.0 

8.6 

5.0 

NM 

-51.4 

-10.6 

-13.9 

NM 

NM 

-46.7 

10.5 

9.1 

20 

10.9 

25 

-23 

4.5 

-31.4 

-5.1 

-0.9 

-2.3 

-2 

2.5 

3.5 

2.5 

7.5 

4.1 

1996 

10.6 

3.7 

6.6 

11.9 

9.4 

7.6 

NM 

NM 

-33.3 

-20.7 

NM 

NM 

-84.6 

9.5 

8.3 

0 

7.8 

2.4 

-28.9 

5.2 

0 

4.2 

-2.5 

-0.3 

-4.3 
4 

2 

1.2 

6 

28 

CAGR (%) 
1991-1996 

11.8 

-0.3 

3.6 

18.7 

8.9 

6.0 

-100 

-100 

-36.3 

-35.6 

NM 

NM 

-52.7 

7.5 

8.9 

43.1 

10.1 

2.9 

-24.6 

24.2 

-15.4 

7.4 

-1.1 

1.3 

0.4 

3.1 
2.8 

2.4 

7.5 

4 
(Continued) 
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Table 20 (Continued) 
Revenue Growth from North American Data Processing Equipment Production, 1992-1996 
(Percentage Change) 

Dedicated Systems 

Copiers and Duplicators 

Personal Copiers 

Segments 1-3 

Segments 4-6 

Total Copiers and 
Duplicators 

Other Dedicated Systems 

Total Dedicated Systems 

Total Data Processing 

1992 

2.3 

1 

2.1 

1.5 

4.5 

3.6 

2.9 

1993 

2.2 

1 

2 

1.5 

7.5 

5.7 
3.2 

1994 

2.2 

1.1 

2 

1.5 

6.5 

5.1 

5.3 

1995 

1.1 

1 

2 

1.3 

5 
4 

3.8 

1996 

2.1 

1 

2.1 

1.5 

4.5 

3.7 

5.5 

CAGR (%) 
1991-1996 

2 

1 

2 

1.5 

5.6 

4.4 

4.1 

Note: Columns may not add to totals shown because of rounding. 
NM - Not meaningful 

Source: Dataquest (August 1992) 
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Table 21 
Revenue from North American Communications Equipment Production, 1989-1991 (Millions of Dollars) 

1989 1990 1991 
Communication 

Premise Telecom Equipment 

Image & Text Communication 

Facsimile 

Video Teleconferencing 

Total Image & Text Communication 

Data Communications Equipment 

Modems 

Statistical Multiplexers 

T-1 Multiplexers 

Front-End Processors 

DSU/CSU 

Protocol Converters 

Local Area Networks 

Network Managememt 

Packet Daxa. Switching/WANs 

Total Data Communications Equipment 

Premise Switching Equipment 

PBX Telephone Equipment 

Key Telephone Sy^ems 

Total Premise Switching Equipment 

Call Processing Equipment 

Voice Messaging 

Interactive Voice Resp)onse System 

Call Accounting 

Automatic Call Distributors 

Total Call Processing Equipment 

Desktop Terminal Equipment 

Telephone Sets/Pay Phones 

Teleprinters 

Total Desktop Terminal Equipment 

Total Premise Telecom Equipment 

Public Telecom Equipment 

Transmission Equipment 

Multiplex 

Carrier Systems 

Microwave Radio 

Other Oaser, infrared) 

Satellite Communications Equipment 

Total Transmission Equipment 

Central Office Switching Equipment 

Total Public Telecom Equipment 

196 

60 

256 

1,115 

177 

446 
482 

140 

164 

3,774 

620 

291 

7,209 

2,178 

808 

2,986 

563 

205 

260 

577 

1,605 

395 

205 

600 

12,656 

1,435 

1,840 

510 

119 

693 

4,597 

2,423 

7,020 

207 

76 

283 

1,277 

163 

434 

479 

171 

153 

4,469 

829 
306 

8,281 

2,060 

780 

2,840 

765 
404 

269 

497 

1,935 

387 

190 

577 

13,916 

1,465 

2,010 

547 

124 

758 

4,904 

2,313 

7,217 

234 

120 

354 

1,356 

146 

416 

466 

211 

141 

5,045 

1,205 

320 

9,306 

1,896 

753 

2,649 

857 

480 

273 

529 

2,139 

385 

170 

555 

15,003 

1,503 

2,192 

585 

128 

785 

5,193 

2,385 

7,578 
(Continued) 
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Table 21 (Continued) 
Revenue from North American Communications Equipment Production, 1989-1991 (Millions of Dollars) 

1989 1990 1991 
Mobile Communications Equipment 

Mobile Radio Systems Equipment 

Cellular Telephones 

Mobile Radios 

Mobile Radio Base Station Equipment 

Total Mobile Radio Systems Equipment 

Portable Radio Receivers, Transmitters 

Radio Checkout Equipment 

Total Mobile Communications Equipment 

Broadcast & Radio 

Audio Equipment 

Video Equipment 

Transmitters, RF Power Amps 

Studio Transmitter Links 

Cable TV Equipment 

CCTV 

Other (Studio, Theater) 

Total Broadcast & Radio 

Other Telecom 

Intercomm. Equip., Elec. Ampl. 

Communications Equipment, NEC 

Total Other Telecom 

Total Communication 

211 

800 

919 
1,930 

725 

315 
2,970 

413 
480 

104 

21 

541 

145 
82 

1,786 

368 

3,560 

3,928 

28,360 

236 

860 

790 

1,886 

769 
318 

2,973 

395 
460 

124 

25 

560 

164 

87 

1,815 

344 

3,670 

4,014 

29,935 

255 
924 

825 
2,004 

814 

320 

3,138 

420 

489 

131 
27 

595 
174 

87 

1,923 

365 

3,825 

4,190 

31.832 

Note: Columns may not add to totals shown because of rounding. 

Souixre: Dataquest (August 1992) 
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Table 22 
Revenue from North American Communications Equipment Production, 1992-1996 (Millions of Dollars) 

Communication 

Premise Telecom Equipment 

Image & Text Communication 

Facsimile 

Video Teleconferencing 

Total Image & Text Communication 

Data Communications Equipment 

Modems 

Statistical Multiplexers 

T-1 Multiplexers 

Front-End Processors 

DSU/CSU 

Protocol Converters 

Local Area Networks 

Network Managememt 

Packet Data Switching/WANs 

Total Data Communications Equipment 

Premise Switching Equipment 

PBX Telephone Equipment 

Key Telephone Systems 

Total Premise Switching Equipment 

Call Processing Equipment 

Voice Messaging 

Interactive Voice Response System 

Call Accounting 

Automatic Call Distributors 

Total Call Processing Equipment 

Desktop Terminal Equipment 

Telephone Sets/Pay Phones 

Teleprinters 

Total Desktop Terminal Equipment 

Total Premise Telecom Equipment 

Public Telecom Equipment 

Transmission Equipment 

Multiplex 

Carrier Systems 

Microwave Radio 

Other Oaser, infirared) 

Satellite Communications Equipment 

Total Transmission Equipment 

Central Office Switching Equipment 

Total Public Telecom Equipment 

1992 

262 

174 

436 

1,370 

130 

400 

445 

241 

138 

5,496 

1,477 

321 

10,018 

1,855 

754 

2,609 

993 

529 

285 

560 

2,367 

372 

127 

499 

15,929 

1,560 

2,395 

665 

134 

983 

5,737 

2,510 

8,247 

1995 

288 

218 

506 

1,323 

114 

390 

422 

235 

133 

5,958 

1,732 

338 

10,645 

1,915 

758 

2,673 

1,062 

645 

300 

602 

2,609 

365 

97 

462 

16,895 

1,628 

2,652 

734 

142 

1,145 

6,301 

2,648 

8,949 

1994 

310 

265 

575 

1,278 

96 

368 

397 

227 

128 

6,502 

1,910 

360 

11,266 

1,989 

760 

2,749 

1,136 

791 

316 

661 

2,904 

355 

65 

420 

17,914 

1,765 

2,951 

803 

148 

1,250 

6,917 

2,743 

9,660 

1995 

329 
324 

653 

1,235 

85 

340 

385 

216 

123 

7,052 

2,063 

380 

11,879 

2,050 

762 

2,812 

1,215 

984 

329 

728 

3,256 

340 

46 

386 

18,986 

1,895 

3,249 

880 

156 

1,362 

7,542 

2,855 

10,397 

1996 

345 

388 

733 

1,193 

76 

310 

365 

202 

118 

7,636 

2,228 

400 

12,528 

2,085 

764 

2,849 

1,295 

1,218 

340 

809 

3,662 

328 

31 

359 

20,131 

2,025 

3,529 

932 

162 

1,448 

8,096 

2,965 

11,061 
(Continued) 
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Table 22 (Continued) 
Revenue from North American Communications Equipment Production, 1992-1996 (Millions of Dollars) 

Mobile Communications Equipment 

Mobile Radio Systems Equipment 

Cellular Telephones 

Mobile Radios 

Mobile Radio Base Station Equipment 

Total Mobile Radio Systems Equipment 

Portable Radio Receivers, Transmitters 

Radio Checkout Equipment 

Total Mobile Communications 
Equipment 

Broadcast & Radio 

Audio Equipment 

Video Equipment 

Transmitters, RF Power Amps 

Studio Transmitter Links 

Cable TV Equipment 

CCTV 

Other (Studio, Theater) 

Total Broadcast & Radio 

Other Telecom 

Intercomm. Equip., Elec. Ampl. 

Communications Equipment, NEC 

Total Other Telecom 

Total Communication 

1992 

310 

994 

949 

2,253 

865 

324* 

3,442 

442 

516 

134 

28 

646 

185 

87 

2,038 

389 

3,992 

4,381 

34,037 

1993 

365 

1,079 

1,129 

2,573 

920 

327 

3,820 

463 

544 

137 

29 

694 

195 

87 

2,149 

407 

4,155 

4,562 

36,375 

1994 

492 

1,160 

1,332 

2,984 

975 

330 

4,289 

481 

599 

140 

30 

743 

204 

87 

2,284 

427 

4,308 

4,735 

38,882 

1995 

590 

1,242 

1,519 

3,351 

1,040 

333 

4,724 

500 

659 

143 

31 

783 

215 

87 

2,418 

447 

4,498 

4,945 

41,470 

1996 

685 

1,316 

1,716 

3,717 

1,108 

337 

5,162 

518 

724 

147 

32 

827 

225 

87 

2,560 

468 

4,506 

4,974 

43,888 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 23 
Revenue Growth from North American Communications Equipment Production, 1989-1991 
(Percentage Change) 

Communication 

Premise Telecom Equipment 

Image & Text Communication 

Facsimile 

Video Teleconferencing 

Total Image & Text Communication 

Data Communications Equipment 

Modems 

Statistical Multiplexers 

T-1 Multiplexers 

Front-End Processors 

DSU/CSU 

Protocol Converters 

Local Area Networks 

Network Managememt 

Packet Data Switching/WANs 

Total Data Communications Equipment 

Premise Switching Equipment 

PBX Telephone Equipment 

Key Telephone Systems 

Total Premise Switching Equipment 

Call Processing Equipment 

Voice Messaging 

Interactive Voice Response System 

Call Accounting 

Automatic Call Distributors 

Total Call Processing Equipment 

Desktop Terminal Equipment 

Telephone Sets/Pay Phones 

Teleprinters 

Total Desktop Terminal Equipment 

Total Premise Telecom Equipment 

Public Telecom Equipment 

Transmission Equijjment 

Multiplex 

Carrier Systems 

Microwave Radio 

Other (laser, infrared) 

Satellite Communications Equipment 

Total Transmission Equipment 

1989 1990 1991 

-3 

100 

10.3 

-10.5 

-8.3 

14.9 

-1.2 

12 

0 

46.3 

151 

9.4 

26.5 

•^.9 

-0.2 

-5.2 

30.6 

NM 

1.6 

48.7 

49.3 

10 

-6.8 

3.6 

17.9 

4.2 

9 

4.7 

10.2 

6.5 

6.6 

5.6 

26.7 

10.5 

14.5 

-7.9 

-2.7 

-0.6 

22.1 

-6.7 

18.4 

33.7 

5.2 

14.9 

-5.4 

-3.5 

-4.9 

35.9 

97.1 

3.5 

-13.9 

20.6 

-2 

-7.3 

-3.8 

10 

2.1 

9.2 

7.3 

4.2 

9.4 

6.7 

13 

57.9 

25.1 

6.2 

-10.4 

-4.1 

-2.7 

23.4 

-7.8 

12.9 

45.4 

A£ 

12.4 

-8 

-3.5 

-6.7 

12 

18.8 

1.5 

6.4 

10.5 

-0.5 

-10.5 

-3.8 

7.8 

2.6 

9.1 

6.9 

3.2 

3.6 

5.9 
(Continued) 
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Table 23 (Continued) 
Revenue Growth frx>m North American Communications Equipment Production, 1989-1991 
(Percent^e Chaise) 

1989 1990 1991 

Central Office Switching Equipment -0.2 -4.5 3.1 

Total Public Telecom Equipment 4.2 2.8 5 

Mobile Communications Equipment 

Mobile Radio Systems Equipment 

Cellular Telephones ., 5 11.8 8.1 

MobUe Radios 12 7.5 7.4 

Mobile Radio Base Station Equipment 94.3 -14 4.4 

Total Mobile Radio Systems Equipment 39 -2.3 6.3 

Portable Radio Receivers, Transmitters 20.2 6.1 5.9 

Radio Checkout Equipment 0.6 1 0.6 

Total Mobile Communications Equipment 28.9 0.1 5.5 

Broadcast & Radio 

Audio Equipment 31.5 -4.4 6.3 

Video Equipment -l6.4 -4.2 6.3 

Transmitters, RF Power Amps -16.8 19.2 5.6 

Studio Transmitter Links -51.2 19 8 

Cable TV Equipment 27.9 3.5 6.3 

CCrv 7.4 13.1 6.1 

Other (Studio, Theater) -13.7 6.1 0 

Total Broadcast & Radio 4.5 1.6 6 

Other Telecom 

Intercomm. Equip., Elec. Ampl. NM -6.5 6.1 

Communications Equipment, NEC NM 3.1 4.2 

Total Other Telecom NM 2.2 4.4 

Total Communication NM 5̂ 6 6.3 

Note: Columns may not add to totals shown because of rounding. 
NM ~ Not meaningful 
Source: Dataquest (August 1992) 
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Table 24 
Revenue Growth from North American Communications Equipment Production, 1992-1996 
(Percent^e Change) 

Communication 

Premise Telecom Equipment 

Image & Text Communication 

Facsimile 

\^deo Teleconferencing 

Total Image & Text Communication 

Data Communications Equipment 

Modems 

Statistical Multiplexers 

T-1 Multiplexers 

Front-End Processors 

DSU/CSU 

Protocol Converters 

Local Area Networks 

Network Managememt 

Packet Data Switching/WANs 

Total Data Communications Equip­
ment 

Premise Switching Equipment 

PBX Telephone Equipment 

Key Telephone Systems 

Total Premise Switching Equipment 

Call Processing Equipment 

Voice Messaging 

Interactive Voice Response System 

Call Accounting 

Automatic Call Distributors 

Total Call Processing Equipment 

Desktop Terminal Equipment 

Telephone Sets/Pay Phones 

Teleprinters 

Total Desktop Terminal Equipment 

Total Premise Telecom Equipment 

Public Telecom Equipment 

Transmission Equipment 

Multiplex 

Carrier Systems 

Microwave Radio 

Other Oaser, infrared) 

Satellite Communications Equipment 

Total Transmission Equipment 

1992 

12 

45 
23.2 

1 
-11 

-3.8 

-4.5 
14.2 

-2.1 

8.9 
22.6 

0.3 

7.7 

-2.2 

0.1 

-1.5 

15.9 
10.2 

4.4 

5.9 

10.7 

-3.4 

-25.3 
-10.1 

6.2 

3.8 

9.3 

13.7 

4.7 
25.2 

10.5 

1993 

9.9 

25.3 
16.1 

-3.4 

-12.3 

-2.5 
-5.2 

-2.5 
-3.6 
8.4 

17.3 

5.3 

6.3 

3.2 

0.5 

2.5 

6.9 

21.9 

5.3 

7.5 
10.2 

-1.9 
-23.6 

-7.4 

6.1 

4.4 

10.7 
10.4 

6 

16.5 
9.8 

1994 

7.6 

21.6 

13.6 

-3.4 

-15.8 

-5.6 

-5.9 
-3.4 

-3.8 

9.1 

10.3 

6.5 

5.8 

3.9 

0.3 

2.8 

7 
22.6 

5.3 
9.8 

11.3 

-2.7 

-33 

-9.1 
6 

8.4 

11.3 
9.4 
4.2 

9.2 

9.8 

1995 

6.1 

22.3 
13.6 

-3.4 

-11.5 
-7.6 

-3 
-4.8 

-3.9 
8.5 

8 
5.6 

5.4 

3.1 

0.3 

2.3 

7 
24.4 

4.1 

10.1 

12.1 

A.2 

-29.2 

-8.1 

6 

7.4 

10.1 

9.6 

5.4 

9 
9 

CAGR (%) 
1996 1991-1996 

4.9 
19.8 

12.3 

-3.4 

-10.6 

-8.8 
-5.2 

-6.5 
-4.1 

8.3 
8 

5.3 

5.5 

1.7 

0.3 

1.3 

6.6 

23.8 

3.3 
11.1 

12.5 

-3-5 
-32.6 

-7 
6 

6.9 
8.6 

5.9 
3.8 

6.3 

7.3 

8.1 

26.5 

15.7 

-2.5 
-12.2 

-5.7 
-4.8 

-0.9 
-3.5 
8.6 

13.1 
4.6 

6.1 

1.9 

0.3 

1.5 

8.6 

20.5 

4.5 

8.9 
11.4 

-3.2 

-28.8 

-8.3 
6.1 

6.1 

10 

9.8 
4.8 

13 

9.3 
(Continued) 
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Table 24 (Continued) 
Revenue Growth from North American Communications Equipment Production, 1992-1996 
(Percentage Cliange) 

1992 1993 1994 1995 
Central Office Switching Equipment 

Total Public Telecom Equipment 

Mobile Communications Equipment 

Mobile Radio Systems Equipment 

Cellular Telephones 

Mobile Radios 

Mobile Radio Base Station Equipment 
Total Mobile Radio Systems Equip­

ment 

Portable Radio Receivers, Transmitters 

Radio Checkout Equipment 

Total Mobile Communications Equipment 

Broadcast & Radio 

Audio Equipment 

Video Equipment 

Transmitters, RF Power Amps 

Studio Transmitter Links 

Cable TV Equipment 

ccrv 
Other (Studio, Tlieater) 

Total Broadcast & Radio 

Other Telecom 

Intercomm. Equip., Elec. Ampl. 

Communications Equipment, NEC 

Total Other Telecom 

Total Communication 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 

CAGR (%) 
1996 1991-1996 

5.2 

8.8 

21.6 

7.6 

15 

12.4 

6.3 • 
1.3 
9.7 

5.2 

5.5 

2.3 
3.7 
8.6 

6.3 
0 
6 

6.6 

4.4 

4.6 

6.9 

5.5 

8.5 

17.7 

8.6 

19 

14.2 

6A 

0.9 
11 

4.8 

5.4 

2.2 

3.6 

7.4 

5.4 

0 

5.4 

4.6 

4.1 

4.1 

6.9 

3.6 

7.9 

34.8 

7.5 

18 

16 

6 

0.9 

12.3 

3.9 
10.1 

2.2 

3.4 

7.1 

4.6 

0 

6.3 

4.9 

3.7 

3.8 

6.9 

4.1 

7.6 

19.9 

7.1 

14 

12.3 

6.7 

0.9 
10.1 

4 

10 

2.1 

3.3 

5-4 

5.4 

0 

5.9 

4.7 

4.4 

4.4 

6.7 

3.9 
6.4 

16.1 

6 

13 

10.9 

6.5 
1.2 

9.3 

3.6 

9.9 

2.8 

3.2 

5.6 

4.7 

0 

5.9 

4.7 

0.2 

0.6 

5.8 

4.4 

7.9 

21.9 

7.3 

15.8 

13.2 

6.4 

1 

10.5 

4.3 
8.2 

2.3 

3.5 

6.8 

5.3 
0 

5.9 

5.1 

3.3 

3.5 
6.6 

©1992 Dataquest Incorporated August—Reproduction Prohibited 



Worldwide and North American Electronic Equipment Production Forecast 39 

Table 25 
Revenue from Nortli American industrial Equipment Production, 1989-1991 (Millions of Dollars) 

1989 1990 1991 
Industrial 

Security/Energy Management 

Alarm Systems 

Intrusion Detection 

Fire Detection 

Total Alarm Systems 

Energy Management Systems 

Total Security/Energy Management 

Manufacturing Systems 

Semiconduaor Production 

Controllers & Actuators 

Sensor Systems 

Management Systems 

Robotics 

Total Manufacturing Systems 

Instrumentation 

ATE-Semiconductor Equipment 

ATE-Other 

Oscilloscopes & Waveforai Analyzers 

Nuclear Instruments 

Electrical Test Instruments 

Other Test & Measurement 

Total Instrumentation 

Medical Equipment 

X-Ray 

Ultrasonic & Scanning 

Blood & Body Fluid Analyzers 

Patient Monitoring Equipwnent 

Other Diagnostic & Therapeutic 

Total Medical Equipment 

Other Industrial Systems 

Total Industrial 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 

804 

477 

1,281 

2,209 

3,490 

1,696 

3,895 

1,640 

3,569 

256 

11,056 

570 

1,517 

785 
606 

1,003 

3,295 

7,776 

1,725 

320 

605 

305 

3,400 

6,355 

3,625 

32,302 

875 
532 

1,407 

2,284 

3,691 

1,691 

3,985 

1,765 

3,683 

275 

11,399 

597 

1,547 

836 

651 

1,029 

3,509 

8,168 

1,756 

329 

618 

313 
3,664 

6,680 

3,749 

33,687 

904 
550 

1,454 

2,327 

3,781 

1,691 

3,880 

1,710 

3,790 

295 

11,365 

610 

1,488 

801 

617 

972 

3,391 

7,879 

1,846 

349 
654 

331 
4,002 

7,182 

3,702 

33,909 
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Table 26 
Revenue from North American Industrial Equipment Production, 1992-1996 (Millions of Dollars) 

Industrial 

Security/Energy Management 

Alarm Systems 

Intmsion Detection 

Fire Detection 

Total Alarm Systems 

Energy Management Systems 

Total Security/Energy Management 

Manufacturing Systems 

Semiconduaor Production 

Controllers & Actuators 

Sensor Systems 

Management Systems 

Robotics 

Total Manufacturing Systems 

Instrumentation 

ATE-Semiconductor Equipment 

ATE-Other 

Oscilloscopes & Waveform Analyzers 

Nuclear Instruments 

Electrical Test Instruments 

Other Test & Measurement 

Total Instrumentation 

Medical Equipment 

X-Ray 

Ultrasonic & Scanning 

Blood & Body Fluid Analyzers 

Patient Monitoring Equipment 

Other Diagnostic & Therapeutic 

Total Medical Equipment 

Other Industrial Systems 

Total Industrial 

1992 

947 

577 

1,524 

2,405 

3,929 

1,521 

4,024 

1,866 

3,907 

325 

11,643 

537 

1,533 

862 

656 

1,030 

3,676 

8,294 

1,922 

368 

686 

346 

4,332 

7,653 

3,964 

35,482 

1993 

1,023 

608 

1,631 

2,513 

4,144 

1,690 

4,321 

2,028 

4,024 

359 

12,422 

584 

1,692 

920 

686 

1,068 

3,954 

8,904 

1,966 

385 

712 

354 

4,804 

8,220 

4,269 

37,958 

1994 

1,102 

641 

1,743 

2,634 

4,377 

2,001 

4,615 

2,193 

4,137 

395 

13,341 

679 

1,826 

982 

728 

1,110 

4,233 

9,558 

2,005 

402 

736 

361 

5,288 

8,791 

4,481 

40,547 

1995 

1,170 

676 

1,846 

2,761 

4,607 

2,302 

4,938 

2,379 

4,249 

432 

14,300 

774 

1,912 

1,046 

774 

1,151 

4,558 

10,215 

2,043 

422 

763 

369 

5,848 

9,444 

4,830 

43,395 

1996 

1,242 

713 

1,955 

2,894 

4,849 

2,620 

5,284 

2,588 

4,355 

474 

15,321 

885 

2,019 

1,114 

823 

1,194 

4,908 

10,943 

2,082 

443 

791 

377 

6,467 

10,160 

5,206 

46,479 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest CAugust 1992) 
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Table 27 
Revenue Growth £rom North American Industrial Equipment Production, 19S9-1991 (Percent^e Change) 

1989 1990 1991 

Indvistrial 

Security/Energy Management 

Alarm Systems 

Intrusion Detection 

Fire Detection 

Total Alarm Systems 

Energy Management Systems 

Total Security/Energy Management 

Manufacturing Systems 

Semiconductor Production 

Controllers & Actuators 

Sensor Systems 

Management Systems 

Robotics 

Total Manufacturing Systems 

Instrumentation 

ATE-Semiconductor Equipment 

ATE-Other 

Oscilloscopes & Waveform Analyzers 

Nuclear Instruments 

Electrical Test Instruments 

Other Test & Measurement 

Total Instrumentation 

Medical Equipment 

X-Ray 

Ultrasonic & Scanning 

Blood & Body Fluid Analyzers 

Patient Monitoring Equipment 

Other Diagnostic & Therapeutic 

Total Medical Equipment 

Other Industrial Systems 

Total Industrial 

6.9 

15.5 

10 

1.9 

4.7 

10.1 

6.6 

8.5 

4.8 

11.8 

6.9 

-1.8 

10 

9.9 

-1.6 

2.3 

7.2 

5.9 

4 

2.9 

1.7 

3 

89 

6.2 

7 1 

6.3 

8.8 

11.5 

9.8 

3.4 

5.8 

-0.3 

2.3 

7.6 

3.2 

7.4 

3.1 

4.6 

2 

6.5 

7.4 

2.6 

6.5 

5 

1.8 

2.8 

2.1 

2.6 

7.8 

5.1 

3.4 

4.3 

3.3 

3.4 

3.3 

1.9 

2.4 

0 

-2.6 

-3.1 

2.9 

7.3 

-0.3 

2.2 

-3.8 

-4.2 

-5.2 

-5.5 

-3.4 

-3.5 

5.1 

6.1 

5.8 

5.8 

9.2 

7.5 

-1.3 

0.7 

Note; Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 28 
Revenue Growth from North American Industrial Equipment Production, 1992-1996 (Percentage Change) 

Industrial 

Security/Energy Management 

Alarm Systems 

Intrusion Detection 

Fire Detection 

Total Alarm Systems 

Energy Management Systems 

Total Security/Energy Management 

Manufacturing Systems 

Semiconductor Production 

Controllers & Actuators 

Sensor Systems 

Management Systems 

Robotics 

Total Manufacturing Systems 

Instrumentation 

ATE-Semiconductor Equipment 

ATC-Other 

Oscilloscopes & Waveform Analyzers 

Nuclear Instruments 

Electrical Test Instruments 

Other Test & Measurement 

Total Instrumentation 

Medical Equipment 

X-Ray 

Ultrasonic & Scanning 

Blood & Body Fluid Analyzers 

Patient Monitoring Equipment 

Other Diagnostic & Therapeutic 

Total Medical Equipment 

Other Industrial Systems 

Total Industrial 

1992 

4.8 

4.9 
4.8 

3.3 

3.9 

-10.1 

3.7 

9.1 

3.1 
10.2 

2.4 

-12 

3 
7.6 

6.2 

6 

8.4 

5.3 

4.1 

5.4 

4.9 
4.4 

8.2 

6.6 

7.1 

4.6 

1993 

8 

5.4 

7 

4.5 

5.5 

11.1 

7.4 

8.7 

3 

10.5 

6.7 

8.8 

10.4 

6.7 

4.6 

3.7 

7.6 

7.4 

2.3 

4.6 

3.8 

2.3 

10.9 
7.4 

7.7 

7 

1994 

7.7 

5.4 

6.9 
4.8 

5.6 

18.4 

6.8 

8.1 

2.8 

10 

7.4 

16.3 

7.9 

6.7 

6.1 

3.9 

7.1 

7.3 

2 

4.4 

3.4 

2 

10.1 

6.9 

5 

6.8 

1995 

6.2 

5.5 

5.9 
4.8 

5.3 

15 

7 

8.5 

2.7 

9.4 

7.2 

14 

4.7 

6.5 

6.3 

3.7 

7.7 

6.9 

1.9 

5 

3.7 

2.2 

10.6 

7.4 

7.8 

7 

1996 

6.1 

5.5 

5.9 
4.8 

5.3 

13.8 

7 

8.8 

2.5 

9.7 

7.1 

14.3 

5.6 

6.5 
6.4 

3.7 

7.7 

7.1 

1.9 

5.1 
3.6 

2.4 

10.6 

7.6 

7.8 

7.1 

CAGR (%) 
1991-1996 

6.6 

5.3 
6.1 

4.5 

5.1 

9.2 

6.4 

8.6 

2.8 

9.9 
6.2 

7.7 

6.3 
6.8 

5.9 
4.2 

7.7 

6.8 

2.4 

4.9 

3.9 
2.6 

10.1 

7.2 

7.1 

6.5 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest CAugust 1992) 
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Table 29 
Revenue from North American Consumer Equipment Production, 1989-1991 (Millions of Dollars) 

1989 1920 1991 

Consumer 

Audio 

Compact Disk Players 8 9 9 

Radio 228 233 205 

Stereo Components 208 207 204 

Musical Instruments 235 240 235 

Tape Recorders 19 18 18 

Total Audio 698 707 671 

Video 

VTRs, VCRs 245 265 266 

Videodisk Players 1 1 1 

Color Televisions 3,l60 3,110 3,115 

Total Video 3,406 3,376 3,382 

Personal Sectronics 

Games 301 3l6 335 

Cameras 25 25 24 

Watches ;, 100 90 82 

Qocks 53 50 48 

Total Personal Electronics 479 481 489 

Appliances 

Air Conditioners 1,846 1,935 1,683 

Microwave Ovens 6l9 531 478 

Washers & Dryers 2,981 3,032 2,973 

Refrigerators 4,024 3,923 3,962 

Dishwashers 979 981 971 

Range & Ovens 982 956 966 

Total Appliances 11,431 11,358 11,033 

Other Consumer 

Automatic Garage Door Openers 255 263 260 

Other Consumer Equipment, NEC 813 810 825 

Total Other Consumer 1,068 1,073 1,085 

Total Consumer 17,082 16.995 16,660 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (August 1992) 
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Table 30 
Revenue from North American Consumer Equipment Production, 1992-1996 (Millions of Dollars) 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 

Consumer 

Audio 

Compact Disk Players 

Radio 

Stereo Components 

Musical Instruments 

Tape Recorders 

Total Audio 

Video 

VTRs, VCRs 

Videodisk Players 

Color Televisions 

Total Video 

Personal Electronics 

Games 

Cameras 

Watches 

Clocks 

Total Personal Electronics 

Appliances 

Air Conditioners 

Microwave Ovens 

Washers & Dryers 

Refrigerators 

Dishwashers 

Range & Ovens 

Total Appliances 

Other Consumer 

Automatic Garage Door Openers 

Other Consumer Equipment, NEC 

Total Consumer 

1992 

9 

212 

214 

238 

17 

690 

272 

0 

3,193 

3,465 

347 

24 

75 

48 

494 

1,758 

500 

3,106 

4,141 

1,015 

1,009 

11,529 

272 

862 

17,312 

1993 

9 

219 

227 

253 

17 

725 

290 

0 

3,337 

3,627 

359 

25 

70 

49 

503 

1,855 

527 

3,277 

4,368 

1,071 

1,065 

12,163 

284 

914 

18,216 

1994 

9 

227 

238 

265 

17 

756 

309 

0 

3,487 

3,796 

371 

26 

65 

49 

511 

1,957 

556 

3,457 

4,609 

1,130 

1,123 

12,832 

297 

969 

19,l6l 

1995 

9 

235 

248 

277 

17 

786 

329 

0 

3,644 

3,973 

384 

27 

60 

49 

520 

2,065 

587 

3,648 

4,862 

1,192 

1,185 

13,539 

310 

1,027 

20,155 

1996 

9 

243 

260 

289 

17 

818 

350 

0 

3,808 

4,158 

398 

28 

55 

49 

530 

2,168 

616 

3,830 

5,105 

1,251 

1,244 

14,214 

324 

1,083 

21,127 
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Table 31 
Revenue Growth from North American Consumer Equipment Production, 1989-1991 (Percentile Change) 

1989 1990 1991 

Cotisumer 

Audio 

Compact Disk Players 

Radio 

Stereo Components 

Musical Instruments 

Tape Recorders 

Total Audio 

Video 

VTRs, VCRs 

Videodisk Players 

Color Televisions 

Total Video 

Personal Electronics 

Games 

Cameras 

Watches 

aocks 

Total Personal Electronics 

Appliances 

Air Conditioners 

Microwave Ovens 

Washers & Dryers 

Refrigerators 

Dishwashers 

Range & Ovens 

Total Appliances 

Other Consumer 

Automatic Garage Door Openers 

Other Consumer Equipment, NEC 

Total Other Consumer 

Total Consumer 

166.7 

-9.2 

1 

4.4 

5.6 

-0.7 

-7.5 

-88.9 

22 

18.9 

32.6 

8.7 

0 

-3.6 

18.3 

6.8 

-13.5 

3.2 

20.8 

11.1 

4.7 

9.1 

-3.8 

10.5 

6.7 

10.5 

12.5 

2.2 

-0.5 

2.1 

-5.3 

1.3 

8.2 

0 

-1.6 

-0.9 

5 

0 

-10 

-5.7 

0.4 

4.8 

-14.2 

1.7 

-2.5 

0.2 

-2.6 

-0.6 

3.1 

-0.4 

0.5 

-0.5 

0 

-12 

-1.4 

-2.1 

0 

-5.1 

0.4 

0 
0.2 

0.2 

6 
-4 

-8.9 
-4 

1.7 

-13 
-10 

-1.9 
1 

-1 
1 

-2.9 

-1.1 

1.9 

1.1 

-2 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 32 
Revenue Growth from North American Consumer Equipment Production, 1992-1996 (Percent^e Change) 

Consumer 

Audio 

Compact Disk Players 

Radio 

Stereo Components 

Musical Instruments 

Tape Recorders 

Total Audio 

Video 

VTRs, VCRs 

Videodisk Players 

Color Televisions 

Total Video 

Personal Electronics 

Games 

Cameras 

Watches 

Clocks 

Total Personal Electronics 

Appliances 

Air Conditioners 

Microwave Ovens 

Washers & Dryers 

Refrigerators 

Dishwashers 

Range & Ovens 

Total Appliances 

Other Consumer 

Automatic Garage Door Openers 

Other Consumer Equipment, NEC 

Total Other Consumer 

Total Consumer 

1992 

0 

3.4 

4.9 

1.3 
-5.6 

2.8 

2.3 
NM 

2.5 

2.5 

3.6 

0 

-8.5 

0 

1 

4.5 
4.6 

4.5 

4.5 

4.5 

4.5 

4.5 

4.6 

4.5 

4.5 

3.9 

1993 

0 

3.3 

6.1 

6.3 

0 

5.1 

6.6 

NM 

4.5 

4.7 

3.5 
4.2 

-6.7 
2.1 

1.8 

5.5 
5.4 

5.5 

5.5 

5.5 
5.6 

5.5 

4.4 

6 

5.6 

5.2 

1994 

0 

3.7 

4.8 

4.7 

0 

4.3 

6.6 

NM 

4.5 

4.7 

3.3 
4 

-7.1 

0 

1.6 

5.5 

5.5 

5.5 

5.5 

5.5 
5.4 

5.5 

4.6 

6 

5.7 

5.2 

1995 

0 

3.5 
4.2 

4.5 

0 

4 

6.5 
:NM 

4.5 

4.7 

3-5 

3.8 

-7.7 

0 

1.8 

5.5 

5.6 

5.5 

5.5 

5.5 

5.5 

5.5 

4.4 

6 

5.6 

5.2 

1996 

0 

3.4 

4.8 

4.3 
0 

4.1 

6.4 

NM 

4.5 
4.7 

3.6 

3.7 

-8.3 

0 

1.9 

5 

4.9 

5 

5 

4.9 

5 

5 

4.5 

5.5 
5.2 

4.8 

CAGR (%) 
1991-1996 

0 

3.5 

5 
4.2 

-1.1 

4 

5.6 

-100 

4.1 

4.2 

3.5 

3.1 
-7.7 

0.4 

1.6 

5.2 

5.2 

5.2 

5.2 

5.2 

5.2 

5.2 

4.5 

5.6 

5.3 

4.9 

Note: Columns may not add to totals shown because of rounding. 

NM - Not meaningful 

Source: Dataquest (August 1992) 
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Table 33 
Revenue from North American Military/Civil Aerospace Equipment Production, 1989-1991 
(MiUlons of Dollars) 

1989 1990 1991 
Military/Civil Aerospace 

Military Aerospace 

Radar/Sonar 

Missile-Weapon 

Space 

Cotnmunicatioti/Navigation 

Electronic Warfare 

Aircraft Systems 

Computer Systems 

Simulation 

Misc. Equipment, NEC 

Total Military Aerospace 

Civil Aerospace 

Radar 

Space 

Communication/Navigation 

Flight Systems 

Simulation 

Total Civil Aerospace 

Total Military/Civil Aerospace 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (August 1992) 

9,326 

6,461 

5,552 

6,546 

5,571 

4,312 

2,308 

845 

10,806 

51,727 

2,080 

2,818 

808 

2,198 

245 

8,149 

59,876 

9,000 

6,280 

5,608 

6,317 

5,627 

4,204 

2,421 

946 

10,698 

51,101 

2,288 

3,114 

990 

2,791 

285 

9,468 

60,569 

7,182 

6,085 

5,022 

5,230 

4,628 

3,390 

2,430 

1,004 

9,662 

44,633 

2,495 

3,343 

1,165 

3,291 

330 

10,624 

55,257 
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Table 34 
Revenue jGrom North American Military/Civil Aerospace Equipment Production, 1992-1996 
(Millions of Dollars) 

Military/Civil Aerospace 

Military Aerospace 

Radar/Sonar 

Missile-Weapon 

Space 

Communication/Navigation 

Electronic Warfare 

Aircraft Systems 

Computer Systems 

Simulation 

Misc. Equipment, NEC 

Total Military Aerospace 

Civil Aerospace 

Radar 

Space 

Communication/Navigation 

Flight Systems 

Simulation 

Total Civil Aerospace 

Total Military/Civil 
Aerospace 

1992 

6,643 

6,420 

4,595 

4,969 

4,420 

3,237 

2,527 

1,054 

9,324 

43,189 

2,695 

3,711 

1,270 

3,702 

370 

11,748 

54,937 

1993 

6,411 

6,709 

4,687 

4,919 

• 4,353 

3,205 

2,628 

1,107 

8,904 

42,923 

2,897 

4,397 

1,371 

4,073 

407 

13,145 

56,068 

1994 

6,186 

7,010 

4,781 

4,870 

4,332 

3,173 

2,733 

1,162 

8,459 

42,706 

3,114 

5,277 

1,467 

4,460 

439 

14,757 

57,463 

1995 

5,970 

7,326 

4,805 

4,821 

4,288 

3,189 

2,843 

1,220 

7,952 

42,414 

3,301 

6,332 

1,570 

4,839 

468 

16,510 

58,924 

1996 

5,761 

7,656 

4,757 

4,676 

4,203 

3,125 

2,956 

1,281 

7,395 

41,810 

3,466 

7,598 

1,680 

5,080 

498 

18,322 

60,132 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 
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Table 35 
Revenue Growth from North American Military/Civil Aerospace Equipment Production, 1989-1991 
(Percentage Chaise) 

1989 1990 1991 

Military/Civil Aerospace 

Military Aerospace 

Radar/Sotiar -1.9 -3.5 -20.2 

Missile-Weapon 1.2 -2.8 -3.1 

Space 7.8 1 -10.4 

Communication/Navigation 2.3 -3.5 -17.2 

Electronic Warfare 0.6 1 -17.8 

Aircraft Systems -0.3 -2.5 -19-4 

Computer Systems 4.6 4.9 0.4 

Simulation 13.6 12 6.1 

Misc. Equipment, NEC 0 -1 -9.7 

Total Military Aerospace 1.3 -1.2 -12.7 

Civil Aerospace 

Radar 14 10 9 

Space 14.1 10.5 7.4 

Communication/Navigation 13.3 22.5 17.7 

Flight Systems 16.2 27 17.9 

Simulation 13.4 l6.3 15.8 

Total Qvil Aerospace 14.5 16.2 12.2 

Total Military/Civil Aerospace 2̂ 9 1̂ 2 -8.8 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (August 1992) 
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Table 36 
Revenue Growth from North American Military/Civil Aerospace Equipment Production, 1992-1996 
(Percentage Change) 

Military/Civil Aerospace 

Military Aerospace 

Radar/Sonar 

Missile-Weapon 

Space 

Communication/Navigation 

Electronic Warfare 

Aircraft Systems 

Computer Systems 

Simulation 

Misc. Equipment, NEC 

Total Military Aerospace 

Civil Aerospace 

Radar 

Space 

Communication/Navigation 

Flight Systems 

Simulation 

Total Civil Aerospace 

Total Military/Civil 
Aerospace 

1992 

-7.5 

5.5 

-8.5 

-5 

-4.5 

-4.5 

4 

5 

-3.5 

-3.2 

8 

11 

9 

12.5 

12.1 

10.6 

-0.6 

1993 

-3.5 

4.5 

2 

-1 

-1.5 

-1 

4 

5 

-4.5 

-0.6 

7.5 

18.5 

8 

10 

10 

11.9 

2.1 

1994 

-3.5 

4.5 

2 

-1 

-0.5 

-1 

4 

5 

-5 

-0.5 

7.5 

20 

7 

9.5 

7.9 

12.3 

2.5 

1995 

-3.5 

4.5 

0.5 

-1 

-1 

0.5 
4 

5 

-6 

-0.7 

6 

20 

7 

8.5 

6£ 

11.9 

2.5 

1996 

-3.5 

4.5 
-1 

-3 
-2 

-2 

4 

5 

-7 

-1.4 

5 
20 

7 

5 

6.4 

11 

2.1 

CAGR (%) 
1991-1996 

^.3 

4.7 

-1.1 

-2.2 

-1.9 

-1.6 

4 

5 
-5.2 

-1.3 

6.8 

17.8 

7.6 

9.1 

8.6 

11.5 

1.7 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (August 1992) 

©1992 Dataquest Incorporated August—Reproduction Prohibited 



Worldwide and North American Electronic Equipment Production Forecast 51 

Table 37 
Revenue from North American Transportation Equipment Production, 1989-1991 (Millions of Dollars) 

1989 1990 1991 

Transportation 

Entertaiment 490 442 403 

Vehicle Controls 397 463 481 

Body Controls 57 74 78 

Driver Information 710 705 645 

Powertrain 2,073 1,875 1,704 

Safety & Convenience 426 556 570 

Total Transportation 4,153 4,115 3,881 

Total Electronic Equipment 219,273 226,535 215,230 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest CAugust 1992) 
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Table 38 
Revenue from North American Transportation Equipment Production, 1992-1996 (Millions of Dollars) 

1992 1993 1994 1995 1996 

Transportation 

Entertaiment 

Vehicle Controls 

Body Controls 

Driver Information 

Powertrain 

Safety & Convenience 

Total Transportation 4,252 4,694 4,996 5,265 5,516 

Total Hectronic Equipment 221,881 231,568 243,481 254,763 267,406 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest OVugust 1992) 

429 

566 

82 

710 

1,806 

659 

446 

737 

85 

749 

1,889 

788 

458 

846 

88 

777 

1,945 

882 

466 

966 

91 
800 

1,977 

965 

475 

1,051 

118 

817 

2,019 

1,036 
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Table 39 
Revenue Growth from North American Transportation Equipflient Production, 1989-1991 
(Percentage Chaise) 

1989 1990 1991 

Transportation 

Entertaiment -3.9 -9.8 -8.8 

Vehicle Controls 5.3 16.6 3.9 

Body Controls 35.7 29.8 5.4 

Driver Information 1 -0.7 -8.5 

Powertrain -2.4 -9.6 -9.1 

Safety & Convenience 13.3 30.5 2.5 

Total Transportation 0.5 -0.9 -5.7 

Total Electronic Equipment 6A. 3 3 -5.0 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (August 1992) 
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Table 40 
Revenue Growth firom North American Transportation Equipment Production, 1992-1996 
(Percentage Change) 

Transportation 

Entertaiment 

Vehicle Controls 

Body Controls 

Driver Information 

Powertrain 

Safety & Convenience 

Total Transp>ortation 

Total Electronic Equipment 

1992 

6.5 

17.7 

5.1 

10.1 

6 

15.6 

9.6 

3.1 

1993 

4 

30.2 

3.7 

5.5 

4.6 

19.6 

10.4 

4.4 

1994 

2.7 

14.8 

3.5 

3.7 

3 

11.9 

6.4 

5.1 

1995 

1.7 

14.2 

3.4 

3 
1.6 

9.4 

5.4 

4.6 

1996 

1.9 

8.8 

29.7 

2.1 

2.1 

7.4 

4.8 

5.0 

CAGR (%) 
1991-1996 

3.3 

16.9 

8.6 

4.8 

3.5 

12.7 

7.3 
4.4 

Note: Columns may not add to totals shown because of founding. 

Source: Dataquest (August 1992) 
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Emission controls for vehicles, (Dec l6):6 
EPROM 

computer digital video market for (1991-1995), 
(Nov 18):8 

memory cards using, ( O a 7):2 
Ethernet 

chip sets, worldwide market for (1990-1995), 
(Dec 16):2 

FDD! vs., (Dec l6):3 
Europe 

automotive electronics market phase in, (Dec l6):5 
automotive semiconduaor market in (1990-1995), 

(Dec 16):8 
LAN/FDDI chip set market in (1990-1995), 

(Dec 16):2 
PCNs in, (Oa 7):10 
semiconduaor products market for military/ 

aerospace applications (1991-1995), ( O a 7):l6 
eXecute-in-Place (XIP), ( O a 7):5 
Exhibitions. See Conferences and exhibitions 

i 

D 
Data communications 

semiconduaors for, ( O a 7): 10 
Data compression 

ICs for 
computer digital video market (1991-1995), 

(Nov 18):8 
electronic photography market, ( O a 7):5 

open standards for, (Nov 18):2 
Defense electronics opportunities, (Oa 7):13 
Digital video interactive (DVI), (Nov 18):2 
Digitizer ICs 

computer digital video market for (1991-1995), 
(Nov 18):8 

Disk arrays, (Nov 18):11 
Disk drives. See Rigid disk drives (RDDs) 
DRAM 

computer digital video market for (1991-1995), 
(Nov 18):8 

Fairs. See Conferences and exhibitions 
FDDI. See Fiber-distributed data interface (FDDI) 
FDDI-II chip sets, (Dec l6):5 
FDDI/CDDI chip sets 

trends for, (Dec 16):4 
worldwide market for (1990-1995), (Dec 16):2 

Fiber-distributed data interface (FDDD 
chip sets for. See LAN/FDDI chip sets 
Ethernet vs., (Dec 10:3 

Flash memory 
computer digital video market for (1991-1995), 

(Nov 18):8 
as lowest cost storage, ( O a 7):5 
memory cards using, ( O a 7):2 

Fujitsu 
company. See Fujitsu Ltd. 
memory card offerings of, ( O a 7):5 

Fujitsu Ltd. 
communications applications semiconduaor 

revenue worldwide (1990), (Dec l6):10 
i 
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Gate arrays. See under ASICs 
Global Positioning System (GPS), (Dec l6):8 
GM 

Impaa test vehicle, (Dec l6):7 
GPS (Global Positioning System), (Dec 1©:8 
GSM cellular telephone standard, ( O a 7): 10 

H 
H.26I (Px64) compression standard, (Nov 18):2 
Hand-held computers 

memory card market for (1991-1995), (Oct 7):4 
Hard disks. See Rigid disk drives (RDDs) 
Highways 

intelligent, (Dec 16):8 
Hitachi Ltd. 

communications applications semiconductor 
revenue woridwide (1990), (Dec l6):10 

market share, automotive and truck 
semiconduaors, (Dec l6):9 

J 
J1850 protocol, (Dec 1©:8 
Japan 

Advanced Mobile Traffic Information and Commu­
nication System (AMTICS), (Dec 1®:8 

automotive electronics market phase in, (Dec l6):5 
automotive semiconduaor market in (1990-1995), 

(Dec 16):8 
LAN/FDDI chip set market in (1990-1995), 

(Dec 16):2 
Joint Photographic Experts Group QPEG) 

JPEG compression standard, (Nov 18):2 
JPEG. See Joint Photographic Experts Group (JPEG) 

LAN chip sets 
trends for, (Dec 16):3 

LAN/FDDI chip sets 
market analysis of, (Dec l6):2 

LANs 
wireless, semiconductors for, ( O a 7):10 

Laptops, notebooks, and portables 
memory card market for, ( O a 7):4 

Logic 
semiconduaor consumption for military/aerospace 

applications (1990-1995), ( O a 7):15 

IBM 
company. See IBM Corp. 
Token-Ring products for UTP media, (Dec l6):3 

IBM Corp. 
Media Control Interface (MCD specification, 

(Nov 18):2 
Integrated circuits (ICs) 

compression 
computer digital video market (1991-1995), 

(Nov 18):8 
electronic photography market, ( O a 7):5 

digitizer, computer digital video market 
(1991-1995), (Nov 18):8 

rigid disk drive (RDD) controller, (Nov 18): 10 
semiconduaor consumption for military/aerospace 

applications (1990-1995), (Oa 7):15 
Intel 

28F001BX 1Mb flash memory, ( O a 7):5 
8O51 microcontroller, (Nov 18):12 
ActionMedia II board, (Nov 18):4 
DVI standard, (Nov 18):4 
Exchangeable Card Architecture (ExCAO, ( O a 7):3 
memory card offerings of, ( O a 7):5 

Intelligent control 
worldwide market (1991-1995), ( O a 7):8 

Intelligent highways, (Dec l6):8 
Intelligent Vehicle Highway System (IVHS), (Dec \6)& 
rVHS (Intelligent Vehicle Highway System), (Dec 1^:8 

M 
Market analysis 

automotive electronics, (Dec l6):5 
computer digital video, (Nov 18):2 
control applications, ( O a 7):6 
LAN/FDDI chip sets, (Dec l6):2 
memory cards, ( O a 7):2 
military/aerospace semiconduaor opportunities, 

( O a 7): 12 
rigid disk drives (RDDs), (Nov 18):9 
T-carrier equipment, (Nov 18):13 
telecommimications semiconduaor opportunities, 

( O a 7):9 
Mass storage applications 

control electronics market for (1991-1995), 
( O a 7):8 

McDonnell Douglas 
commercial airliner deliveries (1981-1995), 

( O a 7): 14 
Memory cards 

defined, ( O a 7):2 
market analysis of, (Oa 7):2 

Memory products 
semiconduaor consumption for military/aerospace 

applications (1990-1995), ( O a 7):15 
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Microcomponents ""*" 
semiconductor consumption for military/aerospace 

applications (1990-1995), (.Oct 7):15 
Microsoft Corp. 

Media Control Interface (MCI) specification, 
(Nov 18):2 

Military/aerospace applications 
electronics equipment production worldwide 

(1990-1995), (Pa 7):13 
market analysis of, semiconductor opportunities, 

( O a 7):12 
semiconductor consumption for (1990-1995), 

( O a 7):15 
Mirroring for disk drives, (Nov 18): 11 
Mitsubishi 

memory card offerings of, ( O a 7):5 
Motion Pictures Experts Group (MPEG) 

MPEGI compression standard, (Nov 18):2 
MPEGn compression standard, (Nov 18):2 
MPEGIII compression standard, (Nov 18):5 

Motorola 
68HC11 microcontroller, (Nov 18):12 
comjjany. See Motorola Inc. 

Motorola Inc. 
communications applications semiconduaor 

revenue worldwide (1990), (Dec l6):10 
market share, automotive and truck 

semiconduaors, (Dec l6):9 
MPEG. See Motion Pictures Experts Group (MPEG) 
Multimedia systems 

computer digital video for, (Nov 18):2 
Multiplexers 

automotive, (Dec l6):8 
SONET-based fiber-optic, (Nov 18):13 
T-1, (Nov 18): 13 
T-2, (Nov 18): 13 
T-3, (Nov 18): 13 

N 
National Semiconduaor 

company. See National Semiconduaor Corp. 
HPC-Plus microcontroller, (Nov 18):12 

National Semiconduaor Corp. 
communications applications semiconduaor 

revenue worldwide (1990), (Dec 1©:10 
market share, automotive and truck 

semiconduaors, (Dec 1©:9 
Navigation on hi^ways, (Dec l6):8 
NEC Corp. 

communications applications semiconduaor 
revenue worldwide (1990), (Dec 1©:10 

market share, automotive and truck 
semiconduaors, (Dec 16):9 

NexCom Technology Inc. 
solid-state disk (SSD) technology at, ( O a 7):6 

Nissan 
FEV technology, (Dec 16):6 

North America 
automotive electronics market phase in, (Dec l6):5 

North America (continued) 
automotive semiconduaor market in (1990-1995), 

(Dec 1S):8 
LAN/FDDI chip set market in (1990-1995), 

(Dec 16):2 
point-of-sale (POS) system revenue (1990-1995), 

(Dec 16):11 
semiconduaor products market for military/ 

aerospace applications (1991-1995), ( O a 7): 16 
T-1 standard in, (Nov 18):13 
T-carrier semiconduaor market in (1987-1995), 

(Nov 18): 14 
See also United States 

Notebooks. See Laptops, notebooks, and portables 

i 

O 
Oki Electric Industries Co. Ltd. 

market share, automotive and truck 
semiconduaors, (Dec l6):9 

Optoelectronic devices 
semiconduaor consumption for military/aerospace 

applications (1990-1995), ( O a 7):15 
OTP ROM 

memory cards using, ( O a 7):2 

i 
Pacific. See Asia/Pacific-Rest of World (ROW) 
Palmtop computers. See Hand-held computers 
Pan-European GSM cellular telephone standard, 

(Oa 7): 10 
PBX applications 

wireless, semiconduaors for, ( O a 7): 10 
PCMCIA. See Personal Computer Memory Caid 

Industry Association (PCMCLA) 
PCNs. See Personal communications networks (PCNs) 
PCs. See Personal computers (PCs) 
Pen-based computers 

memory card market for (1991-1995), ( O a 7):4 
Peripheral applications 

control electronics market for (1991-1995), 
( O a 7):8 

Personal communications devices 
functional comparison of, ( O a 7):9 

Personal communications networks (PCNs) 
chip sets for, ( O a 7):10 
in Europe, ( O a 7):10 
semiconduaors for, ( O a 7):9 
U.S., ( O a 7):9 

Personal Computer Memory Card Industry Association 
(PCMCIA) 
memory card standard 

Revision 1.0, ( O a 7):3 
Revision 2.0, ( O a 7):3 

Personal computers (PCs) 
memory card market for (1991-1995), ( O a 7):4 

i 
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Philips 
communications applications semiconduaor 

revenue worldwide (1990), (Dec l6):10 
market share, automotive and truck 

semiconductors, (Dec 16):9 
PLDs (programmable logic devices). See under ASICs 
Point-of-sale (PCS) system revenue 

in North America (1990-1995), (Dec l6) : l l 
Portables. See Laptops, notebooks, and portables 
PCS (point-of-sale) system revenue 

in North America (1990-1995), (Dec 10:11 
Programmable logic devices (PLDs). See under ASICs 
Prometheus vehicle technology effort, (Dec l6):8 
Protocols 

CAN, (Dec 16):8 
J1850, (Dec 1^:8 
T-1, (Nov 18): 13 

Px64 6l .26l) compression standard, (Nov 18):2 

R 
RDDs. See Rigid disk drives (RDDs) 
Rest of World (ROW). See Asia/Pacific-Rest of World 

(ROW) 
Rigid disk drives (RDDs) 

market analysis of, (Nov 18):9 
memory cards as replacements for, (Oct 7):3 

ROM 
memory cards using, ( O a 7):2 

ROW (Rest of Worid). See Asia/Pacific-Rest of World 
(ROW) 

Semiconductors 
computer digital video opportunities for, 

(Nov 18):5 
consumption of 

automotive market worldwide (1990-1995), 
(Dec 16):8 

military/aerospace applications (1990-1995), 
( O a 7):15 

data communications use of, ( O a 7): 10 
military/aerospace applications for, ( O a 7): 12 
PCN use of, ( O a 7):9 
rigid disk drive (RDD) content of, (Nov 18):10 
T-carrier equipment content of, (Nov 18):13 
telecommunications opfsortunities for, ( O a 7):9 
wireless PBX use of, ( O a 7):10 

SGS-Thomson Microelectronics B.V. 
communications applications semiconduaor 

revenue worldwide (1990), (Dec 10:10 
market share, automotive and tmck 

semiconduaors, (Dec 10:9 
Shows. See Conferences and exhibitions 
Siemens AG 

market share, automotive and truck 
semiconduaors, (Dec 10:9 

Smart transmissions for vehicles, (Dec 10:7 
Solid-state disk (SSD) replacement, ( O a 7):6 
SONET-based fiber-optic multiplexers, (Nov 18):13 
SRAM 

computer digital video market for (1991-1995), 
(Nov 18):8 

memory cards using, (Oa 7):2 
SSD (solid-state disk) replacement, ( O a 7):6 
Standards 

data compression, open, (Nov 18):2 
Pan-European GSM cellular telephone standard, 

( O a 7):10 
T-1, in North America, (Nov 18):13 

SunDisk 
2.5/5/lOMb SSD plug-and-play subsystems, 

( O a 7):6 
company. See SunDisk Inc. 

SunDisk Inc. 
solid-state disk (SSD) technology at, ( O a 7):6 

SynOptics 
Token-Ring products for UTP media, (Dec 10:3 

T-1 multiplexers, (Nov 18): 13 
T-1 protocol, (Nov 18):13 
T-1 standard 

in North America, (Nov 18):13 
T-l/T-3 application-specific standard p rodua (ASSP) 

chip sets, (Nov 18):13 
T-2 multiplexers, (Nov 18):13 * 
T-3 multiplexers, (Nov 18):13 
Taiwan 

automotive semiconduaor market in (1990-1995), 
(Dec 10:8 

T-carrier equipment 
market analysis of, (Nov 18): 13 

Telecommunications applications 
semiconduaor opportunites in, ( O a 7):9 

Telecommunications Industry Conference, ( O a 7):9 
Texas Instruments Inc. 

communications applications semiconduaor 
revenue worldwide (1990), (Dec 10:10 

market share, automotive and truck 
semiconduaors, (Dec 10:9 

products. See H 

n 
company. See Texas Instruments Inc. 
memory card offerings of, ( O a 7):5 
TMS320 DSP, (Nov 18): 12 

Token-Ring 
chip sets, worldwide market for (1990-1995), 

(Dec 16):2 
Toshiba 

4Mb flash solid-state disk (SSD), ( O a 7):6 
company. See Toshiba Corp. 

Toshiba Corp. 
communications applications semiconduaor 

revenue worldwide (1990), (Dec l6):10 
market share, automotive and truck 

semiconduaors, (Dec 10:9 

©1992 Dataquest Incorporated / 1290 Bidder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Fax (408) 437-0292 
0012735 



Semiconductor Application Markets Worldwide 

Trade shows. See Conferences and exhibitions 
Transportation applications 

control electronics market for (1991-1995), 
(Pa 7):8 

See also Automotive electronics ZDR (zoned density recording) for disk drives, 
(Nov 18): 12 

Zoned density recording (ZDR) for disk drives, 
(Nov 18): 12 

{ 

U 
United States 

cellular telephone equipment market (1990-1995), 
( O a 7):9 

Intelligent Vehicle Highway System (IVHS), 
(Dec 16):8 

PGNs in, ( O a 7):9 
wireless LAN/WAN equipment markets (1991-1995), 

(Oct 7):10 
wireless PBX equipment shipments (1991-1995), 

(Oct 7):10 
See also North America 

Unshielded twisted pair (UTP) media, (Dec l6):3 
U.S. Advanced Battery Consortium, (Dec l6):6 
UTP (unshielded twisted pair) media, (Dec 16):3 

Vehicle electronics. See Automotive electronics 
Vehicles • 

electric, (Dec 1©:6 
Video editing systems, (Nov 18):3 
VRAM 

computer digital video market for (1991-1995), 
(Nov 18):8 

{ 

W 
WANs 

semiconduaors for, ( O a 7):10 
Wireless LAN/WAN equipment markets 

U.S. (1991-1995), ( O a 7):10 
Wireless PBX 

equipment shipments, U.S. (1991-1995), ( O a 7):10 
semiconduaors for, ( O a 7):10 

XIP (eXecute-in-Place), ( O a 7):5 

{ 
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Personal computers have become the "leading eco­
nomic indicator" for the whole electronics industry. 
In this article we look at the short-term outlook for 
what is now a $44 billion industry whose health 
affects most electronics suppliers. 
By Nicolas Samaras Page 1 

Interactive Multimedia Players: An "Edu-tainmenf' 
Opportunity 
The gap between video games and the home per­
sonal computer is about to be filled as several of 
the world's largest consumer companies make 
their move. One or two standards will prevail by 
the 1995 to 1996 period that will help create an 
annual multimillion market for players. The oppor­
tunity for chip companies continues to unfold as 
the market begins to firm in 1993. 
By Gregory Sheppard Page 8 
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EO Inc. Enters the Personal Communicator Market 
EO Inc. recently introduced two personal commu­
nicators that include integrated fax, e-mail, cellular 
phone, and personal computing capabilities. 
By Nicolas Samaras Page 13 

Market Analysis 

Personal Computer Market Update 
Personal computers have become the "leading 
economic indicator" for the entire electronics 
industry in recent years, and as a result, a PC 
market snapshot and forecast is quite handy. 

This article presents a PC revenue and shipment 
forecast provided by Dataquest's Personal 
Computer group. The overall PC market has 
seen anemic vtnit growth recently, along with 
severe pricing pressure that has forced a number 
of vendors to exit the market, or as in the case 
of IBM and Compaq, reevaluate their strategy 
and product pricing/offerings. The short-term 
outlook remains cloudy, although there are some 
pockets of hope and some things are clear. 

The notebook PC is a fast-growing market. But 
what, in terms of growth, is next? The personal 
information and communications devices 
(PICDs) class of machines (also known as per­
sonal communicators or personal digital assis­
tants) represent a likely candidate. They promise 
to integrate the power of the PC with that of the 
telephone and, perhaps further out in time, that 
of TV/video. 

Meanwhile, this article explains what is expected 
to unfold in the next couple of years, given 
what we know today. 

Table 1 shows regional PC revenue and unit 
shipments. Historical data for the years 1989 
through 1991 are presented, along with the near-
term forecast for 1992 and 1993. The United 
States shows the lowest unit and factory revenue 
growth—6.2 percent and 0.73 percent, respec­
tively, over the period from 1989 to 1993. 

Table 2 is the worldwide revenue and shipment 
forecast by product type. It comes as no surprise 
that the highest growth rate is expected in 
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Table 1 
Revenue and Shipments of Personal Computers to Each Region 

Region 
United States 

Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Canada 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Western Europe 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Japan 
Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Other Asia/Pacific 

Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Rest of World 
Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Worldwide 
Units (K) 

ASP ($K) 

Factory Revenue ($M) 

1989 

9,330 

1.96 

18,296 

814 

1.51 
1,227 

6,855 

1.94 

12,210 

1,892 

1.56 

2,955 

665 

1.45 
967 

1,771 

1.58 

2,790 

21,327 

1.80 

38,446 

1990 

9,849 
1.89 

18,661 

858 
1.69 

1,448 

7,955 

1.97 

14,810 

2,244 

1.79 
4,017 

783 

1.48 
1,157 

1,918 

1.58 

3,029 

23,606 
1.83 

43,121 

1991 

10,183 
1.81 

18,428 

884 

1.67 

1,474 

8,572 

1.75 

14,519 

2,363 

1.96 

4,631 

971 

1.29 
1,257 

2,018 
1.52 

3,077 

24,991 
1.74 

43,386 

1992 

10,987 

1.66 

18,218 

1,008 
1.59 

1,603 

9,167 

1.53 

13,990 

2,491 

1.96 
4,875 

1,004 

1.38 
1,383 

2,809 
1.48 

4,157 

27,466 
1.61 

44,225 

1993 

11,866 
1.59 

18,836 

1,084 
1.57 

1,699 

9,834 

1.49 

14,696 

2,711 

1.89 

5,116 

1,025 

1.23 
1,258 

3,335 

1.41 

4,702 

29,855 
1.55 

46,308 

CAGR (%) 
1989-1993 

6.20 

0.73 

7.44 

8.47 

9.44 

4.74 

9.41 

14.71 

11.41 

6.80 

17.15 

13.94 

8.77 

4.76 

Source: Dataquest (December 1992) 

notebook PCs, with hand-helds coming in 
second. Transportable, laptop AC, and laptop 
DC PCs are expected to follow a rather steep 
decline, both in terms of unit shipments and 
factory revenue. In 1993 these categories will 
account for just 1.7 percent of all PC unit ship­
ments and 1.7 percent of factory revenue. 

Table 3 breaks out worldwide PC shipments and 
revenue by input device, splitting them into two 
categories: PCs that use the keyboard, and PCs 
that use a pen as the primary input device. It is 
worth noting that this represents a definitional 
change that has resulted in the elimination of 
"pen-based PCs" as a product type. PCs that use 

December 14,1992 ©1992 Dataquest Incorporated SAWW-SVC-DP-9212 
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Table 2 
Worldwide Revenue and Shipments of Personal Computers, by Product Type 

Product T5rpe 
Transportable 

Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Laptop AC 

Units (K) 
ASP ($K) 
Factory Revenue ($M) 

Laptop DC 
Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Notebook 

Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Hand-Held 
Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Desktop 
Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Deskside 

Units (K) 

ASP ($K) 

Factory Revenue {$M} 

Total 
Units (K) 

Factory Revenue ($M) 

1989 

151 
3.07 

463 

352 
2.74 

965 

1,568 

1.97 
3,094 

86 
1.74 

149 

82 

0.20 
17 

18,796 

1.73 

32,426 

291 
4.57 

1,333 

21,327 

38,446 

1990 

117 
3.58 

418 

353 

3.08 
1,089 

2,028 

2.03 

4,110 

972 

1.52 

1,472 

222 

0.20 
44 

19,259 

1.71 

33,003 

654 

4.56 

2,985 

23,606 
43,121 

1991 

77 
4.32 
332 

120 
3.07 

370 

1,757 

1.55 

2,724 

2,310 
1.71 

3,939 

237 

0.35 
82 

19,433 

1.65 
32,061 

1,057 
3.67 

3,879 

24,991 
43,386 

1992 

42 
4.25 

179 

65 

3.00 
194 

712 

1.35 
960 

3,669 
1.59 

5,845 

332 

0.32 

106 

21,262 

1.52 

32,273 

1,383 

3.38 

4,670 

27,466 
44,225 

1993 

24 
4.15 

99 

37 

2.75 
101 

445 

1.31 

582 

5,981 
1.53 

9,146 

482 

0.31 
148 

21,239 

1.46 
30,949 

1,648 
3.21 

5,283 

29,855 

46,308 

CAGR (%) 
1989-1993 

-37.00 

-32.05 

-43.12 

-43.06 

-27.01 

-34.13 

189.03 

179.76 

55.71 

72.73 

3.10 

-1.16 

54.20 

41.10 

8.77 

4.76 

Source: Dataquest (December 1992) 

a pen instead of a keyboard are becoming more 
popular as operating systems, hardware, and 
application software become readily available 
(and affordable). The main "pen-based" 

operating systems suppliers are GO, which 
offers PenPoint, Microsoft with Pen for 
Windows, and CIC with PenDOS. 
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Pen-centric PCs will exhibit very high growth 
rates, both in terms of unit shipments and 
revenue. However, the volimie (and most of the 
revenue) in the short term will come from PCs 
that use a keyboard as their primary input 
device. 

Table 4 breaks out worldwide PC shipments and 
revenue by microprocessor tj^e. As expected, 
PCs using anything below an 80386 will exhibit 

a rapid decline. The highest growth will be 
found in PCs that use the 80486 class of 
microprocessor. The 486 is now the processor of 
choice for notebook PCs. The 68xxx 
microprocessor-based PCs show a healthy 
growtii pattern, led of course by Apple. A cou­
ple of new entrants (not included in this discus­
sion) worth noting, because they appear to be 
the microprocessors of choice for PICDs, are 
AT&T's Hobbit RISC microprocessor used by EO 

Table 3 
Worldwide Revenue and Shipments of Personal Computers, by Input Device 

Input Device 
Pen-Based 

Units (K) 
ASP ($K) 

Factory Revenue ($M) 

Keyboard 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

Total 

Units (K) 
ASP ($K) 

Factory Revenue ($M) 

1989 

1 

1.85 
2 

21,326 

1.80 

38,445 

21,327 

1.80 

38,446 

1990 

10 

1.68 
17 

23,596 

1.83 
43,104 

23,606 
1.83 

43,121 

1991 

17 

1.90 

51 

24,964 

1.74 

43,335 

24,991 
1.74 

43,386 

1992 

87 

2.20 

191 

27,379 

1.61 
44,034 

27,466 
1.61 

44,225 

1993 

450 

2.30 
1,035 

29,405 

1.54 

45,273 

29,855 
1.55 

46,308 

CAGR (%) 
1989-1993 

360.58 

386.54 

8.36 

4.17 

8.77 

4.76 
Source: Dataquest (December 1992) 

Table 4 
Worldwide Revenue and Shipments of Personal Computers, by Microprocessor Type 

Microprocessor 
8088/8086 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

80286 

Units (K) 
ASP ($K) 

Factory Revenue ($M) 

1989 

4,733 

1.08 

5,094 

7,883 
1.95 

15,401 

1990 

3,497 

1.11 

3,874 

7,101 
1.69 

12,023 

1991 

1,148 
0.80 

913 

4,101 
1.32 

5,424 

1992 

610 
0.67 

409 

1,345 
0.79 

1,067 

1993 

308 
0.37 

114 

423 

0.56 
235 

CAGR (%) 
1989-1993 

-49.47 

-61.32 

-51.86 

-64.85 

(Continued) 
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Table 4 (Continued) 
Woridwide Revenue and Shipments of Personal Computers, by IVlicroprocessor Type 

Microprocessor 

80386SX/SL 

Units (K) 
ASP ($K) 

Factory Revenue ($M) 

80386DX 

Units (K) 
ASP ($K) 

Factory Revenue ($M) 

80486 SX/SL 
Units (K) 

ASP ($K) 

Factory Revenue ($M) 

80486 (DX/DX2) 

Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Pentium (P5) (80586) 

Units (K) 

ASP ($K) 
Factory Revenue ($M) 

68xxx 

Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Others 
Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Total 

Units (K) 
Factory Revenue ($M) 

1989 

1,482 
2.37 

3,519 

2,629 
3.34 

8,769 

0 

0 

0 

2 

5.31 

11 

0 

0 
0 

2,494 

1.70 
4,251 

2,104 
0.67 

1,402 

21,327 

38,446 

1990 

4,629 

2.02 
9,351 

3,756 
2.89 

10,843 

0 

0 
0 

230 

5.42 

1,248 

0 
0 

0 

2,929 
1.71 

5,016 

1,463 
0.52 

767 

23,606 
43,121 

1991 

8,624 

1.70 

14,629 

4,544 
2.46 

11,163 

413 

2.19 
904 

1,487 

3.04 

4,518 

0 

0 
0 

3,674 

1.53 
5,610 

1,002 
0.22 

224 

24,991 
43,386 

1992 

8,724 

1.39 

12,152 

5,285 
1.92 

10,128 

3,203 

1.86 

5,957 

2,892 

2.36 
6,826 

0 

0 

0 

4,952 
1.53 

7,577 

453 
0.24 

109 

27,466 

44,225 

1993 

5,823 

1.13 

6,554 

2,760 
1.49 

4,113 

10,682 

1.61 
17,230 

3,812 

2.01 
7,647 

372 

5.40 
2,010 

5,497 

1.52 

8,344 

177 

0.35 

61 

29,855 

46,308 

CAGR (%) 
1989-1993 

40.79 

16.82 

1.22 

-17.24 

NM 

NM 

554.45 

413.05 

NM 

NM 

21.85 

18.36 

-46.18 

-54.26 

8.77 

4.76 

NM = Not meaningful 
Source: Dataquest (December 1992) 
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Inc. in the EO-440 and EO-880 Personal Commu­
nicators, and VLSI's ARM RISC microprocessor 
used by Apple in its Newton PDA. Future 
inclusion of these micros may change the slope 
of the "Others" category in Table 4. 

Table 5 shows the worldwide revenue and ship­
ment PC forecast by bus type. Here the volume 
and majority of the revenue is shifting rapidly 
from the AT bus to the Busless/PCMCIA/Other 
type, which appears to be the configuration of 
choice for both notebook and hand-held PCs. 

Figure 1 is a graphic representation of the esti­
mated 1993 personal computer factory revenue 
derived from sales into each region of the world. 
Sales into the United States comprise 40 percent 
of all factory PC revenue, while 32 percent is 
derived from sales into Western Europe, and 
only 11 percent from sales into Japan. 

Figure 2 shows estimated 1993 worldwide 
revenue by product type. Worth noting is that 
the hand-held PC sales will still be below 
1 percent of total PC sales, while in terms of 

Table 5 
Worldwide Revenue and Shipments of Personal Computers, by Bus Type 

Bus Type 
PC/XT 

Units (K) 
ASP ($K) 

Factory Revenue ($M) 
AT 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

MCA (16-bit) 

Units (K) 
ASP {$K) 

Factory Revenue ($M) 

MCA (32-bit) 

Units (K) 

ASP ($K) 

Factory Revenue ($M) 

EISA 
Units (K) 

ASP ($K) 
Factory Revenue ($M) 

Busless/PCMCIA/Others 

Units (K) 
ASP ($K) 

Factory Revenue ($M) 

Total 

Units (K) 
Factory Revenue ($M) 

1989 

3,906 
1.08 

4,234 

10,001 
2.27 

22,703 

867 

2.59 
2,245 

1,121 

4.26 

4,773 

4 
6.82 

29 

5,427 

0.82 

4,463 

21,327 

38,446 

1990 

2,061 

0.98 

2,026 

11,007 

2.24 

24,655 

516 
2.27 

1,173 

1,936 

3.14 

6,083 

272 
6.27 

1,707 

7,814 

0.96 
7,477 

23,606 
43,121 

1991 

536 

0.83 
444 

12,977 

1.88 

24,378 

131 
2.09 

274 

2,050 

3.03 

6,220 

474 

5.58 

2,644 

8,823 
1.07 

9,426 

24,991 

43,386 

1992 

285 

0.51 

145 

15,177 

1.36 

20,575 

0 

1.79 

0 

1,927 

2.76 

5,313 

593 

4.41 

2,613 

9,484 

1.64 

15,579 

27,466 

44,225 

1993 

0 

0 

0 

15,537 

1.13 

17,481 

0 
1.53 

0 

1,830 

2.51 
4,587 

693 

3.78 

2,620 

11,794 

1.83 

21,619 

29,855 

46,308 

CAGR (%) 
1989-1993 

-100.00 

-100.00 

11.64 

-6.33 

-100.00 

-100.00 

13.03 

-0.99 

258.43 

209.24 

21.42 

48.35 

8.77 

4.76 
Source: Dataquest (December 1992) 
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Figure 1 
Worldwide Factory Revenue: Personal Computers to Each Region 

1993 

Other Asia/Pacific (3%) 

Rest of World (10%) 

Canada (4%) 

Source: Dataquest (December 1992) Gzooisao 

Figure 2 
Personal Computer Worldwide Revenue, by Product Type 

1 9 9 3 

Transportable/Laptop (2%) -\j—— Hand-Held (0%) 

Source: Dataquest (December 1992) G2001981 

iinit shipments they will account for 2 percent of represented by desktop PCs, with 67 percent, 
total PCs shipped. The lion's share will be still followed by notebooks at 20 percent of the total. 
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Dataquest Perspective 
Personal computer vendors are still imder sub­
stantial pricing pressures. Even though in 1993 
we expect to see an overall worldwide unit 
growth of 8.77 percent, revenue will grow only 
by 4.76 percent, lagging well behind unit ship­
ments. In the United States, the figures are 
expected to be even lower. Unit sales will grow 
6.2 percent while revenue growth will be just 
under 1 percent. 

The good news is that there are pockets of hope. 
Major vendors such as IBM, Compaq, Apple, 
and Toshiba have substantial PC backlogs. 
Another recent phenomenon is the shift of note­
books to 486SL, and at COMDEX in Las Vegas 
Intel's booth hosted nearly 40 new notebooks 
designed aroxmd the 486SL. Notebook PCs will 
grow by nearly 190 percent in 1993 in terms of 
units and 180 percent in terms of revenue. Note­
books are hot and represent the area of opportu­
nity for semiconductor vendors in the immediate 
future. Further out, tablet-type PCs using the 
"pen" as the main input device and PICDs are 
expected to spur growth for the PC industry and 
semiconductor vendors alike. 

By Nicolas Samaras 

Interactive Multimedia Players: An 
"Edu-tainment Opportunity" 
A new type of interactive consumer electronic 
product is emerging, targeted at the gap 
between TV-based video game systems and 
personal computers. These systems provide a 
sophisticated interactive access for users of 
CD-ROM titles laden with animation, sotind, 
images, and eventually motion video. These 
titles encompass games, home-based early edu­
cation, art, music, and "living" references such 
as encyclopedias and how-to guides. These sys­
tems can either be hooked up to a TV or be 
portable, with their own color LCDs. They range 
in price from $600 to $2,500. 

This market is in its infant stage. Various 
approaches are vying for control of title 
developer commitment and sales channels. The 
battling solutions include upgrades of existing 
video game and PC offerings, as well as a new 
type of product called an interactive multimedia 
player, which, from a capability standpoint, falls 
in between. Dataquest projects that the world­
wide market for the latter category could reach 

nearly 2.5 million imits by 1996, with a cor­
responding chip consumption of nearly 
$270 million. 

interactive Clioices 
The two principal suppliers of these systems are 
Philips (and partners) and Commodore. New 
entrants are planned for 1993, one of them a 
new concern called The 3DO Company based in 
San Mateo, Califorrua. The following paragraphs 
focus on the Philips CD-I, Commodore CDTV, 
and the recently introduced Tandy VIS offerings 
to exemplify the status of the market. 

Compact Disc Interactive 
Compact disc interactive (CD-I) is a TV-top 
system that incorporates a CD-ROM player 
capable of interactive output of CD-quality 
sound, arumation, images, and limited motion 
video. The player can use regular CD audio-
disks, a CD-I disk, and a PhotoCD disk (a 
feature jointly developed with the Eastman 
Kodak Company that allows customers to 
send photos to a service bureau such as 
Kodalux for encoding onto a disk for display 
on the home TV set at a cost of $29 service 
for 24 exposures). Kodak also is producing a 
dedicated PhotoCD player. 

About 60 titles are available for CD-I in the 
Uruted States, with a total of 100 expected by 
the end of 1992, and 200 by the end of 1993. 
The title prices range from $20 to $60 and 
comprise children's, game, and informational 
offerings. CD-I is targeted at middle-income 
families and will be available through 2,000 
consumer electronic outlets in the Uruted 
States by the end of 1992. Philips has also 
enlisted outlets such as Blockbuster to promote 
CD-I, complete with interactive kiosks. A 
multimillion-dollar national TV advertising 
campaign was also launched to continue build­
ing awareness. Philips also has a business/ 
industrial version of CD-I. It just introduced a 
portable version complete with built-in LCD. 
In the summer of 1992, CD-I 1992 rolled out 
in Japan and Europe after being introduced in 
the United States in October 1991. The sug­
gested retail U.S. price of consumer CD-I play­
ers as of November 1992 was $699. 

Because multimedia is highly dependent on 
culture and language, regional titles need to 
be developed. CD-I associations have been set 
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up in each region to work with title 
developers. 

Planned upgrades include a plug-in MPEG 
decompression module for full-motion, full­
screen video (up to 74 minutes) that is due 
out in early 1993. Future CD-Is could incor­
porate other interactive features such as 
modems for dial-up access a la video/teletext. 
The technology (called Green Book) is licensed 
with several Japanese consumer electronics 
companies including Sony (cofounder), 
Nintendo, Kyocera, Sanyo, JVC, Japan Marantz, 
Matsushita, and Yamaha. These companies 
are expected to enter the market in 1992 and 
1993 with many variations, including other 
portables. 

The CD-I player centers on the Motorola 68000 
16/32-bit architecture and employs a 68070 
16-bit processor, several custom ASICs, 1MB of 
RAM, and 8KB of EEPROM. We can expect 
the architecture to move to 32 bits and inte­
grate the MPEG decoder module functionality 
for full-motion support. Figure 1 shows a 
block diagram. 

Commodore Dynamic Totai Vision 
Commodore Dynamic Total Vision (CDTV) 
conceptually is similar to CD-I. Commodore 
claims 92 titles, with that many more on the 
way. It also claims that it has 1,000 outlets in 
the United States. CDTV is built around the 
Amiga 500 computer and is based on a 68000 
MPU and three video-processing ASICs, with 
1MB of RAM. Commodore has begun to roll 
out the A750 disk CD-ROM drive ($600), 
which attaches to existing Amigas and allows 
them CDTV capability. Underscoring the latter 
opportunity are the 3 million installed Amigas. 

Video Information System 
Tandy, working with Microsoft and a modular 
version of Windows software, has just 
introduced a home interactive system called 
Video Information System (VIS). Anchored on 
a CD-ROM variant and a 12-MHz 286 proces­
sor, and employing several ASICs, the system 
will be priced at about $700. Claiming that 
50 software titles are on the way, Tandy hopes 
to leverage its large retail presence and user 
familiarity with Windows to its advantage. 

CD-ROM Enhanced Video Games 
The TV video game business also is moving 
into multimedia. Dataquest estimates that 
16.5 million TV video games were produced 
in 1991 in Japan, which dominates production. 
About half were the new 16-bit variety on a 
imit basis. Nintendo has an estimated 73 per­
cent share of the imit market; Sega (JVC 
manufacturer) has 22 percent. NEC, Sharp, and 
NEO-GEO round out the list of secondary 
manufacturers. Growth in the video game bus­
iness is toward CD-ROM enhanced versions 
with 650MB storage capability. CD-ROM brings 
the capacity to greatly enhance the animation 
and to add images and motion video, plus 
CD-quality sound. 

The video game industry has stated that it 
could ship 1 million units of CD-ROM attach­
ments ($200 to $300 retail) from mid-1992 
through mid-1993. Title development is still 
under way to support further growth. Data-
quest furljier estimates that about 90 percent 
of the TV video games shipped in 1996 will 
incorporate CD-ROM or CD-I. Plans include 
moving to 32-bit architectures and perhaps 
adding commtmications capability such as 
built-in modems to tap into the TV-based 
video/teletext movement. 

In a recent move, Nintendo and Sony have 
agreed to set differences aside and Nintendo 
will have Sony build CD-ROM drives for 
future updates of their system. The drives will 
be based on the XA or extended audio stan­
dard, which allows compressed ADPCM audio 
to be interleaved with animation for higher 
performance, more interactive title usage. 

Enhanced Multimedia PCs 
PC-based video game playing is a sizable bus­
iness, as the million-plus Sound Blaster cards 
already shipped worldwide can attest. We 
expect this to continue, along with further 
home penetration as users hunger for 
improved quality including 16 bits and 
sampled sound (when the price is right). 

Forecast and Chip Opportunities 
Figure 2 presents Dataquest's forecast of interac­
tive multimedia players and the accompanying 
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Figure 1 
CD-I Player Block Diagram 
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Figure 2 
Worldwide Consumer Multimedia Player Semiconductor Forecast 

Players/Subsytems 
(Thousands of Units) 

2,500 

Semiconductor Consumption 
(Millions of Dollars) 

,2,430, 300 

1991 1992 1993 1994 1995 1996 
Source: Dataquest (December 1992) G2001602 

semiconductor demand. Key assumptions 
include the following: 

• High-performance, interactive animation, 
motion video, and accompanying CD-quality 
soimd will be sufficient features to motivate 
consumers to upgrade from alternatives such 
as cartridge-based video game systems. 

• Sufficient and compelling CD-ROM titles will 
emerge for these players, including those that 
draw in adult users as well as entertain and 
educate future generations. 

• One or two product standards will prevail. 

• The video game industry will turn to these 
types of integrated players during their next 
product generation. 

Table 1 and Figure 3 present more detail on the 
specific chip opportunities of these players. 
Highlights and trends include the following: 

• CMOS ASICs and ASSPs, primarily in the 
form of video/graphics and audio subsystem 
I /O compression, buffer processors, and digi­
tal signal processing-based CD-ROM con­
trollers (for CD-I, CD-ROM/XA, CD-R, among 
others), will comprise about half the opportu­
nity. They currently run four to six separate 
100-plus-pin packages; opportunities exist to 

integrate two to three ICs. MPEG processors 
are now available as a user add-in module 
option for CD-I. 

The early versions are using the 16/32-bit 68K 
(because of video game software porting) and 
the 16-bit x86 (because of Microsoft Windows 
programming interfaces) MPU architectures. 
Next-generation products will be based on 
32-bit MPUs for the extra performance need 
for real-time update of VCR-quality video 
frames. The 32-bit MPU may preclude the 
need for separate MPEG decompression chips 
as software CODECS are employed. This is a 
similar trend as seen in PC video. 

At least 1MB of DRAM main memory and in 
some cases an additional 1MB of VRAM will 
be required for high-speed video bit-mapped 
buffer management. PCMCIA slots could be 
employed as user upgrades. 

Key analog/mixed-signal components such as 
audio and video DACs and A/D, mixers 
(pixel and soimd), and various amplifiers 
could be joined by SCCs, modems, and other 
communications interfaces such as N-ISDN in 
future generations. The portable versions also 
will need LCD driver interfaces. 

SAWW-SVC-DP-9212 ©1992 Dataquest Incorporated December 14,1992 



12 Semiconductor Application l\/larl<ets Worldwide 

Table 1 
Worldwide Consumer Multimedia Player Semiconductor Forecast (Millions of Dollars) 

SRAM/DRAM 

EE/Flash/ROM 
MPU 

Functions (ASIC/ASSP) 

Analog/Discrete 
Total 

1991 
0.3 
0.3 
0.3 
1.0 
0.3 
2.1 

1992 
1.4 

1.4 
1.8 
5.4 
1.8 

11.8 

1993 
2.7 
1.9 
2.7 
9.4 

2.5 
19.3 

1994 
15.6 
8.8 

12.7 

48.8 
11.7 

97.6 

1995 
34.8 
19.6 
28.2 

108.6 

26.1 
217.2 

1996 
42.7 

24.0 
34.7 

133.5 

32.0 
266.9 

CAGR (%) 
1991-1996 

178 

148 
155 
167 

151 
162 

Source: Dataquest (December 1992) 

Figure 3 
Worldwide Consumer Multimedia Player Semiconductor Forecast, by Type 

1991 
Analog/Discrete (13%) 

Nonvolatile 
Memory 
(13%) 

Total = $2.1 Million 

1996 
Nonvolatile Memory (9%) 

Analog/Discrete 
(12%) 

Total = $266.9 Million 

Source: Dataquest (December 1992) G2001603 

Dataquest Perspective 
Figure 4 presents a possible road map for inter­
active multimedia systems. In all cases, these 
systems are vying for the discretionary house­
hold dollar, which is competing with a new 
genre of interactive entertairunent delivered from 
cable, satellite, and wireless service providers. 
We are bullish on the standalone full-motion 
systems doing well in the marketplace. Futiire 
systems could incorporate network interfaces 
(cable decoder, for example) so that consumers 
can eliminate clutter on the TV top. Our over­
arching assumption is that households will 

upgrade to integrated full-motion systems in the 
1994 time frame. The systems will be positioned 
as more than video games and as TV-based 
family entertainment and information systems. 

The opportunity for chip vendors will be shaped 
heavily by strategic partnerships and foundry 
relationships as OEMs strive to hit increasingly 
more aggressive price points and development 
cycles. 

By Gregory Shepipard 
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Figure 4 
Interactive Multimedia Player Market Dynamics 
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News and Views 

£(? inc. Enters the Personal 
Communicator Market 
EO Inc. has announced the EO-440 and EO-880, 
its first two personal communicators that 
include integrated fax, e-mail, cellular phone, 
and personal computing capabilities. The EO-440 
weighs 2.2 pounds and the EO-880 weighs 
4 pounds. 

Each product comes packed with GO Corpora­
tion's PenPoint operating system, a built-in 
microphone and speaker for voice annotation, 
4/8MB of DRAM expandable to 12MB, a high­
speed serial port, a parallel port, a type-2 

PCMCIA slot, and the following nine bundled 
applications in flash memory: 

• GO Mail 

• GO FAX 

• EO phone 

• EO sound 

• EOCalc 

• EOLock 

• GO MiniNote 

• Sitka Pen Tops/PenCentral (spreadsheet 
program) 

• Pensoft Personal Perspective (calendar, to-do 
list, address book, note-taker) 
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The keyboard is one option! The EO personal 
communicators run on batteries that can last up 
to 4 hours and be recharged in 90 minutes. The 
EO-880 features an additional PCMCIA slot, a 
VGA port for connecting a full-size VGA moni­
tor for presentations, and a SCSI n port for con­
necting external hard drives. The EO personal 
communicators will be distributed through an 
extensive beta program starting in December 
1992, with broad-based availability in the second 
quarter of 1993. EO's personal communicators 
will be offered in various configurations. Sug­
gested list prices are $1,999 for the EO-440 with 
4MB RAM, $2,499 for the internal modem ver­
sion, and $2,799 for the 8MB RAM, internal 
modem version; and $2,999 for the EO-880 with 
4MB RAM and internal modem, and $3,299 with 
8MB RAM and internal modem. All EO users 
receive a free subscription to an AT&T EasyLink 
Services AT&T Mail electronic mail box, accessi­
ble through an 800 number in the United States, 
for sending and receiving e-mail and faxes. 

EO intends to address the mobile professional 
market with a couple of potent personal com­
municators it has rolled out. It is worth noting 
that EO is targeting the mobile professional user, 
arguing (perhaps correctly) that what we often 
call consumer products begin their lives as busi­
ness/professional tools. 

Apple recently attempted to reposition its New­
ton PDA to address the mobile professional user 
as well. This business of what constitutes a con­
sumer product can be rather confusing; at times 
it appears to be the perfect excuse for the suc­
cess or failure of a product. Does price deter­
mine whether a product is a consumer item? 
We suggest that the market bears a "price" that 
depends on the actual/perceived value and need 
of a product. One can argue that the automobile 
is a consumer product, albeit one that costs 
thousands of dollars. Yet everyone has to have 
one, and price is not a barrier. Wouldn't it be 
nice if everyone needed a PC? 

Two products with similar price points and elec­
tronic content can be compared: video cameras 
and personal computers. More consumers spend 
$800 to $1,500 for a video camera than for a 
similarly priced PC. Why? Because the perceived 
value of the video camera is higher than that of 
a PC in a typical home. Family events can be 
recorded on videotape using a camcorder. On 
the other hand, the PC can be used to balance a 
checkbook. Most people, however, can do this 
without a PC. Applications of questionable value 
have held the PC away from homes for a long 
time now. PCs have not been and are not yet 
corisumer items. 

Nevertheless, companies such as Apple, EO, 
Casio, Sharp, and Sony are trying to change that 
fact, and will imdoubtedly succeed shortly by 
bimdling entertainment and communications 
attributes to these small form factor PCs. 

Dataquest Perspective 
Regarding EO's introductioris, from a hardware 
standpoint they are a boost for AT&T's Hobbit 
processor. Flash memory is used to store the 
whole operating system and the bulk of the 
applications needed. From a software stand­
point, it is nice to see an easy-to-use (transpar­
ent to the user) OS that fits in semiconductor 
memory along with nine applications programs. 
EO's personal communicators also feature good 
human engineering and industrial design. We 
wonder whether their introduction will force 
Microsoft to rethink its strategy of ever-
expanding-size operating systems to address 
personal information and communications 
devices (PICDs). 

Note: Dataquest examined the PICD market in a 
focus report released on October 1992. For more 
information, contact your Dataquest sales or 
accoimt manager. 

By Nicolas Samaras 
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In Future Issues 

The following topic will be discussed in a future 
issue of Semiconductor Application Markets 
Worldwide Dataquest Perspective: 

u High-performance networking 
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In This Issue... 

Product Analysis 

GO and AT&T Ally to Embrace PeKonal 
Communications 
AT&T Microelectroiiics and GO Corporation 
recently announced an alliance to develop a plat­
form for the creation of personal communications 
devices called Personal Commtmicators. Dataquest 
evaluates how this alliance will affect the futiue of 
portable computing. 

By Andrew Seybold Page 1 

Market Analysis 

Video Conferencing: Standards + Lower Costs = 
Expanded Market 
Airline killer it might not be, but desktop video 
conferencing in particular is on the verge of ramp­
ing to a new level. Enabled by a new set of C C m 
standards, ISDN and fast modem communications 
lines, and corresponding chip technology, video 
conferencing is set to appeal to a broader market. 
Semiconductor opportunities for data conversion, 
digital signal processor-based chip sets, and many 
other functions are being created out of thin air. 

By Gregory Sheppard Page 5 

Product Analysis 

GO and AT&TAHy to Embrace Personal 
Communications 
Several PC industry announcements in recent 
months indicate that the world of personal com­
munications devices, or personal information 
processors, or what Apple Computer refers to 
as Personal Digital Assistants (PDAs), is heat­
ing up. Perhaps the most significant of these 
annovmcements, however, is the one from 
AT&T Microelectronics and GO Corporation 
on July 13 detailing plans to develop a personal 
communications platform. 

(Related developments in the industry include 
Apple's heralding of its first PDA—called 
Newton—at the end of May, with plans to ship 
in the first quarter of 1993; the Casio, GeoWorks, 
and Tandy plans for an alliance announced May 
27; and the Day Rxmner and Texas Instruments 
announcement of a "cooperative development 
agreement" on July 14.) 

None of these announcements involves products 
that exist to touch and feel today, although a 
prototype of the Apple hardware product was 
shown at Apple's Las Vegas laimch. The 
AT&T-GO announcement did not include any 
hardware products, nor did the announcement 
hint at which vendors might be developing 
hardware for this integrated computing 
platform. 

Tight Integration 
Although the announcement did not include any 
hardware for the world to marvel at, or even a 
demonstration of what was being introduced, 
the announcement may turn out to be as impor­
tant as—if not more important than—^the Apple 
Newton announcement made a month and a 
half earlier. 

At the base of this alliance is the coupling of 
G C s PenPoint mobile operating system and the 
Hobbit microprocessor from AT&T. This was not 
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just a "here is the hardware platform, and over 
here is the operating system" announcement. It 
was, instead, "here is a very powerful, very low-
powered microprocessor, and here is the operat­
ing system that will be integrated to form a 
powerfiil, portable communications and 
computing platform." 

The Name 
AT&T has chosen to name its future hand-held 
devices 'Tersonal Commxmicators," which will 
be "rich in commimication and will integrate 
voice, data, handwriting recognition, fax, elec­
tronic maQ, stiU images, and in the future, full-
motion video. These devices will provide any­
time, anywhere communication to a whole new 
class of business users and consimiers who need 
to constantly stay in touch," according to AT&T. 

The Meat 
In a nutshell, GO has optimized a version of its 
PenPoint operating system for both the Hobbit 
architecture and communications applicatLons. 
AT&T has developed a series of low-powered 
microprocessors that work with digital signal 
processors (E>SPs) and other technologies 
required for communications-oriented devices. 

Even the Hobbit chips were not announced this 
time around. Instead, AT&T addressed the near 
future and the power that its new C-language 
Rational Instruction Set Processor (CRISP) CPU 
line will bring to mobile computing and how 
tightly it will be integrated with the GO 
operating system. 

For its part, GO Corporation talked about the 
configuration of its PenPoint operating system 
for the mobile communications market. Special 
support for mobile computing has been added 
to the operating system, and it now supports 
intermittent connections via wired and/or wire­
less links. In addition, the operating system per­
mits mvdtiple simultaneous commtmications 
links, and it can store and forward messages, 
files, and information when coimections are 
established (or re-established). 

Interesting, But... 
AT&T and GO Corporation have fired a volley 
in response to Apple's Newton introduction. But 
if they are not showing a product, or even dis­
cussing specific products or delivery dates, then 
why is their alliance perhaps more important 
than the Newton announcement? 

First the Hardware 
Dataquest believes that companies such as 
EO (ttie hardware spin-off fi-om GO) will 
announce and demonstrate their fully 
integrated products prior to the end of this 
year and that they may even ship a small 
quantity of their offerings by the beginning 
of next year. 

However, both AT&T and GO acknowledge 
that the first hardware platforms to offer the 
combination of GO'S PenPoint and AT&T's 
Hobbit processor will have a larger form fac­
tor than Apple's Newton. They discussed 
upcoming products in vague terms but indi­
cated that we should expect to see larger, 
clipboard-size products first, followed over 
time by smaller and lighter units. 

These units wiU be "very powerful" (says 
AT&T) and—^with the proper power 
management—^battery life shoiild be better than 
acceptable. Although AT&T did not, in fact, 
annotmce the Hobbit chip except to 
acknowledge that it does exist, AT&T did dis­
cuss the architecture of the chip and why it is 
"ideally" suited for the mobile computing 
environment. 

Designed into the chip, according to AT&T, 
are tiie following capabilities: 

• Fast context switching to move quickly from 
one process task to another is an important 
feature for personal commimications devices, 
becavise the processor needs to service mul­
tiple processes—for handwriting recognition 
and several commtmications connections— 
simtiltaneously. 

• Fast interrupt response allows personal com­
mtmications devices to quickly respond to 
and service interruptions (such as incoming 
calls) while still allowing the operating 
system to provide a smooth, responsive 
interface. 

• Low bus activity makes the system bus 
available for DSP or other communications 
hardware components to send communica­
tions process-handling information and other 
data to memory without interference from 
the main processor. 

• Processing headroom to handle real-time 
communications tasks, especially those that 
involve rich data types—such as graphics, 
voice, and video—^that require tremendous 

November 9,1992 ©1992 Dataquest Incorporated SAWW-SVC-DP-9211 



Semiconductor Application Markets Worldwide 

amotmts of processing power. Hobbit 
represents a leap forward in providing this 
processing power at a cost low enough for 
consumer products. 

• High code density allows products to be 
built with smaller memory systems resulting 
in lower overall system cost. 

• Low power dissipation is achieved through 
an efficient power management architectvire, 
which is controlled by GO's PenPoint 
operating system. 

• Stack cache optimizes function call efficiency. 
Instead of operating with registers that are 
visible to the tiser, the Hobbit provides a 
run-time stack cache. This approach 
minimizes the overhead associated with 
procedure calls, which accovmt for 1 out 
of every 20 instructions (or more in C 
language operating systems). PenPoint's 
object-oriented design allows an application 
programmer to send a single message that 
will result in the automatic performance of 
many functions by inherited classes in the 
system. The Hobbit stack cache makes 
resulting function calls highly efficient 
and iast 

AH of these features of the Hobbit CPU, 
according to AT&T, make this platform the 
"perfect" fit for mobile communications and 
computing. 

Systems, in addition to the main processor, 
that make vise of the Hobbit chip can also 
include other low-power chips developed by 
AT&T Microelectronics, including a family of 
DSPs that AT&T claims will add a high 
degree of intelligence to both the product 
and its communications capabilities. 

The Operating System 
When GO'S PenPoint operating system was 
first announced, the potential scalability of the 
system was one of the primary features dis­
cussed. The use of PenPoint on a hand-held 
platform has been a part of GO's plans since 
the inception of the operating system, and 
while scalability is important, the other fea­
tures added to PenPoint during the past year 
are also a vital part of the package. 

Because PenPoint uses object-oriented program­
ming to provide a tightly knit core of reusable 
classes from which aJl applications and com­
munications services are built, all types of 
documents, regardless of the application, 

become "commvmications enabled." This means 
that a document can be sent as a fax, printed 
material, an electronic mail message, a pager 
message, or a file to a desktop computer. 

The other features of the operating system that 
have been specifically built in for mobile com­
puting include automatic detection of device 
and media attachment and detachment (the 
ability to dynamically load and execute pro­
tocols in response to external hardware events, 
such as a wireless cormection being made). 

The AT&T-GO Vision 
The press materials addressed the ways in 
which personal communicators will be used and 
how easy it will be to make a connection and 
take advantage of the built-in systems communi­
cations "smarts." AT&T and GO also envision a 
series of Hobbit-GO-based products, varying 
greatiy from each other but all with a common 
focus: mobility and communication. Some of the 
ideas that they presented include pocket-size 
cellular telephone and notepad devices and 
notebook-size mviltipvupose commvmicators that 
include both data and voice commimication and 
interaction. 

AT&T and GO believe that this combination of 
tightly integrated hardware and software wiU 
provide their customers (who will be designing 
and selling the end-tiser products) the abifity to 
differentiate their products and, as a result, help 
prevent the price wars that are now thinning out 
the ranks of PC vendors. 

Several statements were made both dtiring and 
after the press event indicating that hardware 
products based on this combination of the Hob­
bit chip and the PenPoint operating system wiU 
be introduced by the end of this year. Certainly, 
there has been much speculation regarding the 
GO spin-off EO, which is reported to be build­
ing a product based on this architecture. 

Tiie Real Deal 
The press event was held jvist prior to the start 
of the Mobile '92 trade show and was well 
attended. A short time was spent discussing 
the "real" reason that people should be excited 
about this announcement, but not much 
attention was really drawn to the total 
commiinications picture. 

Both AT&T and GO talked briefly about commu­
nication, indicating that they understand the 
need for robust communications links. Their 
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joint statement regarding communication seems 
to sum up their approach to the importance of 
moving information from one point to another: 
"If personal commtmications are to be success­
ful, they will need to work hand in hand with 
todaj^s existing wired communications infra­
structure and be poised for the emerging wire­
less revolutions. Together, AT&T Microelectronics 
and GO will work with third-party partners so 
that the new platform will cormect to key net­
work resources and services." 

The press release also reveals plans to incor­
porate features to make the Hobbit-based sys­
tems "wireless ready" using any of the wireless 
choices that are, or will be, available. Current 
choices are wired, infrared, and wireless connec­
tions, with the wireless option including cellular, 
packet radio networks such as RAM Mobile 
Data and Ardis; paging networks such as SkyTel 
and Embarc; and future networks such as those 
that rely on satellites. 

Missing from this discussion, however, is the 
fact that AT&T owns and operates the largest 
wired communications system in existence and 
is involved in many cellular systems, paging, 
and point-to-point networks. Dataquest believes 
that AT&T has not yet played its trump card in 
this area, 

If personal communications devices are to 
become as important as many people in the 
industry beheve that they will, then it is the 
networks (as much as the technology and magic 
contained within them) that will enable these 
devices. AT&T imderstands this perhajw better 
than any other company. During its long history 
of being the telephone company before fiie 
divestiture, and even since its breakup, AT&T 
has been a provider of the network used for 
communication, and AT&T wants to continue 
to use this network. When it was the only 
provider, it rented telephone instruments to 
customers to plug into its networks. When cus­
tomers first developed a need for radio paging 
or mobile telephone service, they purch^ed 
or leased equipment from AT&T and used its 
netw^ork. 

Shortly before and certainly after the divestiture, 
AT&T was faced with competition in all areas. 
Many other companies moved in to provide the 
hardware necessary to connect to their own net­
works, and several other companies have even 
emerged to challenge the supremacy of AT&T's 
networks. However, it is still true today that 
AT&T's main strength is its networks, especially 
now that access to information is key to 

corporate success. The challenge still remains the 
abihty to move information from one place to 
another. 

AT&T does not just own networks, it also owns 
services—such as AT&T Mail—that run on top 
of the networks. At present, AT&T Mail com­
petes with MCI Mail for electronic deUvery of 
e-mail on a worldwide basis. Some companies 
are using either AT&T Mail or MCI Mail to 
virtually run and coordinate their operations. 

AT&T Mail, as well as AT&T's other communi­
cations networks, can serve as the point of con­
tact for many personal communications devices. 
Users would not have to make decisions about 
the type of commtmications network that they 
needed—access to AT&T Mail could provide a 
gateway to any of the other services. 

Access to AT&T Mail can be accomplished by 
wire, direct phone connection, LAN computer 
systems, and other networks. Access through 
wireless systems is easy enough to accomplish. 
After all, the wireless connection is an extension 
of the network, running through the air instead 
of on a pole, but part of the network 
nonetheless. 

If AT&T couples the power of the Hobbit with 
the power of PenPoint and then provides easy 
access to its own network, the combination is 
one that will give it a decided advantage In the 
personal information processor field, AT&T will 
have the opporttmity to sell the chip sets, help 
OEMs build the products, and then sit back and 
collect the rent for the use of its networks from 
an of the Hobbit users. 

Dataquest believes that AT&T wiU work with aU 
of the other service providers but that its main 
thrust will be to provide the missing link the 
communications path from the hand-held device 
to the desktop or network device—as an integral 
part of the rollout of products. 

Dataquest Perspective 
As with the Apple Newton announcement, the 
AT&T-<50 press event left as many questions 
unanswered as it answered. The two companies 
did not elaborate on exactly what vendors wiU 
provide hardware, or when the products will 
become available, or about the type of "seam­
less" communication that the products will offer. 

Both AT&T and GO gave the distinct impression 
that they intend to handle every piece of infor­
mation that goes into and comes out of the per­
sonal commxinicator as a document of one form 
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or another. The operation to move a document MSflCBt AnSiVSiS 
from a remote base station to a hand-held sys­
tem, as it was explained, involves having the 
docviment arrive at the personal communicator 
and be exposed to all of the applications in resi­
dence, and then have each appUcation alert the 
user as to whether it can or cannot provide a 
home for the document. In this way, information 
can be sent to and received from the personal 
commtmicator, recognized by an application, 
and "attached" to that application. 

What AT&T and GO did not discuss or demon­
strate is an understanding that communication 
goes way beyond the transmission and reception 
of documents. Much of the information that wiU 
be received by and sent from personal commu­
nications devices will not be isolated or stand­
alone but will be a piece of a larger pie that 
needs to be integrated with other information 
that often exists in a different form. 

It is not clear that AT&T and GO have taken the 
commtmications metaphor far enough yet. There 
is still time, and AT&T does imderstand how to 
move enormous amounts of data from anywhere 
to an5rwhere. It will be interesting to discover 
whether or not the combination of AT&T and 
GO will be able not only to move the informa­
tion but also to move it smartly, seamlessly, and 
qtiickly. 

Without having seen the software or the hard­
ware, it is impossible to declare the AT&T and 
GO alliance a success. In some ways, Apple has 
set higher expectations within its potential user 
commimity because it has demonstrated its con­
cept of mobile computing on a hardware plat­
form that is supposed to become real in the first 
quarter of 1993. On the other hand, AT&T and 
GO have annotmced an alliance that, when cou­
pled with a third-party hardware supplier, will 
provide a product wifii just as much sizzle and 
even "more functionality" (their words) than the 
Newton. If the first efforts are not quite right, 
then the alliance has a chance to work witii 
hardware vendors to correct problems while 
continuing to work with other vendors to 
improve existing products. 

All of these personal communications/uiforma-
tion devices are still evolving. AT&T and GO 
have provided a hardware and operating system 
platform that hardware vendors can add value 
to and bring to market—and probably connect 
to an AT&T network. 

By Andrew So/bold 

Video Conferencing: Standards + Lower 
Costs = Expanded Maricet 
\^deo communication pertains principally to 
video teleconferencing, desktop teleconferencing, 
and video phones. Initially the province of a 
group of start-up companies, the hardware and 
supporting telco services are becoming a sizable 
global market. The market is being enabled by 
the strong shipment growth of 56-Kbps N-ISDN 
Hnes with accompanying service charges as low 
as 7 cents for 3 minutes in Japan and 19 cents 
per hour in the United States. One source of 
growth is a desire to reduce corporate travel 
budgets and time spent traveling to meetings, 
especially intracompany meetings. 

Market Split 
The market is moving in two directions, as 
follows: 

• Improved high-end systems for formal/cus­
tomer conferences based on proprietary com­
pression techniques and high transmission 
rates 

• Cost-effective desktop and video phone 
systems migrating to CCITT international 
standards and N-ISDN transmission rates 

With the firming of a host of CCnT standards 
concerning signaling, audio and video compres­
sion, and multipoint protocol, among others, and 
the availability of VLSI silicon to implement 
them, lower-cost equipment is on its way. To 
date, the bulk of video conferencing equipment 
has been incompatible from vendor to vendor 
(that is, no interoperability). This will probably 
continue for higher-performance equipment with 
proprietary technologies that feature video bit 
streams of 384 Kbps or greater. For desktop and 
video phone applications however, the new 
CCITT standards (see Table 1) should help 
stimulate low-cost hardware development and 
thxis broad-scale use. Engineering and design 
markets wiU be the early adopters of modestiy 
priced systems in an effort to avoid the costs of 
travel in nioney and time. 

Different Performance Classes 
As in all matters involving multimedia and 
compression, teleconferencing involves a trade­
off between compressed bit rate bandwidth and 
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Table 1 
Open Video Conference Standards 

Standard 
Name Description Status 
H.261 
H.221 
H.230 
H.242 
H.320 
G.711 
G.722 
G.728 
H.223 
H.232/H.243 
H.261 Option 
Source: CCITT 

Video coding 
Framing information 
Control and indication signals 
Call setup and discormect 
Overall requirements for N-ISDN systems 
64 Kbps PCM audio 
48/56/64 Kbps ADPCM audio 
16 Kbps audio 
Encryption 
Multipoint conferencing 
StiU-frame graphics 

Adopted 1990 
Adopted 1990 
Adopted 1990 
Adopted 1990 
Adopted 1990 
Adopted 1984 
Adopted 1986 
Adopted 4/92 
In development 
In development 
No formal activity 

quality. In this case, quality refers to the frame 
size and frame rate. It is generally believed that 
the closer video teleconferencing comes to TV 
broadcast frame sizes and rates, the better the 
perceived quality. The CCITT standards define 
two quality levels with frame rates up to 30 
frames per second (^s); CIF (352 x 288 pixels) 
and QCIF (176 x 144 pixels). QCIF is generally 
suited for desktop video and video phone iisage 
and CIF is for low-end conference room-type 
systems. High-performance systems such as 
Compression Labs' Rembrandt n offers 368 x 
480-pixel resolution (NTSC mode) and a 
maximum of 30 ^ s . The bit bandwidth on these 
high-performance systems can run from 384 
Kbps to 2.048 Mbps. High-performance systems 
currently run $25,000 and up. 

Compression Labs' Cameo Personal Video sys­
tem for Apple computers exemplifies QCIF-lilce 
desktop systems. Costing $2,000, the system 
comprises a small vertical coder box that 
attadies to the Nubus backplane and a CCD 
camera module that attaches to the top of the 
computer. It employs CLI's proprietary PV2 
video compression technology, 64-Kbps u-law 
audio PCM coding, and has 2B + D ISDN inter­
face. Apple and Windows/C)S/2 video con­
ferencing software from third parties is also 
enabling easier adoption. 

As for video phones, the AT&T 2500 offers 128 x 
112 resolution. It operates at 15 fps and retails 
for $1,500. Its target market is early adopters 
and young parents. British Telecom (witii GEC 
Marconi), >nT, and nearly all the Japanese 

handset manufacturers have either entered or are 
about to enter this market. Dataquest believes 
that the picture quality will need to reach the 
QCIF level before consimiers start buying in ear­
nest. The market shovild behave like the fax 
market: Enough people wiU have them in five to 
seven years that they can begin shipping in the 
millions. 

Key players in the video conferencing market 
include: Compression Labs, PictureTel, GPT, 
\^deo Telecom, and NEC. Other companies prin­
cipally playing in the midrange to low end are: 
Fujitsu, IBM 0apan and United Kingdom with 
B'n, Mitsubishi Electric, Oki, British Telecom, 
NTT, Siemens/Rolm, Concept Commtmications, 
and EyeTel. Other high-end players include: 
Broadband Technology, Nortikem Telecom, ABL 
Engineering, Grass VaUey Group, and Rockwell. 

Compression 
The principal open standard regarding video 
compression for real-time video conferencing is 
H.261 (also knovm as Px64), a CCTIT standard. 
It operates similarly to MPEG (uses DCTs), 
except that it is optimized for real-time encoding 
and decoding. The principal difference is that 
H.261 does its interframe comparison with only 
past and current frames and not future 
(vmknown in real-time) frames, making for 
smaller compression ratios. 

H.261 is designed to be efficient, with resolu­
tions to CIF and rates to 30 fps while generat­
ing a 56-Kbps compressed output stream for 
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transmission. Several proprietary compression 
algorithms are used today, including Compres­
sion Labs' CTX, CTX plus, and PV2, and Pic­
tureTel's SG3. Table 2 is a representative list of 
semiconductor offerings in video codec technol­
ogy. Codec alliances are strategic and necessary 
for differentiation. 

The programmable approaches appear to be 
gaining favor as silicon vendors enable the 
OEMs to encode their proprietary algorithms 
or migrate to H.261. The programmable 
approaches utilize a DSP architecture with 
RISC-like features. The AT&T and IIT chip sets 
are good examples of this. In some cases, only 
software updates by users are required to make 
the bandwidth-quality trade-off. The recently 
announced Motorola/British Telecom 3 chip set 
($100, scheduled for 1994 shipment) implements 
MPEG, JPEG, and H.261 compression, plus aU 
audio and other CCITT standards, to form a 
video conferencing engine. 

The direction of video conferencing technology, 
with the exception of programmable building 
blocks, remains firmly in the control of the 
OEMs. That is to say, the tricks needed to make 
a system perform require specialized systems 
knowledge. As volumes and design expertise 
develop, perhaps this may change as chip 
vendors tmveil integrated "engines" for mass 
applications. 

Semiconductor Opportunities 
Video telephones have a semiconductor content 
of about $150. The desktop versions ($2,000 to 
$5,000 price range) run 10 to 12 percent of value, 
and high-end versions run $25,000 and up with 
about 7 to 8 percent content. Figure 1 shows 
Dataquesf s projection of the worldwide semicon­
ductor consvunption by video telecommimica-
tions systems. Other silicon function opportuni­
ties in video conferencing include the following: 

• 8- to 16-bit A / D and D / A (perhaps integrated 
with filtering-processing functions) for audio 
and video 

• Audio codec (u-law, a-law PCM, ADPCM, 
Dolby adaptive delta modtdation) 16 Kbps, 
56 Kbps to 200 Kbps 

• Signaling and protocols functions (proprietary: 
ASIC; CCITT: programmable) 

• Preprocessing filtering ASIC (spatial and tem­
poral) for unneeded detail and postprocessing 
artifact removal (adding back information to 
smooth the image) 

• Audio-video sjmchronization (perhaps the 
biggest secret maintained by OEMs) 

• ISDN functions such as S/T interfaces and 
link control 

• 19.2 or V.Fast modem in lieu of ISDN 

• DRAM/VRAM frame buffer (1-8MB) 

Table 2 
Video Codec/Compression Semiconductor Offerings and Alliances 

Semiconductor 
Company Type OEM Patron 

Graphic Comm. Tech. (GCT) 
Motorola 
Intel 
nT 
LSI Logic 
GEC 
NEC 
NTT 
Texas Instruments 
AT&T 
SGS-Thomson 

CCTTT 
Programmable 
Programmable 
Programmable 
COTT 
Hardwired 
Programmable 
Programmable 
Programmable 
Programmable 
Hardwired 

IBM Japan 
British Telecom/IBM 
PictureTel (Canceled) 
Compression Labs 

Japanese OEM, Bellcore 
Captive 
Captive 
"Wdeo Telecom 
Captive 

C C n r = H.261, etc. 
Source: KctureTel, Dataquest (November 1992) 
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Figure 1 
Worldwide Video Teieconterencing/Plione Opportunity 
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Source: Dataquest (November 1992) 

Dataquest Perspective 
Because we are in the early stages of this 
market's development, alliances will be most 
important as OEMs seek "proprietary" methods 
to implement international standards. The other 
k ^ ingredient we observed at the recent Telecon 
Xn conference, where new hardware aboimded, 
is that time-to-market is as important as ever. 
Clearly, OEMs want design-programmable 

G2002375 

solutions that are quick to market and allow 
them to hit aggressive cost targets. The 
risk that appears on the horizon is an inevitable 
OEM shakeout three or four years down the 
road as the more efficient maniifacturers and 
marketers take over We will keep watching this 
market; stay tuned for more information. 

By Gregory Sheppard 

i 
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In This Issue... 

Market Analysis 

Semiconductor Consumption, by Application Maricet 
In this article we examine semiconductor vendor 
performance by application segment. Worldwide 
sales into each of the six major apphcation 
markets—data processing, consumer, communica­
tion, industrial, transportation, and military— f̂or 
the top 10 semiconductor suppliers are presented. 
By Nicolas Samaras Page 1 

Computer Platform Sound: A Multimedia Reality 
The need to make computers more natural and 
productive is stimulating the incorporation of 
soimd into PC and workstation application soft­
ware and hardware. Starting with entertainment, 
computer sound usage is migrating to education, 
training, point-of-infoimation, and general business 
apphcations. The demand for sound processing 
semiconductors for add-in and motherboards is 
expected to surge in the coming years. 
By Gregory Sheppard Page 7 

Market Analysis 

Semiconductor Consumption, by 
Application li/larket 
The six major application segments for semicon­
ductors—data processing, consumer, communica­
tion, indiistrial, transportation, and military— 
grew 9.4 percent in 1991 over 1990 (see Table 1). 
Worldwide revenue from semiconductor sales 
into the six major applications markets grew 
from $54.5 billion to $59.7 billion dollars. 

The Big Picture 
Figure 1 shows the split of the $59.7 billion in 
semiconductor components that made up the six 
application segments for calendar year 1991. 
Perhaps it comes as no surprise that the data 
processing segment consumed the lion's share of 
semiconductors. The semiconductor content 
decreases down the list of application segments, 
as the relative contribution of electronics gives 
way to other nonelectronic components and 
subassemblies. The semiconductor content of a 
car or a military aircraft, for example, is far 
smaller than that of a personal computer or a 
mainframe. Figure 1 also show^s that semicon­
ductor sales into the top three applications 

Table 1 
Worldwide Semiconductor Shipments, by Application Segment 
(Millions of Dollars) 

Data Processing 
Constuner 
Communication 
Industrial 
Transportation 
Military 

Total 

1990 
24,207 
11,318 
7,474 
5,847 
2,815 
2,882 

54,545 

1991 
26,742 
12,791 
8,136 
6,159 
3,054 
2,811 

59,694 

1990-1991 
Growth (%) 

10.5 
13.0 
8.9 
5.3 
8.5 

-2.5 
9.4 

Source: Dataquest (October 1992) 

Dataquest 
V A V V a company oF 
MMMB TheOun&BradstnrctCorporation 
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Figure 1 
1991 Worldwide Semiconductor Shipments, by Application Segment (Millions of Dollars) i 

Military (4%) 

Transportation (4%)-

Total = $59.7 Million 

Source: Dataquest (October 1992) 

account for more than 80 percent of aU semicon­
ductor worldwide sales. 

Figure 2 shows each market segment's perfor­
mance for the calendar years 1990 and 1991, 
along with relative contribution. 

Tables 2 through 7 list the top 10 semiconductor 
companies for each major applications segment 
for the calendar years 1990 and 1991. The tables 
provide growth rates and market share informa­
tion, along with the collective market share of 
the top 10 and top 3 players. 

Application Segment Highliglits 
Application segment highlights are as follows: 

• Intel was the top player for 1991 in data 
processing with 11.7 percent market share. 

- The top three semiconductor vendors 
controlled 27.8 percent of the market. 

- The top 10 accoimted for 60.3 percent of 
the market. 

• Matsushita was the top player for 1991 in 
consumer with 11.3 percent market share. 

- The top three semiconductor vendors 
controUed 29.9 percent of the market. 

G2CX12153 

- The top 10 accounted for 63.6 percent of 
the market. 

• Motorola was the top player for 1991 in 
communication with 12.6 percent market 
share. 

- The top three semiconductor vendors 
controUed 31.6 percent of the market. 

- The top 10 accounted for 69.1 percent of 
the market. 

• Toshiba was the top player for 1991 in 
industrial with 11.2 percent market share. 

- The top three semiconductor vendors 
controlled 28.2 percent of the market. 

- The top 10 accounted for 62.1 percent of 
the market. 

• Motorola was the top player for 1991 in 
transportation with 13.7 percent market share. 

- The top three semiconductor vendors 
controUed 29.8 percent of the market. 

- The top 10 accounted for 50.4 percent of 
the market. 

October 5,1992 ©1992 Dataquest Incorporated SAWW-SVC-DP-9210 
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Figure 2 
Worldwide Semiconductor Shipments to the Six Major Application Segments (Millions of Dollars) 

IVIillions of Dol lars 

30-t i 

2 5 -

2 0 -

1 5 -

1 0 -

m 1990 

D 1991 

1 I I r 
Data Consumer Communication Industrial Transportation Military 

Processing 

M 

Source: Dataquest (October 1992) 02002154 

Table 2 
Worldwide Semiconductor Shipments to Data Processing Applications (Millions of Dollars) 

Intel 
NEC 
Hitachi 

Fujitsu 
Toshiba 
Texas Instruments 
Motorola 
Mitsubishi 
Samsung 
Advanced Micro Devices 

Top 10 Total 
Worldwide Total 

1990 
2^32 
2,175 
1^63 
1,588 
1,511 
1,361 

917 
1,026 

853 
684 

14,310 
24,207 

1991 
3,135 
2,387 
1,920 
1,650 
1,603 
1,470 
1,087 
1,082 

956 
846 

16,137 
26,742 

Growth (%) 
1990-1991 

34.4 
9.7 
3.1 
3.9 
6.1 
8.0 

18.6 
5.5 

12.1 
23.7 
12.8 
10.5 

Market 
Share (%) 

11.7 
8.9 
7.2 
6.2 
6.0 
5.5 
4.1 
4.0 
3.6 
3.2 

60.3 
-

Top Three 
Suppliers 

(%) 
27.8 

-
-
-
~-
-
-
-
-
-
-
-

Source: Dataquest (October 1992) 
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Table 3 
Worldwide Semiconductor Shipments to Consumer Applications (Millions of Dollars) 

Matsushita 
Toshiba 
NEC 
Sanyo 
Philips 
Sharp 
Sony 
Hitachi 
Mitsubishi 
Motorola 
Rohm 

Top 10 Total 
Worldwide Total 

1990 
1,297 

1,216 
913 
801 
861 
613 

530 
633 
611 

539 
372 

7,089 
11,318 

1991 
1,446 
1,374 
1,003 

913 
890 
803 
718 
715 
714 

536 
467 

8,131 
12,791 

Growth (%) 
1990-1991 

11.5 
13.0 
9.8 

13.9 
3.3 

30.9 
35.4 

13.0 
16.8 
-0.5 
25.5 
14.7 
13.0 

Market Top Three 
Share (%) Suppliers (%) 

11.3 
10.7 

7.8 
7.1 

7.0 
6.3 
5.6 
5.6 
5.6 

4.2 
3.7 

63.6 
-

29.9 
-
-
-

-
-

-
-
- • 

-. 
.--

-
-

Source: Dataquest (October 1992) 

Table 4 
Worldwide Semiconductor Shipments to Communications Applications (Millions of Dollars) 

Source: Dataquest (October 1992) 

i 

Motorola 
NEC 
Toshiba 
Fujitsu 
AT&T 
Hitachi 
Texas Instruments 
SGS-Thomson 

National Semiconductor 
Philips 

Top 10 Total 
Worldwide Total 

1990 
896 
783 
624 
624 

539 
457 
397 
352 
364 
297 

5,333 
7,474 

1991 
1,027 

859 
687 
649 

520 
452 
411 
359 
352 
303 

5,620 
8,136 

Growth (%) 
1990-1991 

14.6 
9.7 

10.1 
4.0 

-3.4 
-1.1 
3.5 
2.0 

-3.2 
2.1 
5.4 
8.9 

Market 
Share (%) 

12.6 
10.6 
8.4 
8.0 
6.4 

5.6 
5.0 
4.4 

4.3 
3.7 

69.1 
-

Top Three 
Suppliers 

(%) 
31.6 

-
-

• - • • 

-
-.. 
-
-
r.-

• - • • 

-

-

i 
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Table 5 
Worldwide Semiconductor Shipments to Industrial Applications (Millions of Dollars) 

Toshiba 
Motorola 
Hitachi 

Texas Instruments 
Mitsubishi 
NEC 
Intel 
SGS-Thomson 
Philips 
Siemens 

Top 10 Total 
Worldwide Total 

1990 
624 
642 
316 
325 
316 
304 
289 
275 
234 

136 
3,461 
5,847 

1991 
687 
635 
414 
356 
345 
334 
313 
287 

243 
207 

3,822 
6,159 

Growth (%) 
1990-1991 

10.1 
-1.1 
31.1 

9.5 
9.3 
9.9 
8.5 
4.4 
3.7 

5Z3 
10.4 
5.3 

Market 
Share (%) 

11.2 
10.3 
6.7 
5.8 
5.6 
5.4 
5.1 
4.7 

3.9 
3.4 

62.1 
-

Top Three 
Suppliers 

(%) 
28.2 

-
-
-

• - . 

,-. 

. ^ • 

- • 

--.. 
- • 

-
-

Source: Dataquest (October 1992) 

Table 6 
Worldwide Semiconductor Shipments to Transportation Applications (Millions of Dollars) 

Motorola 
Hitachi 
Toshiba 
SGS-Thomson 
NEC 
Texas Instruments 
Siemens 
Philips 
Intel 
National Semiconductor 
Old 

Top 10 Total 
Worldwide Total 

1990 
390 
247 

203 
144 
121 
124 
174 
118 
122 
115 
103 

1,471 
2,815 

1991 
418 
264 
229 
172 
143 
137 
134 
121 
121 
112 
106 

1,539 
3,054 

Growth (%) 
1990-1991 

7.2 
6.7 

12.8 
19.7 
18.4 
10.4 

-23.1 
2.8 

-1.2 
-2.5 
2.9 
4.6 
8.5 

Market 
Share (%) 

13.7 
8.6 
7.5 
5.6 
4.7 
4.5 
4.4 
4.0 
3.9 
3.7 

3.5 
50.4 

-

Top Three 
Suppliers 

(%) 
29.8 

-
-
-
-

• • : 

^ 

-
-
- • 

-
« 

-
Source: Dataquest (October 1992) 
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Table 7 
Worldwide Semiconductor Shipments to Military Applications (Millions of Dollars) 

Harris 
National Semiconductor 
Texas Instruments 
Analog Devices 
GEC Plessey 
Motorola 
LSI Logic 
SGS-Thomson/TMS 
Advanced Micro Devices 
Intel 
Philips 

Top 10 Total 
Worldwide Total 

1990 
263 
165 
154 

140 
120 
155 

100 
93 

124 

T7 
54 

1,182 
2,882 

1991 
212 
160 
145 

144 
120 
114 

101 
88 
86 
80 
61 

1,099 
2,811 

Growth (%) 
1990-1991 

-19.5 
-2.9 
-5.?> 

2.5 
0.0 

-26.4 
0.5 

-5.0 
-30.8 

4.4 
12.3 
-7.1 
-2.5 

Market 
Share (%) 

7.5 
5.7 
5.2 

5.1 
4.3 
4.1 

3.6 
3.1 

3.1 
2.9 
2.2 

39.1 
-

Top Three 
Suppliers 

(%) 
18.4 

-
-

- • 

-
-
-
-
-
-

-
-
-

Sovirce: Dataquest (October 1992) 

• Harris was the top player for 1991 in military 
with 7.5 percent market share. 

- The top three semiconductor vendors 
controUed 18.4 percent of the market. 

- The top 10 accounted for 39.1 percent of 
the market. 

The Market Segments 
Table 2 lists the top 10 semiconductor companies 
seUing components for data processing applica­
tions. Intel is No. 1 and continued to be the 
dominant vendor of microprocessors for per­
sonal computers. With significant sales of 386 
and 486 devices, it captured by some accounts 
nearly 80 paxrent of the semiconductor content 
(in terms of dollars) per PC motherboard. Simi­
larly, Advanced Micro Devices (AMD) enjoyed 
strong growth that can be attributed primarily to 
its 386 micropTocessor sales. Other companies 
with substantial growth include Motorola and 
Samsvmg. 

The top three suppliers captured 27.8 percent 
of the data processing market segment; the 
top 10 companies were responsible for 60.3 per­
cent of semiconductor sales to data processing 
applications. 

Motorola's sales into the communications mar­
ketplace grew by almost 15 percent in 1991 

(see Table 4). NEC and Toshiba also grew sub­
stantially in what was a rather average year for 
commvmication, with 8.9 percent overall semi­
conductor market growth. 

Table 7 tells a story that wiU probably not svir-
prise anyone. The collapse of the Soviet Union 
and the Eastern Bloc and the accompanying 
reduction in East-West tensions brought the axe 
to the military budget in the United States. This 
is reflected in the overall decline of 2.5 percent 
in the military market segments. Nearly every 
vendor selling into this market experienced a 
negative growth. Hardest hit were Harris, Moto­
rola, and AMD. 

Dataquest Perspective 
All but one of the major semiconductor appli­
cation segments—^military—grew in a diffioilt 
worldwide economic environment, a fact that 
imderhnes today's reality: Semiconductors have 
become indispensable in our everyday life. We 
expect a lower overall semiconductor growth of 
5.4 percent (dollar based) in 1992. With respect 
to the application segments, data processing is 
expected to lead the pack again, growing by 
7.3 percent. Communication will grow 5.1 percent, 
industrial 4.6 percent, consumer 3.4 percent, and 
transportation 5.9 p)ercent. The military segment 
is expected to show no growth. 

October 5,1992 ©1992 Dataquest Incorporated SAWW-SVC-DP-9210 
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However, the 1993 forecast is much brighter, 
with double-digit growth rates in the mid-
teens for all but the military segment, which, by 
the way, is forecast to grow by nearly 6 percent. 
The 1994 picture is just as bright, with an 
overall semiconductor market growth rate of 
13.7 percent. 

There is no question that the industry has gone 
through some trying times and has undergone 
significant structural changes. In the process 
most vendors have emerged and are emerging 
better equipped to handle todajr's markets. The 
good news for semiconductor vendors is that 
relative prosperity is ahead. 

By Nicolas Samaras 

Computer Platfomi Sound: A Multimedia 
Reality 
Nearly all PCs and workstations are capable of 
generating sound from a small embedded 
speaker. Most often this sound capability is 8-bit 
monaural and can only be accessed via applica­
tion program calls such as those generated by 
most video games. The majority of systems 

cannot accept user sound inputs such as voice 
or music, but things are changing. The use of 
sound is expected to evolve, becoming more 
sophisticated as it expands beyond its video 
game roots into applications such as voice anno­
tation, CD quality music, and interactive train­
ing (see Figure 1). 

Sound Developments: Standards and DSP 
Rollout 
The huge success of Creative Labs' Sovmd 
Blaster add-in board products has captured the 
interest of the computer industry. Creative Labs 
and its competitors capitalized on the large 
installed base of home PCs and sound-laden 
entertainment titles. The success has helped 
stimiilate establishment of sound standards. 
Standardized operating system environments 
(for example, Quicktime, DOS Multimedia 
Extensions, and Windows 3.1 MCI) and applica­
tion program interfeces (APIs) in partictilar are 
stimulating the development of soimd-embedded 
software progranns and titles. Object linking and 
embedding within advanced, multitasking oper­
ating systems wiU further stimulate sound in 
mainstream business desktop applications. 

Figure 1 
The Evolution of Computer Sound 

T o d a y 

Sound board: add-on 

Microphone: add-on 

Speaker: mono/add-on 

Standard GUI 

MIDI: Add-on, synthesized 

Limited speech recognition 

Tomorrow 

Embedded sound subsystem 

Embedded microphone 

Embedded stereo speakers 

Sound user interface 

MIDI: command processor, 

sampled 

Continuous word speech 

recognition 

Text-to-speech 

Voice mail 

Source: Dataquest (October 1992) GZ00157S 
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Several important recent announcements within 
the world of computer soimd are as foUows: 

• Apple Computer is understood to be working 
with AT&T Microelectronics for incorporation 
of its DSP technology on certain high-end 
offerings to be introduced soon. 

• IBM is incorporating Texas Instruments' DSP-
based mWave technology into its platforms 
for 1993. The DSP subsystem will also 
manage modem and fax processing. 

• Microsoft is rumored to be working on a next-
generation sound board capability known as 
'Toghom." 

• Over the last year the IBM-compatible plat­
form market has witnessed Creative Labs' 
Soimd Blaster become a de facto standard 
claiming more than 1,000 compatible software 
titles and shipment of more than 1 million 
boards. Media "Wsion and others have joined 
Creative Labs in offering compatible products 
for the VWndows 3.1 environment. Yamaha's 
OPL 3 FM sjmthesis technology also became 
a de fecto standard. Media \ ^ ion has a rela­
tionship with Cirrus Logic to design and mar­
ket a multiniedia audio chip set. 

• Analog Devices, Compaq Computer, and 
Microsoft have joined forces on a project 
known as "Business Audio." The purpose of 
this project is to develop hardware and soft­
ware that enriches business applications 
under Windows 3.1 with sound "annotations" 
or files. Based on Analog Devices' SoundPort 
chip, this sound subsystem is capable of 
16-bit, 44.1-KHz (CD-quality) sovmd I/O. 
Lemout and Hauspie is working with Analog 
Devices to provide speech recognition and 
speech-to-text software for its DSP processors. 

Apple's line, the Commodore Amiga, and 
NeXT's Cube are the best early examples of 
sophisticated soimd use by platforms. NeXT 
employs a Motorola 56001 DSP MPU in aU its 
computers for processing speech and music. 

In Japan, Fujitsu's FM Towns multimedia PC 
with CD-qtiality sound is shipping well into 
the education market. More than 200,000 units 
are claimed to have shipped through 
mid-1992. 

Built into Tandy's new^ Sensation PC is Yama­
ha's Magic chip set for sound processing. 

Sound Technology and the Future 
The basic trend is toward 16-bit stereo (or niore 
channels), with CD-quality sampling at 44.1 
KHz and a musical instrument digital interface 
(MIDI)—despite a lack of 16-bit stereo applica­
tions. Another trend is toward the use of more 
sophisticated synthesis and sampled sotmd to 
replace or complement FM synthesis in repro­
ducing sound (see Figure 2). This addresses the 
complaint that computer sound has an "arcade 
game" quality. Sampled sound uses actual ROM-
captured soimd elements of instruments, among 
others, to produce higher-fidelity music and 
sounds. 

The key assumption behind these trends is that 
a higher performance standard will emerge 
beyond the MFC current specification. A key 
enabler will be development of tities that take 
advantage of the higher CD-quality sound. 

Soimd processing functions will be implemented 
in both standard ICs or ASSP chip sets with 
DSP cores, or as programmable DSPs, or as cell-
based ASICs. The ASIC solution is the most 
popular as proprietary technologies battie for 
market dominance. However, it is giving way to 
ASSP approaches (see Figure 3). ASSP chip sets 
for digital sound processing and MIDI synthesis 
range in price from $20 to $60 (sampled sound 
is more). Companies with computer sound chip 
sets include: Cirrus Logic/Mecila Vision, Analog 
Devices, Yamaha, Matsushita, Sierra Semicon­
ductor, AOM, E-mu Systems, Roland, Zoran, 
Philips, Integrated Circuit Systems, Information 
Storage Devices, and Ensoniq. Yamaha OPL 3 
chips are the most widely used. 

Sound is also migrating to programmable DSP-
based motherboard subsystems that can time-
share among sound/music capture and output, 
fax, modem, voice mail, speedi recognition, and 
speech-to-text, lime-sharing this hardware 
investment is making it possible to add all these 
features at once. Likely hardw^are vehicles for 
executing that functionality are DSP MPU ICs 
varying from 16 to 32 bits and integer and float­
ing point in capability. The amount of time­
sharing tasks and compression processing will 
determine the performance level. 

Numerous digital, mixed-signal, and analog 
semiconductor opporttmities are available on 
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Figure 2 
Computer Sound Technology Trend 
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Source: Dataquest (October 1992) 

sound add-in boards and sound subsystems of 
motherboards, as follows: 

• DSP MPUs or custom versions with DSP cores 
(16- to 32-bit) 

• Cell-based ASICs (CMOS, 40,000 gates) 

• 8, 12, 16 A / D and D/A converters (up to 
44.1-KHz sample rate) 

• ADPCM codec (up to 4:1 compression) 

• FM sjmthesizers (for MIDI), sampled sound 
(0.5-4MB of ROM, EPROM, flash) 

• Sound source mixer, audio filters, amplifiers 
(up to 5W) 

• FIFO (64 bytes), buffer (up to IM slow 
SRAM) 

• MIDI interface (UART), MIDI command 
processor 

• Host bus transceivers/buffers 

• Optional: SCSI interface 

G2002152 

independent Algorithms: Have Standard, Wili 
Travei 

Companies such as AT&T with its DSP32 VCOS 
software environment, Texas Instruments' 320xxx 
series ICs with its mWave software, and Analog 
Devices with its Sigital Computing approach are 
providing hardware alternatives bimdled with 
second-party-developed software algorithm 
libraries. These "living" and "updatable" librar­
ies cem be invoked by user application via one 
of the standard APIs and can include the follow­
ing algorithms (from AT&T Microelectronics): 

• MPEG audio 

• DTMF decode/generate 

• G.722 audio coding 

• V.32 9600-baud fex modem 

• V.29 9600-baud fax modem 

• MPC music s)aithesizer 

• Speech recognizer 
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Figure 3 
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• HQ call process detection 

• Handwriting recognition 

• Video and image handling 

• SBC speech coder telephone interface 

• Sample rate conversion 

• CD-ROM/XA audio coding 

• V.22bis 2400-baud modem 

• MPC MIDI interface 

• LD CELP speech coder 

• Text-to-speech synthesis 

• Caller ID 

• Speakerphone AEC 

Sound Board Players 
The sound board market was launched into its 
current state by offerings from Creative Labs 
and AdLib. Since then, AdLib has had financial 
trouble and Creative Labs has zoomed to 

Figure 4 
Worldwide Computer Sound* Semiconductor Forecast 

rmllion-plus volumes with its Sound Blaster line. 
We estimate that Creative Labs wiU have 50 per­
cent of the 1992 market and Media Vision 30 
percent. Other OEMs include: ATI Technologies, 
Cardinal Technologies, Digitan Systems, Digide­
sign, E-mu Systems, IBM, Roland, RTM, Spectral 
Synthesis, Sunrize Industries, Turtle Beach, Video 
Associates, VocalTec, and Zoltrix. 

A Sound Forecast 
Figures 4 and 5 show the semiconductor oppor­
tunity for sound processing on computer plat­
forms. Key assumptions and observations 
include the following: 

• Demand for sound processing (principally 
voice and music input and output) will 
migrate from home upgrades to business 
audio. 

• Critical mass of uses will develop, including 
existing applications that incorporate sound 
annotation; sovmds wiU become treated as 
objects within operating system environments 
(that is, soimd icons). 

Sound Boards/Subsytems 
(Millions of Units) 

Semiconductor Consumption 
(Millions of Dollars) 
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Source: Dataquest (October 1992) Ga001S9B 
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Figure 5 
Worldwide Computer Sound Semiconductor Forecast, by Type 

1991 1996 
Interface, etc, (10%) Interface, etc. (8%)^ 

Total = $71 Million Total = $401 Million 

Source: Dataquest (October 1992) 

• Sound will become a standard feature on 
nearly every motherboard toward the end of 
the decade. DSP-based subsystems that can be 
shared with fax/modem will be employed 
utilizing software-processing algorithms. 

• Compressed 16-bit and stereo sound applica­
tions will become more prevalent. 

• Sampled sound and other more sophisticated 
techniques will eventually replace FM sjm-
thesizers in MIDI applications. 

Dataquest Perspective 
The time is now to form strategic partnering 
and supplier relationships. With second-
generation sound board and motherboard 
products coming out soon and the third genera­
tion on the drawing board, the opportunities for 
volume design wins need to be pursued closely. 

G2001599 

There is plenty of opportunity to add value with 
tailored and multifunctional semiconductor 
products. We recommend that semiconductor 
companies try to work with a major patron 
before defining new integrated products and 
leave some room for other OEMs to customize 
variants of the core technology. Time-to-market 
and price might be one thing for the customer, 
but differentiation is another. 

By Gregory Sheppard 

In Future Issues 

The following topic will be discussed in a future 
issue of Semiconductor Application Markets 
Worldwide Dataquest Perspective: 

u Personal information and communication 
devices 

i 
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Market Analysis 

Winds of Change in Mass Storage 
Micro rigid disk drives (RDDs) are becoming real, 
as evidenced by the number of suppliers already 
committed to the 1.8-inch form factor. The 1.3-inch 
RDD has been launched by Hewlett-Packard, and 
everyone is waiting to see whether it will success­
fully challenge memory cards and solid-state disks 
in hand-held computers. Is this business as usual 
for RDD and semiconductor manufacturers? Where 
are the opportunities and what will it take to 
succeed? 

By Nicolas Samaras Page 1 

Worldwide Electronics Production: A Mixed Recovery 
The year 1992 is expected to witness a mild 
recovery in global electronics production. Led by 
the Asia/Pacific countries and the United States, 
semiconductor demand growth is expected to be 
highest in the automotive sector, followed by 
communication. This article presents Dataquesf s 
forecast and assumptions, and details on which 
electronic products are driving growth. 

By Gregory Sheppard Page 8 

Turbocharged Modems: V.Fast Takes Off 
This article examines an emerging standard for 
high-performance modems. The need for high­
speed telephone line WAN commvmication is 
exceeding V.32bis capability, and V.Fast is the 
likely follow-on. This article reviews the status of 
this technology, the key offerings, and players. 

By Charles Boucher Page 11 

Market Analysis 

Winds of Change in Mass Storage 
Emerging micro rigid disk drives (micro RDDs), 
as exemplified by the 1.3-inch RDD recently 
launched by Hewlett-Packard, are challenging 
memory cards and solid-state disks used in 
hand-held PCs. How will RDD and semiconduc­
tor manufacturers react to this challenge? We 
will address that question in this article, but first 
ŵ e examine the RDD forecast provided by 
Dataquesf s Computer Storage group. 

Table 1 shows the actual 1991 tmit shipments as 
well as the forecast through 1996 (1.3-inch drives 
are not included because they have yet to be 
shipped). It is evident that the 1.8-inch form fac­
tor is expected to be on a rapid growth curve; 
Dataquest projects a compoimd annual growth 
rate (CAGR) of 345.8 percent from 1991 to 1996. 

Demand, of cotirse, is driven primarily by need 
in portable computing. The 1.8-inch drives 
represent the first new RDD form factor 
designed firom the ground up to address rugged-
ness (or abuse), low power consumption, size 
constraints, and weight. However, tiiese drives 
will remain relatively more expensive on a cost-
per-megabyte basis when compared with the 
3.5-inch drives, which are expected to dominate 
desktop PC applications for the forecast period. 
Gigabyte-class 3.5-inch drives are now finding 
their way into workstations, servers, and disk 
arrays. 

The 2.5-inch drive is expected to be the medium 
of choice for notebook-size and pen-based PCs. 
Both the 5.25- and 8- to 10-inch drives are on a 
steep decHne. The 14-inch form factor should be 
gone by 1995. 

The 1.8-inch drives shown in this forecast for the 
first time indicate how quickly new form factors 
materialize as life cycles shrink along with size. 
The pace of innovation and new product 
introductions remains relentiess. 
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Table 1 
Woridwide Rigid Disk Drive Market Shipments (in Thousands) 

1.8-Inch 

2.5-Inch 

3.5-Inch 

5.25-Inch 

8-10-Inch 

14-Inch 

Total 

1991 

4 
3,378 

25,421 

3,154 

466 
80 

32,504 

1992 

332 
5,672 

28,416 

2,584 

421 
39 

37,465 

1993 

1,410 

9,660 

31,332 

1,714 

382 
10 

44,508 

1994 

4,793 

12,060 

33,960 

1,000 

286 
1 

52,101 

1995 

6,072 

13,260 

39,020 

840 
212 
0 

59,404 

1996 

7,394 

14,800 

46,960 

574 
94 
0 

69,822 

CAGR (%) 
1991-1996 

345.8 

34.4 

13.0 

-28.9 

-27.4 

-

16.5 

Source: Dataquest (September 1992) 

Table 2 
Rigid Disk Drive Market Worldwide Consumption (Factory Revenue in Millions of Dollars) 

1.8-Inch 

2.5-Inch 

3.5-Inch 

5.25-Inch 

8-10-Inch 

14-Inch 

Total 

1991 

1 
816 

5,663 

2,435 

8,725 

1,841 

19,482 

1992 

90 
1,150 

6,521 

2,289 

8,396 

946 
19,392 

1993 

313 
2,169 

7,441 

1,476 

7,671 

217 
19,287 

1994 

684 
2,834 

10,061 

936 
5,148 

26 
19,689 

1995 

782 
3,186 

11,547 

882 
3,338 

0 
19,735 

1996 

799 
3,260 

13,790 

562 
1,377 

0 
19,788 

CAGR (%) 
1991-1996 

254.5 

31.9 

19.5 

-25.4 

-30.9 

-: 

0.3 
SoxjTce: Dataquest (September 1992) 

Worldwide revenue from RDD sales is expected 
to grow marginally at a 0.3 percent CAGR for 
the forecast period as a result of current and 
expected future significant pricing pressures 
on drive manufacturers from PC vendors (see 
Table 2). In essence the PC price wars will be 
felt aU the way down the food chain by semi­
conductor component suppliers and could force 
some weaker players out of the RDD market. 

Semiconductor Component Market for RDDs 
The good news for semiconductor vendors is 
that the disk drive market is growing at a 
healthy rate. As seen in Table 1, the small form 
factor drives show significant growth, both in 
terms of units as w^ell as revenue. This in turn 
translates to a stable market for vendors that 
provide disk drive semiconductor components. 
Revenue will grow from about $2.4 billion in 
1991 to ahnost $2.6 biUion by 1996 (see Table 3). 
Semiconductor vendors should focus their 

energy on the smaller form factor drives— 
3.5-inch and below. The need for integration and 
new component development is most urgent at 
this micro RDD level. Opportunities exist for 
providing customized DSPs (for RDDs) to han­
dle needs for drive control, as w^ell as for servo 
and motor control. Another opportunity is the 
bus interface for SCSI, PCMCIA or IDE types, 
functions that need further integration. ITie 
PCMCIA interface is gaining acceptance and is 
expected to be perhaps dominant in the Personal 
Information and Communications Device 
(PicDee, or PICD) class of machines. 

Semiconductor Opportunities 
Changes in the disk drive market—domination 
by large form fector drives to mainly small 
drives—must be reflected in the portfolio of 
devices supplied by semiconductor vendors. 
The move clearly is to reduce the nrmiber of 
components per drive. This is necessary for 
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Table 3 
Rigid Disk Drive Worldwide Semiconductor Market Factory Revenue (Millions of Dollars) 

1.8-Inch 

2.5-Inch 

3.5-Inch 

5.2S-Inch 

8-10-Inch 

14-Inch 

Total 

1991 

0.3 
146 
839 
338 
872 
202 

2,398 

1992 

17 
193 
948 
313 
840 
104 

2,414 

1993 

59 
340 

1,053 

192 
767 
24 

2,434 

1994 

121 
434 

1375 

109 
515 
3 

2,557 

1995 

126 
477 

1,522 

106 
334 
0 

2,565 

1996 

130 
488 

1,770 

68 
138 
0 

2,594 

CAGR (%) 
1991-1996 

236.8 

27.3 

16.1 

-27.4 

-30.8 

-

1.6 
Source: Dataquest (September 1992) 

power and cost reduction and because there is 
no space to accommodate a large nvtmber of 
(lower-level integration and often less expensive) 
components. 

In an earlier treatment of this subject we sug­
gested that movement was toward a single-chip 
disk drive component, and there is evidence that 
such chips wiU be introduced shortly. However, 
we shotdd clarify what we mean by a single-
chip disk drive controller: not a single-chip solu­
tion (that is, one IC per drive) but rather a 
mixed-signal device that integrates whatever 
functions are technologically and economically 
possible. That in essence leaves a two- or three-
chip solution, depending on whether the drive is 
in the "super low^ end" or the low to midrange 
of performance and capacity. The components of 
the three-chip solution woidd be the preamp IC, 
the drive controUer IC, and a memory IC. For 
the two-chip solution, the memory would be 
integrated into the controller. This configuration 
is not meant to address all disk drives but it 
will be suited for RDDs that will go into Pic-
Dees and other low-cost, hghtweight devices. 
The higher-performance and -density drives will 
undoubtedly use more ICs. Figure 1 shows 
AT&T Microelectronics' vision of how such inte­
gration is expected to take place over a short 
period, integrating in the process 15 separate 
devices into three MOS ^ S P s . 

Figure 2 shows relative changes in disk drive 
semiconductor content. The actual dollar value is 
expected to change very httle for the forecast 
horizon. The semiconductor content for small 
drives is about $40. 

The Winds of Change 
Is there any evidence to suggest changes in the 
mass storage industry, and what sort of changes 
are we seeing? The answers to the first question 
depends on how^ a disk drive, or better yet a 
mass storage device, is defined. If the traditional 
definition is expanded to include flash memory 
(semiconductor)-based solid-state disks (SSDs), 
then the answer is yes. Further confusing the 
issue is what one considers to be a mass storage 
company. For example, is Intel also a mass 
storage company? What about SunDisk, whose 
products are silicon-based? 

No one is taking chances, if the Intel-Conner 
Peripherals joint venture is any indication. It is 
very unlikely that Conner feels threatened by 
flash memory-based SSD alternatives to RDDs 
for the near futvire. However, it early on realized 
the potential of the new technology and opted 
to capitalize on the opportimities to expand 
sales. Besides, the chosen route (teaming with 
Intel) offered the most logical and sjonbiotic 
relationship, with each company contributing 
strengths to the partnership: flash memory tech­
nology from Intel and subsystems storage exper­
tise from Conner. More such alliances should be 
on the way in an attempt to serve the needs of 
the mass storage marketplace, and should come 
as no surprise to the participants. For companies 
looking at entering the market, this is food for 
thought. 

Forecast Uncertainties 
The 3.5-inch hard disk drives represent the 
dominant form factor, at least through 1996 (see 
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Figure 1 
MOS ASSP Mass Storage Product Functions i 
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Source: AT&T Microelectronics G2001501 

Figure 3). From a Semiconductor AppHcations 
Service standpoint the wild card in tihis market 
forecast is the emergence and quick acceptance 
of the new small form factor hand-held comput­
ers, that is, the PicDee. 

As a category, PicDees describe hand-held PCs 
such as Apple's Newton and future HP-95LX 
type derivatives, as well as small pen-based 
machines. VWU such devices be in volume pro­
duction by 1996? If they are, what form of mass 
storage will they use? The answers may depend 
on one's point of view. 

For PicDees to be successful, they must be 
small, light, easy to use (intuitive), and relatively 
inexpensive. They also must possess good 

communications capabilities. Tlie need for porta­
bility and light weight dictates the mass storage 
requirements. PICDs are not meant to replace 
desktop PCs and as a result are not reqidred to 
incorporate excessive amounts of software. The 
bare minimum amount of mass storage is need­
ed. Becatise PicDees will communicate over 
wireless (or wired) networks with mainframes, 
home, and office computers, embedding massive 
amotmts of storage solves no problems. Indeed, 
it adds weight, power consttmption, and cost. 
Forecast uncertainty results from the possibility 
of early PICDs' success, which may consume 
substantial volumes of 1.3-inch (or smaller) 
drives. In such a case, this forecast may be con­
servative becavise it does not fully address that 
new PC subcategory. 

September 7,1992 ©1992 Dataquest Incorporated SAWW-SV&-DP-9209 
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Figure 2 
Estimated RDD Semiconductor Dollar Content, 1991 and 1996 
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Source: Dataquest (September 1992) 

Cost Alternatives: Micro Drives versus 
Solid-State Storage 
We know that at present semiconductor storage 
is a rtiuch more expensive form of mass storage 
than are RDDs, so why discuss the matter? The 
reason is that the new generation of PICDs may 
or may not use RDDs for mass storage, depend­
ing on the outconne of a head-on conipetition to 
satisfy the following conditions, which are seen 
as necessary for adopting a mass storage medi­
um: Mass storage devices for use in PICDs must 
be rugged, small and lightweight, low in power 
constunption, and inexpensive. 

So far RDDs have not satisfied these require­
ments. SSDs do well with the first three, but are 
about five times the price of RDDs. The 1.3-inch 
RDDs are expected to do better addressing the 
conditions. But SSDs are expected to close the 
cost gap to 3.5 times that of the 1.8-inch drives 
by 1996 and perhaps to do even better when 
compared with 1.3-inch or smaller RDDs. Ulti­
mately, of covirse, cost determines whether a 
particular technology gets used or not. But are 

Q2001502 

we talking about the cost per megabyte or the 
overall system cost? This is the key question and 
it involves a bit of an vmderstanding and predic­
tion of the ways PICDs will be used. 

Because PICDs are not going to replace desktop 
PCs but instead will be the take-along device, 
there is no need to duplicate the power of the 
desktop. Instead we need to tap into that power 
remotd.y, thus the emphasis on the commxmica-
tions capabilities of PICDs, which in turn dic­
tates that only a small amount of mass storage 
may be needed for local processing. Thus, 10- to 
20MB may suffice (effective storage of 20- to 
40MB witii compression). The SSD cost of the 
system should be $50 to $100 by 1995. It is 
imlikely that a 20MB, 1.8-inch drive will cost 
$30 (20 tunes $1.50), as such a cost is based on 
a much higher disk density. The most Ukely 
scenario is that the SSD and the HDD will cost 
the same for that density. If that happens, then 
soUd-state storage will be the medium of choice, 
because it fares much better for the requirements 
delineated earlier. 

SAWW-SVC-DP-9209 ©1992 Dataquest Incorporated Sepismber 7,1992 
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Figure 3 
Woridwide RDD l\/lari<et Sliipments (in Thousands) 

Thousands of Drives 
70-

60-

5 0 -

4 0 -

3 0 -

2 0 -

10-

^ M 

1 1 \ \ r 
1991 1992 1993 1994 1995 1996 

(3 14-Inch 

8-10-Inch 

5.25-Inch 

• 3.5-Inch 

2.5-Inch 

1.8-Inch 

i 

Source: Dataquest (September 1992) 

So, is it time for semiconductor vendors to 
celebrate? RDD manufacturers offer formidable 
competition for anyone that ventures into the 
mass storage arena with SSD solutions. And so 
far RDD makers have been able to come up 
with substantial cost and technology break­
throughs whenever the requirements demanded. 
The infamous cost per megabyte curves for 
RDDs and SSDs have been drawn so as to cross 
over at some point, and that point has been 
moving forward for the past 20 years (see 
Figure 4), sparking many heated debates in the 
process. The real question is whether these two 
curves must cross. Given the preceding discus­
sion, the answer may be no. 

Figure 5 shows Dataquesf s cost-per-megabyte 
estimates for flash memory-based SSDs and 
RDDs. The l.S-inch drive is used for comparison 
because it represents the cvuxent candidate 
(along with the l.S-inch) for head-on competi­
tion with solid-state storage in the emerging 
PICD market. 

G2001503 i 
Dataquest Perspective 
Business as usvial continues for RDD vendors, 
with voltunes going up for the new micro 
RDDs, severe price pressures from users, and 
shrinking life cycles. Semiconductor vendors face 
a similar fate. What seems to be a bit different 
now is that these two groups of vendors might 
be developing an identity problem. It used to be 
easy telling a disk drive mass storage company 
from a semiconductor company, but not any 
more. Semiconductor vendors are becoming 
mass storage houses and RDD companies are 
becoming suppliers of solid state storage—it 
may be die oiUy way to stay in the mass storage 
business (in the long run) and make money. 

Earlier we suggested that there may be a move 
to single-chip disk drive controllers. This 
suggestion appears to be backed now by plans 
for such silicon from semiconductor vendors. 
That should be good news for everybody. 

By Nicolas Samaras 

i 
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Figure 4 
Cost per Megabyte, RDDs and Solid-State Disks 

Cost per Megabyte 

"—• Solid-state Disks 

Rigid Disl< Drives 

* Crossover Point 

Time 

Source: Dataquest (September 1992) G2001&04 

Figure 5 
Cost per Megabyte, 1.8-Inch RDDs versus Flash Cards 

Source: Dataquest (September 1992) GEOO1505 
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Worldwide Blectonics Production: A 
Mixed Recovery 
Dataquest expects electronic equipment produc­
tion to recover modestly from growth of 3.0 per­
cent in 1991 to 3.7 percent growth in 1992 (see 
Figure 1). Valued at $641 billion in 1991, global 
electronics production is expected to reach 
$857 billion in 1996. However, 1992 growth will 
be geographically sporadic, with North Ameri­
ca's market recovering, Japan declining, Europe 
being mixed but sluggish, and Asia-Pacific/Rest 
of World continuing its double-digit growth (see 
Figure 2). Selected electronics categories are 
ranked by growth rate in Figure 3. 

Dataquest projects global recovery in capital 
and constuner spending for 1993 in each region 
of the world, with each hardware category 
benefiting. 

North America: iVIodest Recovery, 
Niclte Opportunities 
Expected GDP growth rates for the United States 
and Canada in 1992 are 2.1 percent and 1.6 per­
cent, and 4.0 and 2.2 percent in 1993. Valued at 
$215 billion in 1991, North American electromc 
equipment production is expected to reach 
$267 biUion ki 1996. Capital investment growth 
is leading these economies out of the recession, 
while higher-than-average vinemplojmient helps 
curtail consvuner spending. Election year opti­
mism is having less of a positive effect. Key 
growth factors for electronics over the near term 
will be as follows: 

• Surging PC unit demand during svimmer 1992 
as most vendors cut prices 25 to 30 percent; 
demand is expected to slow by fall 

• Surging workstation demand along with high-
performance networking such as FDDI, and 
uitemetworking equipment 

• Rebounding domestic production (up 10 per­
cent year-to-date) of automobiles and accom­
panying electronics 

• Retrenching military spending not being made 
up by civil space and aircraft industries 

North American Free Trade Agreement 
Now signed by the leaders of the United States, 
Mexico, and Canada, this agreement offers the 
potential of creating the world's largest free 

trade bloc. There is stiU some uncertainty as to 
whether the legislative bodies of the countries 
will ratify the agreement, as there remains much 
fear about job loss. The U.S. congress will not 
begin deliberations tintil after the November 
elections. 

The primary impact on electronics wiU be local 
content requirements on ciroiit boards and 
automotive subassembUes. 

Europe: EC iVIandates, Automation Continues 
High interest rates caused by Geimanj^s reunifi­
cation borrowing is putting a damper on most 
of Europe's national economies, whose curren­
cies have become tied to the deutsche mark. 
Expected growth rates for the U.K., German, and 
French economies are 0.5 percent, 2.1 percent, 
and 1.1 percent, respectively, in 1992, with 
acceleration to 2.2 percent, 2.7, and 2.8 percent 
in 1993. Valued at $163 biUion in 1991, European 
electromc equipment production is expected to 
reach $221 bilhon in 1996. Key drivers of 
Evuxjpe's electronic production include the 
following: 

• Ongoing EC mandates for local content con­
tinues to add several percentage points of 
growth as U.S. and Japanese companies con­
tinue building or contacting European produc­
tion capability (for circviit board assembly) 

• Ongoing office automation penetration as PCs, 
workstations, and peripherals remain under-
diffused relative to the United States 

• Ongoing strength of European telecom com­
panies such as Ericsson as they take a leader­
ship position in the global market for commu­
nications equipment 

• Slowly rising consvuner demand out of 
Eastern Europe 

Japan: Bubble Bursts 
Japan's gross domestic product wiU grow 
2.0 percent in 1992 and accelerate to 3.3 percent 
in 1993. Domestic capital and consvimer spend­
ing will remain sluggish while exports remain 
slow because of trading partner sluggishness. At 
press time the Nikkei index continued to fall, 
dramatically impacting Japanese management 
thinking about capital investment. Saturated 
constuner markets abroad are not picking up the 
slack in domestic electronics demand. V^ued at 
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Figure 1 
Worldwide Electronic Equipment Production Forecast 

Source: Dataquest (September 1992) G20015OS 

Figure 2 
Worldwide Electronic Equipment Production Forecast (by Geographic Region) 

Percentage Growth 
20-rt 

1 5 -

1 0 -

5 -

M 
1991 1992 1993 1994 1995 1996 

North America • Japan Europe ^ Asia-Pacific/ROW 

Source: Dataquest (September 1992) G2D01507 
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Figure 3 
Selected Electronic Equipment Market Rankings i 
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Source: Dataquest (September 1992) 

$176 billion in 1991, Japanese electronic equip­
ment production is expected to reach $212 bil­
lion in 1996. Key factors affecting Japan's pro­
duction include the following: 

• Continual movement of production once 
based in Japan to other parts of the world, 
mainly to address local content and joint-
venture provisions 

• The emergence of a strong workstation market 
and a solid position in multimedia-needed 
optical drives 

• The rollout of ISDN and mobile com­
munication networks as Japan upgrades its 
infrastructure 

• Next big consumer products are personal 
information and communications devices 
(PICDs), next-generation audio (minidisk, 
among others), and karaoke. 

G2001508 

Asia-Pacific/ROW: Indigenous Markets 
Complement Exports 
Most Asia-Pacific/ROW economies continue 
double-digit or near-double-digit growth as 
indigenous demand complements their export 
orientation. Valued at $86 billion in 1991, Asia-
Pacific/ROW electronic equipment production 
is expected to reach $156 billion in 1996. Key 
growth factors to note include the following: 

• The emergence of more "tigers," such as 
Thailand, Malaysia, and Indonesia 

• Continual investment by Japan, the United 
States, and Eviropean OEMs into plants and 
joint ventures as commoditization (that is, 
cost sensitivity) of desktop computers and 
peripherals continue i 

September 7,1992 ©1992 Dataquest Incorporated SAWW-SVC-DP-9209 
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• Sizable infrastructure projects in public com-
mimication and factory automation 

• Possible negative impact by North American 
trade agreement 

Emerging Markets 
Within each, and sometimes between each, of 
Dataquesf s forecast categories there are niomer-
otis incubating hardware markets that are any­
where from two to five years away from signifi­
cant volume. Some of those include the 
following: 

• PICDs (Personal Information and Commtmica-
tion Devices) 

• Pen-based computers 

• Digital video/sovmd cards (multimedia) 

• Personal workstations (for example, P-5 
based) 

• Solid-state storage/memory cards 

• Sub-3.5-inch magnetic disk drives 

• CD-ROM/XA, rewritable optical 

• RAIDS (redundant arrays of inexpensive 
disks) 

• Color laser printers 

• Hand-held terminals 

• Smart cards 

• Intelligent point-of-sale systems 

• Internetworking (bridges, routers, hubs, and 
gateways) 

• N-ISDN terminals and networks (N = narrow 
band) 

• Group IV facsimile 

• Video telephones 

• Desktop video conferencing 

• B-ISDN networks (B = broadband) 

• Asynchronous transfer mode (ATM) 
switches /muxes 

• SDH/SONET transmission equipment 

• Personal communications networks (PCNs) 

• Digital cellular/cordless phones 

• Wireless data communications terminals 

• Global positioning system (GPS)/navigation 
terminals 

• HDTV (receivers, VCRs, laserdisks, camcord­
ers, studio equipment) 

• Advanced consiimer audio (minidisk, compact 
cassette) 

• Automotive air bags, antilock braking, trans­
mission control 

• Electric vehicle controls 

Dataquest Perspective 
We expect worldwide electronics markets to 
begin recovery this year, with 1993 being the 
year the various economies aid each other with 
positive feedback. The best long-term opportuni­
ties are in transportation and commimication, 
with the latter being of much greater size. If 
rmlitary/aerospace were factored out of the 
nvmibers, the global growth rate would be 
10 percent higher. Perhaps it is an overused 
recommendation, but local presence with techni­
cal talent able to influence product development 
is a good way to take advantage of some of the 
opportunities we have noted here. 

By Gregory Sheppard 

Tmbocharged Modems: V.Fasl Takes Off 
V.Fast is the name for the new, as yet undefined, 
modem standard currently imder review by 
C C n r Study Group XVn. It is receiving signifi­
cant attention for two reasons: it promises a 
high level of performance; and one manufactur­
er, Motorola Codex, has released a family of 
products that allows data transmission speeds of 
up to 24 Kbps and carries the name 326XFAST, 
even though the V.Fast standard has not been 
fuUy defined. 

TIA Heips to Solidify V.Fast 
V.Fast recently emerged from the fog surrovmd-
ing it and showed a glimpse of its final appear­
ance after the recent Telecommimication Indus­
try Association (TIA) meeting in Newport Beach, 
Cahfomia. TIA recommended the following key 
features to CCITT: 

• Transmission speeds up to 28.8 Kbps, syn­
chronous, and u p to 115.2 Kbps asynchronous, 
when tasing the V.42bis data compression 
algorithm 
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• Baud rates of 2400, 2743, 3000, 3200, and 
3429 baud 

• Line probing during call setup to optimize 
carrier and signaling frequencies to best 
utUize the available bandwidth on a given 
line 

• Adaptive rate features that allow the trans­
mission rate to change in response to varying 
Une conditions, minimizing errors and 
enhancing throughput 

The most important differences between V.Fast 
and previous modem standards—^besides the 
higher transmission speeds—are the ability to 
optimize the signal modulation for given line 
conditions, the adaptive rate features, and more 
sophisticated precoding and signal space 
preshaping schemes to improve the signal-to-
noise ratio on existing voice lines. Because of 
these features, V.Fast shotdd be able to routinely 
deliver 19.2-Kbps transmission on lines currently 
capable of transmitting 14.4 Kbps using the 
V.32bis standard. 

High-Speed Modems Precede the Standard: 
Putting the Cart before the Horse 
The Motorola Codex product has incorporated 
many of the featiores likely to be part of the 
VFast standard, as well as several proprietary 
attributes. The family will support full duplex 
sjmchronous transmission rates of up to 24 Kbps 
and asynchronous rates of up to 115.2 Kbps with 
V.42bis data compression. 326XFAST also incor­
porates a hne-probing capability, multidimen­
sional Trellis coding, and signal space preshap­
ing. The added features are of the t5^e likely to 
be part of the VFast standard, but tihe specifics 
have not yet been discussed by the CCITT com­
mittee, putting Codex in the position of driving 
the standard rather than vice versa. Telebit has 
also introduced a high-speed modem, the Word-
blazer V.32bis/TurboPEP, a higher-speed version 
of the V.32bis family capable of 23-Kbps speeds 
at half duplex, but only 14.4 Kbps at full duplex. 

The 326XFAST family will be upgradable to be 
VFast-compatible by replacing a PROM chip, 
which will be provided at no charge if the cus­
tomer performs the upgrade. U.S. Robotics also 
plans to release a V.32bis modem that the user 
will be able to upgrade to V.Fast compatibiHty 
through the field replacement of a daughter­
board. 

IVIarket Analysis 
Dataquest believes that, upon release of the stan­
dard, modems compatible with the VFast stan­
dard will rapidly become a commodity product, 
displacing the V.32 and V.32bis markets in much 
the same way those products displaced earlier 
generations. Driving the market for high-speed 
modems wiU be the following: 

• Large file transfer applications, such as image 
files and large database files 

• Backups to leased lines 

• Remote server or LAN-LAN connections 

• General sensitivity to coimect-time charges 

Table 1 indicates the historical and forecast 
revenue and unit shipments for modems in 
North America, beginning with the V.22bis stan­
dard. The marketplace has exhibited a voracious 
appetite for higher-transmission-rate modems, 
and Dataquest does not anticipate this changing. 
Dataquest predicts that V.Fast shipments will 
accelerate rapidly after introduction in 1994 and 
quickly displace V.32bis shipments. There is a 
potential upside to this forecast: Codex has 
introduced the 326XFAST product family at very 
aggressive pricing levels—^$1,395 for the two-
wire standalone version. Dataquest is forecasting 
the 1994 pricing at about $1,000. If the early 
pricing shows significant erosion below this 
point, the migration from V.32bis to VFast could 
occur even more rapidly. 

Figure 1 shows the historical and projected 
revenue for the V22bis, V.32, V.32bis, and V.Fast 
modems in North America. Dataquest believes 
that volvmie shipments of VFast modems wiU 
commence in the 1994 time frame and ramp 
relatively quickly, at about the same rate that 
V.32bis ramped at the expense of V.32. 

The emergence of a new high-speed modem 
standard will provide opportunities for mixed-
signal chip set manufacturers to incorporate the 
DSP, microcontroller, and analog functions onto 
a chip set or a single chip. These products will 
help drive the migration of the modem and 
fax/modem functions from standalone boxes to 
add-in cards, and ultimately inclusion on the 
CPU motherboard, with concomitant price 
reductions. 
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Table 1 
North American Modem Marl<et History and Forecast, Selected Modem Standards 

Calendar Year 

V.22bis 

Units (K) 

Revenue ($M) 

V.32 

Units (K) 

Revenue ($M) 
V.32bis 

Units (K) 
Revenue ($M) 

V.Fast 
Units (K) 

Revenue ($M) 

1987 

716.4 

139.7 

20.0 

30.0 

NA 
NA 

NA 

NA 

1988 

1,015.4 

182.8 

48.0 

66.6 

NA 
NA 

NA 

NA 

1989 

1,480.0 

222.0 

100.0 

110.0 

NA 
NA 

NA 

NA 

1990 

1,547.7 

193.5 

234.7 

211.2 

NA 
NA 

NA 

NA 

1991 

1,045.5 

99.3 

427.4 

297.0 

89.2 
80.3 

NA 

NA 

1992 

950.0 

71.3 

400.0 

220.0 

220.0 
151.8 

NA 

NA 

1993 

900.0 

45.0 

350.0 

140.0 

400.0 
200.0 

NA 

NA 

NA = Not applicable 
Source: Dataquest (September 1992) 
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Figure 1 
North American Modem Market History and Forecast, Selected Modem Standards 
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Source: Dataquest (September 1992) 

Dataquest Perspective 
As the quality of the public telephone system 
improves by gradual conversion of analog cir-
oiits and switches to digital, the maximum 
modem transmit speeds will increase commen-
surately. The addition of adaptive features that 
allow tiie modem to optimize the transmission 
conditions to the line capabilities also enhances 
the data transmission speed and throughput. 
Given the projected low cost for high-

G2001509 i 
performance modems and the large existing 
voice line infrastructure, Dataquest believes that 
there is plenty of room left for the modem mar­
ket, and it is unlikely to be displaced any time 
soon by ISDN, which is stiU largely unavailable 
and in many cases cost-prohibitive. With this 
scenario, the characterization of V.Fast as V.Last 
may be premature. Perhaps the more relevant 
question is, what will be V.Next? 

By Charles Boucher 
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In Future Issues 

An article on the following topic will be 
addressed in future issues of Semiconductor 
Application Markets Dataquest Perspective: 

u Semiconductor opportunities in multimedia 

\ 
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Conference Announcement 

Dataquest's 18th Annual Semiconductor Industry Conference 

Each October, Dataquest brings together the top executives in the electronics industry for a 
forum on the latest issues facing this indvistry. This year's conference will focus on today's 
semiconductor marketing and technology issues, and preview tomorrow's major semicon­
ductor applications that are Fueling the Engines for Growth. 

Highlights of the conference are as follows: 

• Special guest speaker: David Packard, Cofoimder and Chairman of the Board of Hewlett-
Packard. 

• Eleven top industry executives sharing their insightful perspectives, real-world 
experiences, lessons, and bottom-hne analyses. 

• Two interactive panel discussions covering ASICs and strategic processor directions. 
Panels wiU be moderated by Dataquest and feature key industry leaders. 

• Four breakout sessions presented by Dataquest senior analysts. The sessions will focus on 
manufacturing trends, semiconductor procurement issues, and two emerging applications 
areas: personal information and communications devices (PICDs), and multimedia. 

In addition to the presentations and panel discussions, this year's agenda has been designed 
to allow social time for conferring with your peers on the critical issues and challenges fac­
ing the industry. You'll find the two days interesting, very informative, and, we hope, 
thoroughly enjoyable. 

Seats are limited for this premier semiconductor event. To register for this conference, or to 
request a complete conference agenda, please call our toU free nvunber, 1 (800) 457-8233, 
today! 

Semiconductor Industry Conference 
Monterey Conference Center 
Monterey, Cahfomia 
October 5 and 6, 1992 
Dataquest Client Rate: $1,095 
Nonclient Rate: $1,295 

Conference Registration Desk 

Telephone aol l Free): 1 (800) 457-8233 
Telephone: (805) 298-3262 
Fax: (805) 298-4388 
18265 Soledad Canyon Road 
Canyon Country, CA 91351 

For More information 
On the topics in this issue Gregory Sheppard, Sr. Industry Analyst (408) 437-8261 
About upcoming Dataquest conferences (408) 437-8245 
About your subscription or other Dataquest publications (408) 437-8285 
Via fex request (408) 437-0292 

The content of this report represents our interpretation and analysis of information generally available to the public or released by responsible individuals 
in the subject companies, but î  
Individual companies reported 
connection with a sale or offer 
officers, stockholders, or tneml 
such securities. 
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in This Issue... 

Market Analysis 

Optical Disk Drive Forecast Update 
Dataquesf s Computer Storage Group has released 
actual 1991 optical disk drive unit shipments data, 
which indicate that CD-ROMs exceeded prior 
e>^>ectations. In this article we present the updated 
forecasts for the optical disk drives along with esti­
mates for total available market for the semicon­
ductor market. 
By Nicolas Samaras Page 1 

Inquiry Summary 

Semiconductor Applications nUarkets Inquiry Highlights 
Dataquesf s Semiconductor Application Markets 
inquiry summary is designed to inform clients of 
commonly asked questions and Dataquesf s respec­
tive answers. No confidential information provided 
by our clients is included in this material. 

• What is the status of the digital still (filmless) 
camera market? 

• How many CD-ROM titles are available, and in 
what general areas? 

• Who are the major players in optical disk drives 
and what is their market share? 

• Name the top 10 tape drive vendors that manu­
facture in the United States. 

• To which regions of the world were optical disk 
drives shipped in 1991 (by product category)? 

Page 4 

IVIarket Analysis 

Optical Disk Drive Forecast Update 
The March 1992 Semiconductor Application 
Markets Dataquest Perspective article entitled 
"Optical Storage: Is Multimedia the Driver?" 
presented Dataquesf s optical disk drive (ODD) 
estimated consumption and forecast, cotirtesy of 
Dataquesf s Computer Storage Group. The Com­
puter Storage Group has issued an update (see 

. Table 1), and the time has come to revisit that 
forecast. 

CD-ROM unit shipments have been revised 
up for the calendar years 1991 through 1995. 
l l ie most significant change is that the actual 
shipments for 1991— t̂he base year for this 
discussion—were revised upwani from 360,000 
to 936,000 units. This revision has had the effect 
of lowering the compound annual growth rate 
(CAGR) from 1991 to 1995 from 72.3 percent to 
35.2 percent. Forecast constimption for 1995 is 
up from 3.17 million to about 4.22 miUion tmits. 

Cost Strategies Propel CD-ROM Market 
In general the CD-ROM drive market is 
experiencing healthy growth spurred by the 
increased activity for mtiltimedia applications. 
The use of CD-ROMs as a software distribution 
medium also is on the upswing. Some major 
software distribution houses are now selling 
CD-ROM drives at or close to cost in ordo: to 
facilitate CD-ROM software sales. There are 
indications that this strategy is paying off. 

Software vendors have an ulterior motive for 
supporting CD-ROMs as a software distribution 
medivmi: It helps prevent software piracy 
because CD-ROMs cannot be easily copied in 
volume. Another benefit is, of course, lower 
shipping costs for software vendors. As the 
number of floppies needed to distribute today's 
software increases, so does the underlying cost, 
both in terms of the niunber of floppies needed 
as well as the shipping weight. The CD-ROM is 

Dataquest 
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Table 1 
Optical Disk Drive Estimated Worldwide Consumption (Thousands of Units) 

CD-ROM 
5.25-Inch WORM 
12-Inch WORM 
3.25-Inch Rewritable 

5.25-Inch Rewritable 
Total 

1991 
936 

46.6 
11.5 

22 

121.2 
1,137.3 

1992 
1,498 

56 
13.8 
160 

249 
1,976.8 

1993 
2,246 

78 
17.5 
544 

' 390 
3,275.5 

1994 
3,617 

80.9 
21.2 
984 

558 
5,261.1 

CAGR (%) 
1995 

4,228 
75 

24.8 
1,440 

780 
6,547.8 

1991-1995 
35.2 
10.0 
16.6 

130.8 

45.1 
41.9 

Source: Dataquest 0uly 1992) 

Figure 1 
Worldwide Semiconductor Total Available IVIarket for Optical Disk Drives (Thousands of Dollars) 
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Source: Dataquest (August 1992) 

seen as the obvious answer because the niedium 
is inexpensive to manufocture and, from a 
storage standpoint, a single CD-ROM can 
replace 382 high-density (1.44MB) 3.5-inch 
floppies or 1,527 low-density {360K) 5.25-inch 
floppies. 

Both the 5.25- and 12-inch WORM drives were 
revised slightly downward; the same is true for 
the 5.25-inch rewritable form factor. The 3.5-inch 
rewritable ODDs have been revised upward 
from 12,000 imits in 1991 to 22,000. These drives 

G2001038 

Still show the highest CAGR of all ODDs, with a 
1991 to 1995 CAGR of 130.8 percent. 

Table 2 shows the worldwide ODD forecast by 
drive tjrpe, drive fectory ASP, and estimated 
semiconductor content for each drive type, along 
with the estimated total available market (TAM), 
for semiconductor devices used in ODDs. 

Figure 1 shows the worldwide TAM for semi­
conductor devices by drive type, along with 
their relative contributions. 

Augusts, 1992 ©1992 Dataquest Incoiporated SAWW-SVC-DP-9208 
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Table 2 
Worldwide Optical Disl< Drive Forecast 

CO 

to 
M 

% 

CD-ROM (K Units) 
Factory ASP {$) 
Semiconductor Content {$) 
Semiconductor TAM ($K) 

5.25-Inch WORM (K Units) 
Factory ASP ($) 
Semiconductor Content ($) 
Semiconductor TAM {$K) 

12-Inch WORM (K Units) 
Factorjr ASP ($) 
Semiconductor Content ($) 
Semiconductor TAM ($K) 

3.25-Inch Rewritable (K Units) 
Factory ASP ($) 
Semiconductor Content ($) 
Semiconductor TAM ($K) 

5.25-Inch Rewritable (K Units) 
Factory ASP {$) 
Semiconductor Content ($) 
Semiconductor TAM ($K) 

1991 1992 1993 1994 
936 
207 
49 

45,864 

46.6 

1,020 

244 
11,370.4 

11.5 

6,480 

1,555 

17,882.5 

22 
780 
187 

4,114 

121.2 

1,600 

384 
46,540.8 

1,498 

145 
33 

49,434 

56 
867 
199 

11,144 

13.8 

5,832 

1,341 

18,505.8 

160 
642 
147 

23,520 

249 
1,280 

294 
73,206 

2,246 

102 
22 

49,412 

78 
780 
171 

13,338 

17.5 

5,249 

1,154 

20,195 

544 
499 
109 

59,296 

390 
1,024 

225 
87,750 

3,617 

80 
16 

57,872 

80.9 

702 
147 

11,892.3 

21.2 

4,724 

992 
21,030.4 

984 
399 
83 

81,672 

558 
819 
171 

95,418 

optical Disk Drive Semiconductor TAM ($K) 125,771.7 175,809.8 229,991.0 267,884.7 

Source: Dataquest (August 1992) 
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Dataquest Perspective 
As the revised ODD forecast indicates, CD-ROM 
shipments for the calendar year 1991 were above 
expectations. This very encouraging fact tends to 
support our earlier argument that multimedia is 
a strong driving force for this market segment; 
and with consumer interest riding high on 
multimedia applictions, CD-ROM drives appear 
to be heading down the high-volimie/low-ASP 
road. Generally speaking this is good news for 
semiconductor vendors because it translates to 
high volumes for devices. The other bright spot 
is, of course, the 3.5-uich rewritable drives with 
substantially higher imit voliune projections out 
to 1995. Because of a higher ASP as well as a 
higher semiconductor content, the 3.5-inch opti­
cal drive market represents the most significant 
opportunity within the ODD electronics market. 

By Nicolas Samaras 

Inquiry Summary 

Semiconductor Application Mmkets 
Inquiry Highlights 
Q: What is the status of the digital still (filmless) 
camera market? 

A: The worldwide 35mn\ single lens reflex (SLR) 
market is about 5 million vmits aimuaUy and is 
projected to grow at a compound annual growth 
rate of 8 percent over the next four years. SLRs 
are the prime target of digital still cameras. 
Other markets are desktop publishing, educa­
tion, and training, which would use digital 
cameras to capture images for multimedia usage. 
Filmless cameras now sell between $1,000 and 
$5,000, depending upon resolution and color or 
gray-scale capability. 

Market growth will escalate and early adopters 
of moderate sophistication will be attracted if 
prices come down to the $500 range. Newspaper 
photographers who need to transmit their ima­
ges are an example of an early adopter. This 
technology offers the promise of not having to 
pay for film processing and lower costs for color 
hard copies from color printers. And, the tech­
nology is instantaneous. 

Professional photographers are turning to film­
less or scanned images as a way of editing their 
work for print ads. Desktop filmless cameras are 
emerging on the scene to complement scanners 
from companies such as Logitech. This need is 
being driven by the move to more sophisticated 
image handling as part of the multimedia phe­
nomenon. Japanese digital camera makers such 
as Canon, Nikon, Fuji, and Sony have indicated 
that the market for digital cameras will reach 
1 million units by 1993. Film manufecturers such 
as Kodak and Fuji are investing heavily in film­
less research and products just in case this tech­
nology attains broad acceptance and their busi­
ness becomes jeopardized. 

Inhibiting growth of filmless technology are per­
ceived poor picture quality, infrastructure, and 
competing (existing) technology. The concern 
regarding quality relates to the use of existing 
camcorder CCD arrays at 400,0(X) pixels as the 
imaging array; plans are to soon double this to 
800,000, and to 2 million when HDTV arrives. 
The cost versus quality factor will moderate 
broad acceptance. As for infrastructure, the local 
developing labs of the world need to be con­
verted over to color hard-copy shops because 
consumers and businesses will not forego the 
photo album hard copy. As for competing tech­
nologies, there still exists the chemical fikn tech­
nology that has proven to have a lot of staying 
power. There is also Kodak's PhotoCD approach, 
where consumers can have a CD made of exist­
ing photographs. These CDs can then be played 
through a compact disk interactive system CD-I 
such as the one offered by Philips/Matshushita. 

We believe that consumers and businesses wiU 
buy digital cameras, but only when the issues 
outlined here have been addressed. This trans­
lates into a delayed market emergence. There­
fore, the million-unit mark wUl not be reached 
until 1995. 

For semiconductor companies, specific opportu­
nities exist to provide cost-optimized color CCD 
arrays (400K to 800K pixels), SRAM or flash 
memory cards (slow, 2/4MB, 20-pin), and data 
conversion, pixel manipulation, and JPEG com­
pression functions. 

Gregory Sheppard 
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Q: How many CD-ROM titles are available, and 1992 (see Figure 1). Table 1 shows the CD-ROM 
in what general areas (for example, education, 
business)? 

A: About 2,000 CD-ROM titles were available in 
1991. This is expected to grow by 50 percent in 

title distribution for calendar year 1991. 

Nicolas Samaras 

Figure 1 
CD-ROM Title Availability 

CD-ROM Titles Available 

3,500-rr 

1990 1991 1992 

Source: Dataquest (August 1992) G2D01039 

Table 1 
CD-ROM Title Distribution 

Business 
Medicine 
Science and Technology 
Library and Information Science 
Geography and Anthropology 
Statistics 
Computer Software 
Law 
Education 
Desktop Publishing 
Newspaper and Books 
Language and Literature 
Telephone Listings 

320 
160 
130 
110 
100 
100 
95 
90 
80 
70 
70 
60 
60 

MiHtaiy History 
Sports and Games 
Agriculture and Animal Husbandry 
Parts Catalogs 
Biology and Life Science 
Environment 
Patents 
Social Science 
Auto Industry 
Multimedia 
Government Information 
Others 

50 
50 
40 
40 
30 
30 
30 
30 
20 
18 
6 

157 

Source: Dataquest (August 1992) 
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Q: Who are the major players in optical disk 
drives and what is their market share? 

A: Table 2 shows the optical disk drive market's 
major vendors, along with their 1991 market 
share. 

Nicolas Samaras 

Q: Name the top 10 tape drive vendors that 
maniifactiire in the United States. 

A: Table 3 lists the top 10 tape drive vendors 
with major mantifacturing in the United States 
(1991). Their fectory revenue figxires, along with 
their market share, is provided as well. 

Nicolas Samaras 

Q: To which regions of the world were optical 
disk drives shipped in 1991 (by product 
category)? 

A: Table 4 shows the actual shipment distribu­
tion. It is worth noting that the North American 
market consiuned the majority of the optical 
disk drive output. The only exception is the 
3.5-inch rewritable drives, where Japan actually 
was the No. 1 consumer. 

Nicolas Samaras 

(Note: Data from Dataquest's Computer Storage 
Group was used to answer some inquiries.) 

Table 2 
Major Players and Preliminary 1991 Market Share 

CD-ROM 
Sony 
Hitachi 

NEC 
Toshiba 
Panasonic 
LMSI 
Chinon 
Pioneer 
Others 

(%) 
40 
19 
11 
10 
6 
6 
4 
2 
2 

WORM 
5.25-Inch 
Panasonic 
Pioneer 
Ricoh 
Others 

(%) 
38 
18 
18 
25 

WORM 
12-Inch 
LMSI 
Sony 
Hitachi 
Toshiba 
Others 

(%) 
32 
30 
20 
10 
8 

Rewritable 
5.25-Inch 
Sony 
Ricoh 

Panasonic 
Others 

(%) 
48 
19 
13 
20 

Rewritable 
3.5-Inch 
Sony 
Panasonic 
Others 

(%) 
45 
23 
20 

Source: Dataquest (August 1992) 

Table 3 
Top 10 Tape Drive Vendors Manufacturing in the United States (1991) 

Company Name Factory Revenue ($M) Market Share (%) 
IBM 
StorageTek 
Exab5rte 
Hewlett-Packard 
Digital Equipment 
Colorado Memory S5^tems 
Laser Magnetic Storage 
Shugart/Kennedy 
Summit Memory Systems 
Innovative Data Tech 

240.0 
225.0 
209.7 
137.6 
89.7 
79.7 
41.6 
35.2 
18.5 
13.3 

11.7 
11.0 
10.3 
6.7 
4.4 
3.9 
2.0 
1.7 
0.9 
0.7 

Source: Dataquest (August 1992) 
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Table 4 
Regional ODD Sales by Product Category (Percentage) 

Product North America Japan Europe ROW 
CD-ROM 
5.2^Inch WORM 
12-Inch WORM 
3.5-Inch Rewritable 
5.25-Inch Rewritable 

80 
70 
53 
43 
54 

7 
15 
13 
49 
29 

10 
15 
23 
7 
16 

3 
0 
11 
1 
1 

Souice: Dataquest (August 1992) 
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In This Issue... 

Market Analysis 

Data Compression: A Way to Double Bandwidth and 
Storage Capacity 
Lossless data compression is on the vetge of 
becoming economical and standardized. With 
applications ranging from motherboards to dou­
bling disk capacity to LAN interfaces, this technol­
ogy is poised for broad incorporation. 
By Gregory Sheppard Page 1 

Pen-Based Computing on the Brinic of Viability 
The concept and potential of pen-based computing 
has captured the imagination of both vendors and 
end users in the conaputer industry. In March 
Dataquest conducted a telebriefing with analyst 
Andrew Seybold that covered the pen-based com­
puting market, including forecasts, conferences, 
and end-user perceptions. This edited transcript of 
the briefing is a thorough update on the current 
issues facing the pen-based computing market. 
By Andrew Seybold Page 3 

Inquiry Summary 

Dataquesf s Semiconductor Application Markets 
inquiry summary is designed to inform clients of 
commonly asked questions and Dataquesf s respec­
tive answers. No confidential information provided 
by our clients is included in this material. The 
information contained in this section is believed to 
be reliable, but it cannot be guaranteed to be cor­
rect or complete. 

Q: What are the implications of Hewlett-Packard's 
introduction of the 1.3-inch hard disk drive? 
By Phil Deoin Page 11 

Q: How will the introduction of the 1.3-inch hard 
disk drives affect acceptance of solid-state disks 
and memory cards? 
By Nicolas Samaras Page 12 

Market Analysis 

Data Compression: A Way to Double 
Dandwiilth and Storage Capacity 
While the world rushes to make networking 
fester and mass storage larger, the notion of 
compressing the involved data has until recently 
remained suppressed. Although lossless data 
compression has been around a while, its price-
to-performance ratio has been high and stan­
dards underdeveloped. At last there has been a 
breakthrough on both counts, and lossless data 
compression in ICs will become a significant 
opportunity over the coming years. 

Lossless Data Compression Defined 
Lossless data compression has existed for many 
years in such forms as CCITT commimications 
and disk drive endecs. In essence lossless data 
compression is a technique that encodes/ 
decodes and reduces redundancies in data 
streams without changing or losing bits. This 
featiire is required of all alphanumeric data 
streams (for example, an e-mail message). Qn 
the other hand, image and video data can suffer 
losses during compression/decompression 
unnoticeable by hiunan eyes. 

A very popular method for achieving compres­
sion is knovm as Lempel Ziv. This and similar 
techniques can be accomplished in both hard­
ware and software, and can support compres­
sion ratios up to 8:1, although 3:1 and less is 
most economically practical today. There is a 
three-way trade-off among compression ratio, 
delay, or overhead time while the function is 
executing, and, of course, cost. For example, the 
cheapest way to do 2:1 compression is to steal 
CPU cycles and perform the function in soft­
ware. We expect lossless data compression to 
migrate to the standard function state much like 
floating point and graphics functions did. 

DataQuest 
n m acompanyof 
A U i ThcDun&BradstrcctCorporation 
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Market Outlook: Expanding Horizons 
Figure 1 and Table 1 present Dataquesf s 
demand projection for a hardware lossless data 
compression IC function. Although it will start 
modestly as software approaches are augmented 
by hardware, we expect the market to be an 
8-million-unit opportunity by 1996. 

Key appUcations for lossless data compression 
are noted in Table 2. The need spans computing 
platfonns (file transfer and storage, among 
others) to WANs. 

An Enabling Scenario 
As with almost aU multimilli on-unit opportuni­
ties, economies of scale with a standaid must 
emerge so that prices can come down and 
expand the market. Historically the most 

common way of doing this is through mtilti-
sourcing; this most likely will be the case for 
lossless data compression. Because of the success 
Stac Electronics has had with its Stacker com­
pression software and ICs, today there is a 
strong case for a defined standaid. Stac is rou­
tinely at the top of the charts for the most popu­
lar PC upgrade product and has sold several 
hundred thousand units so for. Even though 
Stac is engaged in a lawsuit with competitor 
integrated Information Technologies (IIT) con­
cerning alleged infringement, an agreement may 
be worked out so that Stac, other suppBers, and 
the end user can all benefit from a common 
encoding/file format standard. 

Functional Functions 
The data compression function could be linked 
up with other functions such as network 

Figure 1 
Lossless Data Compression Accelerator Function, Worldwide Martet Estimates 
(Millions of Units) 

Source: Dataquest (July 1992) 02000374 

Table 1 
Lossless Data (impression Accelerator Functions*, Worldwide Market Estimates 

Units (M) 
ASP ($) 
Revenue ($M) 

1991 
0.26 

45 
11.7 

1992 
0.65 

32 
20.8 

1993 
1.24 

24 
29.6 

1994 
2.35 

17 
42.2 

1995 
4.46 

13 
58.0 

1996 
8.47 

19 
84.7 

CAGR (%) 
1991-1996 

100.7 
-26.0 
48.6 

*Could be integrated into other functions in out years. 
Source: Dataquest (July 1992) 
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Table 2 

Applications and Needs for Lossless Data Compression 

Application Need 
PCs and Workstations 
Tape Storage (DAT, etc.) 
LAN Cards (Ethernet/Token Ring) 
Bridges/Routers/Hubs 
Line Catds/TI-El Muxes 
Packet/Frame Transmission 
ISDN Terminal Adaptors 
PCMCIA Memory Card Interfaces 
'V Ŝreless Data Communication 
Modem 

Hard Disk Expansion, Networking 
Capacity Expansion 
Crowed Networks—^Alternative to Pricey FDDI 
Crowed Networks 
WAN Usage 
WAN Usage 
WAN Usage 
Enabler/Capacity 
Reduced Transmission Time 
Same as \^^reless 

Source: Dataquest (July 1992) 

controllers or SCSI interfaces. Yet another direc­
tion is for the data compression algorithms to be 
executed on a general-purpose DSP processor so 
that it rests on the motitierboard and mxiltiplexes 
between other I/O functions such as V.32 
modem transmission or Group HI faxing. Perfor­
mance degradation could be a factor in the DSP 
case if miiltitasking operating systems are used. 

Players 
Key IC players to date are Stac Electronics, HT, 
InfoChips, and a relatively new company in 
Alberta, Canada called Compression Technolo­
gies. It is believed that the network controller IC 
companies are hard at work as well. 

Dataquest Perspective 
With the promise of modesfly priced silicon and 
a stabilizing standard, a substantial opporttinity 
exists for lossless data compression ICs. The 
applications are replete with economic justifi­
cation, offering an aggressive demand. Now is 
the time to get in, but do be aware of legal 
issues as you proceed. 

By Gregory Sheppard 

Pen'Based Computing on the Brink of 
Viability 
The following is an edited transcript of the 
Dataquest Pen Computing Telebri^ing con­
ducted by Dataquest analjrst Andrew Seybold 
on March 5, 1992. 

Andrew Seybold's Introduction 
The analysts at Dataquest thought that it was 
time to update our pen-based computing out­
look for a number of reasons—^most related to 
delays of products in the indiistiy that now 
appear to be on the verge of release. At the 
moment, many vendors are interested in invest­
ing heavily in pen-based computing. There is 
also a lot of end-user interest. 

However, two pen-based operating systems—Go 
Corporation's PenPoint operating system and 
Microsoft Corporation's Windows For Pens—are 
both late to market. There is pent-up demand 
for pen-based computers, and a hig^ level of 
interest in the market. You might say that the 
only people making money in pen-based com­
puting today are the people holding seminars. 
Dataquest believes that is about to change, and 
that is why Dataquest decided to hold this 
telebriefing now. 

To review Dataquesf s forecasts, the 1991 figure 
for pen-based computers was 96,000 units 
worldwide. We have revised that number to 
49,000, and we are re-evaltiating our 1992 num­
ber. Dataquest had originally projected 353,000 
units worldwide, and that number will be con­
siderably lower because the operating sj^tems 
are late to market. 

The industry is poised for change, however. Go 
is about to enter its operating system into the 
marketplace. Windows For Pens is also about to 
make its entry. Geoworks has jiist annoiuiced its 
pen-based operating system. GRID has been in 
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the market successfully with its own operating 
system, and CLC and others are aU joining the 
pack. So, lef s take a look and see what is going 
to drive the market. 

Pen-Based Market Has Unique Attributes 
Dataquest believes that the pen-based market 
is like no other market we've seen in the 
computer industry, because if s going to be 
driven primarily by the end-user commtmity. 
The companies that are going to be successful 
in the market are those that establish relation­
ships with and listen to the end-user commu­
nity and are fast to market with a product 
that meets the end user's needs. 

The pen-based computer market also is unique 
because, for the first time in the history of the 
PC industry or any computer industry that we 
are aware of, the hardware, op>erating systems, 
and applications are all coming togefiier at the 
same point in time. 

At present few vendors are shipping hardware: 
GRiD Systems, Momenta, and several others. 
Phoenix Technology has introduced a reference 
design board and will sell a reference design 
with a CAD tape to anybody interested in 
producing hardware. It is complete with dual-
boot BIOS for either Go or V^mdows For Pens. 
That wiU attract a number of smaller vendors 
into the market because it will reduce the 
time and costs involved in getting products 
to market. There are few applications at this 
point, but there are lots of promises. 

What we find in the corporate environment is 
that end-user organizations are being pretty 
realistic. They are lisrng 1992 and 1993 primar­
ily as pilot project years, and using these pilot 
programs to gain valuable experience that they 
can relay back to the vendors. 

Applications Will Take Center Stage 
Applications are what really push the market. 
At the Technologic Partners Pen-Based Confer­
ence two weeks ago. Slate Corporation demon­
strated its spreadsheet and, perhaps more 
important, introduced its personal information 
management system. This particular application 
was designed by Dan Bricklin of VisiCalc 
fame. If nothing else. Slate pulled oH a coup 
because it introduced a product in conjunc­
tion with Daytimers. And most of you have 
probably carried a Dajiimer at one time or 
another. 

The interesting thing about this particular 
application is that it involves no hand­
writing recognition at all, and therefore is an 
extremely important product. It permits end 
users to use a pen-based hardware platform in 
the same way tiiey would use their own day 
books. 

The other entrant in the personal information 
management field is a company called PenSoft 
Corporation. PenSoft has taken a different 
approach. It is offering a relational database 
day book system, where users can actually 
map people, contacts, and companies. It is a 
very, very intriguing product. 

The reason I mentioned these two products is 
because Dataquest beUeves that this type of 
application wOl drive the horizontal pen-based 
market (not the vertical markets). And it is 
important that we foUow this software as it 
becomes available. 

Market Interest in Pen-Based Computing 
There are some interesting figures regarding 
the interest in pen-based computing within the 
Fortime 500 MIS coirunvmity. We have found 
that more than 50 percent of those companies 
plan to either purchase evaltiation imits in 
1992 or early 1993, with 15 percent of the 
companies planning to purchase major num­
bers of units (500 or more) in that time frame. 
Thaf s tremendous potential, but again, these 
corporations are being very realistic about 
what they expect this year and next year in 
terms of hardware and operating systems. 

The cortunents we have been getting from the 
MIS community are that they are to date stiU 
somewhat disappointed with the hardware, 
with the clarity of the screen, with the battery 
life, and with the size, weight, and form fac­
tors of the products. They do realize, however, 
that as technology moves forward all of that 
is going to get better, so they are willing to 
go ahead and look at the technology as it 
currently stands. 

They are also very realistic about the impor­
tance that handwriting recognition plays in 
what they are planning to do. They realize 
that, at tiiis point in time, handwriting recog­
nition is not very good on anybody's operat­
ing system and it only plajrs a small part in 
overaJl pen-based computing. 
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Most of the MIS people that we've discussed 
this with are more interested in forms com.ple-
tion and vertical market applications than titiey 
are in horizontal applications. T h ^ are aware 
that notes can be stored as a graphic and 
retrieved, and they know that handwriting 
recognition wiU get better. They have also had 
enough experience to know that numbers 
recognition, which is a key to forms comple­
tion, is.a lot more robust at this point than 
handwriting recognition. They are aware that 
deferred recognition can be used very effec­
tively. And the medical community realizes 
that nobody in the world is ever going to 
come out with a system that recognizes doc­
tors' handwriting. 

End Users Play a Critical Role 
The thrust of the end-user commtmity is that 
they want to form partnerships with the ven­
dors. In doing so, end users want to set 
realistic goals and expectations—^they want to 
crawl before they can walk. They want to 
work very closely with hardware and software 
vendors on platforms, and they are acutely 
interested in connectivity and data transfer 
issues. Tjrpically, corporations are setting u p 
review groups that include MIS department, 
vendor, and end-user representatives. A new 
trend is that the review groups are listening 
to the end-Tiser community for pen-based 
computing much more than for any other 
form of computing to date. 

The key to success is this market—at least in 
the vertical market—^is that vendors are going 
to have to establish relationships with the end-
user commtinity, something that they've never 
entered into in the past. And the vendors are 
going to have to listen very closely to the 
end-user community. 

Connectivity for Pen-Based Systems 
As with other types of computing, software is 
a key to success. One major concern is con­
necting pen-based devices to host and PC 
computers, and moving data easily and 
quickly—without the connectivity struggle that 
now happens between laptops and PCs. Unfor­
tunately, a ntmiber of vendors in the PC 
industiy are treating the connectivity issue as 
a single, common issue. Dataquest would hke 
to strongly suggest that the connectivity issue 
is two separate issues. 

First is the issue of transport layer—which is 
radio frequency CRF), infrared, wired, modem-
controUed through phone lines, or cellular. 
Second is the software or information layer on 
top of the transport layer. These layers need 
to be addressed separately. 

Currentiy there are lot of things going on in 
the RF world, which means that there will be 
no standards for a many years in KF commu­
nication. However, there are lots of different 
opportimities in this area. 

The software or information layer that actually 
moves on top of the transport hardware layer 
is a key to success for a pen-based product, 
and recently there have been several entrants. 
Traveling Software and Slate have teamed up 
to create a series of deferred data transmission 
and file translation products that will make 
data transfer much easier than it has been in 
the past. 

Pen Computing Conferences 
Two conferences on pen-based computing have 
been held recentiy. Tlie one that was the most 

• interesting (to me) was the Pen Computer 
Users Conference held in Baltimore on January 
15. It was extraordinary because there were 
25 vendors and 350 pen computer users. 
(Although "pen computer users" is at present 
a misnomer, there were 350 people from cor­
porations who want to become pen computer 
users.) 

The Pen Computer Users Conference was a 
very well attended conference, and a place 
where the vendors that attended gained a lot 
of insight from the end-user community. It 
was also a conference where end users gained 
the tmdetstanding that pen computing is not a 
mecca. 

There has been a tendency among some ven­
dors in tiie pen computer uidiistry to oversell 
the capabilities of pen-based computing. And 
the MIS and the end-user commtmities that 
attended this conference imderstood that tiiere 
are limitations with the technology, and will 
accept working with these limitations over a 
period of two or three years. What they said 
to the vendors was, "We don't expect it to be 
magic, so don't promise us more than you can 
deliver." That was, I believe, the main mes­
sage that came out of that conference. 
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The other pen-based computing conference, 
the Technologic Partners Conference held in 
February in San Jose, California, was also well 
attended, but with a different crowd. It was 
essentially vendors taUdng to vendors about 
what is happening in the industry. 

There was a lot of excitement about 
connectivity—especially RF connectivity—and 
about some of tiie applications that were 
shown, including Slate's product and PenSoffs 
product. There were a lot of vendors that 
were showing special utilities for Windows 
For Pens. 

Everybody is poised at the beginning. It is 
kind of lUce we are all at the starting gate 
light now waiting for the flag—and the flag 
is Go PenPoint and Windows For Pens. And 
both are coming very qviickly. 

Questions from Briefing Attendees 

Q: Who are the suppliers of hardware and 
sofhvare in this industry, and are they U.S. 
or foreign? 
At this point, the vendors that are shipping 
hardware in the United States—^with one 
exception—are U.S.-based. NCR, Momenta, and 
GRID are U.S. companies shipping hardware. 
Samsung (a Korean manufacturer) also has a 
product that I believe is currently shipping in 
the United States. The software vendors are, to 
my knowledge, entirely U.S.-based. 

Q: What percentage of corporate users are look­
ing at vertical market applications within their 
corporation, such as the UPS or truck drivers or 
dock inventory-type applications, versus a horizon­
tal application, like daytimers, for corporate 
executives and sales forces? 
The pilot programs that are imder way are all 
in specific vertical markets—which are basi­
cally for route-type salesmen, inventory con­
trol, truck dock loading and unloading 
procedures—^the day-to-day forms completion 
type of application. It is not that they haven't 
expressed a desire to move this computing 
platform into the executive office. In fact, 
thafs from where the requests to start pilot 
programs are generally coming. However, 
because of the limitations of tiie software and 
connectivity, most have chosen to start with 
the vertical applications and over time move 

into the horizontal applications and the 
executive office. 

Q: You mentioned some problems with the 
displays . . . what are these problems? Do they 
have to do with the interface or is it more of a 
lifetime issue? 
The problems I was talking about with the 
display are strictly visibility issues. There are 
two types of pen computer users that we are 
talking about. There is the user who is com­
puter literate and is used to looking at dis-
pla)^ and portables. But most of the pilot pro­
grams are involving users who have never 
before used a com,puter, and are used to using 
pen and paper. They are disappointed that the 
screen clarity and brightness is not good 
enough for the varied lighting conditions that 
they are involved with in the course of a 
day's operations. 

Q: You discussed deferred sofbuare. What does 
that mean? 
Deferred software on pen-based computers are 
applications for doctmients Oike correspon­
dence, faxes, or calendar information) to be 
transmitted from the pen-based machine to 
another PC, or through an e-maU network, or 
through a fax network. 

When a user is finished working on a specific 
document, the document is moved with the 
traveling, or deferred, software. For example, 
the software moves the document to an out 
basket on the pen-based computer. When the 
pen-based computer is docked or connected to 
a PC, the PC automatically looks for the out 
basket, grabs tiie contents of it, and distributes 
the contents to the proper place: to e-mail, fax, 
word processor, or wherever else it is meant 
to go. It works the same way for incoming 
documents. Once coimected to a PC, if there 
are messages waiting for the user, the mes­
sages will be transferred and placed in the 
proper file for that end user 

Q: What are the most promising ways of trans­
mitting this information? What do you think is 
going to be the most popular? 
The most popular way of transmitting the 
information is going to depend on where the 
products are used. For example, if they are 
used in a corporate environment confined to 
one building or within a hospital, the pre­
ferred method for the next couple of years is 
probably going to be infrared. 
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Because of tiie wide bandwidth, the ease of 
use, the RF connectivity, the cellular, and the 
point-to-point RF, there is not going to be a 
standard that comes about that allows people 
to map this consistently. Everyone's solution to 
wireless is going to be different, and therefore 
disjointed for some period of years. 

Q: We all understand that the lateral migration of 
the pen computer is horn notebook size to palm­
top size. However, when you're dealing with a 
pen, there has got to be a certain size limit for 
the screen to be legible and to be able to write 
on it What do you believe is the minimum size 
of a writing surface and a display surface? 
The whole issue of minimum size of a display 
surface and a writing surface is going to 
depend on the resolution of those surfaces. For 
now, the 5 x 7-inch size seems to be as low 
the industry is willing to go for good resolu­
tion. We expect that over time for vertical 
markets and specific products the screen size 
win come down. But the typical screen sizes 
that we expect to see over the next two to 
three years range from the full 8.5 x 11-inch 
to the 5 X 7-inch with several intermediate 
sizes, but the size wiU not dip below the 5 x 
7-inch display. 

Q: In the next several years, what do you think 
will be the most popular sizes? 
In the vertical market, the 8.5 x 11-inch tablet. 
The tablets wiU come down in size and 
weight and the display will get better, so 
there wiU be the 8.5 x 11-inch clipboard form 
factor, and a 5 x 7-inch display for a day 
book. 

Q: How about the weight issue and the battery 
lite issue? If you have a large size, apparently 
the weight is heavier, and the battery life is 
going to be shorter. 
There are several opposing factors concerning 
size and weight. The end user who has to 
cany around a pen-based computer all day is 
going to be extremely sensitive to the weight, 
and also the battery life. This is especially true 
for applications where somebody has an 
8-hour or 10-hour shift. 

I think there are several things that wiU hap­
pen over time. As the technology gets better, 
we will have better battery life, better screen 
displays, and lighter-weight com.puters. But as 

connectivity gets to be better and better, the 
amoimt of electronics and the amotmt of 
storage required in a tablet is going to become 
less. This wUl result in increased battery life 
and decreased weight. 

Connectivity, the inclusion of a hard disk, and 
the need for a lot of memory will affect the 
battery life and the weight of a com.puter, in 
addition to any advancements in technology. 

Q: As far as the processor is concerned, do you 
think Uie 386SX^evel type of products are going 
to dominate, and if so, is there a maricet for the 
8086 or 286? 
The products coming to market that are going 
to operate with Pen-Based Widows or Go's 
PenPoint are going to have to have a 386 or 
above processor. TTiere is a very viable market 
in 8086- or 8088-based specific products. For 
example, Hewlett-Packard is marketing its 
HP95LX as a business solution. It is not a 
computer at aU to most ijsers, but rather a 
financial modeling system that also happens 
to be a computer. The 8086 or 8088 will be 
optimal for some vertical applications, such 
as inventory control and ticket-writing for law 
enforcement agencies. That type of product 
wiU have a i^ly good fife over the next few 
years, becatise this is a very specific vertical 
market where the operating system is much 
less of an issue than for more generic or 
horizontally designed machines. 

Q: When you were discussing the current hard­
ware limitations, one thing you didn't mention 
was processor performance. Do you think that in 
the future we're going to have higher require­
ments for processor performance? 
Yes, absolutely. The Go PenPoint operating 
system and Microsoft's Pen-Based Windows I 
beUeve operate in the 386 environment. That 
is the marginal operating environment; there 
will be a demand for more speed, ff you've 
spent time with Go or with "V\todows in a 
386 environment, you know that changing 
pages moving data is a fairly slow process, 
even with a 386-based processor. And hand­
writing recognition is not nearly as robust 
as it could be, given more processing speed. 
I would expect that some of the alternative 
hardware platforms over a period of time wUl 
not stay with the Intel architecture, but instead 
move to a RISC-based platform to get more 
processing speed. 
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Q: You mentioned tliat the updated 1992 forecast 
mil be considerably reduced from the original 
forecast of 353,000 units worldwide. What type 
of a reduction are you looldng at? 

We are re-evaluating the drop right now, 
but it is likely to be 30 to 50 percent, and 
probably more in the order of a 50 percent 
reduction. 

Q: When do you see it ramping up, or do you 
see it ramping up to a level you have forecast 
through the 1995 time frame? 

We think it is going to ramp to the levels that 
we have forecast in the 1995 time frame, but 
our forecast was based on time-to-market after 
the Go PenPoint operating system and Pen-
Based Windows hit the market. At this point 
our belief is that the real ramp in product will 
start six to nine months after the operating 
systems have been on the market and appli­
cations have become available for the product. 
We are pushing our projections out by a year 
and a half at this point. 

Q: You made a comment when you spoke about 
the Pen Computer Users Conference that currently 
users have very low expectations. Is that being 
factored into this one-and-a-half-year lag in your 
forecast ramp? 

Yes it is. The corporate bu5rs are going to lag 
because there will be many more pilot pro­
grams than large piirchases; companies have 
to try out the hardware, the software, and 
address connectivity issues; and companies 
have to measure productivity for end users 
and understand the return on investment. It 
is a long process for the large selL It is also 
going to be longer before the individual end 
user feels a compelling need to walk into a 
computer store and buy a pen-based computer 
for horizontal applications instead of a 
keyboard-based machine. 

Q: Are you looking at a ^,000-unit level by 
1994? 

Yes. 

Q: You talked about Pen Find and Wmdovifs For 
Pens, but what is the feeling about CIC Pen 
DOS? Also, are you looking at pen-based operat­
ing systems for low-end machines? 
For the 8088-based machines and up, the CIC 
Pen DOS and the Geoworks products both did 

extremely well in that market. I think there is 
a good opportunity for both companies, but 
again, that is more of a vertical market than it 
is a horizontal market. I'm excited about the 
fact that we do have companies like CIC and 
Geoworks that are not abandoning the low-
end vertical market. I see basically four or five 
different operating systems coexisting very 
nicely in ttiis environment 

Q: I understand that for CIC the connection is 
386-based code. Are they working on an 80^ or 
286-based version of the code? 

For 8086- or 8088-based products, I believe 
that handwriting recognition will not play a 
significant role in that arena. They are strictiy 
vertical markets—^forms completion or graphics 
capture—and handwriting will not be an issue 
in that marketplace. 

Q: What are the borage requirements necessary 
for the various applications that you mentioned 
for pen-based computing? Also, could you speak 
about hard disk drives and memory cards, and 
whether you believe memory cards will be 
accepted on pen-based systems? 

The issue of storage is key to pen-based com­
puting. At this point, the disk drive form fac­
tor of 2.5 inches offers up to 120MB of stor­
age. Over a period of a year or so, that will 
go up dramatically. By the end of 1992, we 
will see a 1.8-inch form factor of 60 to 80MB 
hard disks. 

The price per megabyte on the memory cards 
is still relatively high. The price per megabyte 
on a JEIDA or PCMCIA standard card is in 
the neighborhood of $150. The Sundisk 8MB 
card that was announced at the conference 
two weeks ago is being offered at $50 per 
megabyte (which is still very, very high when 
compared to hard disk storage). 

The bottom line is aU of the applications 
require a lot of storage because of flie inten­
sive use of and need to store graphics. The 
winners are going to be the vendors that can 
provide the most storage for the least price in 
the smallest form factor. That sounds kind of 
trite, but it is key. The good news is that the 
memory card prices are going to come down 
dramatically over the next two or three years. 
Also, there are going to be exciting advances 
in the hard drive technology. The choices 
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available to vendors wiU be increasing in a 
number of ways, resulting in lower prices over 
the next three to four years. 

Q: What do you feel is the minimum storage 
requirement today for these systems? 

The minimum storage requirement depends on 
the application. A vertical market product—one 
that is strictly forms completion—can exist in 
the market today with 4 or 8MB of RAM and 
no hard disk or solid-state storage of any 
kind. A generic, horizontal application com­
puter is probably going to require 4 to 8MB 
of RAM and 60 to 80MB of haid disk storage. 

Q: For the wireless links, what are the present 
requirements for data rates, and what will they be 
in the near future? 

The data rate is going to be dependent on the 
transport layer. Ilie Traveling Software product 
tihat I mentioned, for example, cuixently uses 
wired connection and the data rate is extraor­
dinarily high: 100,000 bps and above. VN̂ breless 
data rates typically are running 9,600 or 19,200 
which is acceptable, but not really adequate. 
As we get into spectrum and artist situations, 
data rates of 50,000 bps will be standard and 
acceptable. 

Q: You mentioned that 15 percent of the 
corporate sample mil buy major numbers of 
pen-based units. What is a major number? 

Major purchases are 500 units or above. 

Q: What about markets overseas? Is this going 
to be a situation where most of the sales mil be 
in the United States? 

The overseas market is a real question at this 
point. The Japanese market is further advanced 
than the U.S. market because kanji is easier to 
recognize, and there are more specific applica­
tions. I believe the market wiU start in the 
United States, grow in the United States, and 
then it wiU move to Europe on a slower basis 
than ŵ e experienced with PCs, until compa­
nies invest the time and effort into localizing 
for the European market. 

Q: How do you think the new PCMCIA standanl 
mil play in pen computing? 

I believe that the PCMCIA 2.0 standard, with 
execute-in-place and hardware-versus-software 
capability, is a very important standard for the 

entire mobile computing industry. I expect this 
standard to become the bus of the portable 
computing environment, and it wiU be used 
by many vendors to personalize equipment for 
various vertical markets. It is very important 
for hardware companies to recognize PCMCIA 
and to bvuld equipment that is compatible 
with version 2.0, and the Intel exCHANG 
specification. 

Q: Where do you see the need for color 
displays? 

I think the industry has to fix the problems 
with the monochrome displays first. But I also 
beUeve that end-user demand wiU be there 
when the vendor community can provide 
very good high-contrast color displays with­
out a major differential in price and battery 
operation. 

Q: When will that happen? 

In the 1994/1995 time frame. 

Q: You referred to two display form factors for 
pen-based computers: 8J5 x 11-inch and 5 x 
7-inch. What is the reasonable price point of 
these two form factors? 

When we talk about price, we need to talk 
about the type of machine. For a 5 x 7-inch 
day book-type machine, the price has got to 
be under $1,000. For a vertical market appli­
cation, an 8.5 x 11-inch thin form factor tablet 
should be in the $1,000 to $1,500 price range. 
The generic machine— t̂he fuU blown horizon­
tal computer— îs currently at a $4,000 price 
point. That is going to have to come down 
dramatically—to the $2,000 to $2,500 price 
range. 

Q: What do you see as the pen-based or pen-
enhanced computers share of standard desktop 
purchases? As much as laptops and notebooks? 

If the connectivity issues are solved— t̂he 
connectivity between any portable computing 
environment and a network in a corporation is 
done very weU—you are going to start seeing 
aU types of portables taking away from desk­
top sales. But I don't believe that is going to 
happen in the immediate future. There are 
other issues involved. Issues of security, of 
data integrity/ of loss and theft of product, 
and the i^ct that the price point of desktop 
machines is currently very low. It is going to 
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be a fairly long time— Î would guess two to 
three years or more—before there is a major 
erosion of desktop machines because of 
pen-based computing. 

Q: In Japan, Sony introduced pen-based com­
puters almost two years ago. How are they doing 
now, and is there anything you have learned from 
Sony's experience of marketing in Japan? 
I do not personally have any information on 
the sales of this Sony system in Japan. That is 
something that we can provide to you, but I'U 
have to get it from ovu- Japanese office. How­
ever, the Japanese market in portable comput­
ing has been extremely different from the 
market in the United States. The end-user 
commimities are different and the uses for the 
computers are different. We have found, and I 
believe this is true for pen-based computing, 
very little correlation between what is going 
on in the Japanese market and what the 
potential is in the U.S. market. 

Q: Could you categorize the types of changes 
that need to be made to today's operating sys­
tems to accommodate pen-based computing? For 
example, you mentioned a version of Windows for 
pen computers. What types of things had to 
happen to Wmdows to make it accommodate 
pen-based computing? 
Vendors need to build applications specifically 
for a pen computer rather than for a generic 
computer that—oh, by the way—uses a pen. 
The difference between the Go operating sys­
tem and V^ndows For Pens is aU of the soft­
ware for the Go operating environment is 
written to use a pen from the very beginning, 
while the start of \^todows For Pens software 
will be keyboard-tj^ applications that are 
written—oh, by the way— t̂o recognize a pen. 
There is an entire market of users out there, 
the largest market that the computer industry 
has ever seen, that has never before used a 
computer. Vendors that are going to be suc­
cessful will provide applications that are not 
based on traditional existing computer 
metaphors. 

Q: Could you describe what a pen-based operat­
ing system looks like? What are some of the 
characteristics that you would hnd in such an 
operating system? 
The end user should never see a pen-based 
operating system, and the pen is the only 

mechanism that should be used. It should be 
extremely intuitive, and it should be buHt 
from the ground up to imderstand that appli­
cations are not standalone, that they all inter­
act with each other, and that data used in one 
application may be required in another appli­
cation and may be referenced in still another 
application. If I could design an operating 
system (which I have no intention of doing), 
it woiUd have a relational database-tjrpe 
underpinning, underneath aU applications. 

Q: What are the needs for ruggedness by cor­
porate users and consumers? Can users drop 
them, kick them, and throw them? And what type 
of price premium are corporate users willing to 
pay for the most rugged machine? 
It is going to depend specifically on applica­
tions. Otir belief is that there will be several 
degrees of ruggedness. The generic user will 
expect the same type of ruggedness available 
today in a Sharp Y/izard or a Casio Boss or a 
notebook computer. However, there are a lot 
of vertical markets that are going to require 
much more ruggedly built equipment. Hospi­
tals, for example, and truck drivers, and users 
like them. Corporations that I've talked to 
realize they are going to have to pay a price 
premium for ruggedness. 

To characterize how much thaf s going to be 
is difficult. I'll take a stab and say e>̂ pect 
probably a 20 percent hit in the price of a 
product for additional ruggedness—and tmder-
stand that under some conditions no product 
can be rugged enough—because of the screen. 
It is also reasonable to expect a higher rate 
of down time and repair with this type of 
product than with existing products. 

Q: Is the expeaation that these computers mil 
never break, or is it expected tiiat these com­
puters can be inexpensively and easily replaced, 
or field-serviced? 
The expectation is that the computers will 
break, because they are used on a day-to-day 
basis. But the expectation also is that their 
down time will be minimal, because the 
systems will be either field-repairable or 
modtilar—and corporations don't want to buy 
a lot of spares. The understanding is that 
some down time is required, but, for example, 
in a hospital environment, the expectation is 
to run on a 10 percent spare basis. 
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Q: What is the nability of the combination of 
pen input with keyboard input in one product? 
How will this type of product cut into purely pen 
or purely keyboard computer sales? 
The Momenta product is probably the best 
present-day example of a combination of pen-
based and keyboard-based product. Personally, 
I have mixed feelings about this type of prod­
uc t It is going to appeal more to a computer-
literate person who wants to move from a 
desktop environment to a portable environ­
ment. There also may be some executive-type 
users who wiU find that it is a nice choice, 
and a nice choice for somebody who is going 
to spend a fair amount of time doing data 
entry (using the keyboard for data entry and 
the pen for manipulation). My belief is that 
this combination system is not the mainstream 
product that we are going to see in the mar­
ket. That is a product that certainly will sell a 
large niunber of units, but it will not be the 
most sought-after type of pen-based computer. 

Q: Do you believe that a premium can be 
charged for something like that? 
In today's marketplace, considering the compe­
tition, a premium over a notebook, yes; a 
premium over a pen-based machine, no. 

Q: How important do you think pen input will 
become to traditional desktop usage—4o do things 
like document publishing, to be able to mark up 
a document, etc.? 
I think it is extremely important and an area 
that nobody has spent enough time concentrat­
ing on. Not only for document production, but 
for an executive office, I have envisioned 
several products that replace a standard work 
vidt I'd still use a keyboard with a desktop 
computer and a VGA or super VGA screen, 
yet I would also have a pen-based screen in 
front of me so that I can manipulate my day 
book on m y desktop, and still refer to the 
screen. 

Inquiry Summary 

Semiconductor Application Maricets 

Inquiry Highlights 
Q: What are the implications of Hewlett-
Packard's introduction of the 1.3-inch hard disk 
drive? 

A: This cotild be bad news for the 2.5-inch and 
1.8-inch hard disk drives (HDDs), as the smaller 
form factor is more desirable. One can argue 
that notebook computers have adequate power 
and space for a 2.5-inch or 1.8-inch drive. The 
same is not true, however, for hand-held PCs 
such as the HP 95LX. Here the 1.3-inch drive is 
the only viable HDD choice. If the 1.3-inch drive 
can be manufectured in volume, our earlier 
predictions of an expanded rigid disk drive mar­
ket 2 to 10 times its cuiient size may come true 
(see "Kigid Disk Drives; A Case for Integration," 
in the Semiconductor Application Markets 
Dataquest Perspective, Vol 1., No. 2 by Nicolas 
Samaras). 

The following pertinent information is taken 
from a Blast-O-Fax written by Dataquesf s Com­
puter Storage group on Jime 8,1992. 

Hewlett-Packard's Disk Mechanism Division in 
Boise, Idaho today announced the industry's 
first 1.3-inch-diameter (34mm) rigid disk drive. 
The Kittyhawk Personal Storage Module (PSM) 
offers 21.4MB in a miniaturized package only 
10.5mm X 36mm x 50.8mm. The two-platter 
drive uses glass media from Nippon Sheet Glass 
Company and 50 p>ercent thin fflm nanosUders. 

AT&T Microelectronics Division was contracted 
to codevelop a set of highly integrated chips for 
the drives. Using only 7 ICs instead of the nor­
mal 20 in 2.5-indi drives, the drive's dimensions 
are dictated by the size of the printed circuit 
board. The heads are estunated to be flying at 
3 microinches over the surface of the glass 
media. The average seek time is less than ISms; 
an embedded servo is used for positioning the 
rotary voice coil actuator. The spindle spins 
at 5,400 rpm. The areal density of the (Mve is 
111 Mb/sq. in., with a bit density of 51,000 bpi 
and a track density of 2,400 tp i Data are 
recorded in six zones. TTie drive platform is 
expected to grow to 200MB by 1995. 

The most interesting feature of the drive is not 
openly discussed by HP representatives. The 
lattyhawk is designed with a feature much like 
the collision sensors for airbags on automobiles. 
The drive detects an impending impact and 
causes the electronics to put the drive into a 
protection mode, averting data loss. The drive is 
rated at lOOG operating shock. The nonoperating 
shock specification is ^ G . The drives are 
produced with either a PCMCIA card interfece 
or an IDE connection. 

Applications for the drives are believed to 
include subnotebook, palmtop, and pen-based 
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computers. HP also believes that they will find 
their way into data collection devices, imaging 
peripherals, HDTV, interactive TV, and advanced 
game machines. The evaluation units are avail­
able for $450 and the volume OEM pricing has 
been set at $12/MB, with a goal of $10/MB in 
1993. The products are to be mass produced by 
Citizen Watch Company Ltd. in Japan, using 
micFomechanical assendbly techniques. Very high 
yields are anticipated and production volumes 
are believed to be planned at tens of millions 
within 24 months. HP indicates that U.S. and 
Japanese buyers are equally interested. 

Dataquest Perspective 
The Kittyhawk was a well-leaked surprise, but 
its feature set was certainly worth waiting for. 
The drives herald a new generaticn of storage 
products, and a new industry is bom. No longer 
must we think of higher capacity as the goal for 
future developments. At $10/MB for a 5MB 
drive, it wiU be possible to provide any industry 
with a $50 disk drive! Although 5MB is not a 
desirable capacity for a Windows-based personal 
computer, a video game or an automobile phone 
directory will fit nicely. Mass production, high 
yields, device integration, and low-cost heads 
and glass media are essential to the success of 
this new industry. It sounds as though HP is 
pretty far along with the technology and is in a 
position to dictate the future. Usually the inno­
vators are small, imderfinanced start-ups that 
are squashed after they pioneer a product. Now 
we will see if a major corporation can survive 
the inevitable attempts to kUl the messenger. 

By Phil Devin 

Q: How will the introduction of the 1.3-inch 
hard disk drives affect acceptance of solid-state 
disks and memory cards? 

A: It is perhaps too early to teU. SoUd-state stor­
age can and most likely wiU share the stage 
with hard disk drives. Even though semiconduc­
tor memory is still more expensive than mag­
netic media storage, solid-state disks (SSDs) are 
a better fit for applications that require very low^ 
power, or "instant-on" operation. Lower-capacity 
memory cards can be viewed as a form of 
•"soUd-state flopp)^' that also satisfy the role of 
an information exchange medium, and as a 
restilt are not threatened by the 1.3-inch drive. 
From a cost standpoint the 1. 3-inch drive is half 
that of the equivalent flash memory SSD. It is 
also interesting to note that the 1.3-inch drive 
from HP is offered with the PCMCIA internee 
as one of the two options, a feet that lends 
credibiUfy to the argument that memory cards 
and SSDs are here to stay. 

By Nicolas Samaras 

In Future issues 

The following topics will be addressed in future 
issues of Semiconductor Application Markets 
Worldwide Dataquest Perspective: 

m Forecast update 

• Emerging markets overview 
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In This Issue... 

Market Analysis 

Wdeo Phones: It Takes Two to Tango 
Video phones are on the cusp of becoming com­
mercial reality. Standards are in place and hard­
ware design-in opportvmities for chip companies 
are emerging. This article sizes the opportunities 
and identifies value-adding trends. 

By Gregory Sheppard Page 1 

Inquiry Summary 

Dataquesf s Semiconductor AppUcation Markets 
inquiry summary is designed to inform clients of 
commonly asked questions and Dataquesf s respec­
tive answers. No confidential information provided 
by our clients is included in this material. The 
information contained in this section is believed 
to be reliable, but it cannot be guaranteed to be 
correct or complete. 

This month's inquiries all relate to smart cards. 

By Nicolas Samaras Page 4 

Market Analysis 

Video Phones: It Takes Two to Tango 
It has been a long time since the 1964 World's 
Fair when AT&T demonstrated its first video 
phone. As is weU known in the annals of MBA 
case studies, the video phone was not a com­
mercial success. It was too expensive to make 
and xise, standards were undeveloped, and con­
sumers were not sure if they wanted to comb 
their hair every time the phone rang. A lot has 
happened since then to address the first two 
points; on the last point we can only hope that 
vanity has stopped building bonfires in the 
1990s and that semiconductor companies will 
have a real opportunity. 

A Market Scenario 
As the title of this article impUes, it takes at 
least two video phones to have an audio/ 
video conversation. A video phone can be either 
a desktop standalone unit with a CCD camera 
and LCD display or an add-in card for a P C / 
workstation with a CCD camera and display 
accomplished through a window on the monitor. 
Furthermore, it takes two video phones operat­
ing with the same signaling, protocol, and com­
pression standards, available in mass quantities 
from multiple suppliers at well-known price 
points to stimulate broad acceptance. Therein 
lies our assumptions regarding a forecast of the 
North American market for video phones and 
the semiconductors they consume. Table 1 and 
Figure 1 present a scenario based on the follow­
ing assumptions: 

• That C C m standards for video telephony 
are finalized and interoperability among 
different implementations is assured. Notable 
is adoption or migration to the H.261 st«in-
dard for video coding and compression 
(aka Fx64). Other COTT standards in­
clude G.711 (64 Kbps audio) and G.722 
(48, 56, and 64 Kbps ADPCM audio), G.728 
(16 Kbps audio), H.221 (framing), H.230 
(control signals), H.242 (setup/disconnect), 
and H.320 (narrow bandwidth systems). 

DataQuest 
n n a company of 
MMMB ThcDun&BradstrcctCoq>oration 

Dataquest is a registered tiademaik of A.C. Nielsen Company. 
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Table 1 
North America Video Telephone/Attactimerrt* IVIarket Estimate 

Video Phones/ 
Attachments 

Revenue ($M) 

ASP($K) 

Units (M) 

Semiconductor Market 

$ Content/Unit 

Total Revenue ($M) 

1992 

85.0 

1.70 

0.05 

204 

10.2 

1993 

95.2 

1.36 

0.07 

163 

11.4 

1994 

97.9 

1.09 

0.09 

131 

11.8 

1995 

122.4 

0.82 

0.15 

98 

14.7 

1996 

153.0 

0.61 

0.25 

73 

18.4 

1997 
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Figure 1 
North America Video Phone Opportunity 
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Picture quality that is acceptable to the 
user. The AT&T VideoPhone 2500 features 
a 128 X 112-color-pixel capability with up to 
15 frames per second. This is probably on the 
low end of xiser acceptability but future ver­
sions with QCIF (176 x 144 pixels) and GIF 
(352 X 288 pixels) should meet consumer/ 
office needs. Further rollout of ISDN (2B+D) 
Unes in the late 1990's will acclerate low-cost, 
high-resolution versions. 

Broad supply sovuces will develop with 
economy-driven price declines to affordable 

levels. Lack of travel during the Gulf War 
did a lot to heighten awareness of video 
conferencing, which is video phones' big 
brother. Likewise, availability of H.261 com­
pression chip sets from AT&T, ITT, LSI Logic, 
SGS-Thomson, and others are truly enabling 
OEM plug-and-play offerings. AT&T, Hitachi, 
British Telecom (GEC Marconi), IBM, Siemens, 
Northern Telecom, NTT, and Mitsubishi have 
or are developing offerings. Expect almost 
every company titiat makes telephones and 
video PC/workstation add-in cards to be at 
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some state of bringing product to market. 
Picture Tel and Compression Labs will con­
tinue to be principal technology contributors. 

• There wiU be a substantial warming toward 
using video commtmication in the home and 
office. Using airline revenue as a market to 
steal from, video calls could displace a sub­
stantial percentage of business and personal 
trips. Early adopters should be businesses 
with geographically dispersed and middle/ 
upper middle income families with small chil­
dren (the same market that bought camcord­
ers to send tapes to grandmother). The market 
should develop like the fex market did (need 
two to communicate), which gestated for 
about five years before the knee of the growth 
curve was attained. 

Semiconductor Opportunities 
Figure 2 breaks out the semiconductor opportu­
nity presented by video phones manufactured 
for use in the North American market. We pro­
ject the overall video phone semiconductor mar­
ket to reach $15 million by 1995 and $148 mil­
lion by 2000. We expect annual shipments of 

Figure 2 
Video Phone Semiconductor Market Breakdown 
(North America) 

CCD, MCU 
LCD Driver, (5%) 
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more than 100,000 video phone units by 1995. 
We expect video phones to become a common 
household item by the late 1990s as prices drop 
below $300. Our analysts in Europe project a 
similar growth scenario there, with a market size 
comparable to that in North America. With ite 
strong ISDN infrastructure, Japan could ramp up 
to speed quickly with a market haU the size of 
that in North America. 

Major opportunities exist in providing the 
H.261, H.221, and H.320 functions, data, and 
color space conversion (RGB:YUV); audio codecs 
(ADPCM) and conversion; and network interface 
functions such as modems (19.2-Kbps mixed-
video and audio) and eventually ISDN functions 
including S interfaces (2B+D). This application 
will also be a modest user of DRAM (1/8MB) 
and perhaps flash memory for presets and other 
uses. Figure 3 shows a generic video phone 
block diagram. Echo cancellation, higher data 
rates for better resolution, and certainly 
integrated and mixed-signal versions of the vari­
ous functional blocks (for example, combined 
audio codec and video codec) will provide a 
value-added differentiator. PC or workstation 
attachments and cards could eventually be 
merged with other video and audio functions 
inside these platforms. When that happens, the 
audio and video processors will need to handle 
multiple standards. 

Dataquest Perspective 
We beUeve that video phones will become a real 
opportxmity, but perhaps not ramping up as 
quickly as vested interests woiild like to believe. 
The overriding justification we use as a model is 
based on fex machine penetration through the 
1970s and 1980s. It appears that all the right 
pieces are in place for the market to emerge: 
standards, enabling technology (compression 
ICs), and the promise of economies of scale with 
dropping prices. Once again, as in other mar­
kets, much of the value and opporttmity is in 
the ASSP/DSP functions whose partitioning wiU 
need to be mixed and matched by the OEMs. 
The relationships are forming now. 

By Gregory Sheppard 

Source: Dataquest (June 1992) G2000235 
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Figure 3 
Video Phone Block Diagram 
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Inquiry Summary 

Semiconductor AppUcation Maricets 
Inquiry Higliiigiits 

Q: What is a smart card? 

A: A smart card, often called an IC card, is an 
information-canying device that shares form fac­
tor with the tjrpical credit card. Information is 
stored in a microchip that is embedded into the 
plastic card, which measttres 3.375 x 2.125 x 
0.030 inches (see Figure 1). 

Smart cards use a set of six contacts (optionally 
eight) to derive power and communicate with a 
card reader. Information is stored in some form 
of nonvolatile memory. Early on, EPROM was 
used; currently EEPROM is used for this func­
tion, and flash may be substituted. Nonvolatile 
memory storage capacities range from a few 
hxmdred bits to 64Kb. 

The microchip embedded in the smart card is a 
standalone single-chip microcomputer containing 
ROM, RAM, EEPROM, or EPROM. This is the 
preferred device for financial transaction cards, 
as it affords the most security and flexibility, 

albeit at a higher cost. Alternatively, an IC with 
hardwired logic and a small amovmt of 
EEPROM or EPROM may be used. This con­
figuration is common for prepaid telephone 
cards, metro/bus tickets, and vending machine 
applications. 

Q: Who invented smart cards? 

A: Roland Moreno, a French journalist, has 
been credited with the invention of smart 
cards. He was granted a patent (France, Europe, 
United States, and Japan) in 1972 and subse­
quently formed Iimovatron, a company whose 
purpose was to provide licenses to corpora­
tions involved in smart card manufacturing. 
Dr. Kunitaka Aiimura of Japan worked on a 
similar device that was able to communicate 
with a card reader using radio frequency. He 
was granted a patent in March 1970 limited to 
Japan. Dr. Arimvira is credited with the inven­
tion of the contactless smart card. 

Q: What is the difference between magnetic 
stripe cards and smart cards? 

A: A smart card shares the form factor with the 
common credit card found in everybodj^s wal­
let. The typical credit card contains both vistial 
information (embossed characters that include 

i 

i 
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name and expiration date) and binary data 
stored in a magnetic stripe on the back of the 
card. The magnetic stripe actually contains three 
tracks where data can be stored. However, stor­
age is very limited; track one can store 79 
alphanumeric characters, track two 40 numeric 
characters, and track three 107 numeric for a 
total of 226 (see Figure 2). 

The smart card, on the other hand, contains a 
microchip embedded in the upper left comer 
(or the newer middle left position). In essence 
it is the chip that gives the card the ability to 
store a feir amount of binary data and pro­
vides the intelligence. The typical smart card 
microchip represents a special kind of a 
microcomputer, with on-board ROM, RAM, 

Figure 1 
Smart Card 
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Figure 2 
Magnetic Stripe Card 
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EPROM or EEPROM, and an 8-bit CPU. Unlike 
the general-purpose microcomputer, smart card 
microcomputers most often have a total of five 
pins: Vcc, GND, RESET, I /O, and CLOCK. The 
primary reason for limiting the ntmiber of IC 
pads is security; all communications are serial 
in nature, using an as5mchronous protocol at 
9,600 baud. Additional security is provided as 
the on-board CPU supervises all commimication 
and, unless the CPU is operational, no access to 
the stored data is provided to the outside world. 
It is this software-hardware interlock that pro­
vides high security in smart cards. Additional 
levels of protection/secvirity are provided by the 
operating system, which include passwords and 
personal identification numbers (PINs). The 
card's operating system is stored in the ROM 
when the chip is manufactured. The RAM is 
used as a scratch pad for temporary storage. 
Actual data such as the cardholder's name and 
account nvunber are stored in the EEPROM area. 
Current-generation smart cards use EEPROM for 
data storage; older cards as well as smart cards 
used for telephone applications use EPROM for 
this function. 

Q: What are some smart card applications? 

A: The following are smart card applications: 

• Telephone cards. This appUcation consumes 
most smart cards to date. 

• Financial transaction cards (FTC). This appli­
cation was envisioned as the natural evolu­
tion/migration path for credit cards that now 
vise magnetic stripes to store the account ID 
and some otiher limited amount of data. For 
a variety of reasons FTCs (either credit or 
debit cards) have not been a runaway success 
story. However, their use is increasing in 
France, and to a lesser extent in other parts 
of Evirope. Japan is expected to foUow the 
European lead. The process most likely wiU 
take much longer in the United States. 

• Pay TV cards. This is a promising up-and-
coming application. In France the Canal PLUS 
S.A. uses smart cards, and in the United 
Kingdom Sky Broadcasting Ltd. (Skŷ  TV) 
uses a similar scheme. This is perhaps the 
most promising future application in the 
United States. 

• ToU road cards. Italy has experimented with 
this system using AT&T contactless smart 
cards. Besides Italy, similar systems are under 

consideration in other coimtries. In the United 
States trials are under way in Texas toU roads. 

• Financial transactions. Smart cards could 
one day replace current-generation magnetic 
stripe credit cards. A single smart card can 
substitute for a number of magnetic stripe 
cards because the smart card offers far 
greater nonvolatile memory capacity (typi­
cally EEPROM). Different accovmts can co­
exist within the same card. Each accoxmt can 
be protected by a password or PIN, thus 
ensuring confidentiality. 

• Cellular phone cards. In Europe the new pan-
Exoropean cellular phone network wiU use 
smart cards for billing purposes. Here the 
benefit to the consumer is that a call can be 
made anywhere in Exarope with simplified 
automated billing. 

• Tokens. Tokens similar to smart cards but not 
limited to that form fector are vised in vend­
ing machines in Europe and Japan. 

Q: Which country uses the most smart cards? 

A: France, the covmtry that is credited with 
inventing smart cards, uses them the most. The 
majority of smart cards are prepaid telephone 
cards (Telecarte) with a fixed amount of tele­
phone time units burned in or programmed into 
the card's EPROM during manufacturing. 
Telecartes are discarded after aU vinits have been 
used. The Telecarte is a simple smart card that 
uses EPROM technology to store the "time 
units," which are decremented during a tele­
phone call. In other respects, it is very similar to 
more sophisticated smart cards and uses a serial 
interface to communicate with the pay phone. 
To use it, the user inserts the card into a pay 
phone (mechanism similar to those of ATM 
machines), where the smart card makes electrical 
contact with the pay phone connector. The pay 
phone supplies the power and the clock signal 
for the card, and initiates the authentication 
process. Once the card is deemed valid and has 
a balance of "time units," the transaction can 
proceed with the caller dialing the number in a 
normal fashion. When connection is established, 
units stored in the card are decremented accord­
ing to the applicable rate. If a zero balance is 
reached the user is given the opportunity to 
swap that card with a new one, or the caU is 
discoimected. The French Telecom has realized 
a substantial benefit as vandalism and coin theft 
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has been substantially reduced if not eliminated. 
In addition, often cards are not fully used, thus 
allowing for a monetary gain from the "floating" 
currency. Additional revenue is realized from 
advertising sales as most smart cards are 
imprinted with ads. The cost of such a card is 
about $1, excluding the telephone "xmit" cost. In 
1991 about 70 million Telecartes were sold in 
France. 

Q: Name other covtntries that use smart cards. 

A: In Germany the telephone card is the most 
widespread application to date. Other European 
countries include Italy, Spain, the Netherlands, 
and Norway. In the United Kingdom, smart 
cards are used in satellite TV applications (SKY 
TV), where the card contains the descrambUng 
algorithm. The viewer needs to insert the card 
in a box similar to a cable box to descramble 
the TV signal. Here use of a smart card allows 
the TV program provider to quickly switch to a 
new algorithm should the existing one be com­
promised, a process far less expensive than hav­
ing to replace actual hardware (the cable TV 
box, for example). A smart card is periodically 
mailed to the subscribers to ensure that the 
TV signal provider stays ahead of any "hack­
ers." This is a real-time process that allows the 
"cable" com.pany to disconnect anyone not pay­
ing the biU. Other coxmtries include Japan, with 
both banking and transportation applications, as 
weU as Singapore and tiie United States. 

Q: Why haven't we seen widespread use for 
smart cards in the United States? 

A: One reason is that the United States has a 
good telephone network that allows users to 
caU from anywhere without coins. The tele­
phone credit card system used (one's tele­
phone number plxis a four-digit extension) is 
simple but by no means fraud-free. Vandalism, 
however, and coin theft appear to be less of a 
problem in the United States, or are not enough 
to warrant changing the infrastructure (that is, 
the public phones), which can be an expensive 
proposition. Smart cards have not replaced 
credit cards, as financial institutions prefer 

to recover the losses from fraud by means of 
an annual card fee rather than change the exist­
ing infrastructure, ATM magnetic stripe cards, 
with new ATM smart cards. Estimates for losses 
by companies such as MasterCard and Visa 
range from $600 million to more than $1 billion 
annually. Nonetheless trials are imder way on a 
number of fronts. Smart cards have been used to 
store medical information/data, social security 
and or drivers license numbers, in the mUitaiy 
to replace the dog tag, and as a means for 
delivering Medicaid/Medicare and social secu­
rity payments. 

Q: What are the advantages/disadvantages of 
smart cards over magnetic stripe cards? 

A: Smart cards are extremely difficvilt to coun­
terfeit. Magnetic stripe cards on the other hand, 
can be duplicated easily. 

Q: Name the top 10 semiconductor vendors of 
smart card microcomputers. 

A: The top 10 semiconductor vendors are Moto­
rola, SGS-Thomson, Hitachi, Texas Instruments, 
Old, Siemens, AT&T, Toshiba, Catalyst, and 
Philips. 

Q: Name the top 3 smart card vendors. 

A: The top 3 smart card vendors are GemPlus 
(France), Groupe Bull (France), and Schliun-
berger (France). 

Q: What are smart card sales in Europe? 

A: Figtire 3 shows Dataquesf s sales estimates 
for smart cards sales in Europe. 

By Nicolas Samaras 

In Future Issues 

The following topic wiU be addressed in a 
future issue of Semiconductor Application 
Markets Worldwide Dataquest Perspective: 

m Emerging opportunities 
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Figure 3 
European Smart Card Sales (Millions of Cards) 

Source: Dataquest (June 1992) Q200<K39 
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in This Issue... 

Market Analysis 

Digital Cellular and PCN Market An Upwardly Mobile 
Opportunity 
"ExpexA the U.S. market for digital and mixed ana­
log/digital cellular communication to continue 
expanding through the mid-1990s as personal com­
munications networks (PCNs) emerge during the 
latter part of the decade. The semiconductor 
opportunity represented by these markets will cre­
ate a high-growth market for DSP/mixed-signal 
intensive chip sets. 
By Krishna Shankar and Gregory Sheppard Page J 

Inquiry Summary 

Dataquesf s Semiconductor Application Markets 
inquiry summary is designed to inform dients of 
commonly asked questions and Dataquesf s respec­
tive answers. No confidential information provided 
by our clients is included in this material The 
information contained in this section is believed 
to be reliable, but it cannot be guaranteed to be 
correct or complete. 

• What does Dataquest project for the price of 
computing power across the various computer 
system types? Page 8 

Market Analysis 

Digital Cellular and PCM ilbaket An 
Upwardly Mobile Opportunity 
Two exciting semiconductor applications are 
emerging in the U.S. market concenung mobile/ 
cellular communication: the conversion of the 
U.S. cellular market to digital-based and the 
emergence of the personal commxmications net­
work (PCN)/ a go-an5^where cordless phone. 
Also known as personal communications sys­
tems (PCSs), VCtis extend tiie cordless phone's 
mobility using a microcell structure of a few 
kilometers in diameter, broadcasting in the 
1.8- to 2.0-GHz range. 

This article abstracts information from Data­
quesf s Personal and Vfireless Communications 
report 

Semiconductor Technology for Digital Cellular/ 
PCN Applications 
Historically, telecommunications applications 
have lagged behind data processing applications 
in their use of VLSI system-on-a-chip architec­
tures, The complex mixed-signal nature of tele­
com applications (RF, microwave, analog I /O 
and am^piification, and digital switching) has 
traditionally implied relatively low levels of 
integration and perfoimance. However, with the 
recent trend toward datacomm and telecom net­
work standards, deregulation, and network 
infrastructure digitization, a gradual segmenta­
tion of telecom semiconductor applications is 
occurring. 

High-performance CMOS technology is being 
universally embraced for data compression, digi­
tal signal processing, and switching applications. 
Mixed-signal ASICs and application-specific 
standard products (ASSPs) incorporating telecom 
core cells are being implemented in CMOS as 
well as BiCMOS technology. BiCMOS technology 
is eventually expected to play an important role 
in digital cellular and PCN applications because 
of its unique ability to cost-effectively integrate 
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and interface high performance with RF/IF 
front-ends with the high-density, low-power 
integration capabilities of CMOS for baseband 
compression, coding, and digital signal process­
ing operations. GaAs up/down conversion dr-
cuitty will also complement BiCMOS in certain 
applications where power or battery energy 
budgets are strained. 

Telecom semiconductor companies are using 
ASICs (gate arrays and standard cells) in conibi-
nation with programmable logic device building 
blocks such as complex PLDs and field-
programmable gate arrays (FF'GAs) in order to 
hasten time-to-market for the first-generation 
digital cellular and PCN telephone design. 
Dataquest expects future PCN chip sets to be 
optirrdzed as ASSPs using telecom-standard cells 
and DSP cores. PLD ICs such as complex PLDs 
and ITGAs wiU be used to offer customized 
value-added programmable features. Submicron 
high-performance CMOS and BiCMOS technol­
ogy will enable lower chip coimts per design, 
smaller form factors, low êr cost, lower power 
dissipation, and better performance in fixture 
digitol cellular and PCN chip sets. 

Dataquest believes that, by the year 2000, 
one- and two-chip tightly integrated BiCMOS/ 
bipolar/GaAs FCN IC solutions will offer 
high-performance, low-cost PCN telephones. 
These PCN chips will be based on 0.5-micron 
million-gate embedded gate arrays with 
optimized telecom macro cells, DSP cores, 
microcontrollers, filters, codecs, cache RAM, 
and ROM. 

Table 1 
U.S. Cellular Equipment Market Forecast (Millions of Dollars) 

Semiconductor Market Forecast for U.S. Cellular 
Telephone Applications 
Table 1 and Figure 1 show Dataquesf s forecast 
for the U.S. cellular infrastructure and telephone 
market between 1991 and 2000. The total U.S. 
semiconductor market for cellular applications is 
projected to grow from $210 million in 1991 to 
$401 million by the year 2000. The market is 
forecast to peaik at $436 million in 1995, after 
which the market growth wUl flatten because 
of the encroachment of the PCN semiconductor 
market. Infrastructure-related cellular semicon­
ductors account for about 25 percent of the 
$210 million 1991 U.S. market, felling to 12 per­
cent of the $401 million U.S. market by the year 
2000. 

Dataquest forecasts that the average semicon­
ductor content of cellular telephones will 
decrease at a compotmd annual growth rate 
(CAGR) of 4 percent from $55 per telephone 
in 1991 to $45 per telephone by the year 2000. 
The transition from the analog AMPS system 
to dual-mode digital-TDMA/analog AMPS 
telephones wiU result in a higher semiconductor 
content temporarily in the 1992 to 1993 time 
frame. However, technology advances attributed 
to submicron-level chip integration, ASSP 
market evolution, and increased competition 
will drive the semiconductor content of celhilar 
telephones downward after 1994 in order to 
accommodate aggressively lower telephone end-
user prices. 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
CAGR (%) 

1991-2000 
Cellular Infrastzucture 
Tdephones 
Telephones (K Units) 

Telephones (ASP $) 
Semiconductor $ Content/ 

Telephone Unit 
Telephone Semiconductor 

&4arket 
Infrastructure Semiconductor 

Market 
Total Cellular Semicon­

ductor Market 

1,045 1,082 1,210 1,578 1,850 1,280 1,270 1,200 1,110 9,80 -0.7 
1,849 2,305 2,689 3,217 3,253 3,082 2,724 2,660 2,930 2,855 4.9 
2,860 3,490 4,180 5,460 6,220 5,820 6,100 6,550 7,900 7,800 11.8 

647 660 643 589 523 530 447 406 371 366 -6.1 

55 65 60 58 55 53 51 49 47 45 -4 

157 227 251 314 344 309 311 320 371 352 -4 

52 54 61 79 93 64 64 60 56 49 -0.7 

210 281 311 393 436 373 374 380 427 401 7.5 

Source: Dataquest (May 1992) 
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Rgure 1 
U.S. Cellular Semiconductor Market Forecast 
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Semiconductor Market Forecast for U.S. PCN 
Applications 
Table 2 and Figure 2 show Dataquesf s forecast 
for the U.S. PQ>I infrastructiire and telephone 
market between 1991 and 2000. The total U.S. 
semiconductor market for PCN applications is 
projected to grow at a healthy CAGR of T7 per­
cent from $6 milUon in 1994 to $172 million by 
the year 2000. Infrastructure-related PCN senu-
conductors will account for about 50 percent 
of tiie 1994 U.S. market of $6 million, rising to 
58 percent of the $172 million U.S. PCN semi­
conductor market by the year 2000. The PCN 
goal of ubiquitous coverage and low-cost hand 
terminals •vsdll skew the growth of the U.S. PCN 
semiconductor market toward infrastructure 
apphcations through the year 2000, while keep­
ing the terminal semiconductor content and cost 
low enough to achieve market ramp-up and 
end-user acceptance. 

Dataquest forecasts that the average semiconduc­
tor content of a PCN telephone hand terminal 
wiU decrease rapidly at a CAGR of 21 percent 
from $100 per telephone in 1994 to $25 per 
telephone by the year 2000. Technology 

G£00064e 

advances attributed to submicron-level chip 
integration, ASSP market evolution, and 
increased competition will be the key factors 
driving down the cost of PCN telephones. 

Table 3 and Figure 3 show the breakdown of the 
U.S. cellular and PCN semiconductor market by 
device type between 1991 and the year 2000. 
Pure analog and mixed-signal devices such as 
RF functions and codecs comprise about 50 per­
cent of 1991-generation etnalog AMPS cellular 
telephones. AMPS-based telephones use 
relatively low-horsepower microcomponents 
such as 8-bit microcontrollers and low-density 
ASICs such as 5K gate arrays and some PLDs to 
implement random logic. 

However, by the year 2000, about 40 percent 
of a digital cellular/PCN telephone's semicon­
ductor content wUl be composed of highly 
integrated 16/32-bit microprocessors and 
digital/mixed-signal ASSPs. The pure analog 
and primitive mixed-signal building blocks wiU 
shrink to 25 percent of the total U.S. cellular/ 
PCN semiconductor market. The hardwired 
ASIC gate array/standeud ceU portion of the 
market will shrink to 5 percent of the market 
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Table 2 
U.S. PCN Equipment Market Forecast (Millions of Dollars) 

CAGR (%) 
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 1991-2000 

Infrastructure 
Telephones 
Telephones (K Units) 
Telephones (ASP $) 
SC $ Content/Telephone Unit 
Telephone Semiconductor Market 
Infrastructure Semiconductor Market 

Total PCN Semiconductor Market 

0 
0 
0 

0 
0 
0 

0 
0 
0 

42 
30 
30 

1,000 
100 

3 
3 
6 

139 
54 

90 
600 
67 
6 
8 

14 

80 183 368 7551,652 84.4 

77 210 225 352 522 61.0 

90 170 600 7501,600 2,900 1143 

50 350 300 220 180 -24.9 

60 48 40 30 25 -20.6 

10 29 30 48 73 70.1 

5 11 22 45 99 84.4 

15 40 52 93 172 773 

Source: Dataquest (May 1992) 

Figure 2 
U.S. PCN Semiconductor Martet Forecast 
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as standard functionality gets soaked up by 
the microprocessor/ASSP blocks. Dataquest, 
however, believes that the need for value-added 
programmable customization will increase the 
PLD semiconductor market from 10 percent of 
the 1991 market to 15 percent of the market by 
the year 2000. 

Digital Cellular/PCN Design Impact on 
Semiconductor Market 
Figvire 4 shows the basic building blocks of 
a conventional AMPS-based analog cellular 
telephone in 1991. The system is heavily 
dominated by analog/mixed-signal building 
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Table 3 
U.S. Cellular and PCN Semiconductor Maricet Forec^ by Device Type (Millions of Doliais) 

Year 1991 1995 2000 
CAGR (%) 

1991-2000 

Discrete* 
Analog/Mixed-Signal* 
MOS Memory 
MOS and BiCMOS Miao/ASSP 
MOS and BiCMOS Gate Arrays/Embedded 

Arrajre 
MOSPLDs 

Total 

42 
105 
10 
10 

21 
21 

210 

45 
180 
32 

108 

32 
54 

450 

29 
143 
57 

229 

29 
86 

573 

-42 
3.5 

20.8 
40.9 

3.5 
17.0 
11.8 

*GaAs will be an increasmg percentage. 
Souioe: Dataquest (May 1992) 

Figure 3 
Combined U.S. Ceiiular and PCN Semiconductor Market 

$21 (10%) $86 (15.0%) 

$229 
(40.0%) 

1991 
U.S. Cellular Semiconductor Market •• 

$105 
(50%) 

$270 Million 

$29 (5.1%) 

$143 (25.0%) 

$57 
(9.9%) 

2000 
U.S. PCN Semiconductor Market = $573 Million 

Q Discrete ^ MOS Memory [ | ] Gate Array/Embedded Arrays 

Q Analog/Mixed-Signal • Micro/ASSP 

MOS PLDs 

Notes: GaAs will be an increasing percentage. Segments may not add up to 100 percent because of rounding. 

Source: Dataquest (May 1992) G2000648 

blocks to inclement fiinctions such as power 
amplification, frequency synthesis^, and 
modulation. A relatively simple 8-bit microcon­
troller is used for control and execution. 

Rguie 5 shows a simplified schematic of a digi­
tal cellular/PCN telephone system. In this caise, 
elaborate speech codecs and baseband codecs 
are needed to implement the digital coding of 

the TDMA (for cellular) and CDMA (for PCN) 
algorithms. A high-perfonnance 16/32-bit CMOS 
microprocessor (RISC-like streamlined architec­
ture) controls the compute-intensive baseband 
codec, equalization, and CDMA/TDMA 
modulation functions, which use high-
performance 16/32-bit DSP engines. The RF 
front end is based on high-fi^eijuency bipolar or 
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Figure 4 
Simplified Analog Cellular Telephone 
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Source: Dataquest (May 1992) 

GaAs ICs. It is conceivable that the progress 
toward ULSI-level sub-05 micron IC integration 
can yield a single-chip integrated BiCMCS 
PCN/digital cdlular solution that cozhbines the 
high-frequency, high-gain RF front end with the 
computationally intensive baseband section. 

The building blocks for a PCN handset, 
although similar in concept to a digital cellular 
handset, will be somewhat simpler and less 
costly in implementation. The elimination of 
hard cellular handofis, high-speed mobility and 
noise-jSltering, frequency hoppings, and high 
transmit power requirements will render the IC 
implementation of a PCN handset somewhat 
easier, compared to a digital cellular handset. 

As for memory functions, mask programmable 
ROM and EE/flash will be needed for control 
code and user data (such as phone nimibers), 
respectively. The nonvolatile memory require­
ment can range from 64Kb to 132Kb, some or 
all of which can be absorbed by the microcom-
ponents. Because of the need for a DSP scratch 
pad/buffer, upward of 64Kb of slow SRAM can 
be required as welL There may be a future need 
for a memory card (prepaid debit card) interface, 

G2000649 

but markets such as Europe are the better 
near-term opportunity for that functionality. 

Dataquest Perspective 
A mixture of pure-play merchant semiconductor 
vendors and mixed captive/merchant vendors 
aims to capture significant portions of the U.S. 
cellular/PCN semiconductor market. Companies 
such as AT&T Microelectronics, Motorola, Mit­
subishi, Matsushita, Sony, Fujitsu, Siemens, Old, 
NEC, and Ericsson hope to parlay their systems 
knowledge expertise into IC component market 
dominance. Such companies aim to achieve mul­
tiple returns on tiieir core technology at both the 
OEM telephone handset level as well as the IC 
component level "Vigorous competition in the 
merchant digital cellular/PCN semiconductor 
market wiU ensxire production economies of 
scale, efficient cost structures, and market-
driven performance specifications for their 
semiconductor building blocks. 

In contrast, pure-play semiconductor companies 
such as GEC Plessey, National Semiconductor, 
Texas Instruments, Harris, Philips, Samsung, and 
SGS-Thomson are expected to leverage their core 

M ^ 11,1992 ©1992 Dataquest Incorporated SAWW-SVC-DP-9205 
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competencies and manufacturing muscle into 
key roles as merchant bviilding block suppliers 
of high-performance, cost-effective digital 
ceUular/PCN chip sets. Dataquest also expects 
a new wave of fabless application-spedfic 
semiconductor companies with experience in 
mixed-signal wireless telecommunication to 
emerge in order to target this emerging market. 
The availability of high-performance mixed-
signal foimdry processes and merchant CAD 
tools will be a significant entry barrier challenge 
for fabless semiconductor compzinies in this 
arena. 
By Krishna Shankar 

Gregory Sheppard 

Figure 1 
Worldwide Computer Systems Price per mips 

Inquiry Summary 

Semiconductor Application Mmkets 
Inquiry HighligMs 
Q: What does Dataquest project for the price of 
computing power across tiie various computer 
system types? 

A: Figure 1 shows Dataquesf s forecast for 
worldwide computer systems growth in mips 
units shipped and for worldwide computer 
systems price per mips. 
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In This Issue... 

Market Analysis 

Laser Printers: Evolution Darwin Wouid Be Proud Of 
Expect laser printers to become even more perva­
sive and smart as the market goes through adoles­
cence. Two of the differentiating functions driving 
design-win opportunities are resolution enhance­
ment and rasterization acceleration. 
By Gregory Sheppard Page 1 

Nomadic Computing and Semiconductor Opportunities 
for Hand-Held PCs 
Hand-held or palmtop PCs bring mobile users the 
promise of tetherless com.puter assistance. 
Advances in highly integrated, low-power MPUs, 
connectivity, high-density flash memories, and new 
interface standards should enable hand-helds to 
capture a substantially larger segment of the per­
sonal computer pie. 
By Nicolas Samaras Page 8 

Inquiry Summary 
Dataquesf s Semiconductor Application Markets 
inquiry simmiaiy is designed to inform clients of 
commonly asked questions and Dataquesf s respec­
tive answers. No confidential information provided 
by our clients is included in this material. The 
information contained in this piiblication is 
believed to be reliable, but it cannot be guaranteed 
to be correct or complete. 

Q: What is the forecast for the worldwide plain 
paper copier market? 

Q: What is the disposition of the color copier 
market? 

Q: What is the size of the PC graphics chip set 
market? 

Q: What is Dataquesf s 1991 market share ranking 
for PC suppliers? 

Market Analysis 

Laser Printers: Evolution Darwin Wouid 
Be Proud Of 
Next-generation laser printers vdll come very-
dose to having the computing power of many of 
the PCs they support. Tlds factor and the con­
tinued expansion of their use worldwide make 
laser printers an ongoing attractive market for 
semiconductors. 

Differentiation and Value 
Not unlike tiie computer OEMs, laser printer 
manujEacturers are continually searching for 
ways to add value and differentiate their 
proiducts. The following paragraphs describe 
some value-adding trends that can be expected 
over the next few years. 

Higher Resolution Struggle 

The fiercest battlegroirnds for product differen­
tiation are in print qualitj^ gray-scaling/half­
tones, and the elimination of aliasing (staii> 
step effect on curves). This wiU become partic­
ularly important as multimedia desktop sys­
tems evolve to handle and print images. The 
future wiU peld an array of complementary 
techniques that modulate the laser diode's 
intensity and duration for more precise resolu­
tion, something usually done after the page bit 
map has been created. The most common 
resolution today is 300 x 300 dots per inch 
(dpi), but a variety of technologies that 
expand the effective resolution to 600 x 600 
dpi and beyond have emerged. True address­
able 600 X 600 dpi technology in midrange 
printers vdU emerge over the next two years. 

Hewlett-Packard's Resolution Enhancement 
Technology (RET) actually retains the 300 x 
300 dpi matrix but achieves effective 600 x 
600 dpi by moving a scaled-down laser beam 
around within a standard "dot." One criticism 
of this technology is that the smoothing 
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algorithm employed can distort some complex 
figures or images. QMS Inc. has come out 
with a true 600 x 600-dpi technology called 
MultiRes, where all the dots are separately 
addressable on what is normally a 300-dpi 
system. Users can select either 300 dpi or 600 
dpi from the control panel or via company-
provided host software. QMS's approach does 
not require any distortion-prone dot smooth­
ing. DP-Tek has also introduced a fuUy 
addressable resolution enhancement approach 
called TrueRes, which can double the vertical 
and horizontal dot resolutions of 300-, 400-, 
and 600-dpi printers. DP-Tek also licenses 
its technology to other OEMs and board 
companies. 

Destiny Technology is another merchant 
supplier of a resolution enhancing technique 
called Edge Enhancement Technology (EET). 
It offers a RET-like ASSP tiiat NEC's Silent-
writer 95 has incorporated. Table 1 lists com­
panies with notable resolution enhancement 
techniques. 

In general, resolution enhancement features are 
being incorporated into CMOS ASICs and 
ASSPs. Each technique handles tiie laser beam 
differentiy and is tailored to a particular 
printer engine (for example. Canon NX or SX). 

Battle for Rasterization 

Just when it appeared that laser printers were 
heading for supercomputer status, the follow­
ing question was posed: Why not take advan­
tage of some of the host CPU cycles for some 
of the laser printer functions? In fact, several 

available software packages can perform much 
of the image rasterization function on the 
computer system and send to the printer a 
prerasterized bit stream. This capability 
addresses the so-called what-you-see-is-what-
you-get (WYSIWYG) trend where display and 
printer information look the same. It also 
addresses the trend toward graphical user 
interfaces such as Windows, where bit-mapped 
graphics are needed most of the time. The 
leading examples of host-based rasterization 
software packages are Adobe's Type Manager, 
Microsoft's Truelmage, and Sun Micros3rstems' 
Newsprint. 

A potential impact of host-based rasterization 
would be the need for a less intelligent printer 
controller. Therefore, it is conceivable that a 
market could develop for modestiy priced 
8/16-bit MPU-based laser printers that do not 
perform rasterization. Although this scenario is-
aig:uable, we believe that host-generated raster 
streams will bog down the system more often 
than not unless a multitasking OS is present 
and/or the system MPU's speed is 33 MHz or 
greater. Graphics and image printing also 
wotdd further slow host-based rasterization. 

Interpreting Interpreters 

Seven years after Adobe's PostScript Level 1 
was introduced, the company recentiy released 
PostScript Level 2. Some key features of this 
update include decompression of the bit 
stream from the computer (if driver-based 
compression is used), color management, forms 
caching, and more efficient and dynamic 
memory management. Several PostScript-like 

Table 1 
Companies Offering Resolution Enhancement tor Laser Printers 

Company Offering 
Apple 
Lexmark 
HP 
Destiny 
QMS 
DP-Tek 
LaserMaster 
NewGen 

FinePrint/PhotoGrade 
Print Quality Enhancement Technology (PQET) 
Resolution Enhancement Technology (RET) 
Edge Enhancement Technology (EET)* 
MultiRes 
TrueRes* 
TurboRes 
Image Enhancement Technology 

•Licensor or ASSP provider 
Source: Dataquest (April 1992) 
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interpreters exist from companies such as 
Phoenix Technologies, Destiny, and Peerless. 
Lltewise, HP's PCL 5 technology is now 
cloned by several companies. 

As PostScript/FCL 5-compatible printers 
become more prevalent, ftiey are retaining the 
ability to emulate bit-mapped printers. Several 
emulations usually are supported for prior 
generations of printers and plotters. A key 
trend is toward automatic emulation recogni­
tion where the printers automatically recog­
nize the language and provide the necessary 
personality to the host. 

Opportunities 
Table 2 shows what coxild be the evolutionary 
patii of laser printers at two of the most popular 
price points. Laser printer models appear to 
have an average market life cycle of three years. 
Currently, entry-level laser printers (PCX 4) are 
priced substantially less than $800, run at 4 
pages per minute (ppm), are based on a 68000 
processor, come standard with 0.5MB of main 
page storage, and feature bit-mapped fonts. By 
1994 , entry-level users could upgrade to a 
6-ppm, PostScript/PCL system available for less 
than $1,200. It is also possible tiiat 20-ppm Post­
Script/PCX printers will be available for less 
than $3,000. 

Shipments of color laser printers to date have 
been limited because of high price tags. We 

Table 2 
Laser Printer Evolution by Price Range 

believe that the price of color versions will come 
down rapidly to near $10,000 as new engines 
and integrated controllers roll out in the next 
two years. With coloiv opportunities exist for 
compression schemes such as JFEG to reduce the 
high bandwidth and memory requirements of 
color. 

Figure 1 identifies the future functions and 
opportunities within a laser printer controller. 

MPU 
The 68000 shoidd remain the single most 
dominant MPU type for low-end printers Gess 
than $1,200) through the mid-1990s. By 1994, 
6-ppm, $1,000 PostScript/PCL 5 printers 
powered by 16-MHz 68000 MPUs with resolu­
tion enhancement should prove to be in great 
demand; 68020 and 29K-based printers also 
win become more prevalent in the 8- to 
12-ppm range. Midrange printers (12- to 
20-ppm) will continue to see a shift to 32-bit 
"RISC MPUs as performance needs go up and 
MPU prices come down. AMD's 29K family 
has probably been the most successful RISC 
MPU to date in the midrange, with Intel's 
80960 gaining ground rapidly through some 
expected design win announcements. AMD's 
29200 "printer on a chip," which combines the 
vital MPR functions, engine interface, and host 
communication, promises a PCL 5 controller in 
six chips. 

1992 1994-1995 
$800 to $1,200 4-6 ppm 

68000—16 MHz or slower 

2MB DRAM with add-on 

Bit-mapped fonts 
300 X 300 dpi/Some resolution 

enhancement 

Semiconductor content of $75-$135 
$2,000-5,000 6-17 ppm 

680XX, 29XXX, XL, NS to 20 MHz 
4MB DRAM with add-on 
PostScript n/PCL 5—35 fonts 
300 X 300 dpi/Resolution enhancement 
Semiconductor content of $265-$275 

4-10 ppm 
Mostly 68XXX; some RISC to 20 MHz 
4MB DRAM with add-on 
PostScript n /PCL 5—16 fonts 

300 X 300 dpi/Resolution enhancement 

Semiconductor content of $85-$145* 
10-20 ppm 

Mostly RISC (80960, 29K) to 33 MHz 
8MB DRAM with add-on 
PostScript n /PCL 5—35 fonts 
300 X 300 dpi/Resolution enhancement 
Semiconductor content of $265-$275 

*Less intelligent (host rasterized) veisions will run half of this amount. 
Souice: Dataquest (April 1992) 
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Figure 1 
Laser Printer Controller Evolution (Circa 1994) 

Main CPU 

Low End -»68XXX, 29K. 8-Bit MCU 
Midrange -^ 32-Bit RISC 
High End -* 32-Bit RISC 

System MPR** 

ASIC/ASSP 
DRAM/ROM Control 
DMA Control 
Intenupt Control 
BitBit Control 
Timers 

**CPU-Speclfic 68K, 29K, 80960 

Raster Image Processor** 
ASIC/ASSP/FPU 
Transformation 
Hinting 
Filling 
SRAM Cache (32K x 8,35ns)(Optional) 
**Slave 

Resolution Enhancement* 
ASIC/ASSP 
300dpi -> 600dpi 

**Engine-Specific 

Clock/Dlstrlbutlon 

2-3 Frequencies 

Main Memory 
4-8MB-
DRAM 
x4, x8, ̂  80ns 

"Average with add-on 

Font/Code Storage 
1.5-2MB** 
EPROM. OTP -^ Flash 

*5 times more for kanji 

Communication 
ASSP/ASlC/Drivers-Recelvers 
Serial RS-232-C/422-A 
Local Talk 
Parallel-Centronics 
SCSI I (Disk Drive)** 
Fax/Modem** 
Ethernet/Token Ring** 
Front Panel Control 
Video Control/FIFO 
Expansion Bus Control** 

"Optional 

1 1 - 1 1 

"Various integrations and partitionings will emerge between these t>locks. 
Other Devices: 512-byte NVRAM 

Interface logic/transceivers 
Voltage regulators 

Video 
(Data, Synch., 
Status) 

Engine (Canon-.) 
16-Bit MCU w/PWM 
Motor Drivers 
Heater Control 
Diselectrification Control 
Laser Diode 
Sensors 

• • 

Source: Dataquest (April 1992) 
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As host-based rasterization emerges, a need 
will develop for less intelligent controllers 
with only an 8- or 16-bit MCU needed for 
housekeeping functions. 

Memory 

Factory-installed and add-on DRAM for main 
memory wiU continue to run about 40 percent 
of the semiconductor bill of materials. Our 
research indicates that the typical user will 
double the size of the ^ctory-installed 
SIMM-based DRAM. Currently, 4M DRAMs are 
being adopted within printers in either x4 or 
x8 configurations, with 80ns access times 
becoming common. The need for DRAMs 
could increase substantially as fully address­
able 600-dpi resolution and 32-bit color 
(4 primary colors at 8 bits each) emerges later 
in the decade. Downloadable soft fonts could 
drive DRAM requirements up as well, but this 
feature remains out of the mainstream. With 
the advent of PostScript Level 2 from Adobe, 
embedded data compression cotdd possibly 
reduce the memory needed. Once again, tikis 
would come at the expense of stealing host 
GPU cycles. 

Nonvolatile storage for PostScript/PCL 5 inter­
preter code, bit-mapped fonts, and scalable 
outline fonts CType 1, TrueType, Intellifont, 
kanji) will continue to migrate down into the 
low-end printers, stimulating growth for vari­
ous ROM versions. A printer equipped to run 
PostScript (or compatible)/PCL 5 and various 
emtilations of other printer standards can 
require as much as 3MB. Kanji capability 
could consvune 5 to 10 times that amount. 
Most of the printers we have analyzed use 
UV EPROMs for flexibility. We expect flash 
memory to become an opportunity when price 
parity is reached. 

Other occasionally used memory includes 
32K X 8, 35ns SRAMs for caching during 
the rasterization process, and Ê  or NVRAM 
(serial, 512 B) for user preferences and 
booting. 

ASICs/ASSPs/Chip Sets 

MPU Support MPR 
MPU-support MPRs provide traditional support 
functions such as those found in PC chip sets. 
In addition to functions such as DRAM and 
interrupt control, the block transfer BitBlt 
function is also reqtiired. As elsewhere, these 
functions can be swept up by an ASIC or 

implemented as an ASSP for supporting 
various CPUs. 

Raster Image Processor 
Raster image processors (RIPs) off-load the 
main MPU by handling the generation of tiie 
rasterized image from outline fonts. This IC 
handles transformation (scaling) hinting (fine 
adjustments), and filling (shading) and can 
operate up to 7,500 characters per second This 
function can often be achieved witii a stan­
dard MPU coprocessor or proprietary ASIC. 
However, opportunities exist for creating mer­
chant ICs that handle Type 1, TrueType, Intel­
lifont, kanji, and other character sets. Adobe 
with VLSI Technology, as well as Destiny 
Technology, offer tailored RIP merchant chips. 
The Adobe/VLSI chip is designed to work 
with ATM and for accelerating kanji character 
handling, the latter being a price/performance 
challenge limiting the acceptance of laser 
printers in Japan. 

Resolution Enhancement Processor 
Resolution enhancement processors control the 
modulation and movement of a laser beam 
within a dot to give apparent resolution dou­
bling to 600 X 600 dpi (or greater). As noted 
earlier, this stimulates price/performance 
greatiy as users get better printouts without 
speed degradation. Most printer manui^cturers 
treat this as a differentiator and thus attempt 
to control the technology by tising proprietary 
ASICs. This has changed recently because Des­
tiny Technology has released its merchant 
D9001 Edge Enhancement Technology (EET) 
chip for resolution enhancement (CMOS, 68-pin 
PLCC, $10 in high volumes). Starting with the 
NEC Silentwriter 95—^which we analyzed— 
there should be several further introductions 
at about $1,500 with PostScript 2/PCL 5 
capability using Destiny's chip. 

Communication 
In communication, as in other platform trends 
we have analyzed, the amotmt of change in 
laser printer interfeces is not surprising. In 
addition to the standard serial/paraUd/Local 
Talk interfaces, we can expect midrange ver­
sions to either incorporate or make more 
add-on card provisions for LAN connections, 
SCSI I interfaces, and fax/modem capability. 
The LAN connection applies to network server 
applications where the printer controller 
might be called to run the popular network 
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operating systems. The SCSI I interface would 
be needed for adding a disk drive for soft 
font downloading, and for high-speed spooling 
where the other interfaces are too slow. Fax/ 
modem capability is already being seen as 
optional in HFs offerings, for example, as fax 
users take advantage of the printer engine. 

For some processor-spedfic applications, mer­
chant chip vendors are introducing ICs that 
integrate the host communication, expansion 
bus interface, front panel controls/display, and 
video (printer engine) interface. Both VLSI 
Technology and Destiny Technology offer 
merchant, integrated printer communications 
controllers that save several square inches of 
board space. 

Forecast: Maturing Market, but Opportunities 
Are Plentiful 
Figure 2 shows the worldwide market forecast 
in vinits for laser printers (including other 
imaging techniques such as LEDs). In spite of 
a maturing North American market for laser 
printers, Exirope and Asia/Japan wiU continue 
propelling the world market at a 13.1 percent 
rate through 1996, reaching about 9 million 
units. The entry of price- and performance-
Figure 2 
Woridwide Page (Laser) Printer Market 

effective kanji and other complicated character 
set printers wiU help expand the Asia/Japan 
market. Good growth prospects exist in the 1- to 
6-ppm area as they break the $1,(X)0 price barrier 
and attract new users. The 16-ppm-and-greater 
categories wiU continue serving growing print 
server requirements for networks. 

There are more than two dozen laser printer 
OEMs today, but HP, Apple, IBM, Canon, and 
Panasonic have an estimated 70 percent of the 
market among them. There also is a growing 
trend for printer OEMs to become integrators 
using outside controller boards. Controller play­
ers include Adaptec, Bezier, Doctor Design, 
HDE, Peerless, and Xante. Although there are at 
least a dozen now. Canon, TEC, and IBM are the 
dominant engine manufacturers. 

Figure 3 and Table 3 show the semiconductor 
opportunity offered by laser printers. Averaging 
$233 today per printer (with average add-on 
memory), the semiconductor market for laser 
printers is expected to have an 8.6 percent 
CAGR through 1996, where it reaches $1.8 bil­
lion. The semiconductor content is expected to 
decline somewhat as the market mix shifts more 
toward lower-functionality printers. 

Millions of Units 

CAGR 
1991-1996 

13.1% 

1991 

Source: Dataquest (April 1992) 

1992 1993 1994 1995 1996 

02000097 
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Figure 3 
Worldwide Page (Laser) Printer Semiconductor Martet 

Billions of Dollars 

2-A 
CAGR 

199M996 
8.6% 

1991 1992 1993 1994 1995 1996 

Source: Dataquest (April 1992) 
GZOOOOBB 

Table 3 
Laser Printer Semiconductor (k)ntent in Dollars (Generalized) 

Less than $1,200 Printer 
DRAM (2MB) 
Nonvolatile (1MB) 
MPU 
ASIC/ASSP 
Commvmication 
Interfoce/Analog 
Discrete/Opto 

Total ($) 
$2,000-$5,000 

DRAM (4MB) 
Nonvolatile (2.5MB) 
MPU 
ASIC/ASSP 
Commvmication 
Interface/Analog 
Discrete/Opto 

Total ($) 

1992 

60 
28 
10 
20 
5 
4 
4 

75-135 

120 
70 
32 
35 
5 
4 
4 

265-275 

1994 

(4MB) 48 
(2MB) 40 

15 
25 

1 
3 
4 

85-145 

(8MB) 128 
(4MB) 80 

22 
28 

1 
3 
4 

265-275 
Note: A SCSI I interface would add $8-12 in semiconductor 

content and an Ethernet connection $26-34. SRAM based 
cache (32K x 8) could add $6-24 and an NVRAM $130. 

Source: Dataquest (April 1992) 

DRAM is expected to account for an average of 
40 percent of the semiconductor bill of materials, 
while nonvolatile memory will average about 
25 percent. The embedded microprocessors wiU 
average 10 percent, whereas the value-added 
playground of ASICs and ASSPs will average 
about 15 percent. Communications ICs, interface 
logic, voltage regulators, motor drivers, sensors, 
and the laser diode account for the rest. 

Dataquest Perspective 
In our last analysis of laser printer technology 
we forecast the need for higher-performance 
MPUs, and ASSP chip sets to replace the variety 
of ASICs fotmd on the controller. There is clearly 
a trend toward using more 32-bit QSC and 
RISC MPUs and doubling DRAM and ROM 
requirements. During 1992, a new class of laser 
printers vendors using barrier-lowering ASSPs 
are entering the market with very competitive 
offerings on a price/performance basis. ASICs 
will most likely remain a value-adding tool for 
market leaders such as HP, Apple, and IBM, 
while ASSPs will principally remain the tool of 
the market followers. 

Our analysis of this market and its hardware 
designs reveals that detailed applications 
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knowledge is as vital as ever with laser printers. 
Detailed knowledge of the target controller MPU 
and engine is now complemented by serving the 
OEM's need to differentiate products on price/ 
performance. The laser printer market is only 
in its adolescent stage and therefore should 
continue to be a maigjn-laden opportimity for 
semiconductor vendors for years to come. 

By Gregory Sheppard 

Nomadic Computing and Semiconductor 
Opportunities for Hand-Heid PCs 
Portable I ^ terminology is confusing. Defini­
tions change with time as technology races to 
fit a Cray supercomputer in a shirt pocket! In 
this article, Dataquest provides basic definitions 
and then discusses trends and semiconductor 
opportunities in the portable PC industry. 

Definitions 
A notebook PC is a desktop PC shrunk to the 
approximate size of 8.5 x 11 x 1.5 inches; it 
weighs 4 to 7 pounds. 

A companion PC is basically a smaller notebook 
PC that tjrpicaUy measures 10 x 6 x 1 inches and 
weighs less than 3 pounds. It may use a floppy 
and a hard disk or silicon disk for mass storage. 

A hand-held is a desktop PC shrunk to at least 
a size of 8.5 x 4 x 1 inches (more often 6 x 4 x 
1 inches) and weighs less than 1.5 pounds. 
Because of size and power constraints, hand­
held PCs do not use a hard disk for mass stor­
age. Instead they rely on PCMCIA-type memory 
cards to fulfill this function. The memory card 
here performs dual functions: that of a remov­
able mass storage device (hard disk) and of a 
floppy that allows for information exchange. The 
term palmtop is often used to indicate a similar 
class of machines. For our discussion we will 
focus on machines that support a standard 
operating system (OS) such as DOS. 

A personal organizer is a small portable device 
( 6 x 3 x 1 inches or smaller) typically running a 
proprietary OS and a small set of personal infor­
mation management (PIM) utilities such as 
appointment calendars and phone books. Per­
sonal orgariizers do not run general-purpose 
software. They can, however, communicate with 
PCs for data transfers. 

Why Do We Need Hand-Held PCs? 
Even though portable PCs are getting smaller 
and lighter by the day, t h ^ are still ctmiber-
some for many applications and users. It is true 
that notebook PCs have brought the computing 
power of the desktop to an 8 x 10 x 1-inch form 
factor weighing just imder 5 poimds. But even 
though they fit in briefcases, they are still 
limited in a nTimber of ways. 

Portable PCs depend on expensive nonstandard 
rechargeable batteries that allow for just 2 to 
4 hours of operation, which creates a problem: It 
is nice that such powerful full-fledged PCs can 
be taken on the road, but they tend to become 
temporarily useless once they run out of power 
Of course they can be brougjit back to life when 
an AC outiet is foimd, but then, this is not 
much consolation inside an airplane! Another 
problem is the AC adaptor, which is not light­
weight and takes up space. At 4 to 5 povmds 
(adaptor excluded), notebook PCs are still heavy 
for most users, who would prefer something 
much lighter if given a choice. More importantiy 
these PCs are not socially accepted in meetings, 
while paper-based daj^timers and organizers are. 
Portable PCs also are not very rugged, the weak 
points being the hard disk and to a lesser degree 
the LCD display. Finally, there is the cost issue: 
Notebook PCs still cost $1,500 to $4,000, 
excluding software. 

Enter the hand-held PC, which is much smaller, 
much Uglhter, runs on off-the-shelf batteries 
(often standard AA) for up to 100 hours, fits in 
a shirt or vest pocket, costs a third the price of a 
notebook, runs most (if not all) PC application 
software, and easily connects with desktops. 

Because the hand-held PCs run off-the-shelf soft­
ware, they become almost as useful as tiie desk­
tops. The key word here is almost. Some choices 
had to be made to downsize a desktop to a 
hand-held. There is no space or power to use a 
hard disk, which means that some alternate 
form of mass storage is needed. The only 
viable—and in the short-term, expensive— 
alternatives were solid-state disks and/or mem­
ory cards. The soUd-state disk based on flash 
memory is the hard disk replacement; the 
memory card is the floppy. 

SoUd-state storage is a blessing in disguise. 
Because it is more expensive than the equivalent 
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hard disk drive (HDD), it mandates that only 
the necessary software be built-in or carried 
along. This feet, limiting as it may at first glance 
seem, forces examination of the utility of the 
software carried along. Only absolutely neces­
sary software is embedded in hand-held PCs 
because semiconductor mass storage is not 
cheap. On a per-megabyte basis a hard disk 
drive costs $3 to $4, wheresis a flash memory 
disk/card may cost $50 to $75. By year's end it 
is expected that the cost disparity between hard 
disks and solid-state storage (flash) will be 
reduced to 5:1 as memory cards reach $25 per 
megabyte. 

A point often missed in cost-per-megabyte dis­
cussions is that just 3MB of hard disk storage 
cannot be bought for $9! Even if iiie cost issue is 
ignored, hard disks cannot be used in hand-held 
PCs because they consume too much power and 
their size, even at the 1.8-inch form factor, is a 
problem. This may not hold true if and when 
low-power 1-inch HDDs become available. At 
that size most problems inhibiting their use in 
hand-helds should disappear. A 1-inch hard 
disk would be reasonably rugged and power 
nimble. For now, however, solid-state is the 
only alternative. 

Hand-held PCs are not meant to replace the 
office PC; instead, they are expected to act as 
adjunct computers. 

To the extent that hand-held PCs can effectively 
be used as take-along computers, their compati­
bility with the user's desktop PC is essential 
However the ability to run aU the software as 
the user's desktop is a questionable quality. The 
hand-held is more of an outgrowth from tiie 
organizer camp as opposed to the downsizing of 
the notebook PC. Attributes other than full com­
patibility are more important. For example, are 
the PIMs adequate and well designed? Is the 
hand-held small and easy to cany along and 
use? Is the keyboard useful for a reasonably 
small amount of typing? Are the batteries easy 
to find and do they last 50 to 100 hoxirs? Is tiie 
display quality acceptable? How easy is it for 
the average user to connect the hand-held to a 
desktop and upload/download data? Is connec­
tivity expensive? Successful hand-held 
implementations should have plenty of yes 
answers for this set of questions. 

Who Uses Hand-Held PCs? 
Beyond the on-the-go professional that needs 
something light for the road, a multitude of 

people use and will use these devices in a vari­
ety of environments. Weight, portability, and bat-
t ^ life are key features that make hand-held 
PCs attractive in industrial/commercial tasks on 
the factory floor to collect data, in shipping and 
receiving, for inventory and other tasks. Thus 
assuming that hand-helds deliver on the 
challenges at hand (ease of use, long battery life, 
and seamless connectivity), they stand to clearly 
dominate parts of mobile computing. Figure 1 
shows a representative level of integration in 
today's hand-held PCs. 

The trend in hand-helds is toward using a 
highly integrated MPU such as the NEC 
LH72001, the C&T F8680, the VADEM VG-230, 
or the Motorola LSC80018. The memory card 
port can be controlled in a number of way^. A 
memory card controller may be used if space 
and cost permit. Alternately, glue logic or even 
the MCU may be used for direct but less effi­
cient control. This function will ultimately 
migrate to the MPU. 

Table 1 shows hand-held unit projections based 
on Dataquesf s Personal Computers group's fore­
cast, which does not include personal organizers. 
Hand-held PC unit shipments are expected to 
grow at a compound annual growth rate 
(CAGR) of about 84 percent from 1992 to 1996. 
Both average selling prices and hand-held semi­
conductor content are expected to come down 
following reasonably well-defined learning 
curves. The total available market for semicon­
ductor vendors is projected to grow at a healthy 
rate of 67.2 percent over the same period. It 
should be noted that the semiconductor TAM 
figures do not include the substantial semi­
conductor memory (flash, ROM, and RAM) 
opportunities arising from memory card sales. 

Figure 2 shows projected hand-held PC market 
share for 1992 and 1996. 

Hand-Held PC Players 
Players in the hand-held PC market, along with 
their status, are as follows: 

• HP— În its second generation of product, HP 
95LX 1MB. 

• Poqet—^In its second generation of product, 
Poqet PC. 

• Sharp—^About to enter the hand-held PC 
market with its PC-3000. Has participated in 
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the organizer market with its V\^ard product 
line. 

• Casio—So far has offered a series of organiz­
ers (B.O.S.S. product line). 

• Atari—Offers the Atari Portfolio. Sold close to 
100,000 units in 1991. 

Figure 1 
Hand-Held PC—Block Diagram 

Sony—^At present offers a line of hand-held 
PCs for the Japanese market that run a pro­
prietary OS and accept pen input. 

PSION—Has offered a product that is similar 
to HPs 95LX but is based on a proprietary 
OS. 
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Table 1 
Estimated Total Available Market, Worldwide Hand-Held PCs 

1992 1996 
CAGR (%) 

1992-1996 
Units (K) 
ASP($) 
Semiconductor Content ($) 
Semiconductor TAM ($M) 

801 
330 
56 

44.8 

9,215 
280 
38 

350.2 

84.2 
-4.0 
-9.2 
67.2 

Source: Dataquest (April 1992) 
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Figure 2 
Worfajwide Hand-Held PC Market Forecast 

Hand-Held PCs (3.0%) 

1992 1996 

Source: D^aquest (April 1992) G2000100 

Semiconductor Opportunities and Trends 
Opportunities and trends for semiconductors are 
described in the following paragraphs. 

MPU 

Because both space and power come at a 
premiimi, MPUs that integrate most if not all 
tiie functions needed to build a hand-held PC 
are now appearing to fill the gap. Figures 3, 
4, and 5 are typical implementations. As high 
integration is achieved, board space and cost 
will be freed for other functions such as 
speech and handwriting recognition, and IR 
and KF comm.tmications capabilities. MPU 
speeds will increase, primarily driven by 
handwriting recognition, algorithmic demands, 
data compression speech processing, and 
communications needs. 

Main Memory 

Today 1MB of SRAM/PSRAM (pseudo RAM) 
is typically used. PSRAM is preferred for cost 
reasons. Two 4MB, 3/5V devices do the job. If 
the execute-in-place (XIP) function is success­
fully implemented, tiien main memory may 
increase marginally to 2MB. Flash will be used 
in the future because of nonvolatility and low 
power consumption; most likely it wiU replace 
at least a part or all SRAM/PSRAM. 

ROM 
The 1MB typically used today most likely will 
be replaced by flash in the near future. In this 
area hand-held PCs store their operating sys­
tem (for example, DOS) and programs such 
as Lotus 1-2-3 and FIMs. The problem with 
ROM is that it cannot be changed and thus 
the hand-held PC may be rendered obsolete 
in a short period. Flash memory is far more 
appropriate for this function. The expected 
memory size is 2MB to 4MB in the near term, 
increasing to 10MB by the end of the decade. 

Mass Storage 

Solid-state disks using flash memory with 
capacities on the order of 2MB to 5MB should 
be used in the near term; 10MB to 40MB 
should be used by 1995. Small densities 
should not be underestimated; by using soft­
ware compression their size could be more 
than doubled, thus decreasing their apparent 
cost. 

Data Compressioii 
This function begs for eventual implementa­
tion in silicon, perhaps as part of a chip set 
at first, eventually to be integrated in the core 
MPU. Data compression is needed to offset the 
high cost of silicon-based memory used for 
mass storage. 
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Figure 3 
Block Diagram of the Chips and Technologies F8680 (PC/ 
CHIP) 

Source: Chips & Technologies Inc. 

Figure 4 
Bk)ck Diagram of the NEC m72001 
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Other Storage 

Hand-held PCs will incorporate one or two 
PCMCIA-type ports supporting XIP. Rash and 
SRAM memory cards will be used as secon­
dary storage devices. ROM memory cards will 
carry application software. Programming flash 
memory cards will become easy with tihe 

introduction of single-supply 5V devices now, 
and 3V in the future. 

Connectivity 

Connectivity is a key issue with devices such 
as hand-helds that tend to depend on the 
uploading and downloading of data to and 
from a desktop PC. Beyond the RS-232 tjrpe 
connections, infrared such as the one used 
by HP seems to be a very good alternative. 
An infrared connection with the desktop may 
simplify the chore of transferring data and 
programs between a desktop and the hand­
held. In the long run, with PCMCIA ports 
finding their way into desktops and notebooks, 
the memory card wiU be used to transfer data 
between hand-held and desktop PCs. 

Communication 

The HP 95LX hand-held can mate with the 
NewsStream receiver from Motorola. It allows 
the user to receive e-mail over national, 
regional, or local paging services. Most 
products offer built-in terminal emulation soft­
ware that allows the hand-held to be tied up 
to a network such as CompuServe by using a 
modem. Modem and or wired/wireless fax 
capabilities may be integrated into hand-held 
PCs in the near future. 

Who Makes Microprocessors for Hand-Held 
PCs? 
The NEC V20 MPU is used by tiie HP95LX, the 
Poqet, and the Sharp Wizard series of products. 
It is by and large the microprocessor most com­
monly used in these IBM-compatible PCs. 

A number of newcomer single-chip MPUs are 
poised to challenge this MPU. C&T introduced a 
single-chip highly integrated MPU, the F8680 
(PC/CHIP), which also includes power manage­
ment logic, a CGA-compatible LCD controller, a 
serial port, and IBM XT-compatible bus logic. 

Newcomer VADEM will shortly introduce the 
VG-230, a device that incorporates the V30 
MPU, a power management unit, serial port, 
timer, DMA and interrupt controllers, real-time 
clock, memory controller and manager, graphics 
LCD controller, and keyboard scanner. 

Motorola is about to offer a highly integrated 
MCU, the LSC80018, to a small consortiimi of 
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Figure 5 
Biocl< Diagram of the VADEM VG-230 
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companies with the common goal of promoting 
a hand-held variant called PocSec for the Pocket 
Secretary. The LSC80018 features an 8-bit MCU 
that incorporates a graphics LCD controller, a 
real-time clock, an SPI, SQ, 3.5K of ROM, 448 
bytes of RAM, and an 8MB MMU. 

IC Peripherals for Hand-Held PCs 
Table 2 lists memory card controller ICs, and 
Table 3 compares three hand-held computers. 
The Poqet has been around the longest. HP has 
been very well received, with sales on the order 
of 100,000 units for 1991. The Sharp PC-3000 is 
about to enter the market. 

Dataquest Perspective 
The need for portability must be balanced with 
the usefulness of a hand-held PC, which, 
depending on implementation, may be portable 
but not useful. A nagging problem in today's 
hand-held PCs is the hxunan interface. A small 
hand-held with a tiny keyboard can fit in a 
pocket. Unfortunately, even the smallest amount 
of tjrping using such a keyboard becomes a 
chore. ITiat makes the hand-held effectively an 
organizer that can be connected to a desktop PC. 

On the other hand, if the tninimtun useful size 
keyboard (such as the Poqet/Sharp PC-3000) is 
used, the hand-held cannot fit in a pocket and 
its usefulness is again reduced. The solution 
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Table 2 
Memory Card Controller ICs 

Intel 

VLSI 

Fujitsu 

Source: Dataquest (April 1992) 

Table 3 
Hand-Held PC Features 

Size (Inches) 

Weight 

CPU/Speed 

System Memory 

Keyboard 

82365SL Memory card controller 

VL82C107 Includes memory card 
Control function 

MB86301 Memory card controller 

HP95L X 1MB 

6.3 X 3.4 X 1,0 

11 oz 
V20H at 5.37 MHz 

1MB SRAM 
1MB ROM 

60 + 10 FN + 10 Apps 
Display Column/Emulation 40x16—^MDA 

Display Resolution 

Batteries/Type 

Memory Card Slot 
O/S 

Other Ports 

Opt. Peripherals 

Built-in Software 

240 X 128 

Two/AA 

1 PCMCIA-1.0 
MS-DOS 3.22 

3 wire RS-232 
Intra-Red 
NewsStream Receiver 

Lotus 1-2-3 Ver 2.2 
Scheduler 

Address/Phone Book 
Memo Editor 

HP Financial Calc 
DataComm 
Filer 

Clock/Stopwatch 
ToDo list 

Sharp FC-3000 

8.8 X 4.4 X 1.0 

1.23 lbs. 
80C88 at 10 MHz 

1MB SRAM 
1MB ROM 

77+ 12 FN 
80x25—CGA/MDA 

640x200 

Three/AA 

2 PCMCIA-1.0 
MS-DOS 3.3 
RS-232C 
Parallel I /O 
1.44MB 3.5" Floppy 

Lotus compatible 
Scheduler 

Address/Phone Book 
Memo Editor 

Calculator 
LapLink 

File Manager 
Qock 
ToDo list 

160-pin QFP 

128-pin QFP 

120-pin PQFP 

Poqet 

8.8 X 4.3 X 1.0 
1.2 lbs 

80C88 at 7 MHz 

640KB SRAM 
768KB ROM 

77+ 10 FN 
80x25—CGA/MDA 

640x200 

Two/AA 

2 PCMCIA-1.0 
MS-DOS 3.3 
RS-232C 

I /O bus (XT comp) 
1.44MB 3.5" Floppy 

Scheduler 

Address/Phone Book 

Memo Editor 
Calculator 

File Manager 
Qock 

ToDo List 

Source: Dataquest (April 1992) 

may be a hybrid product such as the HP 95LX 
where the keyboard keys are enlarged to a size 
closer to those ia ttie Poqet/Shaip PC-3000 
(QWERTY without separate numeric keypad) 
and w^here the pen input is allowed to supple­
ment the keyboard. Both Sharp and Sony have 
demonstrated products that incorporate such a 
pen-based input device. Even though these are 

not hand-held PCs that run DOS, they are a step 
in the right direction. Making such devices 
PC-compatible is rather simple. 

The key to success for hand-helds may be 
semiconductor devices that allow for a good 
machine-human interface, which may be hand­
writing on the LCD screen, voice recognition, 
or a combination of both, and provide seamless 
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connectivity. If hand-helds succeed in being easy 
to use, then their unit volume potential will 
exceed our expectations. 

By Nicolas Samaras 

Inquiry Summary 

Semicomluctor ApplicaUm Maikets 
Inquiry Highlights 
Q: What is the forecast for the worldwide plain 
paper copier market? 

A: The worldwide copier market, on a imit 
basis, is predicted to grow at compound annual 
growth rate of 4.6 percent through 1995, with 
Europe becoming tiie largest market and Rest of 
World (mainly Pacific Kim) the fastest-growing 
market (see Table 1). Canon, Xerox, Sharp, Mita, 
and Koidca in rank order are the largest suppli­
ers to North America. 

Table 1 
Worldwide Copier Placements (Thousands of Units) 

North America 
Europe 

Japan 
Rest of WorM 

Total 

1990 
1,322 
1,291 

731 

545 

3,889 

1995 
1,433 

1,693 
904 

840 

4,870 

CAGR (%) 
1990-1995 

1.6 
5.6 

4.3 
9.0 

4.6 

Q: What is the disposition of the color copier 
market? 

A: Just about all the major copier manuMcturers 
have entered the market or are about to. The 
1995 world color copier market is projected to 
be 90,000 units. Canon and Savin are the largest 
players in North America. 

Q: What is ttie size of the PC graphics chip set 
market? 

A: Dataquest estimates the worldwide merchant 
market to be 19.8 million units at an ASP of 
$20.50. More than 95 percent of the market is for 
VGA applications. 

Q: What is Dataquesf s 1991 market share rank­
ing for PC suppliers? 

A: Table 2 shows our rankings. 

In Future Issues 

The following topics will be addressed in future 
issues of Seiiidconductor Application Markets 
Worldwide Dataquest Perspective: 

u Opportunities in personal communication 

• Inquiry summary 

Souioe: Dataquest (April 1992) 

SAWW-SVO-DP^204 ©1992 Dataquest Incorporated Aprfl 13,1992 



16 Semiconductor Application Markets Worldwide 

Table 2 
Top PC Companies Woridwide—Preliminary Estimates 

1991 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1990 
Rank 
1 
2 
3 
4 
5 
10 
8 
7 
6 
12 
11 
14 

Vendor 
IBM 
Apple 
CommodoFe 
NEC 
Compaq 
Packard Bell 
Tandy 
Atari 
Toshiba 
Zenith 
Olivetti 
AST 

Total 

K Units 

1990 
2,842 
1,788 
1,695 
1,343 

939 
575 
634 
734 
882 
440 
454 
274 

23,993 

1991 
2,684 
Z261 
2,100 
1,412 

998 
683 
676 
590 
552 
469 
467 
399 

25,019 

Percent 
Growth 

-5.6 
26.4 
23.9 
5.2 
6.3 

18.9 
6.6 

-19.6 
-37.4 

6.6 
2.8 

45.5 
4.3 

Market Share 
1990 1991 

(%) (%) 

11.8 10.7 
7.5 9.0 
7.1 8.4 
5.6 5.6 
3.9 4.0 
2.4 2.7 
2.6 2.7 
3.1 2.4 
3.7 2.2 
1.8 1.9 
1.9 1.9 
1.1 1.6 

Percent 
Change 

-1.1 
1.6 
1.3 

0 
0.1 
0.3 
0.1 

-0.7 
-1.5 
0.1 

0 
0.5 

Source: Dataquest (April 1992) 

For More Information 

On the topics in this issue Greg Sheppaid, Sr. Industry Analyst (408) 437-8261 
About online access (408) 437-8576 
About upcoming Dataquest conferences (408) 437-8245 
About your subscription or other Dataquest publications . ...(408) 437-8285 
Via fax request (408) 437-0292 
The content of this report represents our interpretation and analysis of information generally available to the public or released by responsible individuals 
in the subject companies, but is not guaranteed as to accuracy or completeness. It does not contain material provided to us in confidence by our dieitts. 
Individual companies reported on and analyzed by Dataquest may be clients of this and/or other Data<]uest services. This information is not furnished in 
connection with a sale or offer to sell securities or in connection with the solicitation of an ofier to buy securities. This firm and its parent and/or their 
officers, stockholders, or members of their families maĵ  from time to time, have a long or short position in the securities mentioned and may sell or buy 
such securities. 
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In This Issue... 

Market Analysis 

Optical Storage: Is Multimedia the Driver? 
The optical disk drive market has been driven by 
very high capacity storage requirements imposed 
by image processing and online databases. Until 
now, optical storage has not been part of the main­
stream personal computer. However, multimedia 
consumer applications may change this shortly 
By Nicolas Samaras Page 1 

Semiconductor Opportunities in the Fax/Modem Market 
The fax and the combined fax/modem function are 
evolving into add-in board and motherboard-based 
versions. Modems will continue to be a sizable 
unit opportunity throughout the forecast period. 
In this article, Dataquest characterizes these 
opportunities. 
By Krishna Shankar Page 6 

inquiry Summary 

Dataquesf s Semiconductor Application Markets 
inquiry stxtxunary is designed to inform clients 
of commonly asked questions and Dataquesf s 
respective answers. No confidential information 
provided by our clients is included in this materi-
aL The information contained in this publication is 
believed to be reliable, but it caimot be guaranteed 
to be correct or complete. 

• What are the key trends, size, and players in the 
North American cable TV industry? 

• In what environments are redundant axiays of 
independent disks (RAIDs) used? 

• Who are the leading suppliers, by environment? 

• What is the worldwide forecast for the various 
segments of the LAN/FDDI ASSP semiconductor 
market? Page 12 

Market Analysis 

Optical Storage: Is MuWmeilla the 
Driver? 
The optical disk drive (ODD) is a rotating mass 
storage device. One familiar form of an optical 
storage device is the compact disc (CD) player. 
The CD stores audio information (analog sig­
nals) in a digital format by means of a process 
known as analog-tcndigital conveision. The pro­
cess is reversed during playback and the origi­
nal audio information is reconstructed by means 
of a digital-to-analog conversion. 

The CD player, which uses a laser to pick up 
the information stored on the CD, was devel­
oped by NV Philips to replace record players. 
By most standards the CD technology has been 
extremely successful and has essentially elimi­
nated records and record players. That success 
helped the development of ODDs that work in 
the digital domain, that is, those that store and 
retrieve only digital information. As a result the 
ODD found its way into computer mass storage. 
However, it should be noted tihat ODDs do not 
compete directly with hard disks as the primaiy 
mass storage devices for computers because of a 
number of limitations. 

Terminology 
Terminology used in the optical storage industry 
is as follows: 

• Compact Disc-Interactive (CD-I): A CD format 
(developed by NV Philips and Sony Corpora­
tion) that provides audio, digital data, still 
graphics, and Umited video. 

• Compact Disc Read-Qnly Memory (CD-ROM). 
A 4.75-inch laser-encoded optical memory 
storage meditun (developed by NV Philips 
and Sony Corporation) with the same con­
stant linear velocity (CLV) spiral format as 
compact audio disks and some videodisks. 
CD-ROMs can hold about 550MB of data. 

Dataquest 
v m n a company of 
J u l TheDun&BiadslrccICorporation 

Dataquest is a registered tiademaitc of A.C. Nielsen Company. 

FUe inside the Dataquest Perspective binder labeled 
Semiconductor Application Markets WorMrvide 
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• Compact Disc Read-Only Memory extended 
architecture (CD-ROM XA). An extension of 
the CD-ROM standard billed as a hybrid of 
CD-ROM and CD-I, and promoted by Sony 
and Microsoft. The extension adds adaptive 
differential pulse code modulation audio to 
permit tihe interleaving of sound and video 
data to animation and sound synchronization. 
It is an essential component of Microsoft's 
plan for multimedia computers. 

Types of ODDs 
There are three basic types of ODDs: the CD-
ROM, which is an outgrowth of the CD; the 
write-once/read-many (WORM) drive; and the 
magneto-optical (MO) drive. 

Optical drives are increasingly 
driven by multimedia and con­
sumer applications. 

The MO is the only type that behaves similarly 
to a hard disk drive in that it allows the user to 
rewrite data. The WORM allows the recording 
of data once, and as a result can be regarded as 
an archival device. The CD-ROM is the least 
flexible in that, as with the CD, information 
is permanently stored (recorded) during 
manufacturing onto a disk and cannot be 
altered. 

CD-ROM 
The CD-ROM is the most common type of 
ODD and can store an impressive amotmt of 
data— 5̂50MB— în a single inexpensive and 
removable disk. As a result it is used as an 
archival medium to store text and/or images. 
It is also used for software distribution 
(especially operating system and application 
programs for workstations), and has been 
embraced by multimedia systems such as 
DVI from Intel Corporation and CD-I. DVI 
supports interactive full motion video and 
audio using add-in boards in personal 
computers. On the other hand, NV Philips-
supported CD-I is a standalone system aimed 
at home entertainment. 

The development of m.ultimedia, with its 
educational and training uses, may further 
propel sales of CD-ROMs. 

A new and potentially very promising applica­
tion is that of Photo CD, a joint devdopment 
effort between The Eastman Kodak Company 
and NV Philips, in which images from photo­
graphic film professionally recorded onto a 
CD-ROM can be played back on any CD-ROM 
XA drive. The pictures can then be viewed 
using any TV connected to the CD-ROM XA 
drive. The images are stored in a compressed 
form so that a single disk can hold up to 
100 images that retain the original film 
resolution. Each compressed picture from a 
35mm negative can be stored in a 3MB to 
6MB file. 

WORM 
There are two varieties of WORM optical 
drives, the older 12-inch form fector and the 
newer 5.25-inch version. The 5.25-inch WORM 
drives lack interchange standards and are 
expensive and therefore not appropriate for 
personal computer use. The 12-indh WORM 
drives are used primarily in minicomputer 
environments. 

Magneto-Optical 
There are at least three varieties of MO drives: 
5.25-inch, 3.25-inch, and the recently intro­
duced 2.5-inch form fector. The 5.25-inch 
drives can store up to 1GB of data on a 
single disk. By comparison the 3.25-inch can 
store 128MB and the 2.5-inch (from JVC) can 
store 42MB. MO drives are used in applica­
tions where large amoimts of data need to 
be stored (but need not be updated/rewritten 
very often), such as large image databases for 
engineering workstations. They also are vsed 
in workstation environments to replace tape 
for archival purposes. Like WORM, MO drives 
are not widely used in the PC environment, 
primarily for cost reasons. 

Forces Driving tlie MarJcet 
The ODD market is driven primarily by the very 
high capacity reqtiirements of image storage and 
online databases. Multimedia is expected to add 
its weight as a driving force behind the ODD 
market development in the near future. 

Cost Barriers 
ODDs are relative newcomers to compniter mass 
storage. As a result they are still expensive. One 
exception is the CD-ROM, which is finding 
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increasing use with online information services 
in office, library, and home environments. Cur­
rent retail CD-ROM drive prices are equivalent 
to those of 120MB hard disk drives. CD-ROMs 
are increasingly becoming PC peripherals. On 
the other hand, WORM and rewritable drives 
are not part of the mainstream PC industry and 
are limited to archival tasks and as backup and 
image file storage devices for file servers, work­
stations, and larger computer installations. It 
should also be noted that the cost of rewritable 
media is relatively high. 

ODD Forecast 
The worldwide forecast discussed in the follow­
ing paragraphs has been provided by Data-
quesf s Computer Storage group. 

CD-ROM drives will dominate unit shipments, 
growing from 360,000 units in 1991 to more than 
3.1 million by 1995 (see Table 1). The 134 per­
cent compound annual growth rate (CAGR) for 
3.5-inch O^O) rewritable drives stands out. 

Figure 1 is an example of a leading-edge 
3.5-inch magneto ODD implementation. A 16-bit 
microprocessor provides the overall drive control 
in Figure 1. The MPU vises 64KB of flash mem­
ory for code storage. As with all ODDs, this 
implementation uses a SCSI controller to provide 
single-ended SCSI I/O with the host computer. 
This function may become embedded in tiie near 
future. 

Some high-end drives already use SCSI-II; the 
migration toward SCSI-II should continue as 
needs for higher data throughput intensify. 
An Optical Disk Controller chip set is used 
in the "data-path." The chip set directly 

interfaces to 64KB of DRAM, used as btiffer 
memory. 

Current implementations use between 64KB and 
1MB of buffer memory; the size of the memory 
buffer is expected to grow as data transfer rates 
increase. Optical media exhibit much higher 
error rates (lO") than do magnetic media (10*). 
This in essence necessitates die use of a hard­
ware error detection and correction scheme, 
using devices such as AMD's AM95C94 
Advanced Burst Error Processor (ABEP). Soft­
ware error detection/correction is too slow; opti­
cal media often produce bursts of errors many 
bytes long. The head positioning electronics uses 
a digital signal processor (DSP) for servo control 
of the laser. The trend toward DSP for head 
positioning control is a natural carryover from 
experience gathered from hard disk drive 
design. 

The overall semiconductor content of an optical 
drive cturently represents 20 to 25 percent of the 
factory average selling price (ASP). This figure is 
expected to come down to 15 to 20 percent as 
volumes increase and the disk drive electronics 
go through at least two stages of ineviteble 
integration. 

Opportunities for Semiconductor Vendors 
Table 2 is the worldwide optical drive forecast 
by drive type, drive factory ASP, estimated semi­
conductor content for the particular drive t5^e, 
and semiconductor total available market (TAM). 
The CAGR for CD-ROM semiconductor TAM is 
expected to be 21 percent from 1991 to 1995; the 
growth is likely to be fueled by multimedia and 
consumer-rdated applications. The WORM cate­
gory shows signs of maturity with single-digit 

Table 1 
Optical Disk Drive Estimated Wordwide (k)nsumption (Tliousands of Units) 

CD-ROM 

5.25-Inch WORM 
12-Inch WORM 
3.25-Inch Rewritable 

5.25-Inch Rewritable 
Total 

1991 
360 

69 
12 
12 

154 
607 

1992 

576 
87 
15 
48 

274 

1,000 

1993 

979 
108 

19 
136 
444 

1,686 

1994 
1,763 

132 
23 

246 
620 

2,784 

1995 
3,173 

158 
27 

360 

866 
4,584 

CAGR (%) 
1991-1995 

72.3 
23.0 
22.5 

134.0 

54.0 
65.8 

Source: Dataquest (Maidi 1992) 
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Figure 1 
Control Electronics Block Diagram, 3.5-incli MO Drive 
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§ Table 2 
Worldwide Optical Drives 

CD-ROM (K Units) 

Factory ASP ($) 

Semiconductor Content ($) 

Semiconductor TAM ($K) 

5.25-Inch WORM (K Units) 

Factory ASP ($) 

Semiconductor Content ($) 

Semiconductor TAM ($K) 

12-Inch WORM (K Units) 

Factory ASP ($) 

Semiconductor Content ($) 

Semiconductor TAM ($K) 

3.25-Inch Rewritable (K Units) 

Factory ASP ($) 

Semiconductor Content ($) 

Semiconductor TAM ($K) 

5.25-Inch Rewritable (K Units) 
Factory ASP ($) 
Semiconductor Content ($) 
Semiconductor TAM ($K) 

1991 1992 1993 1994 

360 
207 
49 

17,640 

69 
1,020 

244 
16,836 

12 
6,480 

1,555 

18,660 

12 
780 
187 

2,244 

154 
1,600 

384 
59,136 

576 
145 
33 

19,008 

87 
867 
199 

17,313 

15 
5,832 

1,341 

20,115 

48 
642 
147 

7,056 

274 
1,280 

294 
80,556 

979 
102 
22 

21,538 

108 
780 
171 

18,468 

19 
5,249 

1,154 

21,926 

136 
499 
109 

14,824 

444 
1,024 

225 
99,900 

1,763 

80 
16 

28,208 

132 
702 
147 

19,404 

23 
4,724 

992 
22,816 

246 
399 

83 
20,418 

620 
819 
171 

106,020 

iS 
optical Disk Drive Semiconductor TAM ($K) 114,516 144,048 176,656 196,866 

Souice: Dataquest (March 1992) 



Semiconductor Application Mai1<ets Worldwide 

TAM growth rates. The opportimities for semi­
conductor vendors are veiy attractive in the 
3.5-inch MO rewritable drives, where the CAGR 
is 78 percent. Overall the ODD semiconductor 
TAM is on the order of $114 million in 1991 and 
is expected to reach $218 million by 1995, a 
CAGR of 17.5 percent. 

Table 3 lists the major players participating in 
the optical disk drive market The market share 
estimates are preliminary. 

It should be noted that it is often difficult to 
anticipate the success and rate of acceptance of 
consumer products such as the CD-ROM. As a 
result this segment of the forecast may prove to 
be conservative at the fringes of the forecasting 
period. 

Dataquest Perspective 
ODDs do not compete directly with hard disks 
for computer mass storage. The CD-ROM, for 
example, is in reality a quasipublishing medium, 
not a storage peripheral. Optical drives are 
increasingly driven by multimedia and con-
svimer appHcations. As the PC-to-tiser interface 
becomes more dependent on images (which 
require far more space than hard disks can pro­
vide), reliance on optical storage will increase. 
As standards inevitably evolve and prices for 
small form factor drives fall, we should see the 
development of a significant market for both 
drive makers and semiconductor vendors. 

By Nicolas Samaras 

Table 3 
Major Players and Preliminaiy 1991 Martet Share 

Semiconductor Opportunities in the 
Fax/Modem nikuket 
In this article, Dataquest examines key semicon­
ductor applications market and design trends in 
the fax/modem market, with an emphasis on 
the high-growth PC/workstation fax/modem 
functionality application. We also discuss a fore­
cast imodel for worldwide revenue and unit 
shipments for fex/modem semiconductors, 
based on fax and modem system shipment 
trends. 

Worldwide Semiconductor Forecast for 
Fax/Modem Applications 
Table 1 shows Dataquesf s worldwide revenue 
and production tmits market estimates for 
standalone fax systems, standalone modem 
systems, and PC/workstation fax function imits. 
Along with Figure 1, Table 1 shows the derived 
worldwide total available market (TAM) semi­
conductor opportvmity for appUcations in stand­
alone fax s)rstems, standalone modem s)^tems, 
and PC/workstation fax/modems. 

Standalone G-3 and G-4 Fax Systems Market 

The worldwide standalone Group-3 and 
Group-4 fax systems market is expected to 
continue healtiiy growtiti, with a compound 
annual growth rate (CAGR) of 8.4 percent 
from $6 billion in 1990 to $9 billion by 1995. 
The associated worldwide semiconductor 
TAM for standalone fax systems is expected 
to increase at a healthy 13.3 percent CAGR 

CD-ROM 
Sony 
Hitachi 
NEC 
Toshiba 
Panasonic 
LMSI 
Chinon 
Pioneer 
Others 

(%) 

40 
20 
11 
10 
6 
6 
4 
2 
1 

WORM 
5.25-Inch 
Panasonic 
Pioneer 
Ricoh 
ISi 

(%) 

38 
18 
18 
10 

15 

WORM 
12-Inch 
LMSI 
Sony 
Hitachi 
Toshiba 

(%) 

32 
30 
20 
10 

8 

Rewriteable 
5.25-Inch 

Sony 
Ricoh 
Panasonic 
Maxoptix 
Canon 

(%) 

48 
19 
13 
8 
6 

6 
Souice: Dataquest (March 1992) 
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Table 1 
WorfdwHJa Fax/Modsm Applications Market Forecast 

1990 1991 1992 1993 

G-3, -4 Fax Systems Revenue ($M) 

Units (Millions) 
ASP ($) 
Semiconductor TAM ($M) 

Modem Systems Revenue ($M) 
Units (Millions) 
ASP ($) 
Semiconductor TAM ($M) 

World PC/WorkstaHon Unit Shipments (Millions) 
% Equipped with Fax/Modem Capability 
PC/Workstation fax/modem OEM Units forecast 
Semiconductor Content/Unit ($) 
PC/Wbrlstation OEM Fax/Modem SemiconductoE TAM 

($M) 

World PC Units Installed Base (Millions) 
Installed Base % Penetration with PC Fax/Modem Add-In 

Cards 
PC Fax/Modem Add-In Card Units Market (Millions) 
PC Add-In Fax/Modem Semiconductor TAM ($M) 

6,000 

6.61 

908 
533 

3,200 

11.64 

275 
407 

24.39 

1 

0.24 

50 

12 

114.08 

0.5 

0.57 

29 

6,500 

8.05 

807 
604 ' 

3,040 

13.51 

225 
405 

26.85 

3 
0.81 

45 

36 

136.96 

0.8 

1.10 

49 

6,900 

9.72 

710 
680 

2,888 

16.50 

175 
413 

30.14 

8 
2.41 

41 

98 

163.18 

•~*i»QJ( 

66 

7,600 

12.09 

629 
787 

2,744 

18.29 

150 
366 

34.89 

15 
5.23 

36 

191 

194.426 

1.5 

2.92 

106 

1,2 

Total PC/Workstation Fax/Modem Semiconductor TAM ($M) 41 86 164 w Source: Dataquest (Maich 1992) 

.B 
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Figure 1 
Worldwide Fax/Modem Semiconductor Market 

Millions of Dollars 

1.000 —I 

800 — 

600 — 

400 — 

200 — 

Standalone Fax [* 

Standalone Modem p ^ 

PC/Workstation Fax/Modem F" 

1 1990-1995 CAGR = 13.3% 

n 1990-1995 CAGR = -6.1% 

1 1990-1995 CAGR = 89.1% 

86 

984 

1991 1992 1995 

Source: Dataquest (March 1992) G2000532 

from $533 million in 1990 to $996 million by 
1995. G-3 fax systems wiU comprise more than 
98 percent of the total system tinits shipped 
each year through 1995. 

Integrated Services Digital Network (ISDN)-
based G-4 digital fax systems wiU begin to 
penetrate the market in significant volvmies 
only beyond 1995. Improvement in G-3 
fax speeds to 14,400 bits per second (bps), 
together with enh£mced error detection/correc­
tion codes and image algorithms, is expected 
to prolong the life cycles of G-3 fax systems. 
The slow investment pattern in ISDN infras­
tructure and the lack of low-priced ISDN end-
user terminal equipment will continue to con­
strain the growtii of G-4 fax systems. Beyond 
1995, photographic quality full-color docu­
ment and still-image transmission reqviire-
ments are expected to drive healthy growth 
in ISDN-related G-4 fax systems. 

Standalone Modem Systems Market 

The worldwide standalone modem systems 
market is expected to dedine in revenue at 
5 percent CAGR from $3.2 billion in 1990 to 
$2.5 billion by 1995. The associated worldwide 
semiconductor TAM for standalone modem 

systertts is expected to dedine at 6 percent 
CAGR from $407 million in 1990 to $297 mil­
lion by 1995. The rapid growth of private 
LANs and wide-area networks (WANs) for 
enterprisewide distributed computing has 
had a significant adverse impact on the 
growth of the standalone modem market. 
The evolution of the bridge/router LAN/ 
WAN market, together with its mushrooming 
switched public high-speed, high-bandwidth 
internees such as SONET, frame-relay, and 
SMDS, has continued to constrain the growth 
of the private enterprisewide standalone 
modem market. 

The V.22bis and V.32 modem market segments 
represent the only two significant growtti seg­
ments for modem unit shipments in North 
America. Other segments such as 212A pro­
tocol modems and 9.6-Kbps dial-up modems 
are expected to show substantial dedines in 
unit shipments over the next five years. 

PC and Workstation FaK/Modem Market 

The PC/workstation fax/modem semiconductor 
applications market represents by fer the 
largest growth opporttmity for semiconductor 
vendors. Growth in this market is driven 
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basically by ease of use, cost, quality, and user 
convenience and privacy issues. Companies 
such as Phoenix Technologies are now offering 
complete OEM fax/modem design solutions 
for PC manufacturers to provide cost-effective, 
value-added functionality. 

The advent of Personal Computer Memory 
Card International Association (PCMCIA) smart 
card technology will enable the development 
of a substantial aftermarket for fax/moidem 
expansion capabilities to the portable comput­
ing market. Semiconductor com.panies such as 
Intel are offering solutions at every level, 
ranging from OEM modem/fax add-in board 
and chip set products through shrink-wrapped 
PCMCIA modem/fax card solutions distributed 
through mass-merchandising channels to the 
high-growth aftermarket. 

Dataquest estimates that only 1 percent of the 
worldwide PC/workstation unit shipments in 

1990 were equipped with fax/modem function­
ality. However, we forecast that almost 40 per­
cent of PC/workstation imit shipments wiU be 
equipped with fax/modem functionality by 
1995. Traditional PC users who bought 
modem-only capabilities for accessing remote 
data are rapidly converting to add-in iax.1 
modem entry-level cards that offer convenient 
functionality. We forecast the worldwide semi­
conductor TAM opportunity for PC/worksta­
tion integrated fax/modem functionality to 
grow at a phenomenal 89 percent CAGR from 
$41 million in 1990 to $984 million by 1995. 
In addition to the forecast assiunption that 
40 percent of the new PC/workstation unit 
shipments by 1995 will have built-in fex/ 
modem capability, we also make a conserva­
tive assumption that the add-in PC fax card 
market wiU penetrate 5 percent of the world­
wide installed PC base by 1995. 

Table 2 
Key Fax/Modem System, Boards/Add-ln Cards, Semiconductor Companies 

Standalone Fax 
Sharp 
Murata 
Canon 
Ricoh 
Panasonic 
Toshiba 
Xerox 
NEC 
Pitney Bowes 
Fujitsu 
Siemens 

Standalone Modem 
Codex 
Racal-Milgo 
UDS 
Hayes 
IBM 
AT&T/Paradyne 
GDC 
US Robotics 
Telebit 
Multi-Tech 

NEC 
Fujitsu 
Siemens 
Intel 
MicroCom 
OmniTel 
Data Race 
Cardinal 
Rockwell 

Fax/Modem Boards 
PC Add-In Cards 
Intel 
US Robotics 
Everex 
OmniTel 
AT&T/Paradyne 
Racal-Milgo 
Codex 
Cardinal 
Rockwell 
SGS-Tomson 
Yamaha 
Cardinal 
Ven-Tel 

Fax/Modem Cards 
Chip Sets 
Intel 
Yamaha 
Cirrus Logic 
Rockwell 
National 
Sierra 
AT&T 
Phylon 
Motorola 
AMD 
Siemens 
NEC 
Toshiba 
Fujitsu 

Souice: Dataquest (Maich 1992) 
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Design Trends in Fax/Modem Systems, Boards, 
and Chip Sets 
Table 2 lists key OEM ^ / m o d e r n systems, 
board/add-in card, and semiconductor compa­
nies that participate in the fax/modem market. 
The high-volume single-user implementation of 
fax/modem functions is rapidly migrating to 
highly integrated chip set solutions. Hence, 
the standalone fex/modem system market is 
relatively flat while the PC add-in fax/modem 
card and motherboard fax/modem chip set 
market is expanding rapidly. Some major fax/ 
modem design trends include the following: 

• There is a trend toward feature-rich 
multimedia-oriented solutions that seamlessly 
integrate voice, data, and image communi­
cation. Digital signal processor QDSP) 
semiconductor companies such as Analog 
Devices, AT&T Microelectronics, DSP Group, 
and Texas Instruments are devdloping 
versatile, shrink-wrapped solutions that 
bundle together DSP silicon, firmware, 
applications drivers, and upgradable user 
functions such as fax, modem, voice mail, 
and stiU/moving image compression and 
transmission. 

The ultimate goal is to integrate such general-
purpose DSP silicon as value-added function­
ality on PC/workstation motherboards. The 
user can access fax, modem, voice mail, and 
image commtinications functions within 
applications programs. A common serial 
internee add-in card provides the remaining 
fax/modem/voice analog line interface in 
the appropriate serial protocol. 

• There is a trend toward higjhly-integrated fax/ 
modem chip set solutions implemented in 
submicron mixed-signal technnology, 3.5V 
low-power, small form-fector packages for 
portable PC applications. Typical fax/modem 
chip sets offer 2,400-bps modem and 9,600/ 
14,400-bps G-3 fax capabflities, along with 
limited voice mail features in certain applica­
tions. Dataquest expects portable PC fox/ 
modem chip sets to evolve to meet the needs 
of a new generation of portable communica­
tions devices that incorporate wireless radio-
frequency modem, fax, cellular telephone, and 
wireless LAN functionality. 

Entry-level fax/modem PC chip sets are 
voltune-priced in the range of $30 to $50. 
Increasingly, fax/modem semiconductor 

companies are offering bundled silicon/soft­
ware driver packages that provide turnkey 
solutions to portable PC and add-in modem/ 
fax card vendors. The development of efficient 
algorithms and firmware is an increasingly 
complex task that can consume more than 
50 percent of engineering development 
resources. 

• Compression technology is playing an increas­
ingly significant role in integrated voice/ 
modem/fax applications. The development of 
efficient compression algorithms that can be 
tightiy linked to the fax/modem chip set 
without compromising performance or cost is 
a key differentiatuig factor in cost-effective 
portable PC designs where hard-disk storage 
capacity can be a constraint. Built-in fax/ 
data/voice auto switches, together with 
call-protocol detection such as DTMF hne 
signal detection, are desirable design features. 

• High bandwidth interface (network transmis­
sion speeds of T-3 and above) and Joint Pho­
tographic Experts Group/Motion Picture 
E;q)erts Group (JPEG/MPEG/JBIG) image 
compression protocol support is being built 
into midrange and high-end fax/modem 
semiconductor solutions targeted at client/ 
server distributed computing and enterprise 
networking applications. 

Typical Integrated Fax/Modem PC Application 
Intel's 89C124FX chip set illustrates the tightiy 
integrated fax/modem functionality being 
designed into PCs. Figure 2 shows the key 
functional blocks in tiie Intel PC fax/modem 
application design. The application is capable 
of 9,600 bps fax with 2,400 bps dafa modem 
(V.22, V.22bis). The dafa modem functionality 
is enhanced by MNPl-5 and V.42-V.42bis error 
correction and dafa compression protocol 

The solution is partitioned into the 89C126FX 
microcontroller, which executes DSP algorithms 
for modulation, demodulation, and dafa format­
ting. It also performs error correction/dafa com­
pression as well as AT and EIA/TIA-578 user 
interface functions. The mixed-signal fix>nt end 
is handled by the 89127 AFE, which provides 
digital-to-analog conversion, filtering, AGC, two-
wire hybrid conversion, and telephone line dafa 
access (DAA) interface. 

Flexible power-down management control, 
which is a crucial feature of portable PC 
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Figure 2 
Intel's 89C124FX PC Fax/Modem Solution 
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designs, is provided through modes selected by 
the AT command set. The PC fax/modem chip 
set solution is bundled together with the Intel/ 
DCA Commimications Applications Specifica­
tions (CAS) software driver interface that en­
ables PC users to fax information directiy firom 
within industry-standard applications programs. 

Dataquest Perspective 
The worldwide fax and modem semiconductor 
applications market represents a silicon-iich, 
fast-growing opporttmity that will more than 
double in size from $981 million in 1990 to 

$2.3 billion by 1995. In particular, tiie PC/ 
workstation fex/modem functionality market 
represents a particularly attractive market as 
users migrate to an tmtethered, multimedia-
oriented communications environment that will 
emphasize seamless, integrated voice/data/ 
graphical image networking. Semiconductor 
companies that can offer well-packaged fax/ 
modem silicon and software solutions can 
exploit a fast-growth global semiconductor 
market segment that wUl hit $984 million 
by 1995. 

By Krishna Shankar 
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Inquiry Summary 

Semiconductor Application Mmkets 
Inquiiy Higiiligiits 
Q. What are the key trends, sizes, and players 
in the North American cable TV industry? 

A. Table 1 provides Dataquesf s analysis of the 
cable TV market in North America. 

The key OEMs are General Instrument, Scientific 
Atlanta, Zenith Cable, Oak Communications, 
Pico Macom, T E Products, Digital Sound, Eidak, 
Macrovision, Electroline, and Pioneer Communi­
cation. 

The key trends are as follows: 

• VideoQpher U (GI) descrambling is a de facto 
industry standard, and GI proposes 
^deoQpher n Plus. There also is a pending 
lawsuit regarding scrambling. 

• Outside mounted boxes; addressable; 
integrated receiver; compression for video on 
demand. 

The industry drivers are as follows: 

• 35 is moving to lOO-channel capability for 
video-on-demand. 

• Audio "Title" on demand, and voice services 

Q: In what environments are Redimdant Arrays 
of Independent Disks (RAIDs) vised? 

A: RAIDs are used in supercomputers, technical 
and business computers, and in the PC LAN 
server environment. 

Q: Who are the leading suppliers, by environ­
ment? 

A: The leaders are as follows: 

• Supercomputers: IBM, Fujitsu, Maximum 
Strategy, and Thinking Machines 

• Technical computers: Avispex, Qprico, and 
Storage Concepts 

• Btisiness computers: Acer/Altos, Array Tech­
nology, Control Data, Data General, NCR, SF2, 
Storage Computer, and Storage Tek 

• PC LAN Servers: ALR, Compaq, CORE Inter­
national, DELL, NCR, and Storage Concepts 

Q: What is the worldwide forecast for the vari­
ous segments of the LAN/fiber-distributed data 
interface (FDDI) ASSP semiconductor market? 

A: Hie total worldwide ASSP market opportu­
nity for LAN/FDDI chip sets is forecast to grow^ 
at a 27 percent compound annual growth rate 
from $350 million in 1990 to $1.2 billion by 1995. 
Ethernet-based LAN ASSPs that address the 
high-volume PC/workstation networking func­
tionality segment will continue to represent the 

Table 1 
North American Cable TV Market 

Subscribers (Millions) 
TV Homes (MiUions) 
% Penetration (TV Homes) 
Terminal Retirement/Upgrade • 

(Millions) 
Terminal Shipments (Millions) 

1990 
54.9 
93.1 
59.0 

4.1 
8.3 

1991 
57.9 
94.2 
61.5 

4.4 
7.4 

1992 
60.1 
95.3 
63.0 

4.6 
6.8 

1993 
62.8 
96.6 
65.0 

6.0 
8.7 

1994 
65.6 
97.8 
67.0 

6.9 
9.7 

1995 
68.4 
99.1 
69.0 

7.2 
10.0 

CAGR (%) 
1991-1995 

4.2 
1.3 
2.9 

13.2 
7.8 

Source: Dataquest (March 1992) 
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largest market opportimity, growing to $500 mil­
lion by 1995. Token-Ring ASSPs that cater 
mainly to the IBM networking solutions market 
and multiprotocol, high-end intelligent hub and 
internetworking bridge, gateway, and router 
market will grow at a high 32 percent CAGR 
from $75 million in 1990 to $300 million by 
1995. 

National Semiconductor's recent licensing agree­
ment with IBM will stimulate growth in the 
Token-Ring ASSP market because of its leader­
ship position in the ethemet market and its 
ability to provide an effective second source 
(besides Texas Instruments) for the multiprotocol 
arena. 

The FDDI/copper-distiibuted data interface 
(CDDl) segment represents the highest growth-
rate segment of the worldwide LAN ASSP semi­
conductor market, growing from $25 miQion in 
1990 to $250 million by 1995. The evolution of 
FDDI-n for high-performance multimedia net­
working, togetiier with the emergence of point-
to-point fiber coimections such as HIPPIE and 
Fiber-Channel for server-peripheral connection 
application(s) is expected to result in even 
higher potential growth of the fiber-based 
network ASSP semiconductor market 

Table 2 shows the opportimities in the 
worldwide LAN semiconductor ASSP market 

Table 2 
Worldwide LAN Semiconductor ASSP Markit Opportunity (Millions of Dollars) 

Ethemet 

Token-Ring 

FDDI/CDDI 

Other 

World 

1990 

200 
75 
25 
50 
350 

1991 

240 
99 
40 
57 
436 

1992 

289 
131 
63 
66 
548 

1993 

347 
172 
100 
76 
694 

1994 

416 
227 
158 
87 
888 

1995 

500 
300 
250 
100 

1,150 

CAGR (%) 
1990-1995 

20.1 

32.0 

58.5 

14.9 

26.9 

Source: Dataquest (March 1992) 
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In Future Issues 

The following topics will be addressed in future 
issues of Semiconductor Application Markets 
Worldwide Dataquest Perspective: 

u Opportunities in hand-held PCs 

• Opportunities in printers 
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In This Issue... 
Market Analysis 

Is the ISDN Market Finally Ramping Up? 
With standards issues mostly settled, at last the 
ISDN chip market can start a steady dimb as 
ISDN-ready terminals and linecards begin shipping 
in earnest. Dataquest projects that the worldwide 
market for ISDN-related ICs will reach $500 mil­
lion by 1995. 
By Krishna Shankar and Jonathan Drazin Page 1 

Opportunities in MItlrange anil Large Systems: 
"Openness" Changes the Technology 
The mature part of the computer industry is 
changing, and so is the opportunity for semicon­
ductor suppliers. Multiprocessing and scalable 
MPU-based architectures highli^t the grotmd 
swell of technological changes in store. 
By Gregory Sheppard Page 7 

Inquiry Summary 

Dataquesf s Semiconductor AppUcation Markets 
inquiry sununary is designed to inform dients of 
commonly asked questions and Dataquesf s respec­
tive answers. No confidential information provided 
by our dients is induded in this material. The 
information contained in this publication is 
believed to be rehable, but it cannot be guaranteed 
to be correct or complete. 

• What are the forecast and outlook for BiCMOS 
mixed-signal semiconductor ICs in telecom-
mimications applications markets? Ptige 13 

m Is flash memory replacing UV EPROM? Page 13 

• What are a couple of good applications for 
flash memory? Page 13 

Market Analysis 

Is the ISDN Maricet Fbially Ramping Up? 
Integrated Services Digital Network (ISDN) is a 
collective term for a series of telecommunica­
tions standards recommended by the Interna­
tional Telegraph and Telephone Consultative 
Committee (CCTIT). These standards will have 
a strong influence on the global telecommunica­
tions industry for a diverse collection of applica­
tions ranging from digital voice, data, and £ax 
commimication through integrated broadband 
multimedia v^de area networks (WANs) for 
audio, stiU image, graphics, and motion video 
communication. This article provides an update 
of global ISDN market trends and ISDN semi­
conductor chip set market opportunities for the 
next five years. 

ISDN Definitions and Standards 
The C C n r recommendations define the follow­
ing two forms of ISDN access: 

• The worldwide basic rate access standard con­
sists of two 64-Kbps B-channels for voice and 
one 16-Kbps channel for data, making a total 
bandwidth of 144 Kbps suitable for transmis­
sion across two-wire loops between sub­
scribers and central offices (COs) or PBXs. 

• Europe, Korea, Hong Kong, and Singapore's 
primary rate access consists of 30 B-channels 
and 1 D-channel, with a total bandwidth of 
2.048 Mbps. In contrast, the United States, 
Japan, and Taiwan's primary rate access stan­
dard has a bandwidtii of 1.544 Mbps. 

The configuration of ISDN access for basic rate 
service is shown in Figure 1. TEl represents 
new ISDN terminal equipment that coimects 
directly to the ISDN line at the S-interfece. TE2 
represents existing equipment such as RS-232-C 
or X.21 terminals. This eqmpment can connect to 
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Figure 1 
ISDN Functional Entities 
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Notes: TE1 = Terminal Equipment Type 1 (ISDN Temiinal) 
TE2 = Temiinal Equipment Type 2 (Non-ISDN Tenminal) 
TA = Temiinal Adapter 
NT1 = Network Termination Type 1 
NT2 = Network Termination Type 2 (Mainly Primary Rate) 
U = Basic Rate Digital Subscriber Line 
LT = Local Exchange Termination 

Source: Dataquest (February 1992) 

the S-interfece via a terminal adapter (TA). The 
NT2 is a multiplexer that concentrates two or 
more TEls or TAs. The NTl provides physical 
and electrical termination between the 
S-interface and the U-interface transmission line. 
The U-interface transmission is two-wire trans­
mission at 144 Kbps. Transmission at the 
S-interface is four-wire transmission and requires 
substantial rewiring of most buildings to be 
accommodated. 

The ISDN Chip Set Market 
The same type of ISDN IC is used in several 
different ISDN applications. Figure 2 is an illus­
tration of a functional example of an ISDN chip 
set for a digital telephone handset connected to 
a CO exchange via a U-interface. Most vendors 
offer a modular family of CMOS devices that 
can be mixed and matched for any given appli­
cation. It is desirable to have a single interdiip 
ISDN bus standard for connectivity at the IC 
level so that ISDN OEM vendors can have the 

maximttm freedom in designing their system for 
the most optimum cost/performance trade-off. 

ISDN IC Functions 
Pubhc CO exchange and premises terminal 
equipment will be composed mainly of the 
following types of ISDN ICs: 

• U-interface IC—^Acts as an echo-cancelling, 
192-Kbps digital transceiver for twisted-pair 
subscriber loops 

• S-interface IC—Serves as a four-wire trans­
ceiver providing hnk layer functions 

• Microcontroller IC—^Provides layer 2, Link 
Access Protocol Data (LAPD) data link con­
trol; may also perform higher-level functions 
(for example, keyboard control) 

• CODEC/fQter IC—Performs coder/decoder 
(CODEC) circuit and fQter functions for 
videophone/videoconferencing applications 
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Figure 2 
Main ISDN Chip Functions 
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• Rate-adapter IC—^Enables adaptation of the 
ISDN B-channel to non-ISDN protocols (for 
example, V.24 and X.21) for TA applications 

• Power supply IC—^Performs voltage regula­
tion, hne driver, and power-down functions 

Worldwide ISDN Semiconductor Market 
Forecast 
Figure 3 shows the growth of the worldwide 
ISDN semiconductor chip set business in reve­
nue and shipments between 1991 and 1995. 
Dataquest predicts that the worldwide ISDN 
chip set market wiU grow at a healthy com­
pound annxial growth rate (CAGR) of 44.3 per­
cent, from $80 million in 1990 to $500 million by 
1995. In terms of ISDN chip set shipments, the 
growth will be even faster: a CAGR of 75 per­
cent, iroxn 8.7 million imits in 1990 to 140 mil­
lion units by 1995. Dataquest believes that the 
North American, European, and Japanese ISDN 

semiconductor markets will grow at comparable 
rates over the next five years because of coordi­
nated, intense efforts to get national ISDN con­
nectivity under way in the three regions. 

Dataquest believes that the world­
wide ISDN semiconductor market 
is finally showing signs of healthy 
growth as equipment and service 
providers settle on standards and 
tariff issues. 

Table 1 lists the shipments forecast for the differ­
ent types of ISDN chip sets between 1990 and 
1995; Table 2 illustrates sample prices for differ­
ent ISDN chip set types. U-interface ISDN chips 
constituted the biggest portion of the market 
between 1988 and 1991 as a result of the infra­
structure CO linecard investments and also the 
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Figure 3 
Worldwide ISDN Chip Set Revenue and Unit Shipments Forecast 
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Table 1 
Worldwide ISDN Chip Set Shipments Forecast (Millions of Units) 

U-Interface 
S-Interface 
Link Controller 
Voice CODEC 
Video CODEC 
Rate Adapter 
Power Supply 

Total 
Source: Dataquest (Fehruaiy 1992) 

Table 2 
Worldwide ISDN Chip Set Sample Prices 

U-Interface ($) 
S-Interface ($) 
Link Controller ($) 
Voice CODEC {$) 
Video CODEC ($) 
Rate Adapter ($) 
Power Supply ($) 

1990 
1.0 
4.0 
0.7 
0.8 
0.1 
0.5 
1.7 
8.8 

1990 
35.0 

6.0 
6.0 
5.0 

75.0 
8.5 
3.8 

1992 
1.6 
9.3 
3.2 
3.4 
0.1 
1.7 
5.1 

24.4 

1992 
26.5 
4.6 
4.6 
3.8 

52.0 
6.4 
2.9 

1995 
2.9 

33.3 
33.3 
30.0 
2.5 

11.8 
26.3 

140.1 

1995 
17.5 
3.0 
3.0 
2.5 

30.0 
4.3 
1.9 

CAGR(%) 
1990-1995 

23.7 
52.8 

116.5 
106.4 
90.4 
88.1 
72.9 
73.9 

CAGR(%) 
1990-1995 

-12.9 
-12.9 
-12.9 
-12.9 
-16.7 
-12.9 
-12.9 

Source: Dataquest (Febraaiy 1992) 
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evolution of the 2B1Q U-interface market. How­
ever, by 1995 the infrastructure investment in 
U-interfece should be complete. The S-interface 
and hnk-controller markets should be the big­
gest segments because of the proliferation of 
end-user customer premises ISDN terminal 
eqtiipment such as Group 4 fexes, intelligent 
voice/data workstations (IVDW), videophones, 
and digital phones. Dataquest believes that 
ISDN-based videophone/videoconferencing sys­
tems wiU stimulate growth of an ISDN video 
CODEC chip market 

ISDN Applications 
Figure 4 illustrates the worldwide ISDN semi­
conductor market segmented by various end-use 
application markets. Linecards (CO and premises 
PBX) and digital feature phones were the largest 
ISDN semiconductor application markets in 
1990. However, Group 4 fax systems together 
with IVDWs and videophone/videoconferencing 
systems are projected to be the largest ISDN 
semiconductor application markets by 1995. 

Figure 4 
Worldwide ISDN Chip Set Market by Application (Millions of Dollars) 
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Table 3 
Typical Chip Set Content for Key ISDN Applications 

U-Interface S-Interface 
Link Voice Video 

Controller CODEC CODEC 
Rate Power 

Adapter Supply 
CO Linecaid (LT) 
Network Termination 

(NT) 
Terminal Adapter 
rVDW 
Group 4 Fax 
rHgital Phones 
•\^deophone/Video-

conferencing 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 

Source: Dataquest (Februaiy 1992) 
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The major ISDN applications over the next five 
years include CO and PBX hnecards (LT), net­
work termination (NT) at customer premises, 
terminal adapters to allow existing non-ISDN 
terminal equipment connection, IVDWs, Group 4 
digital fex, digital feature phones and handsets, 
and videophone/videoconferencing systems. In 
Table 3, typical IC uses for the key ISDN appli­
cations are described. 

Group 4 digital fax/color fax machines and per­
sonal videophone/videoconferendng systems 
may be the barnburner applications that ignite 
true growth in the ISDN chip market. ISDN-
based video commimication appears to have the 
most desirable hardware cost and performance 
features per unit of bandwidth. Other applica­
tions such as digital feature phones and 
integrated voice/data networks have to compete 
with viable, lower-cost alternatives such as 
private voice/data WANs. 

North American Regional Trends 
In general, the North American market has thus 
far not lived up to its growth expectations. 
However, ISDN technology has had several 
spinoff benefits such as more rapid network 
digitization, frame relay deployment, and rapid 
adoption of SS-7 for network signaling, among 
others. AH the major regional Bell operating 
companies (RBOCs) and major long distance 
carriers such as AT&T, US Sprint, and MCI 
Communications Corporation have completed 
ISDN trials and now offer basic rate ISDN 
connectivity. 

Semiconductor companies, ISDN 
OEM equipment companies, and 
ISDN service companies need to 
take a long-term market-creation 
viewpoint in providing enabling, 
ubiquitous user applications at 
affordable prices. 

Dataquesf s U.S. public network telecommunica­
tions research group predicts that ISDN wiU not 
achieve ubiquitous deployment and critical mass 
before the 1995 to 1997 timeframe. The factors 
constraining North American ISDN market 
growth include competition from alternative 
high-speed broadband voice/data networks in 

the public and private domain, a lack of red-hot 
applications uniquely suited to ISDN technology, 
a lack of compatibility between different ISDN 
equipment and service vendors, the high cost of 
ISDN implementation, and the lack of sustained 
investment in the U.S. telecommimications 
infrastructure due to the weak economy. 

However, the recent agreement among major 
telecommimications equipment and service com­
panies to standardize their products around the 
homogeneous National ISDN-1 standard by 
mid-1992 should stimulate growth in the ISDN 
semiconductor market. Also, the evolution of the 
2B1Q semiconductor market to provide the 
U-interface for the digital added main line 
(DAML) and the advent of high-bit-rate digital 
subscriber loop (HDSL) have allowed telephone 
companies to transmit to T-1 networks on two 
effective pairs of lines in the local loop. The use 
of "pair-gain" technology involves the use of a 
single basic rate ISDN twisted pair to support 
two voice lines. Greater multiples of voice lines 
are being considered by using higher bit-rate 
U-interfaces than the standard 144-Kbps basic 
rate and by using low bit-rate ADPCM 
CODECS. Pair-gain appears to be the first appli­
cation in which ISDN-dedicated ICs wiU appear; 
for example, a U-interface and a PCM voice 
CODEC can be integrated into one IC. 

Dataquest Perspective 
Dataquest beUeves that the worldwide ISDN 
semiconductor market is finally showing signs 
of healthy growth as equipment and service 
providers settie on standards and tariff issues. 
New applications such as Group 4 digital fax/ 
color fax, and personal videophone/videocon­
ferencing systems may be the much-needed cata­
lyst for ISDN market acceptance. Semiconductor 
companies, ISDN OEM equipment companies, 
and ISDN service companies need to take a 
long-term market-creation viewpoint in provid­
ing enabling, ubiquitous user applications at 
affordable prices. Europe's unified 1992 telecom­
mimications strategy, Japan's concerted ISDN 
push led by Nippon Telephone and Telegraph 
Corporation, and the recently annovmced U.S. 
National ISDN-1 initiative could weU propel the 
worldwide ISDN semiconductor chip set market 
onto a high-growth path that could siupass $500 
milUon by 1995. 

By Krishna Shankar (San Jose, California) 
Jonathan Drazin (Denham, United Kingdom) 
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Opportunities in n^idrange and Large 
Systems: 'Vpenness^ Ctianges the 
Teclinoiogy 
The traditional markets for midrange computer, 
mainframe computer, and supercomputer sys­
tems are changing dramatically, and so is tike 
opportunity for semiconductor suppliers. Some 
general changes include the following: 

• A trend toward the decentralized dient / 
server model of computing using distributed 
machines optimized for networldng, efficient 
mass storage, and on-demand nvurfjer 
crunching 

• A trend toward open systems with common 
operating systems (UNIX), programming 
interfaces, windowed grapWcal user interfaces 
(for example, X V\todow), and in some cases 
standard buses 

• A trend toward microprocessor-based scalable, 
multiprocessor architectures that can take an 
OEM line from workstation to supercomputer 

Overall market growth for these systems is 
projected to be modest; nevertheless, product 
mix changes caused by the above factors wUl 
provide ample opportunity for chip supplieis 
positioning themselves to take advantage of the 
trends. 

Technology: Need for Speed, Differentiation 
Although there is a clear trend toward so-called 
open systems, OEMs are reticent about "com-
moditizing" their hardware and therefore wiU 
continue retaining many proprietary technolo­
gies. We can expect such hardware indexes as 
cycle time, memory and mass storage size, I /O 
performance, connectivity, and fault tolerance to 
be the primary hardware difierentiators. For 
larger systems, cost of ownership issues such as 
replacing liquid cooling with air cooling will 
impact type of chip technology employed. 

OEM cost control wiU be more pronovmced in 
the future as midrange systems and even super­
computers are aggressively marketed much like 
workstations. Novel system architectures and the 
economies of chip technology will be relied on 
to assist OEMs in hitting price/performance tar­
gets. It would not be surprising to see market 
life cycles for larger machines shorten dramati­
cally over the coming years because of competi­
tive pressures brought on by open systems. 

For the next five years, CMOS will be the domi­
nant technology used for midrange systems and 
in many large/fast systems. Although debatable, 
it is beheved that CMOS ICs will become very 
power inefficient somewhere between 75-MHz 
and 125-MHz clock rates tinless dramatic proc­
ess improvements are made. However, witii 
multiprocessor architectures, which lessen the 
pressure for single-CPU performance, CMOS 
will certainly be able to address the bulk of the 
market through 1995 before application of alter­
native technologies (such as mviltichip modules 
and BiCMOS) is required. 

BiCMOS technology will continue to find a mov­
ing target with sporadic large-scale use as 25+ 
mask layers, in some cases, continue to drive its 
high cost. BiCMOS logic and SRAMs—emitter-
coupled logic (ECL) and input/outpait (I/O)— 
will find increasing use but mainly in speed/ 
current drive-critical pockets. ECL and its bipo­
lar variants will continue batthng witili GaAs 
technology for supercomputers and with 
BiCMOS for speed-critical applications in 
midrange and mainframe machines. Some com­
panies are offering ECL technologies based on 
less than 15 mask layers. ECL's broad availabili­
ty, inherent speed (lOOps gate delays), and cur­
rent drive advantage shotdd enable it to remain 
the technology of choice for the majority of 
high-end applications. Despite the recent drop in 
GaAs prices, there remain only a handful of 
suppliers and adopters to date. Several produci-
biUty issues still cloud the market's perception 
of digital GaAs technology. 

Midrange Technology Trends 
Midrange computers are defined as multiuser 
computers costing from $20,000 up to several 
hundred thousand dollars and induding such 
systems as the IBM AS/400, most of the Digital 
Equipment Corporation (DEC) VAX hne, and 
departmental servers from companies like 
Hewlett-Packard and Sun Micros3^tems. Perhaps 
the most visible forms of the emerging midrange 
computer are servers, which can be configiired 
with several gigabytes of disk capacity, tape 
backup, and miiltiple-LAN network interface 
cards for connection to users. Figure 1 is a block 
diagram of a generic scalable server architecture 
and a mainframe/supercomputer system. Some 
specific semiconductor technology requirements 
of future S5retems are presented in Table 1. 
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Figure 1 
Midrange/Server and iWainframe/Setver Systems 
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Table 1 
Semiconductor Technology in 
(!\/lid-1990s Requirements) 

Main Memory 
Avg. MB 

Access "lime 
Cache Memory 

Avg. MB/CPU 

Access lime 
Logic/MPU 

Technology 

Avg. Gate Delay 

Avg. Gates/System 

Large Computers 

Main Bus/Crossbar Switch 
Speed 

Midrange 
DRAM 
140MB 

60ns 
CMOS SRAM 

512KB 

15ns 
32/64-bit MPU, 
ASSPs/ASICs 

CMOS 

Ins 

400K-2M 
40MB-200MB/sec. 

Mainframe/Supercomputer 
DRAM/BiCMOS (ECL I/O) SRAM 
2GB 

10ns 
ECL, GaAs SRAM 

1MB 

Ins 
ASIC-based/MPU 

ECL (bipolar), BiCMOS, GaAs, CMOS 

lOOps 

4M-8M per processor 
500MB/sec.-4GB/sec. 

Source: Dataquest (Februaiy 1992) 

Scalable MPU Architectures 
Increasingly, midrange and large-scale com­
puters w ^ incorporate reduced-instruction-set 
computing (RISC) and complex-instruction-set 
computing (CISC) MPUs to achieve scalable 
architectures. In many cases, systems can sim­
ply have compute or I / O performance 
upgraded with MPU-anchored add-in boards. 
Airhitectures of many midrange systems will 
be scaled-up, multiprocessor versions of work­
station families. The trend is toward OEM-
controlled MPU architectures, with the Sim 
(SPARC), HP (PA-RISC), and DEC (Alpha) 
architectures being notable examples. Examples 
of architectural choices for midrange systems 
include the following: 

• Sun—SPARC (40 MHz) and "Viking (new 
SPARC) 

• IBM—^Proprietary and Power 

• Digital-^i86, MIPS R3000A/4000, proprietary 
(Alpha) 

• Hewlett-Packaid—PA-RISC 

• Data General—881XX 

• NCR—X86 

• Compaq—^X86 

• Tandem—MIPS R3000 

In addition to proprietary buses, open versions 
like MCA, EISA, and VME are often employed 
as either the main or I /O bus in midrange 
systems. Because of the multiprocessor architec­
tures, the main bus can require 200-MB/sec. 
or higher bandwidth. Fiber Channel and 
Futurebus+ are imder consideration as open-
systems-standard, high-performance buses of 
next-generation designs. 

Mainframe and Supercomputer Technology 
Trends 
These systems include the traditional main­
frames from companies such as IBM and Fujitsu 
Ltd. as well as high-end transaction-processing 
machines like those from Tandem, Convex's 
minisupercomputeis, traditional supercomputers 
from Qray and NEC, and the massively parallel 
machines from Intel and Thinking MachLies. 

Scalability Too 
Opinion appears to be diverging from the 
custom-CPU, high-performance computer 
design school of thought. The low-end systems 
($1 million to $2 miUion) are turning to scala­
ble, multiprocessor MPU architectures in next-
generation designs. As an example, Cray is 
reportedly adopting both the Sun SPARC and 
the DEC Alpha MPUs into multiprocessor 
architectures. However, the bulk of these high-
end systems wfll continue needing faster logic 
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and memories as shown in Table 1. Multichip 
modules (MCMs) will continue to be 
employed to reduce off-chip delay and to 
manage thermal dissipation. New MCM tech­
nology can manage beyond 100 die with two 
to three dozen layers of fitne-pitch interconnect. 
Many of the next-generation MCM-based sys­
tems will be air cooled, greatly reducing sys­
tem cost of ownership. 

Most of the OEMs interviewed indicated that 
their logic and memory designs are increas­
ingly being partitioned to minimize the use of 
power-hvingry and expensive technology with­
out compromising performance. Therefore, 
CMOS is being nnixed with ECL (or similar 
current-oriented technology), BiCMOS, and 
even GaAs in the same machine. Increasingly 
GaAs and ECL are being used only on crucial 
data path areas (for example, key registers and 
primary cache) and less for total system usage. 

Parallelism Is Perpendicular 
Clearly, massively parallel architectures are get­
ting a toehold in die w^orld of performance 
computing. The concept of parallel computing 
basically involves the partitioning of instruc­
tions and data—single instruction/multiple 
data (SIMD) or multiple instruction/multiple-
data (MIMD)—across hundreds of computing 
elements (often 32-bit or 64-bit MPUs). Com­
puting elements usually have dedicated inter­
face logic, memory management, and memory 
ranging from a few megabytes to hundreds. 
Intel, with its i860-based system, and Thinking 
Machines, with its SPARC-based systems, are 
examples of upcoming parallel offerings. 

Some success has been achieved to date at 
shipping machines to sophisticated R&D 
centers. However, the extreme labor intensity 
of getting applications running (for example, 
simulations) is expected to limit mainstream 
utilization until ease-of-usage issues are solved. 

Chip Opportunities Abound 
Qualitatively, we have identified the following 
specific areas as significant semiconductor market 
opportunities within future midrange computer, 
m^nframe computer, and supercom.puter market 
segments. 

32/B4-Bit MPUs 
One of the trends is toward multiprocessor 
RISC with such companies as DEC, HP, and 

IBM investing further into proprietary families 
and other OEMs using merchant families such 
as X86, MIPS, and SPARC. BiCMOS and ECL 
RISC MPUs are becoming technically achiev­
able; perhaps they have just been a little 
ahead of their time to date. "With, most of the 
MPUs absorbing the FPU and small amoimts 
of cache, new features could include larger 
piimaiy caches and even secondary caches for 
increased performance. M\iltiprocessing features 
are expected on new MPUs. Many systems 
wiU be employing RISC MPUs to manage 
overhead and I /O functions independently of 
the main CPU group. 

System Logic 
In cases where standard buses are used with 
X86, MIPS, or SPARC MPUs, system logic 
ASSP chip sets wiU find opportimity. S5^tem 
logic will remain an ASIC opportunity with 
the proprietary architectures. ASIC system logic 
opportunities are similar to those for work­
stations: cache and DRAM management, serial 
and parallel I /O control, and bus controllers/ 
transceivers (for example, S bus and 
Futurebus+). 

Midrange systems wiU continue to utilize 
CMOS gate arrays and cell-based ICs. CMOS 
PLDs will continue to have a role where non­
recurring engineering costs and time to market 
are critical. Mainframes and supercomputers 
will continue to use a mixtiure of BiCMOS, 
ECL, and GaAs gate arrays and a growing 
level of cell-based ICs. Because of the relative 
sophistication of large/fast system designers, 
the tendency to date has been to rely more on 
gate arrays, but predefined megafunctions are 
starting to become more popular. ECL designs 
exceedLig 40K gates are now possible with 
20-watt power dissipations. BiCMOS ASICs 
with 150K gates are being used already, and 
GaAs ASICs are la5dng claim to 40K gate 
capability. 

Communication 
Opportunities in the coirununications areas 
include the following: 

• Movement is toward SCSI n for fast and/or 
wide-bus (20-MB/sec.) control of disks and 
their arrays and also for redundant arrays 
of inexpensive disks (RAID). 
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The directly addressable device interface 
(DADI) with a 40-MB/sec. bandwidth is 
being discussed as the internal system inter­
face after SCSI H. 

Rber-distributed data interface (FDDI) 
(100 Mbps), Fiber Channel (up to 1̂ 600 
Mbps), Futurebus-t- (more than 2,000 Mbps), 
Hi^-Performance Parallel Interface (HLPPI) 
(800 to 1,600 Mbps), and IBM's ESCON (En­
terprise Systems Connection) (200 Mbps) are 
examples of high-speed communications 
buses. FDDI is well established as the prin­
cipal LAN backbone choice for the next few 
years. HiPPI appears to be gaining favor for 
higher-speed interprocessor communications 
needs. Kber Channel is being mentioned in 
conjunction with disk arrays and jukeboxes. 
All of these will be opportunities for ASSPs 
and ASIC library controller functions, 
switches, and transceivers. 

Memoiy 
Increasingly, the large/fast systems are turning 
to commodity CMOS DRAMs for main/ 
extended memory as their architectures evolve. 
SRAMs will continue to be used in many 
supercomputers as main memory and for 
nearly aU machines in caching and register 
roles. Densities and speeds are outlined in 
Table 1. 

The Systems Market 
Table 2 presents Dataquesf s worldwide forecast 
for midrange, mainframe, and supercomputer 
systems. Supercomputers and their massively 
parallel variants are the fastest-growing perfor­
mance category. Mainframes are expected to 
decline in growth as networked midrange-based 
systems and LAN-based clusters of PCs and 
workstations continue displacement of the large 

Table 2 
Worldwide Midrange/Large Computer System Revenue and Shipments Forecast 

System 
Revenue ($M) 

Supercomputer 
Mainframe 
Midrange 

Total 

Units (K) 
Supercomputer 

Mainframe 

Midrange 
Total 

1990 

1.8 
30.3 
29.9 

62.0 

0.8 
15.1 

1,025.2 
1,041.2 

1991 

1.9 
29.0 
29.9 

60.8 

0.9 
14.5 

1,038.9 
1,054.3 

1992 

2.1 
28.5 
30.7 

61.3 

1.1 

14.2 

1,080.3 
1,095.6 

1993 

2.4 
28.0 
31.7 

62.1 

1.2 

14.1 

1,129.6 
1,144.9 

1994 

2.6 
27.7 

32.6 

62.9 

1.4 

13.9 

1,175.6 
1,190.9 

1995 

2.9 
27.1 
33.4 

63.4 

1.6 

13.6 

1,218.0 
1,233.2 

CAGR (%) 
1991-1995 

11.0 
-1.7 

2.8 

1.0 

15.5 

-1.6 

4.1 
4.0 

Note: Some cxjlumns will not add to totals shown because of rounding. 
Source: Dataquest (Februaiy 1992) 

Table 3 
Worldwide Computer Systems Market Share Based on 1991 Revenue 

Supercomputer 

Company Share (%) 

Mainframe 
Company Share (%) 

Midrange 
Company Share (%) 

Cray Research 
IBM 
Convex 
Fujitsu 
DEC 
Others 

36.3 
22.4 
8.2 
5.6 
4.8 

22.7 

IBM 
Fujitsu 
Hitachi 

NEC 
Unisys 
Others 

57.7 
8.5 
7.8 
5.3 
4.7 

16.0 

IBM 
DEC 

HP 
Fujitsu 

NEC 
Others 

20.4 
12.8 
6.2 
6.0 
5.7 

48.9 
Source: Dataquest CFebruaiy 1992) 
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Figure 2 
Worldwide JVIidrange/Large Computer Semiconductor l\/!arl<et 
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machines in certain appUcations. Likewise, 
midrange system growth is being clipped by the 
LAN clusters as well. Across aU performance 
categories, server versions that are oriented 
toward providing resources (storage, computing, 
and printing) to LAN clusters are growing 
rapidly. 

Table 3 lists the key OEMs in each of the three 
areas ranked by market share based on revenue. 
Cray and IBM control the bulk of the supercom­
puter market. Likewise, IBM dominates the 
mainframe market with Fujitsu and Hitachi— 
one-seventh its size in this market. The mid-
range market remains much more fragmented, 
with IBM and DEC controlling 32 percent. 

The Semiconductor Market 
Dataquest estimates that the total worldwide 
merchant semiconductor market represented by 
midrange, mainframe, and supercomputer sys­
tems was $6.5 billion in 1991 and will grow to 
$7.1 biUion by 1995 (see Figure 2). Logic (with 
MPU and interface functions) consumes a 
greater than 60 percent share of the mainframe/ 
supercomputer market because of multi-CPU 
configurations and extensive use of multichip 
modules. DRAM and SRAM accoimt for the 
majority of the remaining 40 percent. 

Dataquest Perspective 
Clearly, midrange and high-performance systems 
present different types of market opportunities 
to chip suppliers. In the future, midrange com­
puters will look like scaled-up, I/O-intensive 
versions of the workstation architecture. There­
fore, many of Dataquesf s recommendations 
about workstation opportunities apply here as 
welL The most pronounced of those recommen­
dations is developing close relationships with 
OEMs (design team, purchasing, and others). 
Volxune opportunities exist for CMCS varieties 
of DRAM, fast SRAM, 32/64-bit MPUs and 
associated chip sets, and ASICs. 

In perfonnance-oiiented systems, the fragmenta­
tion between massively parallel and high-speed 
few-processor systems will pjnesent different 
technological opportunities to chip suppliers. 
The high-speed-oriented systems wiL continue to 
need even higher speed and integrated ECL I /O 
bipolar, BiCMOS, and GaAs ASICs and memo­
ries. Parallel and scalable multiprocessor large 
systems wiU offer CMOS opportunities not 
xuilike those identiSed for midrange systems. 
Expect this market to remain heavily verticaUy 
integrated (that is, IBM supplies IBM, for exam­
ple), making outside design-ins challenging and 
sometimes transitory. 

By Gregory Sheppard 
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Inquiry Summary 

Semiconductor Application nUaricets 
Inquiry Highlights 
Q: What are the forecast and outlook for 
BiCMOS mixed-signal semiconductor ICs in 
telecommunications application markets? 

A: High-performance BiCMOS technology has 
the key advantages of high-frequency operation, 
mixed-signal capabilities, and high noise immu­
nity, coupled with the high logic integration 
density of CMOS technology. True high-
performance BiCMOS technology will have 
separately optimized bipolar and CMOS transis­
tors. Hence, the technology will be relatively 
expensive, costing one and one-half to two times 
more than pure ^ l O S technology. However, 
BiCMOS has a natural price premiiun market in 
mixed-signal telecommunications markets such 
as cellular telephone/personal communications 
networks, wireless L.AJ^s, wireless PBX, paging 
devices, hand-held radio frequency terminals, 
wireless modems/faxes, mobile radio systems, 
T-l/T-3/SONET multiplexers, and satellite 
broadcasting equipment. 

Many first-generation telecommunications sys­
tems are initially designed using BiCMOS 
mixed-signal ASIC gate-array and standard-cell 
methodologies because of their time-to-market 
advantages. Subsequently, as market economies 
of scale and competition develop, the second-
and third-generation designs are silicon-area 
optimized in order to fuMU the needs of a high-
volume, mixed-signal BiCMOS telecommunica­
tions application-specific standard product 
(ASSP) chip set market. Dataquest believes that 
the worldwide mixed-signal BiCMOS micro-
peripheral/ASSP semiconductor market for 
telecommunications applications wiU grow dra­
matically at a compound annual growth rate of 
38 percent, from approximately $200 million in 
1992 to $500 million by 1995. 

Q: Is flash memory replacing UV EPROM? 

A: Even though the majority of flash memory 
ICs conform to the JEDEC standard pinouts, 
flash memories are not replacing EPROMs 

directly. The primary reason is, of course, cost. 
The 1Mb flash EPROM costs about $10, whereas 
the 1Mb EPROM costs $4. Replacing the EPROM 
in an existing board design with a flash memory 
does not make sense because the system most 
likely cannot exploit flash's main advantage over 
EPROM— that is, its ability to alter the stored 
data without its being removed from the socket. 
As a result, flash is used mostly in new designs, 
where the electrical rewrite ability can be 
designed in. 

Q: What are a couple of good applications for 
flash memory? 

A: Two good flash memory applications are the 
following: 

• Automotive (in engine and transmission 
management control electronics)—The easy 
avaUabUity of 12V makes this an ideal appU-
cation for the standard flash EPROM 
products. The fact that this happens to be the 
least expensive flash (EPROM derived), comes 
as a bonus in an extremely cost-conscious 
industry. The automotive appHcations may 
drive the development of flash EPROM (12V 
program) for the foreseeable future. 

• Personal computers—^Here the flash memory 
is increasingly used to replace EPROMs in 
BIOS. This arrangement allows for easy in-
system upgradability of the BIOS code allow­
ing new features to be integrated into existing 
systems. The portable notebook PC market 
seems to be embracing flash technology. It 
should be noted that this market demands 
low-voltage devices and in the long run may 
drive the 5V and 3V flash memory technology. 
Another area is that of memory cards used in 
palmtop PCs. Finally, flash memory is used in 
solid-state disks (hard disk emulation/ 
replacement). 
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In Future Issues 

The following topics will be addressed in future 
issues of Semiconductor Application Markets 
Worldwide Dataquest Perspective: 

m Opportunities in fax and modem hardware 

• Opportunities in optical disk drives 

Errata 
In the article entitled "The Pen-Based Computen 
The 'Walkman' of the 21st Century?" in 
Semiconductor Application Markets Worldwide 
Dataquest Perspective issue 9201, which was 
dated January 20,1992, Table 1 contained inac­
curate totals. Table 1 of the article entitied "Work­
stations: A Silicon-Rich Application Comes of Age" 
was improperly aligned. We apologize for any 
confusion this may have caused and reprint 
both tables here with correct information. 

Table 1 
Worldwide Portable PC Market Forecast (Thousands of Units) 

Laptop 
Notebook 

Pen-Based 

Companion 
Hand-Held 

Total Portable 

1991 
3,172 

686 
96 

NA 
503 

4,457 

1992 
3,592 

1,441 

353 

756 
1,559 
7,701 

1993 
3,998 
2,760 

1,590 

1,478 
3,087 

12,913 

1994 
4,370 
4,934 

3,498 

2,663 
5,588 

21,053 

1995 
4,744 

7,180 
4,370 

4,246 
9,365 

29,905 

CAGR (%) 
1991-1995 

10.6 
79.9 

159.8 

77.7* 
107.7 

60.9 

NA = Not av2dlable 
n992 through 1995 
Source: Dataquest (February 1992) 

Table 1 
WoridwideWorkstationForecast 

1990 1991 1992 1993 1994 1995 
CAGR (%) 
1990-1995 

Entry-Level 
Units (K) 

Factory Revenue ($M) 
Traditional/Super 

Units (K) 
Factory Revenue ($M) 

Graphic/Project 
Units (K) 
Factory Revenue ($M) 

Total 
Units (K) 
Factory Revenue ($M) 

246 
3,381 

138 
3,714 

Z5 
261 

386 
7,357 

310 
2,867 

205 
5,508 

2.9 
300 

518 
8,675 

524 

4,023 

263 
6,558 

3.4 
332 

791 
10,913 

1,040 

7,032 

312 
7,868 

4.6 
414 

1,356 
15,314 

1,915 
10,567 

367 
8,798 

5.5 
456 

2,287 
19,821 

2,950 

11,753 

428 
9,364 

6.6 
509 

3,385 
21,625 

75.6 

42.3 

20.2 
14.2 

22.8 
14.1 

59.9 
25.7 

Source: Dataquest (February 1992) 
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Market Analysis 

Workstations: A Silicon-Rich Application 
Comes of Age 
At last that other volume computer application, 
the workstation, is emerging as a miUion-tmit 
opportunity for jnuveyors of semiconductors. 
Tlie growth of workstations and their server ver­
sions is being propelled by a broad-based expan­
sion out of traditional markets. In many ways 
the workstation is the ideal chip market, for the 
following reasons: 

• $l,000-plus semiconductor content 

• Multiple opporttmities for application-specific 
standard products (ASSPs) (now with high 
enough volumes to amortize NRE investment) 

• Memory array intensive 

• Galvanizing standard CPU architectUFes and 
buses 

Frequent design-in v^indows with 12-
18-month product life cycles 

to 

This semiconductor market for workstations is 
fiercely competitive, and chip companies are 
battling for alliances and joint development 
relationships with OEMs. 

System Forecast: New Markets 
Figure 1 and Table 1 present the worldwide 
workstation forecast from Dataquesf s worksta­
tion group. On a imit basis the market is 
expected to have a 59.9 percent compoimd 
annual growth rate (CAGR) from 1991 to 1995. 
Workstations are generally defined as systems 
that use multiprocessing operating systems and 
have embedded networking nodes, high-
performance graphics, and local mass storage. 
Although the definitions for workstations and 
high-end PCs can get blurred, the workstation 
group does make tiie definition assignments on 
a per company/model basis. 
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Figure 1 
Worldwide Workstation Forecast 
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Table 1 
Woridwide Workstation Forecast 

1990 1991 1992 1993 1994 1995 
CAGR (%) 
1990-1995 

Entry-Level 
Units (K) 

Factory Revenue ($M) 
Traditional/Super 

Units (K) 
Factory Revenue ($M) 

Graphic/Project 
Units (K) 

Factory Revenue ($M) 
Total 

Units (K) 

Factory Revenue ($M) 

246 

3,381 
138 

3,714 

2.5 

261 

386 
7,357 

310 
2,867 

205 

5,508 

2.9 

300 

518 
8,675 

524 

4,023 

263 

6,558 

3.4 

332 

791 
10,913 

1,040 

7,032 
312 

7,868 

4.6 

414 

1,356 
15,314 

1,915 
10,567 

367 

8,798 

5.5 

456 

2,287 

19,821 

2,950 

11,753 
428 

9,364 

6.6 

509 

3,385 

21,625 

75.6 
42.3 

20.2 

14.2 

22.8 

14.1 

59.9 
25.7 

Source: Dataquest (January 1992) 

The entry-level category of workstations 
(sub-$10,000 price) wiU. dominate the xmit 
volumes, as it brings powerful computing down 
to the $5,000 price point. New markets such 
as manufacturing automation, publishing, and 
the business desktop will complement the 

traditional design automation stronghold. 
Demand will be greatest in Japan, Asia/Pacific, 
and Europe. Entry-level system demand will 
be spurred by the entrance of advanced comput­
ing environment/advanced RISC computing 
(ACE/ARC) systems and the introduction of ttie 
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object-based Windows NT operating system 
that also allows workstations to run EXDS 
applications. 

Dataquest includes the Intel Corporation 
586-based machines in the entry-level category. 
The market share leader in entry-level systems is 
Sim Microsystems Inc., while Hewlett-Packard 
Company leads the traditional/superworkstation 
category ($10,000 to $50,000). Silicon Graphics 
Inc. leads the $100,000 class graphic/project 
category. 

The Gladiators 
Figure 2 shows the imit market share of key 
vendors. Sun Microsystems continues to be the 
unit leader, with about 36 percent of the market. 
During 1991, Sun, HP, and Silicon Graphics 
roughly maintained market share, while Digital 
Equipment Corporation and Intergraph Corpora­
tion lost share. IBM increased its market share 
by 50 percent as the RS/6000 family continued 
shipping well. Sun and especially Digital 
suffered from product transition luUs, whereas 
HP and Silicon Graphics scored product hits. 

The Others category is up from 16 percent in 
1990 because companies such as NeXT Com­
puters, NEC Corporation, Toshiba, and Fujitsu 
began capturing larger parts of the market. The 
Acer Group, Hitachi, JIVflPS Computer Systems 

Figure 2 
1991 Projected Wortetation i\terl<et Shares 
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Source: Dataquest (January 1992) 

Inc., Mitsubishi, Omron, Sony, Sumitomo Elec­
tric, Tektronix Incorporated, Unisys Corporation, 
and Xerox Corporation are significant others as 
well. The SPARC done vendors generally lack 
market channel access and have yet to make a 
sizable impact on the market. 

Alliances, Initiatives, and Operating Systems 
The year 1991 was dizzying in terms of major 
announcements affecting the workstation market. 
The ACE Initiative now has 79 signatories 
including Acer, Compaq Computer Corporation, 
Digital, NEC, Olivetti, Silicon Graphics, and 
Zenith Data Systems. VWndows New Technology 
(NT) by Microsoft Corporation and ACE UNIX 
by The Santa Cruz Operation (SCO)/UNlX Sys­
tem Laboratories are the twin operating systems 
for ACE. ACE covers both X86 architectures on 
the low end and ARC on the high end. ARC is 
based on the MIPS Computer Systems R3000 
and R4000 processors. Developer kits for both 
operating systems (OSs) were to begin shipping 
in December 1991. Commercial availability of 
application software running under the two 
OSs is slated to arrive by mid-1992. Volume 
shipments are projected to start in 1993. 

Hie alliance of Apple Computer Inc. and IBM 
on miiltiple fronts, including RISC processors 
and an object-based operating system (via their 
Taligent venture), should impact the market in 
the 1993 to 1994 time frame. Motorola Incorpo­
rated will help produce a version of IBM's 
POWER RISC processor for use in new worksta­
tions/servers and PCs from Apple and IBM. 

Stm Microsystems' SunSoft unit wiU help extend 
Sun's influence into the PC world by porting its 
Solaris OS to DOS platforms. 

Semiconductor Opportunities 
Semiconductor opportimities within workstations 
are proliferating as more features are added in 
a never-ending batfle to differentiate hardware. 
There are many opportimities for standard CPU 
engines, system chips sets, and various func­
tional ASSPs. Figure 3 shows an average work­
station mothetboard where the average semicon­
ductor bill of materials costs more than $Z,4CX) 
today. The entry-level machine averages about 
$1,100 in semiconductor content, the tradi­
tional averages $1,800, and the graphic/project 
supercomputer averages more than $6,600. 
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Figure 3 
Workstation Mothert)oard Opportunities 
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Functional Trends 
What opportunities will the next few generations 
of workstations offer and what semiconductor 
technology will they need? Table 2 outlines 
some of the mainstream system requirements 
Dataquest sees for the machine of tiie future. 

CPU Engine/Cache 

The trend is toward either highly integrated 
32/64-bit RISC solutions for the entry-level 
versions or multiprocessor architectures for 
high-end machines. The integrated micro­
processing (MPU) is absorbing the FPU, the 
memory management tmit, and primaiy cache. 
In order to power the mainstream systems of 
1995, CPU clock frequencies will need to 
exceed 100 MHz, if not 200 MHz on critical 
paths. BiCMOS and emitter-coupled logic proc­
ess technology is already being employed to 
accomplish this in some cases. Figure 4 
depicts the most recent market share numbers 
for various RISC processor tj^es. 

The need for SRAM-based cache is shifting to 
a buyer-optional item for secondary cache for 
low-end systems but will remain as standard 
in high-end sjretems. Most hkely there will be 
a need in future machines for sub-5ns access 
SRAM, for up to 128KB instruction/data cache 
(in 16- or 18-bit widths). At these extreme 
speeds dose CPU-cache timing will be 
required. There is a developing market for 
processor-specific SRAM (timing and multi­
plexing, among others). In some cases pre-
engineered CPU boards may be needed. 
Mtiltichip modules are being discussed for use 
two or three generations ahead (1994 to 1995). 

System Logic 

The age of workstation system logic chip sets 
has emerged, initially for the MIPS architecture 
and now for SPARC as well. Current genera­
tion chip sets (mainly ASIC-based) can range 
from 6 to 12 parts and accommodate I /O and 
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Table 2 
The $10,000 Workstation 

CPU 

MIPS 

SPECmark 
Mflops 

Memory 
Standard (MB) 

Maximtun (MB) 
Memory Types 

Storage 

Standard (MB) 
Standard Features 

1990 

16 
11 
1.7 

8 
40 
1Mb and 4Mb 

207 

Ethernet 
2-D Graphics 

1991 

57 

52.6 
17 

32 

512 
16Mb 

420 

Ethernet 

3-D Graphics 
CD-Quality Audio 

Voice Input 
Video In/Out 

1992 

100 
100.4 

30 

64 

1024 
16Mb 

600 

Ethernet 
3-D Graphics 

CD-Quality Audio 

Voice Input 
Vuieo In/Out 

Fax 
Voicemail/Phone 

Source: Dataquest (January 1992) 

memory management functions. More inte­
grated versions for 1992 have been reduced to 
as little as 3 (excluding video). In both cases, 

Figure 4 
Worl<station RISC Processor Market Shares 
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the availability of chip sets and designs (for 
example, ARC) lower the barrier considerably 
for new workstation entrants. 

Main Memory 

Already averaging more than 50 percent of the 
system biU of materials, main DRAM usage is 
expected to grow exponentially. Main memoiy 
usage continues to be driven by more sophisti­
cated applications software and networking, as 
well as new memoiy intensive functions such 
as multimedia (sound and image handling). 
Table 3 shows our estimate of main memoiy 
needs by system class through 1995. Expect 
workstations to continue to be early adopters 
of new DRAM generations (such as 4Mb and 
16Mb) as short system life cycles allow them 
to do so. 

Graphics and Video 

Manufacturers will continue to emphasize and 
refine graphics. Entry-level systems are wit­
nessing the embedding of the graphics sub­
system onto the motherboard while the high-
end systems are stUl maintaining one or more 
add-in accelerator cards. Mainstream pixel 
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Table 3 
Workstation Main Memory Configuration (l\AB, Excluding 
Parity Requirements) 

Entry-Level 
Traditional 

Super Workstation 

Graphic/Project 

1991 

16 
24 

64 
128 

1993 
24 

48 
512 

1,024 

1995 

32 
72 

1,024 
2,048 

Source: Dataquest (January 1992) 

resolutions are currently in the 1,152/900 
through 1,280/1,024 range with 256 colors. 
Broader availability of windowing graphical 
user interfaces (GUIs), 3-D graphics (for exam­
ple, Silicon Graphics licensing its library), and 
the incorporation of digital video over the next 
few years will put pressure on to raise resolu­
tions toward 2 million pixels and 24-bit photo­
realistic color. This will create continued 
opporttmities for new graphics controllers, 
RAMDACs, and DRAM/VRAM buffer memory 
(moving from 1MB to as much as 32MB). 

Digital video will remain principally an add-in 
card business for the next two or three years 
as image editing tools enter the market. Joint 
Photographic Experts Group (JPEG) is the pre­
ferred compression scheme for image com­
paction for transmission and storage today. 
Motion video applications are employing JPEG 
as well but are expected to move to Motion 
Picture Experts Group (MPEG) I for applica­
tions not requiring real-time capture. Digital 
video processing requires video digitization, 
color space conversion, compression, and 
SRAM and DRAM/VRAM buffers to comple­
ment the existing graphics subsystem. Digital 
video and sound capability on tiie work­
station would also stimulate the attachment 
of CD-ROM (or equivalent) drives. 

Communication, Audio, and Interfaces 

Workstations are designed for networking from 
the groimd up, with LAN nodes on the 
motherboard. Multiple nodes support the 
attached "clients" on emerging server versions. 
Ethernet will continue to be the mainstream 
workstation LAN standard for the foreseeable 
future, with 10 Base T (twisted-pair media) 
versions on the low and fiber-distributed data 
interface (FDDI)/copper-distributed data inter­
face (CDDI) appearing for versions configured 

for high network traffic or bandwidth require­
ments (for example, sharing video/images). 

ISDN S/T codecs shotild begin to appear on 
many versions (or as add-in cards). With U 
interface (public interface) standard and tariff 
issues mostly settled, workstations that are 
part of wide area networks and have the ability 
to send Group IV faxes would prove highly 
desirable. 

CD-quality audio input and output for speech 
or mvisic has proven to be a desirable feature 
in workstations. Dataquesf s workstations 
analysts are confident that audio processing 
wiU become a standard function. Some designs 
are blending the Integrated Services Digital 
Network (ISDN), fax, and audio functionality 
together into a single commtmications function. 
At the core of audio processing is 8- to 18-bit 
A / D and D / A conversion and amplifiers, with 
a medium performance digital signal process­
ing (DSP) MPU or equivalent and an SRAM 
buffer (256Kb). The bit stream runs between 
1.2 and 1.5 Mbps. 

In either market, low-end or 
high-end, strategic engineering/ 
manufacturing relationships 
between supplier and customer 
will he very important to success. 

SCSI win continue to be the hard disk inter­
face of choice. It wiU gradually be replaced 
by higher-performance SCSI n (wide and faist 
versions). External access to SCSI will grow 
in poptilarity with the emerging populMity 
of attachable CD-ROM drives and scanners. 

Most of the bus architectures are open in the 
sense that third-party add-in boards can be 
accommodated. Sun/SPARC systems have 
S bus, the ACE/ARC group and HP have 
specified Extended Industry Standard Archi­
tecture (EISA), IBM has Micro Channel 
Architectiore (MCA), and Silicon Graphics has 
VME. Futurebus+ may be needed for even 
higher performance/bandwidth. The primary 
IC opportunity for buses is in the form of 
controllers (sometimes part of system logic) 
and interface logic. Witti bvis speeds getting 
faster and higher current drive more crucial, 
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BiCMOS interfece logic is proving a logical 
choice in new designs. 

Workstation Semiconductor Forecast 
Rguie 5 and Table 4 show Dataquesf s estimate 
of the workstation semiconductor market. Rigid 
disk controller, display, and add-in board 
content are excluded. We expect the semicon­
ductor opportunity represented by workstations 
to grow at a rate exceeding 50 percent, begin­
ning at $762 miUion in 1991 and reaching 
$4.7 billion by 1995. Key semiconductor needs 
are for DRAM (more than half the biU of materi­
als), 32/64-bit RISC MPUs, and ASIC/ASSP 
functions and chip sets for various purposes. 

Dataquest Perspective 
Qearly workstations will be a sound opportu­
nity through the mid-1990s. There wiU most 
likely be an OEM shakeout in the entty-levd 
class eventually as scores of companies keep 
entering vmder the ACE/ARC and SPARC ban­
ners. We predict that standard architectures, 
buses, and OSs once again will create a monster 
market. OEM cost control and simultaneous 
efforts to differentiate hardware wiU become 
more prevalent. 

As the previous analysis shows, DRAMs will be 
in big demand for housing the images of new-
age OSs, networking, and graphics, among 
others. There are plenty of opportunities for 
value-added integrated ASICs and ASSPs, not to 
mention 32/64-bit RISC and DSP MPUs. Com-
mimications functions such as ethemet, ISDN 
(with fax), and SCSI will also lend themselves to 
various combinations among themselves and 
onto system chip sets. It is even conceivable that 
by 1995 the entry-level workstation motherboard 
could be like the PCs today vdth 6 to 10 ICs 
(excluding memory). 

The traditional workstation category and other 
high-end versions might be a better market for 
performance-oiiented, low-margin-averse chip 
suppliers. In either market, low-end or high-end, 
strategic engineering/manufacturing relation­
ships between supplier and customer will be 
very important to success. The reason is in the 
grand goal of workstation hardware providers: 
get to market quicker, through the right chan­
nels, at a better performance-for-the-price point. 

By Gregory Sheppard 

Figure 5 
Worldwide Workstation Semiconductor Marlcet Forecast 

Millions of Dollars 

1990 1991 1992 1993 1994 1995 

Source: Dataquest (January 1992) 
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Table 4 
Semiconductor Opportunities in Worl<stations 
(IVIiiiions of Dollars) 

Functions 
CPU Engine/Cache 
System Logic 
Main Memory* 
Graphics/Buffer 
Audio Processing 
I /O Processing 
Networking 
Miscellaneous 

Total 
ICs 

MPU 
System ASICs/ASSPs 
DRAM/VRAM ($/Millions of MBs)* 
SRAM 
Ethernet Chip Set 
ISDN S/T Codec 
SCSI/SCSI n Adapter 
Bus Controller 
s e c (or Equivalent) 
Audio DSP 
Audio A/D, D/A 
Graphic Controller 
RAMDAC 
Interface Logic/PLD 
Clock, Nonvol. Memory Miscellaneous 

Total 

1991 

145.1 
116.4 
372.8 

77.1 
4.7 

17.1 
20.2 
8.8 

762.1 

135.3 
116.4 

414.2/10.5 
12.5 
14.5 

-
5.5 
6.7 
4.1 
3.6 
1.0 

23.3 
12.4 
5.2 
7.4 

762.1 

1995 

485.4 
417.1 

3,011.2 
561.9 

44.0 
54.2 
81.2 
44.0 

4,699.1 

465.1 
417.1 

3,427/192.5 
20.1 
64.7 
16.8 
17.0 
16.9 
20.3 
17.2 
6.8 

91.4 
54.4 
20.3 
44.0 

4,699.1 

CAGR (%) 
1991-1995 

35.2 
37.6 
68.6 
64.3 
75.3 
33.4 
41.6 
49.5 
57.6 

36.2 
37.6 

6.2 
12.6 
45.3 
NA 
32.6 
26.0 
49.2 
47.8 
61.5 
40.7 
44.7 
40.6 
44.1 
57.6 

•Assumes DRAMs reach $16.80/MB by 1995. 
NA = Not applicable 
Source: Dataquest (January 1992) 

The Pen-Based Computer: The 
"Walkman" of the 21st Century? 
Pen-based computers (PBCs) represent a new 
class of machines that quickly captured the spot­
light in personal computing. These computers 
may evolve into something significantly different 
from today's PCs. It is safe to say that current 
advances in technology have allowed us to re­
visit the past, the past being the use of pen and 
paper as the primary form of commtmication. 

Today's pen-based computer is a notebook PC 
mintis the keyboard. The user interacts with the 
computer using a penlike device. The pen is the 
piimary input device and as such it is no differ­
ent than a mouse, except in its (familiar) ease of 
use. It is very difficult to sign or free-form write 
using a mouse, which is a pointing device. 

The pen is much more. Together with the soft­
ware and the hardware that drive it, the pen 
turns an ordinary PC into a useful, easy-to-use 
tooL At least, that is the expectation, which is 
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partly derived from our familiarity with using 
pens and our belief that computers are useful 
tools. Combining the two makes sense. 

The pen may or may not be connected to the 
computer by a cord in a pen-based system. 
There are basically three types of pens: The 
resistive type connects to the PC like a mouse; 
the capacitive and the electromagnetic tj^es 
need no connection. There are pros and cons to 
any tj^e of pen used. But the pen should not be 
considered by itself; the software and hardware 
that drive it form an entity that either works or 
renders the pen-based computer useless. Specific 
implementation is a key element in the design 
of pen-based systems. 

The keyboard is an option; most pen-based com­
puter manufacturers offer one because a key­
board is a far more convenient device for enter­
ing text of any length. Most people can type 
faster than they can write. Then again, a key­
board isn't necessary for the millions of people 
who never learned how to use one effectively. 
This is a subtle but important difference that 
differentiates pen-based computers from tradi­
tional PCs. A far greater number of people can 
use a pen than can use a keyboard. By using a 
pen as an input device instead of the keyboard, 
computer manufactiu'ers can tap a much larger 
market than that served by traditional PCs. 

Meeting Potential 
Pen-based PCs represent a new field in com­
puters and as sudi need a lot of polishing to 
reach their potential The major stumbling block 
at present is the lack of operating systems, 
wMch in turn translates into a limited number 
of software packages that can run on any given 
hardware platform. Early hardware entries had 
to use operating systems developed iii-house 
and thus Umited or eliminated the possibility of 
using off-the-shelf software applications. So far 
vendors of hardware have taken one of the fol­
lowing approaches: 

• Developed in-hovise proprietary operating sys­
tems (OSs) and applications—^for example, 
spreadsheets, personal information manage­
ment (PIM) software, and word processors 

• Used beta-site OS for pen computers from 
software vendors such as Microsoft Corpora­
tion and GO Corporation to develop appli­
cations (however, this ties their hardware 

releases to the release of ttie OS; NCR 
Corporation is an example) 

• Implemented both of the above (Momenta 
Corporation developed a proprietary OS that 
can run either off-the-shelf \Atodows applica­
tions or in-house-devdoped software such as 
a PIM, a word processor, and a Lotus-like 
spreadsheet) 

Specifications 
A typical pen-based computer today weighs 5 lb 
and is about 8 x 11 x 1.5 in. It is able to run on 
batteries for three to six hours, depending on 
actual use and power management implementa­
tion. It is usually built around an Intel Corpora­
tion 20-MHz 386SX, 386SL microprocessor, or the 
newer 25-MHz 386SXL from Advanced Micro 
Devices Inc. (AMD). Main memory (DRAM) 
ranges from 2MB to 8M6 for a standard configu­
ration. The video graphic array (VGA) display is a 
10-inch (diagonally measured) LCD with 640 x 
580-pixel resolution and 16 to 32 shades of gray. 

For mass storage the t3^ical PBC uses a 40MB, 
2.5-inch hard disk. Some PBCs use solid-state 
storage devices such as the 20MB solid-state 
disk from SunDisk Inc. or flash memory and 
flash cards. PBCs have no internal floppy and 
thus rely on communications software for 
uploading or downloading data. Alternately they 
use Personal Computer Memory Card Interna­
tional Association (PCMCIA)-type memory cards 
or docking stations for data transfers. 

For communication PBCs typically offer an 
integrated modem/fax hne, which simplifies 
connectivity. Some tmits offer modem/fax/voice 
capability. 

The market for pen-based com.puters is relatively 
bright (see Table 1). Unit sales are expected to 
grow from 96,000 in 1991 to about 4.4 million 
by 1995. The compound annual growth rate 
(CAGR) for pen-based computers is 159.75 per­
cent from 1991 to 1995, the highest in the porta­
ble PC market. The expected revenue also is 
substantial, as the average selling-price is at 
least similar to that of a notebook PC. 

Figure 1 represents the worldwide market fore­
cast for pen-based computers. 

Figure 2 shows pen-based PCs over the same 
period (1991 to 1995) as a percentage of the total 

SAWW-SVO-DP-9201 ©1992 Dataquest Inccxporated January 20,1992 
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Table 1 
Worldwide Portable PC Market Forecast (Thousands of Units) 

Laptop 
Notebook 

Pen-Based 
Companion 

Hand-Held 

Total Portable 

1991 

3,172 
686 

96 

503 
1,998 

1992 

3,592 

1,441 

353 
756 

1,559 
3,222 

1993 

3,998 

2,760 

1,590 
1,478 
3,087 

4,457 

1994 
4,370 
4,934 

3,498 
2,663 

5,588 

12,913 

1995 
4,744 

7,180 

4,370 
4,246 

9,365 

29,905 

CAGR (%) 
(1991-1995) 

10.6 

79.9 

159.8 
77.7* 

107.7 

•1992 through 1995 
Source: Dataquest (January 1992) 

Figure 1 
Worldwide Pen-Based PC l\/larl<et Forecast (Thousands of Units) 

Uni ts 

5,000-

4.000-

3,000-

2,000-

1,000-

0 

CAGR 
1991-1995 

159.8% 

4,370 

1,590 

96 
353 

1991 1992 1993 1934 1995 

Source: Dataquest (January 1992) 

portable computer market. At 2 percent in 1991, 
the market is expected to grow to 15 percent by 
1995. 

The semiconductor content for a typical pen-
based computer retailing of a $3,(300 system is 
about $330. Figure 3 shows the cost distribution 
on a percentage basis. DRAM represents about 
36 percent of the semiconductor content (in dol­
lars). This amotmt is expected to increase, driven 
primarily by memory-hungry pen-based OSs. 

Table 2 shows the semiconductor cost break­
down of a current-generation pen-based 
com.puter. 

Figure 4 shows Dataquesf s total available semi­
conductor market estimate. Semiconductor reve­
nue derived from PBCs will exceed $1 billion by 
1994. 

Major players in pen-based computing that offer 
haidware products include GRID Systems 
Corporation, Momenta Corporation, NCR, 
Samsvmg, Sanyo Electric Co. Ltd., and Sony. 

Major players in pen-based operating systems 
include GO Corporation (Pen Point), Microsoft 
(Pen "Wvadows), and Commtmications Intelli­
gence Corporation (PenDos). 
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Figure 2 
Ponabie PC Market, 1991 and 1995 

1991 1995 

Notebook 15% 

Hand-Held 11% 

Pen-Based 
2% 

Note: Segments may not add to 100 percent because of rounding. 

Source: Dataquest (January 1992) 

Figure 3 
Semiconductor Content Cost for Pen-Based PCs 

Tabie 2 
Semiconductor Content, Typical Pen-Based Computer 

y/^ DRAM (4MB) 7 \ 
/ X 36% / 

/ MRU \ Z ^ ^ ^ ^ 
1 27% / ^ 

\ / System Logic 
\ / 21% 

Total Cost = $330 

Graphics Ck)ntrol 8% 

\ Analog 3% 

^ A - SRAM 2% 
^•^H-Video Buffer 2% 

r " Logic 1% 

Cost ($) 
MPU 
Main Memory (4MB DRAM) 

System Logic 
Graphics Controller 
Video Buffer (PS-RAM) 

Analog 
Local Buffers (SRAM) 
Logic 

Total 

90.00 
120.00 
70.00 

25.00 
8.00 

10.00 

4.00 
3.00 

330.00 

Source: Dataquest (January 1992) 

Who is shipping OS? Both Pen Point and Pen 
Windows are at a beta-site stage right now. Both 
products are expected to be released by the sec­
ond quarter of 1992. This delay in operating sys­
tem introduction has retarded the availability of 

Source: Dataquest (January 1992) 

pen-based computers. Vendors such as Momenta 
and GRID had to create their own OS in order 
to get to the market with a product. 

Handwriting Recognition 
Even though handwriting (character) recognition 
is desirable for a pen-based computer, at present 
it is not a critical item. Momenta's approach is 
(and rightly so) that the computer does not need 
to recognize everything sketched onto the screen. 

SAWW-SVG-DP-9201 ©1992 Dataquest Incotporatsd Januaiy 20,1992 
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Figure 4 
Estimated Total Available Semiconductor Marl<et, Pen-Based Computers (Thousands of Dollars) 

Source: Dataquest (January 1992) 

This position follows the logic that notes entered 
into a daytimer are for private use and need not 
be transcribed; they just need to be stored for 
future reference/retrieval. On the other hand, 
handwriting recognition is a desirable feature for 
Japanese consumers. Success here may translate 
into high sales for the manufacturer(s) of such 
pen-based systems. 

Connectivity/Docking 
A PBC is quite effective as a field or factory 
floor instrument, but it needs to download the 
information captured to a mainframe or a PC. 
That can be accomplished in a nttmber of ways: 
using a PCMQA (68-pin) port and memory 
cards as the transfer meditun, or by using radio 
frequency or infrared communication. A docking 
station is another alternative. 

Wth respect to communication, current-
generation pen-based computers typically offer 
an integrated modem/fax. The addition of the 
fax capability is quite handy because it allows a 
user to receive or send a fax from any place that 
has a phone jack or to use a cellular phone from 
practically anj^where. 

Applications 
Pen-based systems are already used in retail 
stores. Customers sign for credit card purchases 

right on the screen of the pen-based PC, which 
captures the signature in a digitized form and 
stores it in a hard disk for after-hours phone 
transfer to a credit card clearing bureau. The use 
of a PBC instead of the regular credit card 
imprinter for signing for a purchase speeds up 
the transaction. Future off-lLie signature verifica­
tion will be possible using a smart card (where 
the customer's signature stored in the smart 
card's nonvolatile memory is in binary form). 

PBCs are very good at applications that require 
filling out forms. A good example is their use 
by public utility companies for reading electrici­
ty, water, and gas meters. Police departments 
use them to replace paper forms for traffic viola­
tions. In manufacturing they are used to fill out 
inspection reports. Banks and investment compa­
nies use PBCs to fiU out standard contracts. 
They also are quite popular with insiiiance 
adjtistors and are finding their way into real 
estate sales. 

Dataquest Perspective 
As is the case with an3ihing new, it wiU take 
some time for pen-based systems to reach their 
potential. Today lack of operating systems is 
retarding the growth of this segment. This situa­
tion should change in 1992. From a CAGR point 
of view, pen-based PCs stand out. Over time the 
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distinction between palmtops and pen-based 
computers may become bltirred as palmtops 
begin to incorporate a pen as an input device. 
The fax commimications capabilities of pen-
based computers make them extremely useful 
to a great number of people who are on the go, 
substantially enhancing the total available 
market for pen-based systems. Dataquest 
believes that pen-based computers offer a 
significant market growth opportunity for 
systems manufacturers, software developers, 
and semiconductor vendors. 

By Nicolas Samaras 

Inquiry Summary 

Semiconductor Application IViarlcets 
Inquiry Highlights 
Dataquesf s response to specific questions from 
clients frequentiy can be useful for other clients. 
In this article we provide responses to three 
recent cUent questions. 

Q: What is Dataquest's latest tuorldwide computer 
forecast? 

A: See Table 1. 

Q: Who are the major players in smart card 
microcomputers? 

A: In the United States, the major players are 
Motorola Incorporated and start-up Catalyst 
Semiconductor. Motorola's key product is the 
MC68HCQ5SC21, an 8-bit single-chip micro­
computer with 6KB of ROM, 128 bjrtes of RAM, 
and 3KB of on-boaid EEPROM. Programs can 
execute code from the on-boaid ROM or 
EEPROM. 

Catalyst offers two products: the CAT62C580 
with an 8-bit CPU, 3KB of ROM, 128 bytes of 
RAM, and 2KB of EEPROM. The CAT62C780 is 
a similar device witii 6KB of ROM, 192 bytes of 
RAM, and 8KB of EEPROM. The 62C580 and 
62C780 cannot execute code from EEPROM. 

In Europe the major players are SGS-Thomson, 
Siemens, and Philips. SGS-Thomson offers the 
ST16623, with an 8-bit CPU, 224 bytes of RAM, 
6KB of ROM, and 3KB of EEPROM. The 
ST16623 is code-compatible with the Motorola 
68HC05SC21. SGS-Thomson also offers a version 
with 1KB and 2KB of EEPROM. Siemens uses an 
8051-derivative microcomputer tailored to smart 
card applications. 

In Japan the major players are Hitachi and Oki 
Electric Industry Co. Ltd. Hitachi offers the 
H8/310 8-bit CPU with 10KB of ROM, 256 bytes 

Table 1 
Dataquesfs Worldwide Computer Forecast 

Factory Revenue ($M) 

Supercomputer 

Mainframe 

Midrange 
Workstation 
PC 

Unit Shipments 0 0 
Supercomputer 

Mainframe 
Midrange 

Workstation 
PC 

1990 

1,757 

30,305 
29,927 
7,357 

36,732 

0.8 
15.1 

1,025.2 
386.1 

23,982.5 

1991 

1,901 
28,994 

29,942 
8,675 

39,800 

0.9 
14.4 

1,038.9 

517.5 
26,332.8 

1992 

2,110 

28,475 
30,745 
10,913 
43,700 

1.1 

14.2 
1,080.3 

790.5 

29,343.8 

1995 

2,890 

27,100 

333,400 
21,625 
54,760 

1.6 
13.6 

1,218.0 

3,385.0 

39,660 

CAGR (%) 
(1990-1995) 

10.5 
(2.2) 

2.2 
24.1 
8.3 

14.9 
(2.1) 

3.5 

54.4 

10.6 
Souice: Dataquest 0anuaiy 1992) 
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of RAM, and 8KB of EEPROM. Old offers the 
MSM62580 and MSM62780 (a joint development 
wi th Catalyst; see earlier description of product 
feature list). 

The two most significant products are the 
Motorola 68HC05SC21 and Hitachi's H8/310. 

Q: What are the major applications using smart 
card microcomputers? 

A: In Europe the Motorola and SGS-Thomson 
devices are used as bank cards and for pay TV 
applications. The upcoming Pan-European 
Mobile Phone network, GSM, is another high-
volume application. The most popular use of 
smart cards has been as prepaid tokens for pay-
phones. The highest volume is in France, where 
Dataquest estimates that more than 60 million 
units were used in 1991. 

In Future Issues 
The following topics will be addressed in future 
issues of Semiconductor Application Markets 
Worldwide Dataquest Perspective: 

• Opportunities in ISDN hardware 

• Opportunities in performance computer 
systems 
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Quantum Corporation 

Corporate Statistics 

I 

For more information on 
Quantum Corporation 
or the semiconductor 

application market, call 
Nicolas Samaras at 

(408) 437-8676 

Headquarters Location 

Date of Establishment 
Chairman 
Chief Executive Officer 
Number of Employees Worldwide 
Ntimber of Engineers 
Number of Sales and Marketing 

Employees 
Fiscal Year* 1992 Sales 
Fiscal Year* 1991 Sales 
Calendar Year 1992 (First Six Months) 

Sales 

Subsidiaries 

•Fiscal year ends March 31 

500 McCarthy Boulevard 
Milpitas, Califonua 95035 
(408) 894-4000 
February 1980 
Stephen M. Berkley 
William J. Miller 
1,752 
325 

312 
$1,127 billion 
$877.7 million 

$714 million 
La Cie Ltd. 

Corporate Overview 

Quantum Corporation was incorporated as a California corporation 
in February 1980 and reincorporated as a Delaware corporation in 
AprU 1987. 

Quantum Corporation is a leading supplier of small form factor rigid 
disk drives (RDDs) for desktop PCs, workstations, and notebook com­
puters. Quantum provides a broad range of 3.5-inch and 2.5-inch 
RDDs with capacities ranging from 40MB to 1,225MB. Quantum also 
designs and markets storage enhancement products that upgrade the 
capacity of existing desktop PC systems. The company markets its 
products directly to major OEMs through its worldwide sales force. In 
addition, the company's newly formed distribution organization, 
Quantum Conunercial Products, focuses on the unique needs of the 
distribution channel, which includes major distributors, system integra­
tors, smaller OEMs, and value-added resellers (VARs). 

DataQuest^ 
a company of 
TlKOun&BisbtRetCoqxxa 
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The current product line of Quantum's rigid disk drives is shown in 
Table 1. 

Table 1 
Quantum Products 
• • 

Model Number 
3.5-Inch Disk Drives 

ProDrive ELS 42AT 
ProDrive ELS 42S 
LPS52AT 
LPS52S 
LPS 80AT 
ProDrive ELS 85S 
ProDrive ELS 85AT 
LPS 105S 
LPS 105AT 
LPS120 
LPS120S 
ProDrive ELS 127AT 
ProDrive ELS 127S 
ProDrive ELS 170S 
ProDrive ELS 170AT 
LPS240S 
LPS240 
ProDrive 425i 
ProDrive 425S 
ProDrive 425AT 
LPS450S 
LPS450 
ProDrive LPS 525AT 
ProDrive LPS 525S 
ProDrive 700S 
ProDrive 1050 
ProDrive 1225S 

2.5-Inch Disk Drives 
Go-Drive 40S 
Go-Drive 40AT 
Go-Drive 60AT 
Go-Drive 60S 
Go-Drive BOAT 
Go-Drive 805 
Go-Drive GRS SOS 
Go-Drive GRS 80AT 
Go-Drive 120AT 
Go-Drive 120S 
Go-Drive GRS 160S 
Go-Drive GRS 

160AT 

Capacity 
(MB) 

42.00 
42.00 
52.00 
52.00 
85.00 
85.00 
85.00 

105.00 
105.00 
122.00 
122.00 
127.00 
127.00 
170.00 
170.00 
245.00 
245.00 
425.80 
425.80 
425.80 
450.00 
450.00 
525.00 
525.00 
700.00 

1,050.00 
1,225.00 

42.00 
42.00 
64.70 
64.70 
84.00 
84.00 
84.00 
84.00 

130.00 
130.00 
169.00 

169.00 

Data 
Surfaces 

1 
1 
2 
2 
4 
2 
2 
4 
4 
2 
2 
3 
3 
4 
4 
4 
4 
9 
9 
9 
6 
6 
6 
6 
8 

12 
14 

2 
2 
2 
2 
4 
4 
2 
2 
4 
4 
4 

4 

Track Bit 
Density Density 

(tpi) 

1,800 
1,800 
1,330 
1,330 
1,330 
1,800 
1,800 
1,330 
1,330 
1,900 
1,900 
1,800 
1,800 
1,800 
1,800 
1,900 
1,900 
1,695 
1,695 
1,695 
2,150 
2,150 
2,670 
2,670 
2,670 
2,670 
2,670 

1,801 
1,801 
2,000 
2,000 
1,801 
1,801 
2,500 
2,500 
2,000 
2,000 
2,500 

2,500 

(bpi) 

38,624 
38,624 
29,307 
29,307 
29,307 
38,624 
38,624 
29,307 
29,307 
38,000 
38,000 
38,624 
38,624 
38,624 
38,624 
38,000 
38,000 
36,923 
36,923 
36,923 
49,731 
49,731 
50,500 
50,500 
50,500 
50,500 
50,500 

46,900 
46,900 
56,688 
56,688 
46,900 
46,900 
58,878 
58,878 
56,688 
56,688 
58,878 

58,878 

Interface 

IDE 
SCSI-2 
IBM 
SCSI 
IDE 
SCSI-2 
IDE 
SCSI 
IBM 
IBM 
SCSI 
IDE 
SCSI-2 
SCSI-2 
IDE 
SCSI 
IBM 
SCSI-2 
SCSI 
IBM 
SCSI 
IBM 
IDE 
SCSI-2 
SCSI-2 
SCSI-2 
SCSI-2 

SCSI 
IBM 
IBM 
SCSI 
IBM 
SCSI 
SCSI 
IDE 
IBM 
SCSI 
SCSI 

IDE 

Source: Quantum Corporation, Dataquest (December 1992) 
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Quantum Corporation 

Corporate History 

Founded in 1980 to produce 8-inch diameter RDDs, Quantum 
proceeded to become a major supplier to this \mique and trailblazing 
market. Microcomputers had just been developed and 8-inch flexible 
disk drives were ttie primary storage devices for this new segment of 
the computer market. Quantum produced the Q-2000 drive with 
storage capacities ranging from 10MB to 40MB (unformatted). After 
pushing the capacity to 85MB in 1982, Quantum made its move to 
higher technology and introduced fast access drives in 1983. These 
products used patented recording head positioning technology that 
was to keep the company in a leadership position for the rest of the 
decade. Its proprietary optical encoding, servo wedge, and tempera­
ture compensation technology was used in new Quantum products 
through 1991. 

Joiiiing the rapid movement to the 5.25-inch RDD market, Quantvim 
introduced the Q-500 series of drives in 1982 with 20MB, 30MB, and 
40MB devices, gaining 25 percent market share in its first year of ship­
ments. The Q-540 was considered the most reliable product at that 
time and became an industry standard in small computers. 

In April 1985, Quanttim introduced an advanced 5.25-inch drive with 
half the height of most drives (1.625 inches versus 3.25 inches). This 
drive was also one of the first intelligent drives, embedding the disk 
controller in the drive, and was known as the Q-200 series. These 
drives offered 53MB to 80MB formatted capacities with the SCSI. 
Dedicated to producing its own SCSI interface semiconductor parts, 
Quantum found itself struggling to deliver on this promise. The soft­
ware to run the intelligent drive and the design tedmologies for the 
chips were more complex than any disk drive company had previ­
ously encoimtered. 

At the same time, 3.5-inch RDDs were first announced. Quantum's 
delivery of the Q-200 was delayed so long that the company's sales 
suffered. In June 1987, it became evident to Quantum management 
that an overhaul of corporate product strategy was necessary; the 
subsequent plans not only saved the company, but also put it in the 
positive position it enjoys in 1992. 

The decision to spin off a group of engineers to develop a retail 
storage product had already been made. Headed by the current chair­
man, Steve Berkley, a small staff under the banner of "Bits in Space" 
started development of a disk drive mounted on a standard PC 
printed circuit card. The drive was a fully self-contained storage sub­
system that the average computer user could simply plug into an IBM 
PC slot. The task force grew in numbers and moved into leased Data-
quest office space, assuming the name of QEW (often thought to stand 
for Quantum Excess Workers). Plus Development was the final name 
for the subsidiary, and the 10MB Hardcard was formally announced in 
1985. 

Shortly after the Hardcard development came the decision to write off 
aU previous 8- and 5.25-inch products. The decision was dramatic 
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because, once the company turned its back on its revenue-producing 
stream of products, the entire future of Quantum rested on a newly 
announced series of 3.5-inch drives and the Plus Hardcard. 

In retrospect, the company management still wonders if it should have 
delayed the phase-out, but the results ultimately produced the desired 
reboimd in sales. As a result of the write-offs. Quantum realized a loss 
for the first time since its start up but has not looked back since. 
Figure 1 shows Quantum's quarterly sales volumes since the begin­
ning of 1988. 

The ProDrive series of 3.5-inch drives sold more than 3 million tmits 
over its life span, with Apple Computer's use of the drives in its new 
Macintosh computers driving this success. 

Operations 
Quantum operates in an industry characterized by increasingly shorter 
product life cycles. Accordingly, the company is committed to 
developing new products and bringing ttiem to market faster than 
ever before. 

The rigid disk industry is also noted for rapid technological changes. 
To ensure that Quantum continues its pace of technological advance­
ment, the company formed two R&D groups that concentrate on 
developing new technologies to increase the performance, reliability, 
and capacity of its RDDs. In order to achieve efficient volume produc­
tion of new products, and to maintain the efficiency of current 
manufacturing lines. Quantum provides a continuous investment of 

Figure 1 
Quantum's Quarterly Sales Revenue 

Millions of Dollars 
400 

1—I—r 
Q1 Q2 Q3 Q4 

Source: Dataquest (December 1992) QztxaoBZ 
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engineering resources to the development of tooling, production 
processes, and specialized test equipment. 

For the fiscal years 1992, 1991, 1990, and 1989 (ended Maidi 31), the 
company's R&D expenses were $59.3 million, $43.3 million, $25.8 mil­
lion, and $16.8 million, respectively. Figure 2 shows Quantum's R&D 
expenses as a percentage of sales, stated on a quarterly basis since 
1987. 

The figure shows that Quantum has normally spent a greater percen­
tage of its sales revenue for developing new products than the total 
percentage spent by major EDD indtistry participants (Conner 
Peripherals, Maxtor Corporation, Micropolis Corporation, and Seagate 
Technology) combined. The sharp drop at the beginning of 1989 was 
not an indication of lower spending but a reminder that Quantum's 
sales volumes have grown rapidly. 

Quantum is committed to a manufacturing strategy that will give the 
company a competitive edge in the disk drive industry. Quantum's 
manufacturing partner is Matsushita Kotobuki Electronics Industries 
Ltd. (MKE). MKE is a Japanese company renowned for its sophisti­
cated, high-volume, electromechanical manufacturing capabilities. MKE 
currently manufactures the ProDrive LPS and ELS drives, Go-Drive 
Series, Passport products, and Hardcard products. MKE's primary 
factory is located in Ipponmatsu, Japan. 

There has been an eight-year relationship between the two companies, 
scheduled for renegotiation at the end of 1992. MKE constructed a 
new disk drive factory in Ireland in 1992 specifically to manufacture 
Quantum disk drives. There is little likelihood that the companies will 

Figure 2 
R&D as Percentage of Sales 
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not be able to come to accord on a new agreement. Quantum also 
operates a factory in Milpitas, California, where its high-capacity 
ProDrive products are currently produced. This new facility contains 
three Class 10 clean rooms, automated workstations, sophisticated 
robotics, and continuous flow processing. 

In fiscal 1992, more than 80 percent of Quantum's sales were derived 
from products manufactured by MKE. MKE has exclusive worldwide 
manufacturing rights to Quantum products, while Quantum retains 
exclusive worldwide rights to design and market these products. 
Quantvun provides forecasts of its needs and places orders approxi­
mately 90 days before delivery requirements. The two companies 
renegotiate the pricing structure periodically, usually annually. 

Quantum and MKE purchase components, some of which are made to 
Quanttim's specifications, from outside vendors. Most of the compo­
nents used in its products are available from more than one supplier. 
In the past, limited availability of certain key components has con­
strained the company's revenue growth. The entire disk drive industry 
has been in a backlog situation in 1992, and these shortages, in most 
cases, can be attributed to conservative inventory management by 
component suppliers and drive makers alike. Quantum has allocated 
most of its product to the OEM chaimel during this period, resulting 
in some shortages in the distribution channel. 

Figure 3 shows Quantxmi's ability to manage inventories and balance 
sales forecasts to build forecasts as presented to MKE. The line 
marked "production" is actually the quarterly sales total adjusted by 
the change in inventory from the previous quarter. If the line exceeds 

Figure 3 
Inventories and Sales 

Millions of Dollars 
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Source: Dataquest (December 1992) G200SOM 
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the sales curve, it is an indication of building to inventory. When the 
"production" curve is below the sales curve, the company's products 
are likely on allocation. This curve vividly shows the disk drive reces­
sion in 1991, when too many products were buUt at first. However, 
production rates were curtailed, and the market then caught up to 
inventories and production rates—^which resulted in shortages. 

The result of the relationship between Quanttun and MKE is that 
Quantum does not require capital investment in massive production 
capacity. As a result, the company has remained debt-free. 

Organization 
Quantum's corporate management organization chart normally defies 
traditional logic. The style of Quantum management has been 
described as "Dial 1-800-MBA." Each person in a responsible position 
is, indeed, highly educated. Beyond formal schooling. Quantum's cul­
ture is steeped in creativity and tempered with common sense. Quan­
tum is led by a chairman with a bent toward the offbeat Hardcard 
and a personal desire to overtake Conner Peripherals position as No, 2 
in the RDD industry. Mr. Berkley came to the company with a back­
ground in market research and strategic plaiuiing. 

David Brown, Quantum's vice chairman, was the foimding vice presi­
dent of engineering. Mr. Brown was cofounder of Plus Development, 
returning to Quantum in 1986 to engineer (he company's transition to 
3.5-inch products. He became president and COO in 1987 and was 
promoted to vice chairman in 1989, (Mr. Brown's pending retirement 
is one of the longest running rumors in Silicon Valley.) 

In a surprise annoimcement in March 1992, WUliam J. Miller was 
made CEO. Mr. Miller came to Quantum after 11 years with Control 
Data Corporation (CDC). He also served as president and CEO of 
Imprimis Technology at the time it was acquired by Seagate Technol­
ogy. Mr. Miller's years of experience, along with his outgoing perso­
nality, make him a visible spokesperson for Quantum and a strong 
CEO. 

Quantum has two executive vice presidents. Joseph T. Rodgers, who is 
also CFO and secretary, was vice president of finance at Quantum in 
1980 and has held top corporate positions throughout its history. 
Michael A. Brown is Quantvmi's executive vice president, in charge of 
day-to-day operations of the business. Mr, Brown joined the company 
in 1984 as a product manager and advanced rapidly as the company 
grew. He became vice president of marketing in ]une 1990 and was 
promoted to his current position in February 1992. As a result, Mr. 
Brown is one of the fastest-rising yoimg managers in the industry 
and—definitely—the youngest corporate general manager. 

One of the tmique features of Quantum's organizational structure is its 
lack of a president. The other is the alignment of the operational units 
into market-demand segments. The first business units formed were 
the business PC group and the portable storage group. The two 
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groups have recently been combined into the business PC/portable 
storage group. This consolidated group is managed by Marlin Miller. 
The latest imit to be annoimced was the high-capacity storage group, 
headed by Robert Maeser. This group was formed to concentrate on 
the upscale market, such as workstations and midrange computers. 
(Mr. Maeser was once vice president of the Imprimis small disk divi­
sion in Oklahoma City, Oklahoma.) The busiaess units are formed to 
control product development, manufacturing, and marketing of 
products that are directed to solving problems in specific applications. 

Marketing 

Quantum markets its products directly to major OEMs through its 
worldwide sales force. There are 13 sales offices in the United States 
and Canada. Additional offices are located in Europe, Taiwan, Japan, 
and Singapore. Eharing fiscal 1992, Quantum's largest OEM customer 
was Apple Computer, which accounted for approximately 25 percent 
of consolidated sales, compared with 34 percent in fiscal 1991 and 
42 percent in fiscal 1990. No other customer accounted for sales in 
excess of 10 percent in fiscal 1992, 1991, or 1990. Some of Quantum's 
other big-name buyers include Acer, AST Research, CompuAdd, Dell, 
Hewlett-Packard, Intel, Olivetti, Samsung, Sun Microsystems, Tandy, 
Unisys, and Zenith. 

The accomplishments of Plus Development in the retail distribution 
channel have been pathfinders for the storage subsystem industry. One 
of its keys to success was its abUity to establish a strong worldwide 
brand recognition. Plus Development was merged back into Quantum 
in 1991. The management was put in charge of all distribution strate­
gies for the company, which is now known as Quantum Commercial 
Products (QCP). Quantum's lone subsidiary. La Cie Ltd., comes from 
an acquisition and is a direct marketing company that serves the 
Apple Macintosh aftermarket. 

QCP's major distribution customers include Arrow Electronics, Future 
Tech, Ingram Micro-D, and Marshall Industries. Sales to the distribu­
tion channel accounted for 36 percent of sales for fiscal 1992, increased 
from 31 percent in 1991. 

Quantum maintains sales offices throughout the world. International 
sales, which include sales to foreign subsidiaries of U.S. companies, 
accounted for 52 percent of sales for fiscal 1992, compared with 
45 percent of 1991 sales and 32 percent in 1990. Repair facilities are 
located in Milpitas, Singapore, and Frankfurt, Germany. 

Quantum has enjoyed an increased market share of the total world­
wide 3.5-inch disk drive market every year since it began production 
of these drives. Figure 4 shows the company's market share as a per­
centage of total production. Dataquest believes that Quantum will con­
tinue to increase its share of both the 2.5-inch and 3.5-inch markets. 
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Figure 4 
Quantum's 3.5-Inch Worldwide Market Share as a Percentage of Production 

Source: Dataquest (December 1992) 

Dataquest Perspective 
Quantum's position in the merchant RDD market appears secttre. The 
advantages that assure its success include the following: 

• The MKE manufacturing relationship that provides top-quality, 
high-yield products without constant physical plant capital expendi­
tures from Quantum 

• A solid patent portfolio, recently reinforced by a full cross-Hcensing 
agreement with Seagate Technology 

• Soimd management—people and principles 

• Strong OEM relationships with major computer vendors 

• Superior distribution experience and packaged products for that 
market 

• A product portfolio that meets a broad range of system require­
ments in the fastest-growing markets 

The following potential risks in Quantum's future are speculative, but 
could materially affect its success: 

• Collapse of the MKE relationship and loss of the manufacturing 
facilities 

• Loss of the Apple contract for any reason 

• Inability to advance recording density technology so as to miss the 
product window on future generations of high-capacity disk drives 
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There are no indications that any of these risks will become a reality. 

All in all. Quantum's future appears secure. More rapid movement 
into the worldwide distribution market is under way and will tend to 
give further incremental revenue growth to an already aggressive 
OEM sales program. 
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Corporate Statistics 

Headquarters Location 

Date of Establishment 

Chairman 

Chief Executive Officer and President 

Number of Employees Worldwide 

Number of Sony USA Optical Division 
Employees 

Niunber of USA Optical Marketing and 
Sales Persoimel 

Number of Sony Optical-Related R&D 
Employees 

Fiscal Year* 1990 Sales Revenue 

Fiscal Year 1991 Sales Revenue 

Calendar Year 1991 Optical Products Revenue 

Number of Optical Business Partners 

Tokyo, Japan 

May 1946 

Akio Morita 

Norio Ohga 

95,600 

99 

T7 

250 (in Japan) 

¥2,879,856 miJHon 

¥3,616,517 million 

U.S.$239.7 miUion 

75 

For more information on 
Sony Corporation or the 
semiconductor applica­
t ion markets industry, 
call Gregory Sheppard at 
(408) 437-8261 

Sony Corporation was one of the first major Japanese companies to 
enter the optical storage market. Its R&D work, covering all aspects of 
optical technology, dates back to the 1970s. Since the first shipment of 
its 12-inch write-once drives in December 1984, Sony introduced many 
new drives and disks. Sony started shipping the first 5.25-inch rewrit­
able drives in the fourth quarter of 1988, beating its nearest rivals— 
Ricoh Corporation and Olympus Corporation—^by about six months. 
In February 1991, Sony annoimced that it had developed the IRIS 
Thermal Eclipse Reading (IRISTER) technology, which enables the 
readout of data in the sequence of very small recording pits that are 
much shorter than the resolution limit of conventional optical theory. 
When used with conventional laser technology, IRISTER technology 
provides for a sixfold increase in the storage capacity of current 
magneto-optical (MO) disks. In June, Sony announced that its research 
staff had successfully developed a technology that would triple the 

*Flscal year is from April to March. 
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storage capacity of compact disks. This technology uses the blue semi­
conductor laser. Sony believes that, with the development of blue-light 
lasers, even greater densities can be achieved with the IRISTER MO 
disks, resulting in a storage capacity of more than 20 times that of 
existing disks. 

Sony Corporation has a vision and maintains a strong commitment to 
the optical storage business as a strategically important imit. The high 
level of commitment and dedication of resources are reflected in 
Sony's dominant market position in the optical storage drive and disk 
markets. 

This profile takes a closer look at where Sonjr's optical business stands 
today and comments on Sonj^s future directions in this emerging 
market. 

Corporate Overview 
Sony is a leading manufacturer and marketer of audio-video equip­
ment and software. Sony's brand is well known all over the world. 
Sony has aimed for a global operation for the past 40 years and oper­
ates many affiliates at home and abroad, including 689 consolidated 
affiliates and 15 stockholding companies. Consolidated overseas sales 
account for 75 percent of its total sales. 

Sony has two major operations in electronics and entertainment. The 
businesses under these two operations are as follows; 

• Electronics 

• Video equipment—^23 percent of total sales revenue 

- VCRs for home use, laser disc players, video equipment for 
broadcast and professional use, still-image video cameras, and 
videotapes 

a Audio equipment—^25 percent of total sales revenue 

- Compact disc (CD) players, minicomponent stereos, hi-fi com­
ponents, radio-cassette tape recorders, headphone stereos, digi­
tal audio tape (DAT) players, radios, car stereos, audio tapes, 
and audio equipment for professional use 

a Televisions—16 percent of total sales revenue 

- Color television sets, monitors, satellite broadcast reception 
systems, projectors, displajrs for professional use, and giant 
display systems 

o Other products—^16 percent of total sales revenue 

- Semiconductors, electronic components, computers, telephones, 
telecommunications equipment and AF systems, and data 
storage products 
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• Entertainment 

• Music entertainment—11 percent of total sales revenue 

- Music- and image-based software produced by Sony Music 
Entertainment Inc. and Sony Music Entertainment Qapan) Inc. 

a Film entertainment—9 percent of total sales revenue 

- Columbia Pictures Entertainment Inc.—^which includes Colum­
bia Pictures, Tri-Star Pictures, Columbia/Tri-Star International 
Releasing Corporation, Columbia Pictures Television, Merv 
Griftin Enterprises, and Loew's Theater Management 
Corporation 

Sony's business mix shows a clear awareness of the interrelated nature 
of hardware and software. Through its firm commitment to R&D, 
Sony built a reputation as a pacesetter in the electronic equipment 
industry. 

Sony's regionally controlled companies are strategically located in the 
United States, Evaope, and Asia; a four-point world system (including 
Japan) has been established. The top international managers meet 
twice a year to formulate global management strategies. 

Promising long-term products include the minidisc (MD), high-
definition television (HDTV), and multimedia. Sony is investing con­
siderably in these products. The MD is the digital audio replacement 
for the conventional cassette tape recorder and offers portability, fest 
program selection, and playback using 64mm-diameter photomagnetic 
discs. Sony has begtin marketing a 32-inch HDTV for ¥1.3 million and 
is denxonstrating the format at its Tokyo and Osaka showrooms. Sony 
also supplies HDTV movies in the laser disc format. Together with the 
U.S. companies Apple, Microsoft, and Motorola, Sony is developing 
multimedia equipment in CD-ROM XA and interactive CD (CD-I) 
formats. 

As an enabling technology and integral part of multimedia computing, 
the CD-ROM product line is particularly important in Sony's overall 
optical storage strategy. Sony was the codeveloper with Philips of the 
CD technology, both for audio and data storage. 

The Sony 12-inch write-once/read-many (WORM) technology is 
widely used in many U.S. government applications, such as patent 
data and the national archives. Sony continuously demonstrates to its 
users its commitment to this technology by introducing new products 
with better price/performance ratios and, at the same time, promises 
backward compatibility with its installed media. Sony's 5.25-inch 
rewritable drives show up in many third-party vendors' optical library 
product offerings. The company is a major supplier of 5.25-inch 
rewritable and multifunction drives to OEMs and resellers in the 
United States. Sony is the first company to offer a complete solution, 
with its 3.5-inch MO drives, to computer reseller channels. 
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Organization 

Sony created a massive U.S. organization—Sony USA Inc.—to ensure a 
leadership role in optical data storage. Two individual subsidiaries— 
under Ken Iwald, the president of Sony USA Inc.—handle products 
related to optical technology. These subsidiaries are Sony Corporation 
of America and Sony Electronic Publishing Company. Sony USA Inc. 
provides financial, tax, and administrative services to its subsidiaries, 

Sony Corporation of America 
Sony's Computer Peripherals Products Company (CPPQ, under 
Sony Corporation of America, is chartered for the marketing and 
sales of Sony's optical storage products in the United States. Tlie 
nationwide marketing coverage of CPPC is subdivided by haviag 
marketing managers for each type of optical drive. The sales cover­
age is divided by channel type and the appointment of each sales-
man to the targeted channel representing all the storage pn^ducts. 
CPPC's headquarters is in San Jose, California; the staff at head­
quarters directs the business activities. The 12-inch WORM division 
is in Park Ridge, New Jersey. Engineering and local technical sup­
port are located in Boulder, Colorado. 

In early 1991, Sony formed a separate optical media group—^Sony 
Recording Media of America—to address aU aspects of the media 
business. This group operates as a subset of the overall recording 
media operations in the United States. The optical media group 
oversees all aspects of the growing optical media business, includ­
ing distribution issues. As part of the commitment to optical tech­
nology, Sony Recording dedicated the Sony Recording Media 
Laboratory in Boulder, Colorado, this past February, The new facili­
ties provide testing, evaluation, and problem-resolution services for 
a wide range of magnetic and optical storage technologies— 
including quarter-inch cartridge tape; 8mm and 4mni digital data 
storage data cartridges; 1/2-inch, 19mm, and 1-inch mass storage 
digital instrumentation cartridges; and 5,25-inch and 3.5-inch MO 
rewritable and write-once media. The laboratory will be equipped 
to handle quality awurance, environmental, and electrical testing 
operations. 

Ted Matsumoto is the president of the Son5^s CPPC. As shown in 
Figure 1, the product marketing team reports to Mr. Matsumoto. 

Sony Electronic Publishing Company 
Sony Electronic Publishing Company <SEPC) creates, produces, and 
distributes interactive and multimedia software products for the 
business, entertainment, and educational markets. SEPC officially 
began operations on April 1, 1991, and joined Sony Pictures Enter­
tainment and Sony Music Entertainment as subsidiaries of Sony 
Software Corporation, a division of Sony USA Inc. 

Michael P. Schulhof, president of Sony Software, serves as chair­
man of SEPC. Olaf Olafsson is president of SEPC. Reporting to 
Mr. Olafsson, Robert Headrick is vice president of SEPC and directs 

Septemtwr 7, 1992 ©1992 Dataquest Incnpoiated SAVWV-SVC-VP-9201 



Sony Corporation 

Figure 1 
Sony's Optical Data Storage Business Units 

Ron Sommer 
President 

Sony Corporation of America 

Ted Matsumoto 
President 

Sony's Computer Peripherals 
Products Company 

Ken Sugawara 
Marketing Manager 
CD-ROM Diwsion 

I 
Akyra Pagoulatos 
Marketing Manager 
Rewntable Division 

Jim Moore 
General Manager 
WORM Division 

Dedicated Sales Force 
for WORM 

y >. _ 
Sales force representing all optical data storage products 

Sales Force 
OEM: Bob Maxwell, National Sales Manager 
VARs/SIs: Bob Wilson, Director of Sales 
Retail: Tom Rizol, Director of Sales 

Source: Sony Corporation, Dataquest (September 1992) GEfXKMOS 

the activities of SEPC's Publishers Data Service Corporation, 
Multimedia Productions, and Recorded Media divisions. 

SEPC specializes in developing software products using optical 
storage technology. The company works closely with other compa­
nies in developing, marketing, and distributing CD-ROM software 
products for its own markets, as well as providing services that 
enable third-party vendors to become CD-ROM software developers. 
SEPC also provides marketing and sales support for Sony's 
CD-ROM and laser disc manufacturing operations. 

In addition, SEPC works with other Sony companies developing 
software for new constimer electronic markets. SEPC licensed, man­
ufactured, and bundled the software for Sony's Laser Library, a PC-
compatible CD-ROM system for home use. SEPC developed and 
produced most of the electroruc book titles for Sony's Data Discman 
electronic book player. The company is also pursuing opportunities 
in emerging optical technologies for the children's and interactive 

SAWW-SVC-VP-9201 ©1992 Dataquest Incorporated September 7, 1992 



SemJconductDr AppltcatitHi Markets 

markets. The operating divisions under SEPC and their charters and 
key executives are as follows: 

• Division—^Publishers Data Service Corporation (PDSC), Monterey, 
California 

a Charter—^To provide authoring software and technical supprart 
to assist companies in becoming electronic and optical 
publishers 

• Services—Data preparation and formatting, production, consul­
tation, and project management 

o Key executive—Greg G. Smith, general manager 

• Division—^Multimedia Productions, Monterey, California 

a Charter—^To license, develop, market, and distribute optical-
based software products 

o Products—CD-ROM for OEMs; for electronic book players; and 
for PC-, MPC- and Mac-based CD-ROM systems (Products are 
distributed through retail outlets and VARs.) 

a Key executive—Francis M. Juliano, optical publishing manager 

• Division—Recorded Media, San Jose, California 

a Charter—^To provide sales, marketing, and technical support for 
the CD-ROM and laser disc service of Sony's Digital Audio 
Disc Corporation (DADC), including mastering, replication, disc 
production, packaging, and distribution 

• Key executive—Bob Hiu'ley, national sales and marketing 
manager 

• Division—Sony Imagesoft, New York, New York 

o Charter—^To develop, produce, and market video game soft­
ware for video game systems 

Optical Storage Marketing 

Sony markets and sells optical mass storage products— both indepen­
dently with its own brand name through retail channels and in con­
cert with OEMs, VARs, systems integrators (Sis), and distributors 
worldwide. Sony has forged long-term OEM relationships with large 
system vendors such as the Hewlett-Packard Company (HP), Sun 
Microsystems, and Apple Computer. In the United States alone, Sony 
has more than 38 VARs, Sis, and distributors in its camp. 

Sony's keen awareness of the importance of software is demonstrated 
by its close marketing and business partnership with Microsoft in 
CD-ROM XA and other multimedia-related markets. 

Sony positions itself as the company that provides a full range of 
mass storage products. Sony's overall marketing message comes 
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through loud and clear to potential customers—^that is, when the ctis-
tomer buys mass storage products from Sony, the customer is working 
with Sony to come up with the most practical solution for the applica­
tion. The issues are not optical versus magnetic or rewritable and 
multifunction optical versus write-once optical; rather, Sony helps its 
customers identify those applications that require a combination of 
those technologies. 

Sony identifies various appropriate applications for its optical storage 
devices and focuses its marketing resources on penetrating those tar­
get market segments. 

For CD-ROM drives, Sony targets the major system vendors for its 
OEM business. Sony has been successful in securing these accotuits. 
Among the major OEM customers are Sun Microsystems, Apple, and 
other first-tier PC-clone vendors. Sony also focuses on the national 
and regional distributors—^which, in turn, sell to smaller OEMs, VARs, 
and Sis. 

At the end of 1991, Sony began to experiment selling direct to end 
users through retail channels with its Laser Library, which is a plug-
and-play CD-ROM drive bimdled with software titles targeted at 
home users. Dataquest believes that this move signifies the shift in 
Son3r's marketing focus from OEM, VAR, and SI channels to direct 
channels through retail. 

The objective of this new strategy is to saturate all the possible distri­
bution channels before the competition. Sony is prudent in pursuing 
this strategy because of its high leverage on Sony's broad brand name 
recognition and readily available retail channels, which have been sell­
ing Sony brand consumer electronics for years. 

In addition, Sony is the most experienced consumer electronic mar­
keter among the electronics mantifacturers. This core competence is 
clearly leveraged all the way from the Laser Library product introduc­
tion, advertising, title selection, packaging, to pricing. 

Recognizing the WORM technology is an application-specific medium, 
Sony focuses this technology in vertical markets. The targeted indus­
tries include the following: 

• Medical 

• Legal and law enforcement 

• Banking 

• Seismology 

• Government 

• Phaimaceutical 

• Financial institutions 

Sony tuiderstands that the utilization of WORM technology is deter­
mined by the software and system components designed around it, 
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and its functionality is tailored to meet the specific needs and require­
ments of the individual applications. To offer the total solution, Sony 
has developed a network of VARs, Sis, and OEMs. These groups 
design the software needed to drive the WORM optical hardware. 
Through this network, the hardware and software are seamlessly 
integrated into systems that are completely suited to each market and 
use. Table 1 shows a sample of Sony^s WORM technology business 
partners. 

Sony introduced 5.25-inch rewritable optical technology in October 
1988. Sony produces and distributes 5.25-inch and 3.5-inch rewritable 
optical media, drives, and subsystems. The company focuses its mar­
keting resources on the following target markets through OEMs, 
VARs, Sis, and national and regional distributors: 

• Publishing 

• CAD/CAM/CAE 

• Legal and financial services 

• Medical and scientific imaging 

Target applications are as follows: 

• Primary, online storage 

• Data archiving 

• Data distribution 

• Secondary backup 

• Database management 

• LAN file server 

• CD-ROM premastering 

• Software distribution 

• Fault-tolerant systems 

• Data security 

As the first vendor shipping 5.25-inch rewritable drives, Sony won 
many resellers to its camp. These resellers incorporate Sony's drives 
into their systems or resell the standalone drives to their specific 
vertical markets. A sample of the major Sony's resellers is shown in 
Table 2. 

Overall, Sony employs the pulling strategy for its optical product line 
to increase the size of the total market in order to maintain its market 
share leadership position. The company invested significant amounts 
on education and promotional coverages. Dataquest estimates that, in 
the first six months of this year alone, Sony spent $750^000 to $1 mil­
lion on advertising its optical rewritable products. The resources avail­
able to Sony's Optical Product Kvision, the commitment to this 
"foundation technology" from the top management, and the market­
ing group with a strong sense of product ownership are among the 
many competitive advantages that Sony has over other players. 
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Table 1 
Sony's Write-Once Disk Business Partners 

Partners/Location 

Applied Frogramining Technologies Inc. 
Lake Success, NY 

Aquidneck Systems Inteinational Inc. 
N. Kingstown, EU 02852 

Borett Automation Technologies 
Westlake "Village, CA 

Data General Corporation 
Westboro, MA 

Data Tree Corporatioci • 
San Bernardino, CA 

Epoch Systems 
Westborough/ MA 

GeneSys Data Technologies 
Hunt Valley, MD 

Indus International I^^ 
West Salem, WI 

LaserData Inc. 
Tyngsboro, MA 

Micro Dynamics Ltd. 
Silver Spring, MD 

Product/Description 

Network Object Storage Softivare— 
Tlransparent jukebox management software 

The Optical Archiving System—A high­
speed caching controller for optical disk 
drives and autochangers 

AUTOMAN VLC Jukebox series of auto­
mated tape/disk library assistant products 

OpStar—^An optical disk storage solution 
with file nianagesonent software for AWOn 
systems 

Imaging systems and management and 
database management services 

The Epoch Data Server—^Hierarchical 
storage management, online archiving, 
backup and disaster recovery, and tobaSM: 
library management 

ImageFind and hnageExtender—Document 
management systems for PCs and maiHr 
frame applications 

ODIN—An electronic archiving and 
retrieval system for UNIX workstations 

Document management software for PCs 
rurming MS-DOS and Windows 

Multiuser Archive & Retrieval System—^A 
multiplatform-based document imaging 
systena 

Industry Specialt 

Document Imagin 

Document imagin 

Robotic vision an 

Health care, insur 
ing, law, finanda 
energy and oil, d 
aerospace 

Imaging 

CAD/CAM, seism 
financial, educat 

Banking 

Manufacturing an 

Government, fina 
medical records, 

Legal services, ed 
tion, customer s 
applications. 
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Table 1 (Continued) 
Sony's Write-Once Disk Business Partners 

f 
f 

g 

I 

Partners/Location Product/Description Industry Spec 

Minolta Corporation 
Ramsey, NJ 

Perceptics Corporation 
Knoxville, NJ 

Plexus Software 
Sunnyvale, CA 

QStar Technologies ^ t ^ 
Rockville, MD 

SAIC Imaging Sojiif^OItt 
San Diego, CA 

Tandem Comput*®* 
Cupertino, CA 

U.S, Design 
Columbia, MD 

ViewStar CorporaioK 
Emeryville, CA 

MI MS 1000 system—PC-compatible 
document image management system 

LaserSystem and LaserStar—Optical disk 
storage subsystems for Digital's VAX, Sun, 
and IBM workstations 

The Plexus Extended Data Processing 
product—A distributed software system 
that allows users to integrate industiy-
standard hardware components into 
image-processing solutions 

QStar ViewStore—^A jukebox management 
software and optioiuil modules for hierar­
chical storage 

MOSAIC document management/imaging 
system that runs exclusively on IBM's VM 
operating system 

Parallel image-processing computers 
running Guardian and UNIX operating 
systems 

Document image storage system for 
Digital's VMS-based systems and Sun 
UNIX workstations 

Document work flow processing system—^A 
fully distributed open system running on 
PC LANs 

Hospitals, schools, 
government agen 

Pharmaceutical, ge 
banking, financia 
manufacturing 

Pharmaceutical, in 
government 

Government 

Government 

Hnance, security, 
money transfer, a 

Financial 

Financial 

Source: Sony Corporation, Dataquest (September 1992) 
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Table 2 
Sony's Rewritable Disk Business Partners 

Partner/Location 

Digital Equipment Corporation 
Merrimac, NH 

NKK Corporation 
San Jose, CA 

Eastman Kodak Company 
Rochester, NY 

Alphatmnix Research 
Triangle Park, NC 

American Digital Systems InC' 
Sudbury, MA 

Applied Digital SysteoM 
Fairport, NY 

Aviv Corporation 
Burlington, MA 

Computer Systems Ib^mstic^ 
Irvine, CA 

Mass Micro Systenis 
Sunnyvale, CA 

MicroNet Technology; 
Irvine, CA 

Mitsubishi Kasei 
Tokyo, Japan 

Product/Description 

The DEC RWZOl-AA—A standalone 5.25-inch rewritable 
optical disk system that supports multiple VAX units 
and workstations through SCSI and Q-bus connections 

The N-556MS—A fixed form factor, two-disk drive, 
56-cartridge autochanger 

The N-5160—^A library system available in 160- or 
144-cartridge, 4-drive configurations 

The 560E ADL—^An optical automated disk library 
system for imaging applications 

Optical libraries for Digital's VMS, UNIX, and PCs 

5,25-inch rewritable optical drive systems for VMS and 
UNIX 

5,25-inch multifunction optical drive for Sun's platform 

Optical library systems for VMS and UNIX 

3.5-inch and 5,25-inch rewritable optical disk drives for 
UNIX and VMS 

The DataPak MO/128—A 3,5-inch rewritable optical 
drive system for Macintosh platform 

MicroOptical line—Optical subsystems for PCs, 
Macintoshes, and NeXT workstations 

3.5-inch rewritable optical drive standalone systems 

Indu 

Gove 
trac 

OEM 

Aero 
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Table 2 (Continued) 
Sony's Rewritable Disk Business Partners 

I 
I 

Partner/Location 

Optima Technology Corporation 
Irvine, CA 

Peripheral Land Inc. 
Fremont, CA 

Pinnacle Micro Inc. 
Irvine, CA. 

Procom Technology Inc. 
Costa Mesa, CA 

R Squared 
Englewood, CO 

QStar Technologies Inc. 
Rockville, MD 

Scitex America CorporaticBi 
Bedford, MA 

Unbound Inc. 
Huntington Beach, CA 

Z7XZX Workstation Peripherals 
San Dieeo, CA 

Product/Description 

3.5-inch and 5.25-inch rewritable optical drives for UNIX 
and E>OS 

Infinity optical line—Optical subsystems for PCs and 
Macintoshes 

3.5-inch and 5.25-inch rewritable optical disk drives for 
Sun platform 

The MEOD650 and MEOD128 for PCs, Macintoshes, and 
UNIX 

S.25-inch rewritable optical disk drives for Sun platform 

Rewritable and multifunctional network storage solutions 
for UNIX platforms 

5.25-inch rewritable optical drives with its electronic 
prepress systems 

5.25-inch rewritable optical drives and library systems for 
UNIX and VMS 

3.5-inch and 5.25-inch rewritable optical disk drives and 
library systems for UNIX 

Indus 

Deskt 

Vertic 

Medic 

Prepr 

Source: Sony Corporation, Dataquest (September 1992) 
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Product Strategy 

Sony is determined to remain the dominant worldwide suppli^ of 
optical mass storage technologies and products. To accomplish this 
objective, Sony has identified the markets where its core competence 
and resources match up with the business opportunities. Sony's 
product strategy, in Dataquesf s opinion, reflects that marketing savvy. 

CD-ROM Drives 
Dataquesf segments CD-ROM products into three major categories 
according to performance, functionalities, and prices, as shown in 
Figure 2. The high end is emerging with Sony's announcement of 
CDU-561. This class of products is designed to take advantage of 
the emerging multimedia applications. These products should offer 
sustained data transfer rate of 300 KB/sec. and average access time 
below 30Qms; they should be able to transfer digital audio data 
directly across the SCSI bus. The drive also should have the capa­
bility to support CD-I, DVI, CD-ROM XA, and Photo-CD. The 
midrange includes the current generation of products. Most of 
Sonjr's existing CDU line falls into this category. 

Sony's CD-ROM product strategy is to focus on the high-end and 
midrange segments. Sony has little interest in the low end. This 
strategy makes sense because the Sony name carries a premium, 
and the low-end market is extremely price-sensitive. In addition, 

Figure 2 
CD-ROM Drive Product Segmentation 

End-User Price—$ 

700-| 

600-

500-

400-

300-

200-

100-

10/92 
High end 

Examples: Sony CDU-561, Texel DM3024 
Price: $600-$700 

12/91 
Midrange 

Examples: Sony Laser Library, NEC CD Gallery, MPC Upgrade Kits 
Price: $300-$500 

Entry-level 
Example: Mitsumi CRMC-LU Series 
Price: <$200 

1 1 1 1 
1990 1991 1992 1993 1994 

Shipment Year 
1995 1996 

Source: Dataquest (September 1992) Qzacx)406 
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Sony believes that the demand for the low-end segment is likely 
to decline in the next few years, when users realize that they 
really need a CD-ROM drive that will be adequate to run all the 
multimedia applications as well as text apphcations. 

Sony will vigorously pursue opportunities for its portable multi­
media CD-ROM-player technology. The player has a very small 
package (approximately 7 inches wide, 2 inches high/ and 6 inches 
deep) and is a self-contained personal information device. The sys­
tem includes a CD-ROM XA drive, 16-bit PC-compatible micropro­
cessor with MS-DOS operating system in ROM, LCD display panel, 
speaker, QWERTY keyboard, and a cursor pad. This player will 
create new markets for CD-ROM technology beyond desktop PCs 
and workstations. 

Dataquest projects that Sony will continue its bundling product 
strategy, such as its Laser Library system. Dataquest expects a Laser 
Library n to include a broader range of CD titles and appeal to 
business users in addition to home users. 

WORM Drives 
Sony is conunitted to WORM technology because of its large 
installed base and investment in this market. Dataquest believes 
that Sony will piusue new product strategy in the automated opti­
cal library systems with a focus on the midrange and low end. 
Sony will provide backward and forward compatibility for its new 
generation of WORM drives and continue to improve the capacity, 
performance, and reliability without price increases. The WORM 
product will remain a niche product. 

Rewritable Drives 
Sony believes that 3.5-inch rewritable drives have the best chance to 
penetrate the mainstream desktop computing market among all 
rewritable optical storage products. However, compared with the 
performance of other manufacturers' latest products, Sony's 3.5-inch 
drive is not competitive. For example, Fujitsu's new product, the 
Model M2511A, offers a rotational speed of 3,600 rpm and an aver­
age access time of 38ms. This new drive from Fujitsu, scheduled to 
ship in September 1992, will present a serious challenge to Sony. 

To fight the competition, Sony is taking its 3.5-inch rewritable disk 
drive to the retail channel under its own brand name. Considering 
the reluctance among OEMs to incorporate 3.5-inch rewritable into 
their systems and the lack of volume commitment from OEMs, 
VARs, and distributors, Sony is forced to take this alternative. VN t̂h 
this approach, Sony can accomplish the following objectives: 

• Establish a strong brand name position among end users 

• Make the drives more affordable by getting one layer closer to 
the users 

• Create awareness and demand in the market to encoiu-age OEM 
volume purchases 
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Sony is also eyeing the installed base of S)K2uest and Iomega. Sony 
will be very aggressive in its media and drive pricing in order to 
win the mind-set of current removable storage users. 

In the next few years, Sony will increase the 3.5-inch storage capa­
city to 325MB, introduce new products at a faster pace, and pursue 
an overall manufacturing cost leadership strategy. The higher-
capacity drive depends on commercially available blue lasers. Mean­
while, Sony will introduce products with incremental performance 
improvements and shorten the product cycle. 

In the 5.25-inch rewritable arena, Sony has been selling the 
SMO-S501 series for four years. This is a successful product, as 
illustrated by the facts that it has the largest installed base and 
more than 40 VARs and Sis have carried this product. However, 
the competition for 5.25-inch rewritable market share is tougher 
than ever now, with other vendors—such as Ricoh, Panasonic, and 
Maxoptix—^introducing better price/performance drives. 

Dataquest has observed that an increasing number of Sony's 
resellers are switching to other drive manufacturers. Sonjr's weaken­
ing position in the reseller channel is largely due to its aged 
product. One tactic that Sony is likely to use is to cut the price 
and reduce inventory to prepare for its new 1.3GB drive introduc­
tion in the next six monlJis. In addition to the increased capacity, 
Sony wiU also pursue the optical library market by providing 
ruggedized versions to jukebox vendors. Dataquest does not believe 
that the Son / s multifunction drive will have a serious im^pact on 
the market until 1995. 

Sony Optical Product Offerings 
Sony provides optical data storage products that range from CD-ROM 
to 12-inch WORM libraries. This section describes the optical data 
storage products that Sony offers (see Table 3). 

CD-ROM Drives 
Sony offers seven CD-ROM drives to the OEM, VAR, and SI mar­
ket. They include the following: 

• CDU-541—^5.25-inch half-height internal drive, vertical or horizon­
tal installation, with an embedded SCSI-2 (rev. 10) controller and 
64KB ring buffer 

• CDU-535—^5.25-inch half-height internal drive, vertical or horizon­
tal installation, with a Sony bus controller and 8KB ring buffer 

• CDU-561—^5.25-inch half-height internal double-speed drive with 
an embedded SCSI-2 controller and a 256KB ring buffer 

• CDU-6211—^5.25-inch half-height external drive, vertical or 
horizontal installation, with an embedded SCSI-2 bus controller 
and 64KB ring buffer 
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Table 3 
Sony's Optical Storage Solution Lineup 

Model 

WDD-931/901 

WDA-E330 

WDA-610 

SMO-E501 

SMaSSOlA 

SMO-lKll 

SMO-P301 

SMO-S301 

RMO-S350' 

CDU-561 

CDU-S41 

CDU-6211 

CDU-72n 

CDU-7205^ 

Type 
WORM 

Jukebox 12 disks 

Jukebox 50 disks 

RW internal 

RW external 

Multifunction internal 

RW internal 

RW external 

RW external 

CD-ROM 

CD-ROM 

CD-ROM 

CD-ROM 

CD-ROM 

Form Factor 
(Inches) 

12 

12 

12 

5.25 

5.25 

5.25 

3.5 

3.5 

3.5 

5.25 

5.25 

5.25 

5.25 

5.25 

Maximiun 
Capacity 

6.55GB 

78.6GB 

328GB 

650MB 

650MB 

594/650MB 

128MB 

128MB 

128MB 

640MB 

640MB 

640MB 

640MB 

640MB 

Sug 
Retail Pr 

NA " Not avallabte 
Sony-branded, 3.5-[nch, rewritaMa optica drive bundled wtth software, hardware, and firmware 

^ e Sony Laser Library System bundled with six Information, learning, and entertainment dlsi<s 
Source; Sony Corporation, Oataquest [September 1992} 
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• CDU-6205: 5.25-inch half-height external drive, vertical or 
horizontal installation, with a Sony bus controller and 8KB ring 
buffer 

• CDU-6150—^5.25-inch dual-drive subsystem with a Sony bus con­
troller and 8KB ring bui^er (discontinued as of writing) 

• CDU-7211: 5.25-inch half-height external drive with SCSI bus 
interface and 64KB buffer 

Sony also offers a bimdled CD-ROM package, called Laser Library. 
Sony targets this product at the home market through retail chan­
nels. The bundled software titles include Compton's Family Encyclope­
dia, Microsoft Bookshelf, Mammals: A Multimedia Encyclopedia, Mixed-Up 
Mother Goose, Languages of the World, and Software Toolworks World 
Atlas. The Laser Library is sold at a retail price of $699. 

CD-ROM XA 
CD-ROM XA is a standard supported by Sony, Philips, and 
Microsoft for interactive multimedia training, point-of-purchase, and 
electronic catalog applications. Sonj^s two CD-ROM XA develop­
ment products are as follows: 

• PCY-311—^Audio-encoding card for ADPCM compression/decom­
pression and audio interleaving 

• CDB-XIO—Interface card for IBM-PC/AT computers that enable 
Sony bus CD-ROM drives to run CD-ROM XA applications 

Sony announced the technology for a portable CD-ROM XA player 
in March. The prototype player includes a CD-ROM XA drive, 
16-bit PC-compatible microprocessor with MS-DOS operating system 
in ROM, LCD display panel, speaker, QWERTY keyboard, and a 
cursor pad. 

CD Write-Once 
The Sony Write-Once subsystem is designed for CD-ROM proto-
tj^ping, premastering, secure publication of sensitive data, and low-
volume in-house publication of CD-ROM discs. 

Sony introduced a high-speed CD \^Wte-Once subsjrstem and dem­
onstrated the product, the CDW-900E, at the International Confer­
ence & Exposition on Multimedia and CD-ROM in March. Discs 
recorded on the CDW-900E conform to the Red Book (audio CD), 
YeUow Book (CD-ROM), CD-ROM XA, and Green Book (CD-I) digi­
tal formats for use with currently available drives supporting these 
standards. 

The CD V\Wte-Once subsystem consists of two components—a. data 
encoder to organize the information into CD-ROM format and a 
write-once optical disc drive in the CD-ROM form factor for record­
ing the information on disc. The system works with IBM PCs and 
compatible machines. Macintoshes, and UNIX-based PCs and 
workstations. 
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3.5-Inch Rewritable 
Sony joined the 3.5-inch MO drive race in Jxme 1991 with its 
introduction of internal and external versions—^the models 
SMO-P301 and SMO-S301, respectively. The products were made 
available in October. Both products offer 128MB of capacity, average 
access time of 50ms, average seek time of 40ms, and average 
latency time of 10ms. The sustained transfer rate is 625 KB/sec., 
and the rotational speed is 3,000 rpm. At the introduction, Sony 
expected the end-user price of the drives to be less than $2,000 and 
the disk less than $60. 

On June 20, Sony introduced a plug-and-play solution of the 
3.5-inch MO drive, the model RMO-S350, to tap into the computer 
dealer channels. The RMO-S350 stores 128MB of rewritable 
information on a 3.5-inch MO disk. It uses a SCSI-2 interface for 
high throughput and has an average seek time of 40ms with a 
4 MB/sec. burst transfer rate. This product is S o n / s SMO-S301 
bundled with software and firmware. 

Three kits are available for this external drive: The RMO-KIOO 
Macintosh kit, the RMO-K200 Standard PC kit, and the RMO-K300 
MicroChannel kit. All kits include an interface card (if required), 
device driver and utility software, SCSI cable, and a reference and 
user manual. The RMO-S350 has a suggested retail price of $2,295. 

5.25-Inch Rewritable and Multifunction Drives 
Sony was the first company to introduce 5.25-inch rewritable optical 
technology, in October 1988. Today, the company manufactures and 
markets 5.25-inch rewritable and multifunction drives, optical media, 
and subsystems. 

Sonj^s 5.25-inch rewritable drives store up to 650MB of data on 
erasable, reusable, removable optical disks. The drives feature 
an average seek time of 70ms, a short-stroke time of 22ms, and 
a high-speed data transfer rate of 7.4 Mbps (sustctined) or 
1.2 MB/sec. (burst). Sony's line of rewritable optical drives includes 
the SMO-S501A, which is an external standalone disk drive incor­
porating the SMD-E501 together with its own power supply; the 
SMO-E501, which is an internal drive with an embedded SCSI con­
troller; and the SMO-E511, which is an internal multifunction drive 
that reads both rewritable and WORM media. 

The SMO-E511 multifunction drive featxues the same performance 
as other members of the SMO product family. The drive has an 
em.bedded SCSI controller and can store 650MB of data on either a 
rewritable or write-once optical disk. It has a burst transfer rate of 
1.2 MB/sec., short-stroke seek time of 22ms, and average position­
ing time of 70ms. 

Sony discontinued its older models, such as SMO-D501, SMO-C501, 
and SMO-S501. 
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12-inch WORM and Library Products 
Sony introduced its 12-inch Write-Once system in 1985, with a 
capacity of 3GB per platter. In 1989, the second-generation write-
once system was introduced with the industry's highest capacity of 
storage at 6.55GB per disk. 

At the 1992 Association for Information and Image Management 
(AHM) show, Sony announced two 12-inch write-once optical 
products—the WDD-931 optical drive and the WDA-E330 
miniautochanger. 

The WDA-931 has a capacity of 6.55GB on a 12-inch Sony Century 
Media disk and a 900-KB/sec. sustained data transfer rate. This 
drive includes an embedded controller and supports the SCSI-2 
interface. Sony also introduced the WDD-901 write-once optical disk 
drive to connect to the WDD-931 master drive. Up to 7 WDD-931 
drives can be daisy chained on a single SCSI bus, and up to 
7 WDD-901 drives can be daisy chained to each WDD-931. This 
makes it possible to configure a system consisting of up to 
56 drives for a maximum of 367GB of cmline storage. 

Sony is quoting a mean time between failures (MTBF) of 15,000 
power-on hours. The drive has a "laser save" function that auto­
matically turns off the laser after the WDD-931 has not been 
accessed for a certain niunber of minutes. The drive turns on again 
when the next access command is received. The user can set the 
time at which the automatic blackout activates on the host com­
puter in a range from 2 to !< 
extends the life of the laser. 
puter in a range from 2 to 2 . This laser save function significantly 

The WDA-E330 write-once, optical nriiniautochanger stores up to 
78.6GB of data on 12 12-inch WORM disks and delivers a 
900-KB/sec. sustained data transfer rate. The miniautochanger, 
with an iimovative architecture and electronics design, can achieve 
a qmck disk-loading time of less than 3 seconds. Sony offers this 
library system as an entry-level jukebox storage solution. According 
to Sony, the cost per megabyte for the WDA-E330 is about $0.56 
per megab)^e including jukebox, drive, and media. In addition, 
three WDA-E330 miniautochangers can be daisy chained to provide 
more than 235GB of online information. 

Optical Media 
Sony offers a complete lineup of data media products, ranging 
from MO disks to microfloppy disks. Son57's media products include 
12- and 5J25-inch WORM and 3.5- and 5.25-inch rewritable disks. 

Concurrently with its 3.5-inch rewritable optical disk drive 
announcement in June 1991, Sony announced the technology of its 
Optical-Read Only Memory (O-ROM). This new optical-publishing 
technique extends the capabilities of Son3?'s SMO-300 Seiies of 
3.5-inch optical disk cartridges with read-only capabilities similar to 
CD-ROM. Sony's O-ROM disk is capable of storing 120MB of infor­
mation. VWth O-ROM disk technology, a company records images, 
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sound, text, or computer data using premastering software on a 
Sony 3.5-inch rewritable optical disk. The infonnation on the 
"master disk" can then be sent to Sony, where the information is 
pressed into O-ROM disks as part of the manufacturing process. 
Because O-ROM disks have an aluminum recording layer much like 
a standani CD-ROM disk, the O-ROM disks will be able to be 
reproduced at a very low unit cost, according to Sony. 

Sony teamed up with Autodesk Inc. to demonstrate the potential 
of O-ROM technology. Autodesk created a sample Image Library 
O-ROM disk containing 100MB of architectural, engineering, and 
presentation animation. 

Sony and the Optical Market 
Sony's success in the optical storage market is a reward for its 
innovation. Sony is an innovator. It invented the 3.5-inch diskette. It 
coinvented CD and CD-ROM. The total R&D investment for Sony is 
estimated at $200 million over the past 20 years. Sony's optical devel­
opment work is chronicled as follows: 

• 1979—Laser videodisc 

• 1982—Audio compact disc (CD) 

• 1984—CD-ROM 

• 1985—12-inch optical WORM 

• 1986—^Analog direct read and write (DRAW) 

• 1988—5.25-inch rewritable MO 

• 1989—12-inch h i g h o p a d t y WORM and CD-ROM XA 

• 1990—Writable CD 

• 1991—^Multifunction rewritable/write-once optical 

• 1992—Double-speed CD-ROM, portable CD-ROM XA player 

The company pioneered the 8mm format in camcorders and followed 
the WaLkinan success with Discman and portable CD-ROM XA player. 
Sony invented the Beta video format, which did not succeed. Sony 
was the first company to ship production quantities of rewritable opti­
cal disk drives. The list could go on, but the point is that innovation is 
characteristic of Sony. 

Sonj^'s strong presence in the optical mass storage market is both a 
boon and a scourge for its competitors—a boon because Sony's com­
mitment means continued R&D dollars in this technology and gives 
long-term viability to this market, but a scourge because Sony's strong 
presence in all aspects of the optical business makes it very hard to 
compete against it. 

The overall market performance of Sonj^s optical data storage 
products in 1991 is shown in Table 4. Sony has a dominant position in 
all the market segments in which it participates. 
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Table 4 
Sony's 1991 Worldwide Optical Data Storage 
Market Performance 

Product Category 

12-Inch WORM Drive 

12-Inch WORM Media 

5.25-Inch Rewritable Drive 

5.25-Inch Rewritable Media 

5.25-Inch WORM media 

3.5-Inch Rewritable Drive 

35-Inch Rewritable Media 

CD-ROM Drives 

Shipment 
(Thousands 

of Units) 

3.6 

36 

58 

150 

60 

9.7 

10 

375 

Revenue 
(U.S.$M) 

23.3 

14.4 

92.8 

16.1 
7.5 

7.6 

0.4 

77.6 

Market 
Share 

Ranking 

1 

4 

1 

1 

3 

1 

2 

1 

Source: Dataquest (September 1992) 

Dataquesf s estimate of Sonjr's worldwide installed base of optical disk 
drives is as follows: 

• CD-ROM—617,000 units 

• 3.5-inch rewritable—9,700 units 

• 5.25-inch rewritable—127,000 units 

• 12-inch WORM—15,100 units 

Future Directions 

Sony Corporation is not immune from the worldwide economic down­
turn. For the fiscal year of 1991 ending March 31,1992, Sony reported 
disappointing financial results. The company's operating income for 
the year dropped by 45 percent, to approximately $1.3 bUlion. The 
parent oom^pany in Tokyo also posted its first operating loss, estimated 
at $160 miUiorL In its attempts at recovery, Sony plans to reinvigorate 
its sales with new focus on computing markets. Sony is also changing 
its management style and will be more cautious about its capital 
spending. The company will strive to obtain more profits out of its 
core businesses and look for alliances with other companies, especially 
in the computer areas. 

This could be both good and bad news for Sony's CPPC. The bad 
news is that the parent company in Tokyo may reduce the R&D and 
capital spending in the optical area. The good news is that the refocus 
on the computer and multimedia markets may give CPPC more flexi­
bility and resources in marketing and sales. 

Sony is the leader in the worldwide optical mass storage market and 
offers a range of both optical media and drive products. In the future, 
we expect Sony to continue its commitment to optical mass storage as 
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a " foundation technology" in the company's growth. Sony will strive 
to improve in the following areas: 

• Developing and producing "enabling" optical technologies, includ­
ing h ig^y stable and reliable polycarbonate media substrates, 
optical pickup blocks, semiconductors, and servo-mechanics 

• Providing constant improvements in performance, generational 
compatibility, and preserved investment for the users 

• Becoming a major supplier of all four areas of optical technology: 
components, media, hardware sj^tems, and software 

• Providing the broadest range of optical products, including laser 
videodiscs, audio CD, CD-ROM, CD-ROM XA players, write-once 
optical, rewritable and multifunction optical, recordable CD, CD-I, 
and analog DRAW 

• Providing total mass storage solution by tighter integration of ojTti-
cal technology into larger hierarchy of digital mass storage; becom­
ing a solution vendor that matches user needs with product 
strengths and benefits 

• Advancing manufacturing technologies to optimize production 
costs, components miniaturization, automation and robotics, and 
quality assurance 

• Pursuing direct sales strategy via retail channels 

Oataquest Perspective 

As the most consistently innovative manufacturer in the consumer 
electronics industry, Sony will continue to strive for innovation. 
According to Sony, its engineers produce an average of 1,000 new 
products each year—^200 of which are products that aim to create new 
markets. In its attempt to expand its computer business, Sony is 
applying its innovative powers to transform the design of computer-
related products the way it did constuner electronics. More significant­
ly, Sony will transfer its successful marketing experience in consumer 
electronics and leverage its brand name to the marketing and sales of 
computer products. 

Optical storage products are no exceptioiL In reviewing Sony's optical 
storage products programs and analyzing its strategies, it appears that 
Sony's grand plan is to go direct to end users. Traditionally, Sony has 
relied on OEMs, national and regional distributors, VARs, and Sis for 
moving its optical products. In 1991, Sony's resellers accoiuited for 
more than 95 percent of its total unit shipments in the United States, 
which is the major revenue source for its optical storage products. 

Now, Sony believes that its optical products, such as 3.5-inch rewrit­
able and CD-ROM drives, are ideal for the retail market because of 
the short product cycle, recognizable form factor, and low prices. 
Sony's argument is very compelling and has some merits. First, Sony 
is getting nowhere with the OEM customers in selling the 3.5-inch 
rewritable drives. Up to now, the demand has come from aftermarket 
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users. Second, Sony has invested much money to create awareness and 
educate the market about optical technology as part of its pulling 
strategy, and it may as well sell to them directly. Third, Sony believes 
that it has all the necessary ingredients to be successful in the retail 
channels. And, last but not least, Sony believes that, by going direct, it 
will be able to control the price better and make the drives more 
affordable to stimulate demand. 

But, what about Sony's network of 'loyal resellers"? Many of Sony's 
existing resellers are currently selling to small dealers and end users. 
Sony spokespeople have said that it would protect its VAKs and 
resellers by changing model numbers and charging higher prices. Will 
that promise work? Maybe it will, and maybe it will not. But, here is 
something that is guaranteed to happen—tiie biggest resellers will 
fight to control Sony's business by cutting deals and constricting their 
own margins or simply switch to the other vendors. 

This scenario presents a few problems. Optical markets have not 
matiued to a stage where an end user will go to one of the retail out­
lets and pick up a 3.5-inch rewritable disk drive for the computer. 
And, more important, the market depends on VASs and Sis to pro­
vide vertical applications and solutions. The defection of the resellers 
is the last thing that Sony needs. 

Dataquest beheves that Sony will remain a strong player in the optical 
market. But, its distribution strategy and implementation will need 
work and creative thinking. 
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Chapter 1 
Executive Summary ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Introduction 

The market requirements of the semiconductor user, whether in 
procurement or component engineering, continue to be a moving 
target because of the shifting nature of the overall electronics industry. 
This study focuses on the what, where, when, and how of semi­
conductor users' main concerns, now and for the upcoming year. 

How well an electronics company translates an end-user need into a 
finished product that meets that need often depends on how well the 
raw materials that comprise the finished product are sourced and then 
proctired. The variety of electronic market segments—each of which 
has specific supplier requirements—at best makes the semiconductor 
supplier's task of meeting customer needs a challenge. But, as an. 
industry, the electronics market also has some consensus semiconduc­
tor needs being met to varying degrees, depending on the specific 
industry segment. This report does the following: 

• Highlights the overall electronics market's semiconductor user 
requirements 

• Breaks the industry into eight specific segments to better 
understand where certain user requirements differ from the norm 

• Segments the electronics market by semiconductor product category 
to note ditferences of need, by selected product type 

Study Objectives 

This document reports the findings of Dataquesf s seventh annual 
Semiconductor User and Application Needs survey. This survey 
assesses the current status and future needs of the semiconductor user 
community and is presented in an impartial, third-party format that 
allows botii users and suppliers of semiconductors to gain better 
insight into respective competitor and customer needs in the 
upcoming months. 

The survey was designed to gather detailed information on the current 
status of semiconductor users and of their needs for 1993. The specific 
objectives were as follows: 

• Highlight both the top user issues needing focus, along with areas 
now being met but that if neglected would cause supplier review/ 
removal 
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1-2 Semiconductor Application Markets Woridwide 

• Provide a 1992 benchmark of key indexes for eight key electronic 
industry segments 

• Provide a succinct list of supplier selection criteria, down to the 
semiconductor product level 

Methodology 

The overall goal of the project was to gain an understanding of semi­
conductor procurement logistics, service and product requirements, 
and issues for OEMs headquartered in North America. To this end, in 
October we surveyed 95 separate companies out of the sample popula­
tion of the Electronic Business Magazine top 200 electronic companies 
(also known as the EB 200). 

We were successful at accounting for $3.7 billion in semiconductor 
purchasing power, which represents 6 percent of the worldwide and 
18 percent of North American semiconductor markets. A survey of 
about 50 questions vfas used in telephone and face-to-face contacts 
with predominantly senior procurement management officials with 
corporate overview. 

Key Findings of Tliis Study 

Top User Issues and Supplier "Cardinal Sins" 
According to the study, the three main issues that will receive top 
attention in the upcoming months are price, availability, and lead 
time. Areas now being done well (priinarily high quality and on-
time delivery) need to be maintained by suppliers in order to keep 
existing customers. Table 1-1 shows how top issues have changed 
(remain unchanged?) over the past six years. Ibngible issues such 
as price, quality, and lead time generally take top priority, but it is 
often the intangibles, if neglected, that can rapidly turn into visible 
tangible costs (good supplier relations and supplier flexibility, 
anusng others). Quality levels now meet market requirements, and 
the next hurdle to face is lowering a tangible (and very visible) 
cost variable as much as practically possible. The current systems 
market is forcing semiconductor users to require the highest level 
of quality yet simultaneously cut and control costs. It is up to pru­
dent management to decide what the total cost level must be for a 
system (integrating quality, price, and delivery, among others) and 
work toward that goal, rather than solely focus on isolated issues 
of price, lead time, and the like. 

Semiconductor User Future Needs, by Industry 
As a result of this survey, the respondents noted that the U.S. 
electronics industry designs and assembles the majority of its own 
circuit boards and predominantly assembles them in the United 
States, with the Far East as the runner-up for assembly location. It 
was foimd that the "latest" trend to use contract manufacturers or 
"outsource" is not new at all to the respondents of this survey. The 
vast majority of the respondents have a formal quality program in 
place and for the most part see the results at worst as being 
beneficial; many see the programs as critical to their ongoing 
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Executive Summary 1-3 

Table 1-1 
Historical Procurement Issues 

Issue 1993 1992 1991 1990 1989 1988 

Pricing 1 1 
Availability/Allocation 2 4 

Lead Tunes 3 
Quality/Reliability 4 2 

On-Time Delivery 5 3 

Cost Control 6 6 

Flexibility/Service 7 

j r r / Inventory Control 8 7 
Developing Supplier 

Relations 9 10 
New/Obsolete Products 10 5 

2 
4 

2 
1 

5 

6 

3 

6 

1 

3 

4 
3 
7 

Source: Dalaquest (December 1992) 

business. The small difference in average parts per million of 
rejected incoming semiconductors by product family and the overall 
low level of rejects attest to the effectiveness of these p r c ^ a m s (see 
Figure 1-1). It appears that strategic supplier programs have gotten 
much attention and many companies have progranns under way. It 
was found that the definition of "on-time delivery" had almost as 
many ranges as the number of respondents, with the most common 
delivery schedule being +0,-5 days to delivery date (see Figure 1-2). 
Although the 152 percent average electronics 1993 growth forecast 
given by our respondents is a bit aggressive, based on our research 
(Dataquesfs 1993 U.S. electronics market forecast is 4.4 percent), it 
does reflect the positive outlook for next year of the economy 
pulling itself out of the current slowdowiu 

Semiconductor Supplier Selection Criteria 
On average, quality and delivery performance remain the most 
stringently employed supplier selection criteria. Microcomponents 
(MPUs, among others) was the only product category where pricing 
was a serious contender as a selection criteria. This perception is 
probably because of the relative higher prices of these parts and 
the limiting sourcing options in some cases. 

Quality performance across-the-board was clearly a prerequisite to 
doing business. All four surveyed product areas had average mini­
mum acceptable quality levels of about 60 parts per million (ppm). 
The higher-volume businesses such as PCs required even more 
restrictive quality performance. 

The high ranking of delivery perfonnance, especially in ASICs, 
seemed to underscore the importance of timing in today's global 
market. With product life cydes running under two years in some 
voliime segments, even a week slippage can hurt an OEM's market 
positioiung. 
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1-4 Semiconductor Application Mari^ets Worldwide 

Approved supplier lists are slated to shrirJc next year for almost all 
industries and for all semiconductor products. OEMs on average 
maintained eight microcomponent, six standard logic and analog, 
five ASIC, and five memory suppliers dvuing 1992. High-volume 
users tended to keep the nvunber smaller, whereas military/ 
aerospace users had nearly double the amount in some cases. 

Structure of the Report 

The remainder of this report is divided into five sections, deriving 
detail on procurement data, logistics, and issues by electronic industry 
(data processing, for example) and by semiconductor product category 
(memory ICs, for example). The report relies heavily on graphical 
analysis, facilitating quick assessment by the reader. The other 
chapters of the report include the following: 

• Respondent Demographics—^This chapter assesses the type of 
companies and decision makers surveyed for this report. 

• 1993 Semiconductor User Issues and Supplier Cardinal Sins—^This 
chapter addresses questions about what is most important to semi­
conductor users in various industries. The supplier "cardinal sins" 
or disqualification Actors are brought to the siirface and analyzed 
as well. 

• Semiconductor User Status and Future Needs, by Industry—Key 
logistical and procurement information is spotlighted in this 
chapter. Information about regional board assem.bly, contract 
manufacturing, on-time delivery definitions (±days), and the usage 
of quality and supplier partnering progreuns is highlighted as well. 

• Semiconductor User Needs, by Product Category—Organized by 
semiconductor product category, this chapter of the report assesses 
the supplier selection criteria used by OEMs. Criteria such as 
pricing consistency, delivery and quality perfoimanoe, market flexi­
bility, and product portfolio and plans are ranked by respondente. 
OEM definitions of quality on a ppm basis are uncovered, along 
with plans for reducing qualified supplier lists. 

• Recommendations—^This chapter provides twin assessments about 
how OEMs and chip companies can work with each other 
profitably in the competitive 1990s. 

Project analysts: Mark Giudid and Gregory Sheppard 

Research support: Mario Morales and Rick Shigemoto 
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Executive Summary 1-5 

Figure 1-1 
Electronics Industry Average Quality Level, 
by Semiconductor Product Family (ppm) 

Quality Level (ppm) 
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Source: Dataquest (December 1992) G2001Z82 
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Figure 1-2 
Electronics Industry On-Time Delivery Definitions (Delta to Delivery Date) i 
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Chapter 2 
Respondent Demographics 

Introduction 
The survey population -was Electronic Business Magazine's top 200 
North American electronic companies. Of these 200, 168 were con­
tacted for this survey. The remainder were deemed ineligible because 
they were not system/subsystem OEMs. One goal of this survey was 
to capture responses from decision makers responsible for at least 
10 percent of the North American market for semiconductors. The sur­
veyed purchase value more than exceeded that, accounting for almost 
18 percent of the North American market and 6 percent of the world­
wide market Another goal was to capture a valid sample of the mar­
ket with representation from the various industries proportional to 
thoT mix of the market. Likewise, a substantial number of small 
companies were surveyed as well to give balance to their viewpoints. 

Respondents' Role 

Figure 2-1 presents the type of people we surveyed, by organizational 
title About a third were of managerial status aiid another 40 percent 
were senior buyers. 

Purchasing Power 

The overall semiconductor purchasing value of the respondents was 
$3.7 billion in 1992. This was spread among about 95 companies and 
101 separate interviews. The intent was to approximate the actual dis­
tribution of the market. Figure 2-2 presents the weighted average 
distribution of semiconductor purchasing value covered in the survey, 
Data processing comprises more than 60 percent of the value, about 
15 percent higher than what Dataquest estimates as the actual 
f>ercentage it represents of the whole market. 

Figure 2-3 indicates the purchasing power distribution captured in the 
survey. As happens in the nnarketplace, the predominant number of 
OEMs surveyed (including some divisions of large OEMs) purchase 
less than $10 million of semiconductors per year. The larger OEMs, 
however, account for a significant percentage of the overall market. 

Summary 

We believe that the survey demographics were representative of the 
market mix. Nearly 60 percent of the eligible EB 200 companies were 
surveyed by phone, and they accoxmted for 6 percent of ttie world­
wide semiconductor market. Furthermore, survejrs were conducted 
with primarily high-level decision makers knowledgeable of procure­
ment practices and plans. 
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2-2 Semiconductor Application Marl<ets Worldwide 

Figure 2-1 
Respondents' Title 

Source: Dataquest (December 1992) 

Figure 2-2 
Respondents' Semiconductor Purchasing Power, by Industry 
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Source: Dataquest (December 1992) 
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Respondent Demographics 2-3 

Figure 2-3 
Respondents' Purchasing Power Segmentation 

Greater than $100 Million (7%)-

$10-$99 Million (11%) 

Total Respondents = 101 

Source: Oataquest (December 1992) G200128G 
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Chapter 3 
1993 Semiconductor User Issues and 
Supplier Cardinal Sins _ i ^ ^ . — ^ 

This chapter focuses on the key issues that need attention in 1993 
(supplier opportunity) and, on a more negative note, on behavior by a 
semiconductor supplier that warrants review and its potential drop­
ping (supplier cardinal sins). The overall sample clearly noted that 
price, a^^ability, and lead time are the three key issues for 1993 (see 
Hgures 3-1 and 3-2). Concern over semiconductor capacity levels and 
overall costs remain in the forefront. 

The current business environment in general is growing at a moderate 
rate, with some companies in the data processing segment being con­
strained by lack of capacity. Behind all this growth, a top concern of 
most electronics companies remains overall cost control, often gauged 
in the most tangible of ways—^ptice and inventory levels. Although 
these areas can be easily measured and benchmarked, the other varia­
bles of adherence to ddivery schedules, world class quality, and mar­
ket flexibility came out in this survey as other key areas that require 
attention in the upcoming months. The following paragraphs simima-
lize each industry's key issues. Figures detail each grouping. 

Key Issues 

Data Processing 
Availability and price appear to be the data processing market's 
key concerns, while poor quality ranks No. 1 as a reason to review 
or drop a supplier for this segment (see Figures 3-3 through 3-6). 

Telecommunications 
Figures 3-7 through 3-10 highlight that price and lead time are the 
telecommunications industry's key 1993 concerns. Continual oussed 
delivery schedules, followed by poor quality, will warrant supplier 
review or removal in this indusby. 

Industrial Equipment 
In the industrial equipment market, the instrumentation segment 
has distinct differences regarding key issues of price and availabil­
ity. The rest of the industrial segment's focuses is on-time delivery 
and quality as key issues in the upcoming year (see Figures 3-11 
through 3-14). There is concurrence in the industrial equipment 
industry that poor quality and missed delivery schedules warrant 
supplier review or removal. 
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Consumer/Automotive 
Figures 3-15 and 3-16 show that the combined consumer and 
automotive industry category notes lead time and price as key 1993 
issues, and that poor quality wiU cause immediate supplier review. 

Military/Aerospace 
The military/aerospace industry will focus on availability and a 
combination of quality and price in 1993. Missed delivery schediUes 
and quality that is not up to specifications are reasons to drop a 
supplier (see Figures 3-17 and 3-18). 

Summary 
The three main issues that surfaced in this study were that price, 
availability, and lead time will receive top attention in the upcoming 
months. Areas now done well (primarily high quality and on-time 
delivery) need to be maintained by suppliers in order to keep existing 
customers. On the surface, the paradox of quality ranking as the over­
all reason for dropping a supplier and of price being the No. 1 cost-
cutting issue for next year appears at odds with the concept of total 
cost management. Quality levels now meet market requirements and 
the next hurdle to face is lowering a tangible (and very visible) cost 
variable as much as practically possible. The current systems market is 
forcing semiconductor useis to require the highest level of quality, yet 
simultaneously cut aiui control costs. To some extent this can be 
achieved, but generally only for a limited time. It Js up to prudent 
management to decide what the total cost level must be for a system 
(integrating quality, price, and delivery, among others) and work 
toward that goal, rather than solely focus on isolated issues of price, 
lead time, and the like. 
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Figure 3-1 
Electronics Industry 1993 Top Procurement Issues 

Level of Importance 

Source: Dataquest (December 1992) G20012S7 

Concerns over semiconductor availability, lead time, allocation, and the 
like are again being raised as suppliers stretch existing capacity to meet 
demand growth. 

Quality and on-time delivery are significant issues, but are considered 
prerequisites for suppliers today. 
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Figure 3-2 
Electronics Industry Ranking of Supplier Cardinal Sins 

Problem 

Poor Quality 

Missed Delivery Schedule 

Price 

Poor Long-Term Support 

Poor Communication 

Poor Service 

Nonavailability 

Level of Importance 
10 

Source: Dataquest (December 1992) G2001288 

The top two actions/conditions that warrant supplier review or removal tie in 
directly with the total cost concept that relies on top quality and on-time 
delivery. 

i 
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Figure 3-3 
PC Industry 1993 Top Procurement Issues 

Issue 

Availability 

Pricing 

Lead Times 

Cost Control 

Quality/Reliability 

Rexibility/Servlce 

Level of tmportance 
10 

Source: Dataquest (December 1992) G£oaissg 

Three issues tie for the top spot in titis segment, and all are interrelated. As 
capacity levels of suppliers jtU, avaOabRity often takes precedence over price. 
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Figure 3-4 
PC Industry Ranking of Supplier Cardinal Sins 

Problem 

Poor Quality 

Pricing 

Missed Delivery Schedule 

Failure to Innovate 

Technology Mismatch 

1 
5 

Level of Importance 
10 

Source: Dataquest (December 1992) G20O1£9O 

Suppliers thai loant to avoid reoiem by their personal computer customers 
should provide top quality, competitively priced parts, and on-time delivery. 
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Figure 3-5 
Other Data Processing Industry 1993 Top Procurement Issues 

Issue 
Availability 

Pricing 

Lead Time 

JIT/lnventory Control 

Quality/Reliability 

Allocation 

Developing Supplier Relationship 

Memory 

Cost Control 

ASIC Design Tools 

Flexibility/Service 

Level of Importance 

Source: Dataquest (December 1992) QZD01291 

For the rest of the data processing companies, availability, pricing, and lead 
time tie as the hey issiies needing attention in 1993. 
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Figure 3-6 
Other Data Processing Industry Ranking of Supplier Cardinal Sins 

Problem 

Poor Quality 

Missed Oelviery Schedule 

Poor Service 

Lack of Migration Patli 

Lead Times 

Poor Performance 

Technology Mismatch 

WA 

m 
m. 
W/. 

m 

m 

Level of Importance 

m 

10 

Source: Dataquest (December 1992) G£«)129Z 

The two main taboos for semiconductor suppliers—poor qudity and missed 
delivery windows—ratik as the top problems that would warrant supplier 
review. 
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Figure 3-7 
Premise Communications Industry 1993 Top Procurement Issues 

Issue 

Pricing 

Lead Time 

Availability 

JIT/tnventory Control 

Packaging Standards 

Level of Importance 
10 

Source: Dataquest (December 1992) 02001293 

For the premise communicaiions segment, pricing is the most important issue 
for next year, followed by concern over lead time and availability. 
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Figure 3-8 
Premise Communications Industry Ranking of Supplier Cardinal Sins 

Problem 

Missed Delivery Schedule 

Poor Quality 

Poor Service 

Hidden Costs 

Level of Importance 
10 

Source: Dataquest (December 1992) G2Q0t2S4 

The big two problem areas—poor quality and missed delivery sdtedule— 
tie for the top of whtA suppliers should not do for this segment of customers. 
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Figure 3-9 
Other Communications Industry 1993 Top Procurement Issues 

Issue 

Lead Time 

Pricing 

Availability 

On-Time Delivery 

JIT/lnventory Control 

Level of importance 
10 

Source: Dataquest (December 1992) G200129S 

For this segment of the communications industry, lead time and pricing botii 
take top honors as the key concerns for 1993. 
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Figure 3-10 
Other Communications Industry Ranking of Supplier Cardinal Sins 

Problem 

Missed Delivery Schedule 

Poor Quality 

Pricing 

Poor Service 

Source: Dataquest (December 1992) 

Level of Importance 

10 

G20D129E 

Missed ddivery schedules is the top area xoarranting supplier review as 
inventory levels now remain at target levels (see Chapter 4). 

i 

i 
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Figure 3-11 
Instrumentation Industry 1993 Top Procurement Issues 

Issue 

Pricing 

Availability 

Lead Time 

Quality/Reliability 

On-Time Delivery 

Cost Control 

Develop Supplier Relationship 

JIT/lnventory Control 

New Products/Obsolescence 

Allocation 

Flexiblity/Service 

Packaging Standards 

ASIC Design Tools 

Level of Importance 

Source: Dataquest (December 1992) 62001297 

This segment sees pricing, availability, and lead time as the top three issues 
needing focus next year. 
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Figure 3-12 
Instrumentation Industry Ranking of Supplier Cardinal Sins 

Poor Service 

Lack of Availability 

.5 

Level of Importance 

Source: Dataquest (December 1992) 

- I 
10 

G2I»1£9g 

i 

i 
Missed ddivery windozos, followed by poor cfuality, far and away are the top 
two areas that warrant supplier review or removd for this segment of the 
market. 

\ 
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Figure 3-13 
Other Industrial Companies' 1993 Top Procurement Issues 

Issue 

On-Time Delivery 

Quality/Reliability 

Availability 

Lead Times 

Pricing 

Cost Control 

New Products/Obsolescence 

Allocation 

Flexibility/Service 

ASICs 

ASIC Design Tools 

Developing Key Suppliers 

Packaging Standards 

Level of Importance 

Source: Dataquest (December 1992) 02001293 

For the rest of the industrial respondents, on-time delivery is seen as the 
top issue for 1993. 

The top five issues for this group cover the key variables of total cost and 
all are considered important issues in the upcoming year. 
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Figure 3-14 
Other Industrial Companies' Ranking of Supplier Cardinal Sins 

Problem 

Poor Quality 

Missed Delivery Schedule 

Pricing 

Lack of Support 

Nonavailability 

Lack of Tectinology 

Long Lead Times 

M 

^ 

W. 
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m 

Level of Importance 

m 
m 

10 

Source: Dataquest (December 1992) 02001300 

The big two user issues—poor quality, followed closely by poor delioery 
performance—are the main areas that companies in this market segment 
cannot condone. 

December 21,1992 ®1992 Dataquest hicaporatBd SAWW-SVtHJW-g201 



1993 Semiconductor User Issues and Supplier Cardinal Sins 3-17 

Figure 3-15 
Consumer/Automotive Industry 1993 Top Procurement Issues 

Level of Importance 

Source: Dataquest (December 1992] G2cni30i 

Lead time arui pricing are the two nmin issues arising for this segment in 
1993. 
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Figure 3-16 
Consumer/Automotive Industry Ranking of Supplier Cardinal Sins 

Problem 

Poor Quality 

Missed Delivery Schedule 

Price 

Nonflexibility 

Lack of Communication 

Breach of Contract 

Lack of Technology 

Level of Importance 

Source: Dataquest (December 1992) G300130Z 

Because of the high reliability requirements of the automotive industry, poor 
quality is deemed the top issue warranting supplier review or disqualification. 
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Figure 3-17 
Military/Aerospace Industry 1993 Top Procurement Issues 

Level of Importance 

Source: Dataquest (December 1992) G20O13O3 

The top three concerns for this segment—avaHability, qucdity, and price— 
all will take center stage in 1993 as more cost-effective ways to procure 
semiconductors continue to be explored. 
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Figure 3-18 
Military/Aerospace Industry Ranking of Supplier Cardinal Sins 

issue 

Missed Delivery Schedule 

Poor Quality 

Poor Service 

Poor Long-Term Support 

Price 

Poor Tectinology Performance 

Lack of Flexibility 

Lacl< of Performance 

m, 

Wy 

m 

5 

Level of Importance 

m 

10 

Source: Dataquest (December 1992) 620013M 

Missed ddiveries and poor quality are anathema fin- this group, because 
gaoemment contracts often mandate parameters. Suppliers to this market 
generally are vxU aware of these requiretnents. 
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Chapter 4 

Semiconductor User Status and Future 
Needs, by Industry ^ ^ ^ . ^ . . ^ ^ 

This chapter focuses on what the overall electronics industry and each 
electronic industry subcategory is now doing and what is needed to 
remain competitive. Areas covered are the type of semiconductor 
family used by the industry grouping, the percentage of the industry 
that nianufactures its own semiconductors, the extent each industry 
designs and assembles its own circuit boards, and where those dicuit 
boards are assembled. Next reviewed are the status and plans for the 
niunber of semiconductor suppliers, and the level of contract manufac­
turing and semiconductor distributors used. Then we provide a spot 
check on semiconductor inventory levels by industry and analysis on 
the status of industry quality and strategic supplier programs, 
followed by a 1993 siuvey forecast for each iiulustry. An analjrsis of 
average semiconductor quality leveb (by ppm) by major product 
faadly and on-time-delivery definitions for the overall electronics 
industry is also presented. After each industry group summary, 
reference is made to figures that support the anal3rsis. 

Overall Electronics Industry 
For the overall electronics industry sample, 93.1 percent designed their 
own circuit boards, but a third (33 percent) of this aggregate did not 
assemble them becaiise of contract manufecturing use (Df the overall 
grouping, 84.4 percent physically assembled their products in the 
United States, but as noted later in this report, some industries were 
more homebound than others. The overall trend to reduce the supply 
base has been achieved, with minor reshuffling of the remaining key 
supply base of the respondents. As a whole, 61 percent of the respon­
dents used contract manufacturing and were outsourcing an average 
of 9.6 years. An overall electronics industry definition for on-time 
delivery ranged from the highest response of +0,-5 d a ^ to schedule to 
the third highest response of +5,-0 days, highlighting the need yet not 
showing a consensus for one standard definition at this time. 
Although 14.9 percent of the respondents noted no formal qtiality pro­
gram in plac£ at their company, dose to two-thirds (58.4 percent) did 
have a strategic supplier program in place, confirming a trend to 
lower overall costs via preventative m^easures. On average, a standard 
quality-level benchmark ranged from a low of 55.9 ppm (microproces-
sors/ASSPs), to a high of 69.2 ppm (memory products) for this sam­
ple. Based on the aggregate survey results, the overall electronics 
industry was eicpected to grow by 15.2 percent in 1993 (see Figures 4-1 
through 4-14). 
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Personal Computer Industry 

Three-quarters (75 percent) of the PC industry sample designed its 
own circuit boards and more than 80 percent (83.3 percent) continued 
to assemble them in-house. Although 71.4 percent of the sample 
assembled its boards in the United States, more than a quarter 
(25.7 percent) utilized offshore assembly in the Far East. The supply 
base for the PC industry appeared relatively stable, compared with 
other electmnics industry subsets. Nearly two-thirds (62.5 percent) of 
the PC group used contract manufacturing, on average for 4.8 years. 
Althou^ all respondents had a strategic supplier program in place, 
only 75 percent had a fonnal quality program utilised. Of those with a 
quality program, 16.7 percent foimd it only "nice to have." Per this 
sample, the PC market for 1993 was expected to grow by 10 percent 
(see Figures 4-15 through 4-25). 

Other Data Processing industries 

A fuU 100 percent of this response segment both designed and assem­
bled its own dicuit boards, and 85.4 percent were assembled in the 
United States. Aside from memory suppliers, the other supply bases 
were expected to shrink in 1993 relative to this year for this subset 
Al thou^ slightly more than half {53.8 percent) of the sample used 
contract manufactuitrig, the average use was for nearly 10 (9.9) years, 
highlighting that this "new" trend has been tried and tested for some 
time. Although 23.1 percent of the respondents' companies did not 
have a fonnal quality program in place, 60 percent of those companies 
that did found it "critical" in their cost-cutting goals. Nearly half 
(46.2 percent) of this group did not have a strategic supplier program 
in place. The 1993 outlook per this market sample was expected to 
grow by 15 percent (see Figures 4-26 through 4-36). 

Premise Communications industry 

Although 100 percent of the respondents designed their own ciicuit 
boards, a solid 40 percent outsoiirced their assembly. More than 
three-fourths (TS percent) of the boards were phj^cally assembled in 
the United &ates, with the large majority of the rest (21 percent) 
assembled in the Far East The overall semicoxuluctor supply base for 
this segment was expected to remain static next year. This subset is 
another strong user of contract manufacturing: 60 percent used 
outside contractors and had been for an average of 10.7 years. For the 
60 percent of the sample that has a formal quality program in place all 
foimd the program "critical" to their ongoing operations. Although all 
respondents had a strategic supplier pFOgram in place, 20 percent 
noted that it was only "nice to have," highlighting an area that may 
need attention to maximize the return on this investment in time and 
money (see Figures 4-37 through 4-44). 

Other Communications industries 

This segment of the industry wholly (100 percent) designed and 
assembled its own circuit boards; 97.5 percent of this sample 
ph3rsically assembled them in the United States. Aside from the ASIC 
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supply base, all other semiconductor supplier levels were expected to 
shrink in 1993, per this group's response. Half (50 percent) of the 
sample used contract manufacturers, yet the average usage was only 
3.0 years, the lowest average noted in this survey. Three-fourths 
{75 percent) of the respondents have a quaUty program in place, and 
all (100 percent) noted that it is "critical" to their operation. Likevrise, 
75 percent of the group had a strategic supplier program, and all 
(100 percent) of these participants found the program "critical" in 
sourdng components. The survey respor^e industry outlook for 1993 
•was for an average 15.0 percent growth (see Figures 4-45 through 
4-55). 

Instrumentation Industry 

About four-fifths (83.3 percent) of the respondents of this segment of 
the industrial equipment industry designed their own circuit boards, 
yet a third (33 percent) outsourced their assem.bly. This grouping is 
another strong user of domestic assemblers; 94 percent phjrsically 
assembled their boards in the United States. Aside from the general-
purpose microprocessor/ASSP supply base, all other supplier levels 
were expected to be marginally trimmed in 1993. Comparing closely 
with the overall electronics industry, 61.1 percent of this sample used 
contract manufacturers and had done so on average for 7.2 years. 
Nearly 90 percent (88.9 percent) of the respondents had a formal qual­
ity program in place, of whom 62.5 percent found the program 
"critical" to operations. Nearly 40 percent (38.9 percent) did not have 
a strategic supplier program formulated. This area of the industrial 
market was expected, per this sample, to grow an aggressive 
25 percent in 1993 (see Figures 4-56 through 4-66). 

All Other Industrial Companies 

For all of the other industrial companies in our sample, 96.3 percent 
designed their own circuit boards and outsourced an average 
36 percent of them for assembly by contract manufacturers. More than 
three-foiuihs (79.8 percent) of the boards are physically eissembled in 
the United States, with 13.2 percent assembled in the Far East Like 
the public/radio communications segment, this grouping was expected 
to maî ginally reduce its semiconductor supply base in the next yeai, 
except for the ASIC area. Contract manufacturers were used by 
74.1 percent of the respondents and had been used an average 
9.7 years, again highlighting the long usage of this extension of 
manufacturing. More than 90 percent (92.6 percent) of this sample had 
a formal quality program in place, with more than half (56 percent) 
noting it was "critical" to their business' success. Although 51.9 per­
cent of this group had a strategic supplier program working, those 
participating generally were positive with the results thus ha. On 
average, the survey respondents expected 1993 growth for this 
segment to be 11.5 percent (see Figures 4-67 through 4-77). 

Consumer/Automotive Industries 

All (100 percent) of this market segment designed its own circuit 
boards and 42.9 percent outsourced its assembly. Nearly two-thirds 

SAWW-SVC-UW4201 01992 Oataquest kKapnaM Dacember 21,1982 



4-4 Semiconductor Application Markets Worldwide 

(64.3 percent) physically assembled their boards in the United States, 
with the remainder assembled either in Japan or other areas in the Far 
East. The supply base level for this subset was expected to change, 
with memory and ASIC suppliers expected to rise, and the 
microprocessor/ASSP and logic supply base expected to shrink. 
Although more than half (57.1 percent) of the sample did not use a 
contract manufacturer, those that had on average used one (or more) 
for 7.3 years. More than 85 percent (85.7 percent) of the respondents 
had a fonnal quality program in place, and 83.3 percent saw it as a 
"critical" aspect of their business. A similar 85.7 percent of the sample 
had a strategic supplier program, of which a minority (16.7 percent) 
saw it as only "nice to have." Per these respondents' outlook, this 
segment of the industry was expected to grow 75 percent in 1993 
(see Figures 4-78 through 4-88). 

Military/Aerospace Industries 

A strong majority of 94.4 percent of the respondents in this market 
designed their own circuit boards, and a like majority of 615 percent 
outsourced their assembly. Again the majority (93.4 percent) assembled 
their boards in the United States, with the balance spread evenly 
between Japan and the rest of Asia. As a result of restructuring in the 
defense indiistry, the overall supply base for this segment was 
expected to decline in 1993. This segment was by ia the longest users 
of contract manufacturing; 55.6 percent of the respondents used out­
side contractors and had done so for an average of 16 years. Although 
quality specifications are often written into military contracts, the 
strong showing of 88.9 percent of the respondents having a formal 
quality program in place was not surprising. What was interesting 
was that only 37.5 percent of the respondents saw the program as 
"critical" to ongoing business. Although only 33.3 percent of the 
respondents had a strategic supplier program in place, 83.3 percent 
saw the program being either "beneficial" or "critical" to their 
companies (see Figures 4-89 through 4-99). 

Summary 

Based on our survey results, the U.S. electronics industry designs and 
assembles the majority of its own circuit boards and preidominantly 
assembles them in the United States, with the Feu- East as the 
runner-up for assembly location. Although the majority of supplier 
reductions have occurred over the past few years, some fine-tuning 
remains where users continue to improve the balance of what they 
need/require versus what their supply base can deliver. The "latest" 
trend to use contract manufacturers or "outsouurce" is not new at all to 
the respondents of this survey. There is a positive correlation, 
however, to the amount of contract manufacturing used relative to the 
amount of time a company has iised outside contractors. This bodes 
well for the contract manufacturing industry and for user companies 
weighing the pnos and cons of whether to use outside contractors. 

The vast majority of the respondents have a formal quality program in 
place and for the most part see the results at worst beneficial; many 
see the programs as critical to their ongoing business. It appears that, 
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although strategic supplier programs have gotten much lip service and 
many companies have programs under way, more of the response was 
that the program is nice to have rather than critical or beneficial to 
business. This is an area where suppliers have an opportunity to 
differentiate themselves or solidify an ongoing program by addressing 
user requirements noted in Chapters 3 and 5, The 15.2 percent average 
electronics 1993 growth forecast given by our respondents is a bit 
aggressive, based on our research (Dataquesf s 1993 U.S. electronics 
market forecast is 4.4 percent), but it does reflect positive outlook for 
next year as the economy pulls itself out of the current slowdown. 

> 

> 
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Figure 4-1 
Electronics Industry Survey IC Purchases 

Source: Dataquest (December 1992) 

i 

G20013Q5 

Nearly two-thirds (632 percent) of the overall electronics industry's IC 
purchases go to memory or microcomponent products. 

i 
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Figure 4-2 
Electronics Industry Captive Semiconductor Production 

Source: Dataquest (December 1992) GatX)130« 

A minority of overcdl respondents (12.8 percent) have internal semiconductor 
production capability. 

SAWVy^SVC-UW-9201 ®1992 Dataquest Incorpoiated Decemlier 21,1992 



4« Semiconductor Application Marl<ets Worldwide 

Figure 4-3 
Electronics Industry Circuit Board Design and Assembly 

No (6.9%) 

In-House PCB Design? In-House PCB Assembly? 

Source: Oataquest (December 1992) 02001307 

Although the majority of the electronics industry designs its ottm circuit 
boards, a full one-third of the respondents subcontract their board assembly. 
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Figure 4-4 
Electronics Industry Physical Circuit Board Assembly Region 

Rest of World (9.8%) 

Japan (3.5%) 

Europe (2.3%) 

Source: Dataquest (December 1992) GZ00130S 

More than 80 percent of all circuit hoards assembled are in the physical 
United States, vnth nearly 10 percent in Asia outside of Japan. 
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Figure 4-5 
Electronics Industry Strategic Supplier Status 

Supplier Program In Place? Usefulness of Program? 

Source: Dataquest (December 1992) GZD01309 

i 
Although more than half the respondents have a strategic supplier program 
in place, less than half see it as critical to their business; 10.1 percent see 
such programs as merely "nice to have." 

i 
December 21,1992 <Bi1992 Dataquest Incoporated SAWW-SVC-UW-9201 



Semiconductor User Status and Future Needs, by Industry 4-11 

Figure 4-6 
Electronics Industry Semiconductor Supplier Selection Criteria 
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Source: Dataquest (December 1992) G2001310 

The top criteria used by the aggregate sample in selecting prospective 
semiconductor suppliers are quality and meeting delivery schedules. 
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Figure 4-7 
Electronics Industry Supply Base Trend 

Microcomponents 

STD Logic/Linear 

5 6 

Number of Suppliers 

8 9 

Source: Dataquest (December 1992) G2001311 

The overall trend is to reduce the number of suppliers, but for the most part 
the survey respondents are fine-tuning existing low supply base levels. 
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Figure 4-8 
Electronics Industry Contract Manufacturer Use 

/ Contract 
/ Manufacturer 
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Average Years Used = 9.6 Years 

Source: Dataquest (December 1992) G2001312 

More than 60 percent of respondents use contract manufacturers and have 
used them an average of more than nine years. 

The growing contract manufacturing market has long been a resource used 
h/ these large companies. 
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Figure 4-9 
Electronics Industry Semiconductor Distributor Use 

Source: Dataquest (December 1992) 02001313 

i 
Slightly more than half of the sample uses semiconductor distribution. 

Distribution is not being used just by small to midsize semiconductor 
users. 

i 
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Figure 4-10 
Electronics Industry On-Time Delivery Definitions 
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Nearly half (45 percent) of the respondents favor between +0,-5 days; 
+3,-0 days; or +5,-0 days as a standard on-time delivery window. 

Taken together, this 10-day (+5,-0 and -0,+5) window has room for 
improvement. 

SAWW-SVC-UW^201 ®1992 Dataquest Incoiporated Deoemtier 21,1992 
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Figure 4-11 
Electronics Industry Semiconductor Inventory Status 
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Source: Dataquest (December 1992) QZ00131S 

Actual semiconductor inventory levels of 30 days for the overall electronics 
industry highlights that cost control is being focused on in this very tangible 
area. 

Decsmber 21,1992 01992 Dataquest tncotpacalBd SAWW-SV(HJW-«a)1 
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Figure 4-12 
Electronics Industry Quality Improvement Program Status 

Nice to Have (4.6%) 

Quality Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) 02001316 

More than 85 percent of the respondents have a formal quality program in 
place; 953 percent of those that have one find the program either critical or 
beneficial to their business. 

SAWW-SVC-UW-a201 6)1992 Dataquest IncorpoiaiBd December 21,1992 
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Figure 4-13 
Electronics Industry Average Quality Level, by Major Semiconductor Product 
Family (ppm) 

IC Category 

Memory 

Microcomponents 

ASICs 

Standard Logic /Linear 

m. 

- i i \ 1 -
10 20 30 40 50 60 

Quality Level (ppm) 
70 

Source: Dataquest (December 1992) G2001317 

Quolfiy improvement programs are redded in the high overall average 
quality standard, ranging from 55 to 69 ppm. 

Improvements in qualiiy programs shoidd continue to result in lower ppm 
levels. 

December 21.1992 ®1992 Dataquest bicoiporaiBd SAWW-SVCHJW-4201 
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Figure 4-14 
Electronics Industry Surveyed Growth Outlook 
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The percentage of respondents expecting business to improve rose from less 
than half to more than half. 

Those expecting business to decline went from 213 percent in 1992 to 
10.6 percent in 1993. 

This level of optimism, though a bit aggressive, underlies the overall trend 
for a positive growth year in 1993. 

SAWW-SVC-UW-9201 ®1S82 Dataquest IncorporatBd December 21,1992 



4-20 Semiconductor Application Markets Worldwide 

Figure 4-15 
PC Industry Survey IC Purchases i 
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"Because of the high memory content of PC systems, it is not surprising to 
see more than 36 percent of all semiconductor purchases going to memory. 

Combined with microprocessing purchases, more than 60 percent 
(613 percent) of semiconductor buys for this PC industry sample go to 
microprocessor and memory products. 

i 

i 
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Figure 4-16 
PC Industry Circuit Board Des ign and Assembly 
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As the PC market continues to become commoditized, it is interesting to note 
the percentages of respondents that do not design or assemble their ovm 
circuit boards. 

SAWW-SVC-UW-9201 ®1992 Dataquest IncwpoiatBd December 21,1992 



4-22 Semiconductor Application Markets Worldwide 

Figure 4-17 
PC Industry Physical Circuit Board Assembly Region 
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Source: Oataquest (December 1992) G20D1321 

Although a great majority of U.S. company PC assembly is stUl done 
onshore, more than 25 percent of it is done in Asia outside of Japan. 

December 21,1992 01992 Oataquest Incnporated SAWW-SVCHJW-4201 
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Figure 4-18 
PC Industry Semiconductor Supplier Selection Criteria 
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The PC industry requires absolute quality adherence lohen selecting memory 
and ASIC suppliers. 

SAWw-svc4Jw-a2m ®1992 Dataquest IncoipoiatBd December 21,1992 
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Figure 4-19 
PC Industry Supply Base Trend 
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Source: Dataquest (December 1992) 02001323 

The PC semiconductor supply base is being todl managed, as evidenced by 
the small amount of proposed change and the current low level of suppliers. 

December 21,1992 ®1992 Dataquest IncapaatBd SAWw-s\n>uw-a20i 
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Figure 4-20 
PC Industry Semiconductor Inventory Status 

Inventory Level (Days) 

18- | 

16 -

14 -

1 2 -

1 0 -

e -

6 -

4 -

2 -

0 

Actual Inventory 1992 Target Inventory 1992 

Target/Actual Inventory 

Source: Dataquest (December 1992) 020013a« 

Because of the ultracompetitive PC market, targeted actual semiconductor 
inventory levels are half that of the overcdl dectronics industry. 

SAww-svc-uw-saoi ®1992 Dataquest IncoipoiaiBd Decemter 21,1992 
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Figure 4-21 
PC Industry Contract Manufacturer Use 
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Although 615 percent of the respondents use contract manufacturing, it has 
not been until recently that they have been strategically used. This reflects 
the relatively short 4.8-year average time contract manufacturers have been 
used. 

( 
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Figure 4-22 
PC Industry Semiconductor Distributor Use 

Yes (0.5%) 

Semiconductor Distribution Used? 

Source: Dataquest (December 1992) G20D1326 

Less than 1 percent of this sample of PC companies use semiconductor 
distributors. 

Because of the large volumes and required low prices, most large PC 
manufacturers work directly vnth OEM semiconductor suppliers. 

SAWW-SVC-UW-^ZOl ®1992 Dataquest Incotporatad Oecemtier 21,1992 
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Figure 4-23 
PC Industry Strategic Supplier Status 
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Tied in zpith the low use of semiconductor distribuU)rs, 100 percent of the 
respondents have strategic supplier programs in place. 

Nearly 90 percent of the respondents find the supplier programs either 
beneficial or critical for their business. 

December 21,1992 01992 Dataquest IncmporalBd SAWW-SVC-UW-9201 
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Figure 4-24 
PC Industry Quality Improvement Program Status 
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Vath 75 percent of the PC industry respondents utilizing quality improve­
ment programs, more than 80 percent find them beneficial or critical to their 
business. 

SAWW-SVC-UW-9201 01992 ISataquest IncoiporalBd December 21,1992 
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F igure 4-25 
PC Industry Surveyed Growth Outlook 
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Despite the PC price wars, two-thirds of the respondents expect to see 
grofwth in 1992 averaging 83 percent. 

An optimistic sample, aS. expect to see business exfHtnd in 1993 an 
aoerage 10 percent. 

December 21,1992 ®1992 Dataquest tncapaated SAWW-SVC-UW-9201 
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Figure 4-26 
Other Data Processing Industry Survey IC Purchases 
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Nearly 65 percent of all the data processing (except PC) respondents' 
semiconductor dollar goes to memory and microcomponent devices. 

SAWW-SVC-UW-9201 ©1992 Dataquest IncoiporaiBd December 21.1992 
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Figure 4-27 
Other Data Processing Industry Circuit Board Design and Assembly 

In-House PCB Design? In-House PCB Assembly? 

Source: Dataquest (December 1992) 5200133^ 

The nature of this market segment requires proprietary designs, zvhidt is a 
main reason all the respondents both design and assemble all of their circuit 
boards. 

December 21.1992 ®1992 Dataquest bicotporated SAWW-SVC-UW^ZDI 
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Figure 4-28 
Other Data Processing Industry Physical Circuit Board Assembly Region 
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The United States remains the region where most assembly is done, 
followed by Europe, Japan, and the rest of Asia a distant fourth. 

Proprietary designs and local market content heavily influence assembly 
region decisions for this market. 

SAww-svc-uw-aaoi ®1992 Oalaquest IncixpoialBd December 21,1992 
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Figure 4-29 
Other Data Processing Industry Semiconductor Supplier Selection Criteria 
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K 

• Across the supplier categories, quality performance is tiie hey criterion for 
selecting a semiconductor supplier. 

u The breadth and plans of a supplier universally tnos seen as not as 
important. 

i 
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Figure 4-30 
Other Data Processing Industry Supply Base Trend 
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Source: Dataquest (December 1992) 02001^34 

Aside from the microcomponent supply base, most supplier levels are 
expected to remain the same. 

Because of extreme competition in the ASSP market, respondents are 
consolidating their supplier list, focusing on long-term viable companies. 

SAWW-SVC-UW-9201 01992 Dataquest Incnporated Decemtwr 21,1992 
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Figure 4-31 
Other Data Processing Industry Semiconductor Inventory Status i 
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i 

This segment of the industry closely tracks the overall electronics market 
in average target and actual semiconductor inventory levels. 

Despite the higher use of contract manufacturing and distribution, higher 
levels of inventory are kept relative to the PC market because of the 
diverse needs of the other segments of data processing. 

{ 
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Figure 4-32 
Other Data Processing Industry Contract Manufacturer Use 

Average Years Used = 9.9 Years 

Source: Dataquest (December 1992) G2001336 

More than half the respondents use contract manufacturers, with the length 
of time a contract manufacturer was used averaging nearly 10 years. 

SAww-svc-uw-sem 01992 Dataquest bicoiporalBd December 21,1992 
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Figure 4-33 
Other Data Processing Industry Semiconductor Distributor Use 

Source: Dataquest (December 1992) Q200133T 

Slightly more than half the data processing respondents use semiconductor 
distributors. 

Distribution often is used to lower ooeihead costs of low-usage 
components or hi^-service-levd items sudi as subassembly Idts. 

December 21,1992 01992 Dataquest Incoiporatod SAWW-SVOUW-9201 
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Figure 4-34 
Other Data Processing Industry Strategic Supplier Status 

Supplier Program in Place? Usefulness of Program? 

Source: Oataquest (December 1992) G>20ai33S 

For the 54 percent of respondents using a strategic supplier program, more 
than 70 percent found the program critical to their operation. 

SAWw-svc-uw-gzoi ®1992 Oataquest IncoipotalBd Decemlwr 21,1992 
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Figure 4-35 
Other Data Processing Industry Quality Improvement Program Status 
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More than three-fourths (76.9 percent) of the sample has a fomud qtudity 
improvement program in place, and 60 percent of the users find the program 
critical to their business. 

i 
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Figure 4-36 
Other Data Processing Industry Surveyed Growth Outlook 

Average 
1992 Growth Estimate = 14.5% 

Average 
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Source: Dataquest (December 1992) 02001340 

Although none of the respondents expects to see a decline in system sales, 
the results are evenly mixed on a flat to growing market for 1992. 

Seventy-five percent of the respondents expect growth to be an average 
15 percent in 1993. 

SAWW-SVC-UW-g201 01992 Dataquest IncaporalBd December 21,1992 
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Figure 4-37 
Premise Communications Industry Survey IC Purchases 

Source: Dataquest (December 1992) G£0013*1 

The respondents in this market segment spend 75 percent of their 
semiconductor procurement dollar on microamtponeni devices. 

i 
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Figure 4-38 
Premise Communications Industry Circuit Board Design and Assembly 
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Source: Dataquest (December 1992) G2001342 

Altitough an respondents design their own circuit hoards, 40 percent 
outsource their assembly. 
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Figure 4-39 
Premise Communications Industry Physical Circuit Board Assembly Region 
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Source: Oataquest (December 1992) G20013O 

Assembly is predominantly done in the United States, foUowed by the Asian 
region outside Japan. 

i 
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Figure 4-40 
Premise Communications Industry Semiconductor Supplier Selection Criteria 
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Because of the larger level of microcomponents consumed, this segment has 
higher criteria set for these suppliers, when compared to the rest of the 
industry. 

SAWW-SVC4JW-4201 ®1992 Dataquest incorporated Decemtnr 21,1992 
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Figure 4-41 
Premise Communications Industry Supply Base Trend 
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Source: Dataquest (December 1992) GZOOIMS 

Aside from a slight adjustment in memory supply, all other suppliers are 
expected to remain the same. 
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Figure 4-42 
Premise Communications Industry Strategic Supplier Status 

Supplier Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) QZOOIMfl 

All respondents have strategic supplier programs in place. Althou^ 
80 percent of the sample found the program beneficial to critical for their 
business, 20 percent saw the program as merely "nice to have." 
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Figure 4-43 
Premise Communications Industry Contract Manufacturer Use 

i 

j Contract 
/ Manufacturer 
/ Not Used 

(40%) J Contract 1 
1 / Manufacturer 1 
\ / Used f 
V / (60%) m 

Average Years Used = 10.7 Years 
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i 
Contract manufacturers are used by 60 percent of this sample, with the 
length of time a contractor was used averaging more than 10 years. 

i 
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Figure 4-44 
Premise Communications Industry Quality Improvement Program Status 
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Source: Dataquest (December 1992) Q200t34S 

The 60 percent of the respondents with a formal qwdity program in place all 
find the exercise critical for doing business. 

SAWW-SVC-UW-9201 ®1992 Dataquest IncoipoiaiBd December 21,1992 



4-50 Semiconductor Application Markets Worldwide 

Figure 4-45 
Other Communications Industry Survey IC Purchases i 

Source: Dataquest (December 1992) G2001343 

Sixty-six percent of the semiconductor purchase of this market segment 
goes to memory and microcomponent products. 

ASIC devices are expected to erode the usage of standard logic for this 
market because of space and voltage requiremenis. 

i 

i 
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Figure 4-46 
Other Communications Industry Circuit Board Design and Assembly 

In-House PCB Design? In-House PCB Assembly? 

Source: Oataquest (December 1992) 02001350 

Because of the emergingljrroprietary nature of this market, dl circuit design 
and assembly is done in4iouse. 
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Figure 4-47 
Other Communications Industry Physical Circuit Board Assembly Region 

Japan (2.5%) 

Source: Dataquest (December 1992) G20013S1 

The vast majority {975 percent) of all assembly for this sample is done in the 
United States because of supply logistics and the current size of the market. 
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Figure 4-48 
Other Conununications Industry Semiconductor Supplier Selection Criteria 
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Although microcomponent suppliers are selected primarily on price con­
sistency, ASIC suppliers are primarily judged on adherence to delivery 
schedules and quality specifications for this segment. 
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Figure 4-49 
Other Communications Industry Supply Base Trend 
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Source: Dataquest (December 1992) G2001353 

Aside from a small increment in the ASIC supply base, all other supplier 
levds are expected to decline next year. 
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Figure 4-50 
Other Communications Industry Semiconductor Inventory Status 

Inventory Level (Days) 

35-1 

30 -

25-

20 -

15-

10-

5-1 

0 

Actual Inventory 1992 Target Inventory 1992 

Target/Actual Inventory 

Source: Dataquest (December 1992) 020)13S4 

This segment of the industry is at its target semiconductor inventory level of 
30 days. VJith the industry average at 20 days, this may be a challenge for 
these companies. 

SAWW-SVC-UW-4201 ®1992 Dataquest IncotpoiatBd December 21,1992 



4-56 Semiconductor Application Markets Worldwide 

Figure 4-51 
Other Communications Industry Contract Manufacturer Use 
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Although hdf of the respondent use contract manufacturing, the aoera^ 
period is only three years. 

As this market grows and becomes more commoditized, the level of 
contract manufacture is expected to grow. 
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Figure 4-52 
Otiier Communications Industry Semiconductor Distributor Use 

Source: Dataquest (December 1992) G2ooi3se 

Because of the relative low volume of semiconductors in this segment's 
purchases, distribution plays a large role in supplying the service and devices 
this segment now needs. 
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Figure 4-53 
Other Communications Industry Strategic Supplier Status 

Supplier Program in Place? Usefulness of Program? 

Source: Oataquest (December 1992) G200)357 

Despite their small size, many companies in this industry have strategic 
supplier programs in place. 

For those that do haoe them, all see the relationships as critical to business 
success. 
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Figure 4-54 
Other Communications Industry Quality Improvement Program Status 

Quality Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) G20013Sa 

Although three-fourths of the sample did not have a strategic supplier pro­
gram, a like 75 percent have a formal quality improvement program 
running. 

Of those in quality improvement programs, all deemed them critical. 
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Figure 4-55 
Other Communications Industry Surveyed Growth Outlook 
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Source: Dataquest (December 1992) G20ai35B 

For both years 1992 and 1993, it toas unanimous that the industry xoould 
grow: an aggressixfe 115 percent in 1992 and an optimistic 15.0 percent in 
1993. 
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Figure 4-56 
Instrumentation Industry Survey IC Purchases 

Source: Dataquest (December 1992) G2I»1360 

More than two-ihirds of the semiconductor buy goes to memory and 
microcomponents, with an emphasis on embedded control ASSPs. 

Standard logic and linear still outweigh the ASIC solution because space 
is often not a critical issue with instruments. 
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Figure 4-57 
Instrumentation Industry Circuit Board Design and Assembly i 
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Source: Dataquest (December 1992) Q2l»13ei 

A strong 833 percent of circuit boards are designed by the respondents, and 
a third are assembled by contract numufacturers. 
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Figure 4-58 
Instrumentation Industry Physical Circuit Board Assembly Region 

Rest of World (5.9%; 

Europe (0.1%) 

Source: Dataquest (December 1992) 620013SZ 

The United States remains the region where most of this segment's physical 
assembly is performed, foUowed distantly by the Asia assembly base. 
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Figure 4-59 
Instrumentation Industry Semiconductor Supplier Selection Criteria 
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Source: Dataquest (December 1992) G2001363 

K 
Quality and delivery performance are the key criteria that the 
instrumentation sample uses in selecting its semiconductor suppliers. 

i 
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Figure 4-60 
Instrumentation Industry Supply Base Trend 
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Source: Dataquest (December 1992) Q200'tU4 

For the most part, the supply base for this segment is static, with a few 
minor changes expected to be made as users balarux their new requirements 
toith their existing suppliers. 
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Figure 4-61 
Instrumentation Industry Semiconductor Inventory Status 

Inventory Level (Days) 

55 • 
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Target/Actual Inventory 

Source: Dataquest (December 1992) 02001365 

i 
The respondents in this segment have an excess semiconductor inventory sit­
uation that needs addressing. There is opportunity for suppliers to work more 
closely with this market segment in order to lower the user costs and increase 
business levels. 

i 
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Figure 4-62 
Instrumentation Industry Contract Manufacturer Use 
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Source: Dataquest (December 1992) 6£0pi3eS 

Contract manufacturing is being used by more than 60 percent of the sample 
and for an average of 72 years. 

SAww-svc-uw-azoi ®1992 Dataquest Incocpoiatod December 21,1992 
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Figure 4-63 
Instrumentation Industry Semiconductor Distributor Use 

Source: Dataquest (December 1992) GZD013€7 

i 
TxDO-thirds of the respondents use distribution because of the relative law 
volumes and specific needs of this market. 

i 
December 21,1992 ®1992 Dabquest tncoipoialBd SAWW-SVC-UW-^201 



Semiconductor User Status and Future Needs, by Industry 4-69 

Figure 4-64 
Instrumentation Industry Strategic Supplier Status 

Supplier Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) Ga»t3$8 

Although 61.1 percent of the respondents have a strategic supplier program 
in place, more than 90 percent of those in the program find it henefmtd or 
critical to business operation. 

SAWW-SVC-UW-9a01 01992 Dataquest mcocporabd December 21,1992 
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Figure 4-65 
Instrumentation Industry Quality Improvement Program Status 

Nice to Have (6.3%) 

Quality Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) G2ooi3es 

A strong 89 percent of the sample uses a tfualitif improvement program and 
more than 61 percent find the program critical to operation. 
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Figure 4-66 
Instrumentation Industry Surveyed Growth Outlook 
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Source: Dataquest (December 1992) G2001370 

Although a majority see this segment declining in groioth in 1992, a like 
57.1 percent see the market turning around in 1993 at an average 25 percent 
growth. 
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Figure 4-67 
Other Industrial Survey IC Purchases 
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Source: Dataquest (December 1992) G2001371 

K 
• Two-thirds of the semiconductor purchase again goes to memory and 

microcomponent services. 

• Mudi of the 38 percent of microcomponent usage goes to embedded control 
microcontrollers and ASSP devices. 

{ 
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Figure 4-68 
Other Industrial Circuit Board Design and Assembly 

No (3.7%) 

In-House PCB Design? In-House PCB Assembly? 

Source: Dataquest (December 1992) G2001372 

A large majority (963 percent) of respondents design their own circuit 
boards, xvhhe 36 percent utilize contract manufacturers to assemble them. 
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Figure 4-69 
Other Industrial Physical Circuit Board Assembly Region 

Japan (3.5%) 

Europe (3.5%) 

Source: Dataquest (December 1992) G20013T3 

Although nearly 80 percent of this segment's circuit boards are assembled in 
the United States, 132 percent are assembled in Asia outside of Japan. 
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Figure 4-70 
Other Industrial Semiconductor Supplier Selection Criteria 
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Source: Dataquest (December 1992) 02001374 

Because of the relatively higher usage of memory and microcomponents, these 
two supplier groupings have generdly higher selection criteria than the rest 
of the industry. 
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Figure 4-71 
Other Industrial Supply Base Trend 
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Source: Dataquest (December 1992) GZ001375 

For the most part, the supply base for this segment is slowly declining, yet 
the high level of MPUJASSP suppliers may have room for further reduction. 
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Figure 4-72 
oQier Industrial Semiconductor Inventory Status 
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Source: Oataquest (December 1992) Q20ai37G 

The target/actual inventory levels for this grouping are very much under 
control, reflecting good use of contract manufacturing. 
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Figure 4-73 
Other Industrial Average Contract Manufacturer Usage ( 
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Source: Dataquest (December 1992) S20013T7 

This segment of our survey was the largest user of contract manufacturing 
and on average has used this option for nearly 10 years. 
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Figure 4-74 
Other Industrial Semiconductor Distributor Use 
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Source: Dataquest (December 1992) 02001376 

Although this sample is a large user of contract manufacturing, only 
31 percent claim to use distribution. It is possible that much of the contract 
manufacturing is turnkey business. 
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Figure 4-75 
Other Industrial Strategic Supplier Status 

Nice to Have (7 .1%) 

Supplier Program in Place? Usefulness of Program? 

Source: Oataquest (December 1992) Gsoonrs 

A bare majority (513 percent) of this sample utilize a strategic supplier 
program. 

For those zoith plans in place, 93 percent find the exercise either beneficial 
or critical to operations. 
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Figure 4-76 
Other Industrial Quality Improvement Program Status 

Quality Program in Place? 
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Source: Dataquest (December1992) G2a0138Q 

Another strong 93 percent of the respondents have a formal quality 
program in place. 

Fifty-six percent of the quality program participants found the exercise 
critical for business success. 
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Figure 4-77 
Other Industrial Surveyed Growth Outlook i 
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K 
Although nearly 60 percent of the sample expects 1992 business to grow 
an average 8.0 percent, 143 percent believe that business will decline. 

The group expecting declines in 1992 eiOier has raised its outhck for 1993 
to no change or to an average business improvement of US percent. 
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Figure 4-78 
Consumer/Automotive Industry Survey IC Purchases 

Source: Dataquest (December 1992) (32001362 

More than one-third (33.8 percent) of this segment's respondents' semicon­
ductor procurement dollar goes to standard logic/litiear services because of the 
high level of linear/andog devices used in both these industries. 
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Figure 4-79 
Consumer/Automotive Industry Circuit Board Design and Assembly 
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Source: Dataquest (December 1992) G2D013B3 

Although all respondents in the sample design their mm circuit boards, 
43 percent utilize outsourced assembly, most likely in the consumer market. 

i 
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Figure 4-80 
Consumer/Automotive Industry Physical Circuit Board Assembly Region 
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Source: Dataquest (December 1992) G200138A 

Nearly two-thirds (643 percent) of this segment assembles its circuit ̂ Boards 
in the United States, followed by the Rest of World region with 21.4 percent. 
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Figure 4-81 
Consumer/Automotive Industry Semiconductor Supplier Selection Criteria 
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Source: Dataquest (December 1992) G2001385 

Memory and microcomponents are mainly selected based on quality and 
delivery, while ASIC suppliers are gauged first on price for this consumer/ 
automotive sample. 
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Figure 4-82 
Consumer/Automotive Industry Supply Base Trend 
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Source: Dataquest (December 1992) G2CK113BS 

The supply base of this segment is churning, with planned reduction in 
supplies of microcomponents and standard/linear, ickUe there are expected 
increases in the memory and ASIC supply base. 

An average supplier levd of three apparently is the goal for this segment. 
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Figure 4-83 
Consumer/Automotive Industry Semiconductor Inventory Status 
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Source: Dataquest (December 1992) G2Q01387 

TTtts is one segment ihat has actual semiconductor levels below target. 

Well under industry averages, this level of inventory control highlights 
how rapidly changing markets can benefit from good inventory manage-
ment. 

i 
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Figure 4-84 
Consumer/Automotive Industry Contract Manufacturer Use 
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TTiis is the only segment that had more than half (57.1 percent) of the 
sample not using contract manufacturing. 

For the balance that did use contractors, the average length of time is 
73 years. 
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Figure 4-85 
Consumer/Automotive Industry Semiconductor Distributor Use 
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Source: Dataquest (December 1992) Gsooiaaa 

A comparable percentage (413 percent) of this sample reported using semi­
conductor distribution. 

i 
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Figure 4-86 
Consumer/Automotive Industry Strategic Supplier Status 

Nice to Have (16.7%) 

Supplier Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) G2001390 

A strong 86 percent of the respondents have strategic supplier programs in 
place and half of those using plans note that they are critical to ongoing 
operaHoTL 
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Figure 4-87 
Consumer/Automotive Industry Quality Improvement Program Status 

Quality Program in Place? Usefulness of Program? 

Source: Dataquest (December 1992) G2001391 

A like 85.7 percent of this segment's respondents have in place formal qiudity 
improvement programs, zMdi are critical to the business of 833 percent of 
the participants. 
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Figure 4-88 
Consumer/Automotive Industry Surveyed Growth Outlook 
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Because of economic uncertainty, 25 percent of the respondents expect 
business to decline in 1992, while half expect to see a modest uptick of 
63 percent. 

Three-fourths of the respondents expect business to improve an average 
75 percent in 1993. 
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Figure 4-89 
Military/Aerospace Industry Survey IC Purchases 

y"^ Standard 
X Logic/ 

/ S . Linear 
/ N . (14.3%) 

1 ASICs \ ^ 

Microcomponents \ 
(40.1%) I 

1 (22.7%) yK 1 

\ y^ Memory \ m 
\ X (22.9%) \ M 

Source: Dataquest (December 1992) G£0ai393 

{ 
The largest portion of this segment's semiconductor buy goes to the 
microcomponent segment, with more than 40 percent being spent there. 

i 
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Figure 4-90 
Military/Aerospace Industry Circuit Board Design and Assembly 
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Source: Dataquest (December 1992) G20013M 

Nearly 95 percent of the respondents design their ovon circuit boards, yet 
nearly two-thirds subcontract out their assembly because of the high overhead 
and low volume associated with this market. 
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Figure 4-91 
Military/Aerospace Industry Physical Circuit Board Assembly Region i 
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Source: Dataquest (December 1992) 02001395 

i 
The lion's share (93.4 percent) of physical assembly is done in the United 
States, yet a small portion is being done in Japan and Asia. 

i 
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Figure 4-92 
Military/Aerospace Industry Semiconductor Supplier Selection Criteria 
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Very much like the overall industry, this segment of the market keys on 
quality and then delivery when selecting a semiconductor supplier, be it an 
OEM, distributor, or contract manufacturer. 
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Figure 4-93 
Military/Aerospace Industry Supply Base Trend 
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Source: Oataquest (December 1992) GZ001397 

Aside from incremental reduction in the memory and standard logic/linear 
supplier levels, the microcomponent and ASIC supply base is expected to be 
reduced for this segment next year. 
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Figure 4-94 
Military/Aerospace Industry Semiconductor Inventory Status 
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Source: Dataquest (December 1992) 02001396 

Although relatively high, compared with commercial industry standards, 
the target to actual inventory levels for this subset are wdl under control. 

Government contracts often require 60 days or more of inventory to 
always be on hand. 
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Figure 4-95 
Military/Aerospace Industry Contract Manufacturer Use 

Average Years Used = 16.0 Years 

Source: Dataquest (December 1992) Gzootan 

Although the average percentage of contract manufacturing use is toithin 
the overall ituiustry average, tiie average length of time subcontractors 
have been used is 16 years. 

Because of the nature of this industry, much work is completed by 
subcontracting out assembly and manufacturing. 

i 
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I Figure 4-96 
Military/Aerospace Industry Semiconductor Distributor Use 

Source: Dataquest (December 1992) G20014O0 

More than tipo-thirds (663 percent) of this market segment uses semiconduc­
tor distribution because of the relatively low volume and special needs of this 
industry. 
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Figure 4-97 
Military/Aerospace Industry Strategic Supplier Status 

Supplier Program In Place? Usefulness of Program? 

Source: Oataquest (December 1992) G2001401 

i 
Because of the low unit volumes involved, it is not surprising to see a low 
level of strategic supplier programs in place. 

Compared zpifh distribution usage, a strong corrdation exists where 
distribution customers do not need strategic supplier programs—their 
distributor provides the services of such a program. 

i 
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Figure 4-98 
Military/Aerospace Industry Quality Improvement Program Status 
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Source: Dataquest (December 1992) G20D140Z 

Because of the nature of military contracts, it is surprising to see that more 
than 11 percent of the respondents do not have a qtudity program in place. 

SAWW-SVC-UW-g201 ®1992 Dataquest Incotpoiated Decemtwr 21,1992 



4-104 Semiconductor Application Markets Worldwide 

Figure 4-99 
Military/Aerospace Industry Surveyed Growth Outlook i 

1 No Change 
/ (33.4%) 

Increase \ 
(33.3%) 1 

\ Decrease jM 
\ (33.3%) ^ 

Average 
1992 Growth Estimate = 11% 

/ No Change 
/ (44.4%) 

increase ^ v 
(11.1%) / X 

1 / Decrease • 
\ / (44.5%) m 

Average 
1993 Growth Forecast = 10% 

Source: Dataquest (December 1992) 

The responses zoere equally split regarding the economic outlook for 1992, 
vrith those that expect growth seeing an increase of U percent. 

Because of the smaller response to the 1993 outlook, a more bleak forecast 
appears. Yet for those expecting business to improve, the average increase 
is expected to be 10 percent. 

i 

i 
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Chapter 5 
Semiconductor User Needs, by Product 
Category ^ ^ ^ ^ ^ . ^ ^ ^ ^ ^ ^ ^ 

This chapter focuses on purchasing information as seen from an IC 
category perspective. The information and analysis should be useful 
for those individuals interested in product granularity. We chose the 
following four areas to detail: 

• Memory ICs 

• Microcomponent ICs 

• ASIC 

• Standard logic and aiudog 

These categories were chosen to keep the stuvey manageable and to 
cluster products that exhibit similar buying behavior. 

This chapter is organized into the four product categories mentioned. 
We will examine, from the OEM's perspective, semiconductor supplier 
selection criteria, quality definitions, and the number of qualified semi­
conductor suppliers within each product category. Regarding supplier 
selection criteria, we asked purchasers to note the importance of the 
following five factors: 

• Pricing consistency—Maintaining predictable (plannable) pricing 
practices, regardless of fluctuating market conditions. 

• Dehvery performance—^The ability to deliver the correct product 
order when specified. 

• Quality performance—^The ability to deliver product that meets or 
exceeds required incoming quality levels. 

• Market flexibility—^A supplier's ability to be flexible with delivery 
schedules and quantities to match fluctuating OEM demand. 

• Product portfolio and migration path—^The breadth, depth, and 
plans for products needed by the customer. 

On the quality question, we asked OEMs to define minimum accepta­
ble incoming quality on a defective ppm basis. We also asked OEMs 
to identify the number of qualified suppliers in each product area for 
1992 and the planned niimber for 1993. 
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Memory ICs 

Figures 5-1 through 5-8 detail the survey results from buyers of 
memory ICs on supplier selection criteria, quality definitions, and 
number of suppliers. Memory ICs include such products as DRAMs, 
SRAMs, VRAMs, ROM, EPROM, EEPROM, flash, and various combi­
nations and speciality products such as dual ports. 

Microcomponent ICs 

Figures 5-9 through 5-16 detail the survey results from buyers of 
microcomponent ICs on supplier selection criteria, quality definitions, 
and number of suppliers. Microcomponents include such products as 
microprocessors, microcontrollers, coprocessors, DSP microprocessors, 
processor support functions (DMA controllers, among others), dedi­
cated controllers (networking, graphics, and storage), and various 
functional chip sets. 

ASICs 

Figures 5-17 through 5-24 detail the survey results from buyers of 
ASICs on supplier selection criteria, qiiality definitions, and number of 
suppliers. ASICs include such products as PLDs, FPGAs, gate arrays, 
cell-based ICs, custom ICs, and variations combining these. 

Standard Logic and Analog ICs 

Figures 5-25 through 5-32 detail the survey results from buyers of 
standard logic and analog ICs on supplier selection criteria, quality 
definitions, and number of suppliers. Included in this category are 
family and interface logic products as well as standard analog func­
tions such as amplifiers, regulators and references, data conversion, 
and consumer circuits. 

Summary 

On average, quality and deliveiy performance remain the most strin­
gently employed supplier selection criteria. Microcomponents (MPUs, 
among others) was the only category of product where pricing was a 
serious contender as a selection criteria. This perception is probably 
because of the relative higher prices of these parts and the limiting 
sourdng options in some cases. 

Quality performance across the board was dearly a prerequisite to 
doing business. All four surveyed product areas had average mini­
mum acceptable quality levels of about 60 ppm. The higher volume 
businesses such as PCs required even more restrictive quality perfor­
mance. 

The high ranking of delivery performance, especially in ASICs, 
seemed to underscore the importance of timing in today's global 
market, l̂ t̂h product life cydes running under two years in many 
some volume segments, even a week slippage can hurt an OEM's 
market positioning. 
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Approved supplier lists are slated to shrink next year for almost all 
industries, for all semiconductor products. OEMs on average main­
tained eight microcomponent, six standard logic and analog suppliers, 
five ASIC, and five memory suppliers during 1992. High-volume users 
tended to keep the number smaller, whereas military/aerospace users 
had nearly double the amount in some cases. 
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Figure 5-1 
Memory IC Supplier Selection Criteria: Overall 
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Quality and delivery performance are ^ top criteria when it comes to 
selecting a memory supplier. This is a surprising result given the extreme 
cost sensitivity of areas such as PCs and consumer electronics during 
their recent profHahRity slump. 

Qualiiy and pricing are most likely prerequisite factors, whereas delivery 
has bavme more of a defining issue. 
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Figure 5-2 
Memory IC Supplier Selection Criteria: Pricing Consistency 
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With the exception of the communication categories, pricing consistency is 
fairly level in relative importance across industries. 
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Figure 5-3 
Memory IC Supplier Selection Criteria: Delivery Performance 
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Just-in-time delivery has become a true competitive weapon as OEMs depend 
on it for not only cost management but to ensure quick time to market for 
Steir products. 

i 
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Figure 5-4 
Memory IC Supplier Selection Criteria: Quality Performance 
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Superior quality is clearly a prerequisite before any business can take place. 
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Figure 5-5 
Memory IC Supplier Selection Criteria: Market Flexibility 
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lias is less of an issue because memory suppliers remain bountiful, and 
multiple suppliers can be substituted for most parts. 

i 
Decantier21,1992 01992 Dataquest Inconxxatod SAWW-SVlHIW-9201 



Semiconductor User Needs, by Product Categoiy 5-9 

Figure 5-6 
Memory IC Supplier Selection Criteria: Product Portfolio and Migration Path 
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The somewhat predictable nature of memory product improvements (for 
example, denser and faster) make this less of an issue. 
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Figure 5-7 
Minimum Necessary Quality for Memory ICs (ppm) 
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Buyers for memory-intensive products such as computers and laser printers 
appear to desire stricter quality standards than the average. 
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Figure 5-8 
Number of Memory IC Suppliers 
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On average memory buyers maintained about five separate memory suppliers 
in 1992, zoith plans to reduce that number in 1993. 
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Figure 5-9 
Microcomponent IC Supplier Selection Criteria: Overall 
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Quality and delivery performance are also the top criteria, with pricing, 
however, being more of a consideration than in other product areas. 
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Figure 5-10 
Microcomponent IC Supplier Selection Criteria: Pricing Consistency 
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With the exception of the communication categories, pricing consistency is 
fairly level in relative importance across industries. 
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Figure 5-11 
Microcomponent IC Supplier Selection Criteria: Delivery Performance 
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Apparently delivery is an important issue for the more fragmented industrial/ 
instrumentation industries. 

i 
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Figure 5-12 
Microcomponent IC Supplier Selection Criteria: Quality Perfonnance 
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Superior quality is clearly a prerequisite before any business can take place. 
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Figure 5-13 
Microcomponent IC Supplier Selection Criteria: Market Flexibility 
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Daia processing, communication, and consumerlautomotive desire the most 
flexibility because their markets remain subject to substantial fluctuations. 
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Figure 5-14 
Microcomponent IC Supplier Selection Criteria: Product Portfolio 
and Migration Path 
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This criterion is not much of a concern, except with performance-sensitive 
computer and communications OEMs. 
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Figure 5-15 
Minimum Necessary Quality for Microcomponent ICs (ppm) 
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ProfeaWy \«cause of ship-to-stock setups to reduce a)sts and improve 
time-to-market, the PC industry requires near perfect quality. 
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Figure 5-16 
Number of Microcomponent IC Suppliers 
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On average, microcomponent buyers maintained about eight separate 
suppliers in 1992, vnih plans to reduce that number in 1993 to seven. 

SAWW-SVC-UW-a201 ®1992 Dataquest Inooipofalsd Oecamtier 21,1992 



5-20 Semiconductor Application Markets Worldwide 

Figure 5-17 
ASIC IC Supplier Selection Criteria: Overall 
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Delivery performance has risen in importance because ASICs and their 
prototypes remain a technology that OEMs need for getting to market 
quicldy. 
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Figure 5-18 
ASIC IC Supplier Selection Criteria: Pricing Consistency 
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With the exception of the cost-sensitive consumer/automotive areas, pricing 
consistency is faiiiy level in relative importance across industries. 
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Figure 5-19 
ASIC IC Supplier Selection Criteria: Delivery Performance 
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Althougft important to almost all industries, delivery performance is crucial 
to the communications industry, vMch is heavily dependent on customization 
and differentiation by using ASICs. 
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Figure 5-20 
ASIC IC Supplier Selection Criteria: Quality Performance 
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The semicustom and design-crucial nature of ASICs seems to shape 
expectations about quality and design fidelity. 
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Figure 5-21 
ASIC IC Supplier Selection Criteria: Market Flexibility 
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Communications and PC OEMs desire (he most flexibility. 

DecemtKr 21,1992 ®1992 [)alaquest IncorporatBd SAWW-SVlHJW-92m 



Semiconductor User Needs, by Product Category 5-25 

Figure 5-22 
ASIC IC Supplier Selection Criteria: Product Portfolio and Migration Path 
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OEbAs with performatuxsensitive applications in computing and communica­
tion are concerned about supplier plans to update their ASIC process and 
design technologies. 
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Figure 5-23 
Minimum Necessary Quality for ASICs (ppm) 
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Hi^ier-volume ASICs users such as computing and communications OEMs 
are requiring commensurate hi^ier-qualib/ levds. 
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Figure 5-24 
Number of ASIC Suppliers 
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On average, ASIC buyers maintained about five separate suppliers in 1992, 
with plans to reduce that number in 1993 to four. 
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Figxire 5-25 
Standard Logic and Analog IC Supplier Selection Criteria: Overall 
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Delivery and qtudity performance share the spotlight in importance. 
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Figure 5-26 
Standard Logic and Analog IC Supplier Selection Criteria: Pricing Consistency 

Industry 

PC 

Other Data Processing 

Premise Communicaiton 

Other Communication 

Instrumentation 

Other Industrial 

Consumer/Automotive 

Military/Aerospace 

Overall Average 

Not Important Very Important 

Source: Oataquest (December 1992) G2001429 

Analog-intensive categories such as communication and industrial are more 
sensitive to pricing issues. 
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Figure 5-27 
Standard Logic and Analog IC Supplier Selection Criteria: Delivery Performance 
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As xoifh pricing, arudog-intensive applications such as communication and 
industrial are more sensitive to delivery issues. 
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Figure 5-28 
Standard Logic and Analog IC Supplier Selection Criteria: Quality Performance 
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This criterion dearly is a -prerequisite for doing business. 
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Figure 5-29 
Standard Logic and Analog IC Supplier Selection Criteria: Market Flexibility 
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Communications and PC OEMs desire the most flexiMitt/. 
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Figure 5-30 
Standard Logic and Analog IC Supplier Selection Criteria: Product Portfolio 
and Migration Path 
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Product plans appear to be more crucial to performance-sensitive OEMs in 
computing and communication. 
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Figure 5-31 
Minimum Necessary Quality for Standard Logic and Analog ICs (ppm) 
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Hitter-volume users such as computing and communications OEMs are 
requiring commensurate higher-quciiiy levds. 

i 
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Figure 5-32 
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On average, standard logic and analog buyers maintained about six separate 
suppliers in 1992, with plans to reduce that number in 1993. 
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Semiconductor Marketers 

The primary picture that emerges from this report is that chip compa­
nies should be aware that relationships <tre not sacrosanct and eventu­
ally are subject to objective tests. OEMs are putting a substantial 
anaoimt of rigor into managing their costs and hitting aggressive 
product development schedules, and suppliers that do not provide 
adequate service are left out They want fewer, committed suppliers 
that will help share in the upside and downside phases of the busi­
ness cyde. 

Qearly quality is a go or no-go issue. Either a supplier has world-
class, consistently delivered quality better than 60 ppm on average, or 
it is put on probation or disqualified as a supplier. Delivery perfor­
mance, on the other hand, seems to separate the weak from the strong 
suppliers. Shipping to the ciistomer the right product (no mis-
shipments) widiin an acceptable JIT window (+5,-0 days, for example) 
is the goal to maintain. If anything is important today for OEMs, it is 
the vitality and speed of product development, and a consistent on-
time supplier delivery track record will win a bigger share of annual 
requirements. 

As a final reconunendation, those that want to play in the big leagues 
had better be professional. The data from this survey indicate that 
high-volume markets such as PCs, peripherals, customer premise com-
mimications equipment, and consimier and automotive products 
demand a higher degree of conunitment. In general, these markets 
require better quality, more exacting delivery, and rock-bottom pricing 
relative to other markets. In other words, a supplier that wants big 
voltune had better be prepared with benchmarkable programs in 
process control and outgoing quality, minimal manufacturing cycles, 
inventory investment to buffer release fluctuations, and a general com­
mitment among its personnel to get the job done. 

Semiconductor Users 

This study answers many questions regarding what is meant by high 
quality, on-time delivery, average use of a contract manufacturer, and 
the like, based on responses from some of the largest or most promi­
nent electronics companies in the United States The process of bench­
marking operations against regional competition involves the use of 
impartial parameters to gauge performance. Semiconductor users can 
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nuike this information work for them by using it as a basis for 
comparing themselves against averages in the industry in which 
they compete, and in efforts to improve semiconductor supplier 
performance 

The major issues of semiconductor price, availability, and lead time 
continue to require excellent forecast communication between user and 
supplier. Both parties are reminded that these issues involve two-way 
sharing of information. The two main areas that require supplier 
maintenance (supplier discipline)—^high queility emd meeting delivery 
commitments—tadtly imply that semiconductor suppliers now are 
adequately meeting customer needs in these areas. Pressure should be 
kept on suppliers to keep quality and delivery commitments. 

This report has presented many detailed piirameters that should be 
coordinated and prioritized on an individual company basis in order 
to get the best use from them. If a little groundwork is done, this 
information will provide a solid foundation for growth in 1993 and 
beyond. 
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Appendix A 
Survey Questionnaire 

General information 

Hello, this is from Dataquest Incorporated. We're conducting a study 
on semiconductor purchasing and your input would be most important to us. 

Would you be the person who is in charge of piw±asing semiconductors that have been selected 
to be used in the last two or three years at your location? 

If not, is there someone else at your location I might speak to who would be knowledgeable in this 
area? 

Do you have a few minutes to answer some questions? The results of this study will be used by 
leaders of the semiconductor industry as an ixidustry benchmark series from which to improve 
upon. (If needed: this is not a sales call and your answers will be kept completely confidential.) 

Q.l Do you purchase semiconductors for the entire company, a single division, or just your 
department/work group? (ONE RESPONSE) 

Entire company • 
Single division • 
Department/Work group • 
Refusal _ • 

Q.2 Dataquest segments electronic equipment into six categories. Which of the following 
describes your company's main lines of business? (READ LIST; ALLOW MULTIPLE 
RESPONSES) 

Data processing • 
Communications Q 
Industrial/Manufacturing • 
Consumer • 
Military/Aerospace • 
Transportation • 

Q.3 Please list the 3 main t3'pes of equipment in ivhich yoiu- company uses the 
semiconductors that you buy. What is the first main type? (ONE RESPONSE) 

Data Processing—Computers Q 
PCs • 
Workstations • 
Midrange • 
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Mainframe • 
Super Q 
Other 
Data Processing—^Data Storage • 
Disk • 
Optical • 
Tape Q 
Other 
Data Processing—^Input/Output • 
Optical scan equipment • 
Plotters • 
Printers „ O 
Terminals Q 
Other 
Data Processing—^Dedicated Systems • 
Banking • 
Office automation • 
Point-of-sale terminals • 
Smart cards • 
Other „ 
Data Processing—Graphic/Video Add-In Boards • 
Data Processing—CitYttv 

Commimications—Customer Premises Communications Q 
Biisiness communications S3rstems • 
DataPBX Q 
Facsimile „ _ _ • 
Local area networks ._ „ Q 
Modems „ . . • 
Single-line phones _ Q 
T-1 mtiltiplexers • 
Video teleconference • 
Other 
Communications—^Public Telecommunications » Q 
Switching equipment _ _ • 
Transmission equipment • 
Other 
Communications—^Eiadio - Q 
Amateur • 
Broadcast receive/transmit • 
Cellular radio/telephone — Q 
Mobile system • 
Other 
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Communications—Studio • 
Audio equipment • 

Video equipment • 
Other 
Industrial/Manufacturing—Security/Energy Management: Alarm Systems Q 
Other 
Industrial/Manufacturing—Manufacturing Systems Q 

Automated material handling • 

Robot systems • 
Semiconductor production • 

Test equipment • 
Other 

Industrial/Manufacturing—^Instrumentation • 
Analytical/scientific Q 
Geophysical • 
Meteorological • 
Other 

Industrial/Manufecturing—Medical Equipment • 
All O 

Lndustrial/Manuiacturing—Miscellaneous Equipment • 
Laser (not communications/medical) • 
Power suppUes • 
Vending machines • 
Other 

Consumer Products • 
Appliance • 
Audio equipment _ • 
Garage door opener • 

Color TVs • 
Personal electronics • 
VTRs(VCRs) • 

Consumer products • 

Other 
Military/Aerospace—Military Defense • 
Avionics • 

Communications • 
Electronic warfare • 
Missiles/weapons..... Q 

Shipboard Q 

Space Q 

Commercial aerospace Q 
Other 
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Transportation—^Auto/Light Truck Q i 
Body controls • 
Power train • 
Auto/light truck Q 
Other 
Don't know/refusal/no response • 

(IF QUESTION 3 IS 'Don't know/refusal/no response," THEN SKIP TO QUESTION 6) 

Q.4 What is the second main type? (ONE RESPONSE) 
Data Processing—Computers • 
PCs • 
Workstations • 
Midrange Q 
Mainframe '. Q 
Super • 
Other 
Data Processing—Data Storage • 
Disk • 
Optical _ • 
Tape • 
Other I 
Data Processing—^Input/Output _ • 
Optical scan equipment • 
Plotters _ • 
Printers - _ • 
Terminals • 
Other 
Data Pnx:essing—^E)edicated Systems - -.. Q 
Banking „ • 
Office automation „ • 
Point-of-sale terminals • 
Smart cards • 
Other 
Data Processing—Graphic/Video Add-In Boards • 
Data Processing—Other 
Conununications—Customer Premises Commiinications Q 
Business communications sj^ems Q 
DataPBX • 
Facsimile Q 
Local area networks - Q 
Modems Q I 
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Single-line phones • 

T-1 multiplexers • 
\^deo teleconference Q 
Other 

Conunimications—^Public Telecommimications • 

Switching equipment • 
Transmission equipment • 
Other 

Commxmications—^Radio • 
Amateur • 

Broadcast receive/transmit • 
Cellular radio/telephone ~ • 

Mobile system • 
Other 

Communications—^Studio • 
Audio equipment • 
Video equipment Q 
Other 
Industrial/Manufactiuing—^Security/Energy Management Alarm Systems Q 
Other 

Industrial/Manufacturing—Manufacturing Sj^tems Q 
Automated material handling • 
Robot systems • 
Semiconductor production Q 
Test equipment • 
Other 

Industrial/Manufacturing—^Instnunentation • 
Analj^cal/sdentific • 
Geophysical • 

Meteorological Q 

Other 
Industrial/Manufecturing—^Medical Equipment Q 
All Q 
Industrial/Manufacturing—^Miscellcmeous Equipment Q 
Laser (not communications/inedical) Q 

Power supplies • 

Vending machines Q 
Other 
Consumer Products • 
Appliance • 
Audio equipment Q 
Garage door opener • 
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Color TVs • 
Personal electronics • 
VTRs(VCRs) • 

Consumer products • 
Other 

Military/Aerospace—^Military Deferise • 
Avionics • 
Communications • 
Electronic warfare • 
Missiles/weapons Q 
Shipboard • 
Space • 
Commercial aerospace Q 
Other 
Transportation—^Auto/light Truck Q 
Body controls • 
Power train. Q 
Auto/light truck • 
Other 
Don't know/refusal/no response • 

(IF QUESTION 4 IS "Don't know/refusal/no response," THEN SKIP TO QUESTION 6) 

Q.5 What is the third main type? (ONE RESPONSE) 
Data Processing—Computers ~ Q 
PCs • 
Workstations • 
Midrange • 
Main£r<une • 
Super Q 
Other 
Data Processing—^Data Storage _ • 
Disk. • 
Optical _ Q 
Tape • 
Other 
Data Processing—^Input/Output • 
Optical scan equipment • 
Pkitters • 
Printers • 
Terminals Q 
Other 
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Data Processing—Dedicated Systems • 
Banking • 
Office automation • 
Point-of-sale terminals • 
Smart cards • 
Other 
Data Processing—Graphic/"Wdeo Add-In Boards • 
Data Processing—Other 
Communications—Customer Premises Commimications • 
Business communications systems _ • 
DataPBX Q 
Facsimile Q 
Local area networks Q 
Modems • 
Single-line phones Q 
T-1 multiplexers • 
Video teleconference • 
Other 
Communications—^Public Telecommunications „ • 
Switching equipment ^ Q 
Transmission equipment • 
Other 
Communications—^I^dio _ • 
Amateur „ „ Q 
Broadcast receive/transmit _ _ - Q 
Cellular radio/telephone • 
Mobile system • 
Other 

Communications—Studio • 
Audio equipment • 
•Wdeo equipment „ • 
Other 
Industrial/Manufacturing—^Security/Energy Management Alarm Systems Q 
Other 
Industrial/Manufacturing—Manufacturing Sjrstems • 
Automated material handling Q 
Robot systems • 
Semiconductor production _ Q 
Test equipment _ • 
Other 
Industrial/Manufacturing—^Instrumentation Q 
Analytical/scientific Q 
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Geophysical Q 
Meteorological • 
Other 
Industrial/Manufacturing—^Medical Equipment • 
AU • 
Indxistrial/Manufacturing—^Miscellaneous Equipment Q 
Laser (not communications/medical) Q 
Power supplies • 
Vending machines • 
Other 
Consumer Products • 
Appliance _ • 
Audio eqmpment • 
Garage door opener Q 
Color TVs • 
Personal electronics • 
VTRsCVCRs) • 
Consumer products • 
Other 
Military/Aerospace—Military Defense Q 
Avionics _ • 
Communications • 
Electronic warfore • 
Missiles/weapons _ • 
Shipboard „ • 
Space _ • 
Commercial aerospace » „ _ • 
Other 
Transportation—^Auto/Light Truck _ • 
Body controls _ Q 
Power train. „ Q 
Auto/light truck _ Q 
Other 
Don't know/refusal/no response _ — • 

Q.6 What is the average market life cycle of your principal product? 

Q.7 In da;rs, what is your definition of on-time delivery? (e.g., +2 -0, or ±2 days) 

i 
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Q.8 Do you currently use a contract manufacturer? 
Yes • 
No • 
Don't know/refusal Q 

(IF THE ANSWER TO QUESTION 8 IS 'TsFo," THEN SKIP TO QUESTION 10) 

(IF THE ANSWER TO QUESTION 8 IS "Don't know/refusal," THEN SKIP TO QUESTION 11) 

Q.9 How many years have you used one? 

(PLEASE ANSWER QUESTION 10 IF ANSWER TO QUESTION 8 WAS "No") 

Q.IO Do you plan on using a contract manu^cturer in the next year? 
Yes • 
No.... • 
Don't know/refusal Q 

Q.ll Does your company design its own circuit boards? 
Yes • 
No „ - Q 

Don't know/refusal ,.... „ „„„..,„ „„,„ „ "•••••Q 

(IF THE ANWER TO QUESTION 11 WAS "No" OR "Don't know/refusal," PLEASE SKIP 
TO QUESTION 16) 

Q.12 What percentage of the circuit boards were made in-house in 1992? 
(̂percent) 

Q.13 What percentage of the circuit boards will be made in-house in 1993? 
(percent) 

(IF THE ANSWER TO QUESTION 8 IS "No" or "Don't know/refusal," THEN SKIP TO 
QUESTION 16) 

Q.14 Does your company purchase the semiconductors used by the outside contractors? 
Yes - Q 

No • 
Don't know/refusal • 

(IF THE ANSWER TO QUESTION 14 IS "No" or "Don't know/refusal," THEN SKIP TO 
QUESTION 16) 
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Q.15 Are terms decided by the contractor? 
\fes • 
No • 
Don't know/refusal • 

Q.16 Of an the purchasing issues you expect to face next year, what would be the 
major one? (ONE RESPONSE) 

ASICs • 
Availability • 
Cost control Q 
Develop key supplier/user relationships • 
Government regulations Q 
Just-in-time inventory control • 
Memory products • 
New products/obsolescence • 
On-time delivery • 
Packaging standards Q 
Pricing • 
Quality/reliability • 
Lead time • 
Development schedules • 
Allocation • 
ASICs design toob Q 
Flexibility/service Q 
Other (specify) 
Don't know/refusal - • 

(IF THE ANSWER TO QUESTION 16 IS "Don't know/refusal," THEN SKIP TO QUESTION 22) 

Q.17 What would be the second major piirchasing issue you expect to face? (ONE RESPONSE) 
ASICs - • 
Availability • 
Cost control • 
Develop key supplier/user relationships • 
Government regulations ., • 
Just-in-tinae inventory control • 
Memory products • 
New products/obsolescence • 
On-time delivery —._.. Q 
Packaging standards Q 
Pricing Q 
Quality/reliability • 
Lead time O 

December 21.1992 ®1992 Dataquest Incanxicated SAVWV-SV(MJW-4201 



Survey Questionnaire A-11 

Development schediiles • 
Allocation • 
ASICs design tools • 
Flexibility/service • 
Other (specify) 
Don't know/refusal • 

(IF THE ANSWER TO QUESTION 17 IS •T)on't know/refusal," THEN SKIP TO QUESTION 19) 

Q.18 What would be the third major purchasing issue you expect to face? (ONE RESPONSE) 
ASICs Q 
Availability Q 
Cost control • 
Develop key supplier/user relationships Q 
Government regulations • 
Just-in-time inventory control ~ • 
Memory products • 
New products/obsolescence „ Q 
On-time delivery O 
Packaging standards _ • 
Pricing • 
Quality/reliability • 
Lead time ._— Q 
Development schedules Q 
Allocation _ „ • 
ASICs design toob • 
Flexibility/service Q 
Other (specify) 
Don't know/refusal Q 

(IF THE ANSWER TO QUESTION 18 IS TDon't know/refusal," THEN SKIP TO QUESTION 19) 

Q.19 On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important is (response to Q.16) to you? 

Not at all important Q 
Not very important _ • 
Neutral ™. • 
Somewhat important — • 
Very important Q 
Don't know/refusal Q 
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Q.20 On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important is (response to Q.17) to you? 

Not at all important • 
Not very important Q 
Neutral • 
Somewhat important • 
Very important • 
Don't know/refusal • 

Q.21 On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important is (response to Q.18) to you? 

Not at all inaportant • 
Not very important • 
Neutral • 
Somewhat important • 
Very important • 
Don't know/refusal Q 

QJ22 Does your company have a regular, ongoing procediue of supplier evaluation? 
Yes • 
No Q 
Don't know/refusal • 

(IF THE ANSWER TO QUESTION 22 IS "No" OR "Don't know/refusal," IHEN SKIP TO 
QUESTION 24) 

Q.23 On what parameters does jrour company evaluate suppliers? 
Quality • 
Delivery _ • 
Technical support _ - « . . • 
Price. _ „ . . • 
Other (specify) 
Don't know/refusal • 

Q.24 What are one or two key factors ("cardinal sins") that can cause a current supplier to lose 
bxisiness from your company? 

Q.25 Do you have a strategic partnering program in place? 
Yes • 
No • 
Don't know/refusal ~ Q 
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(IF THE ANSWER TO QUESTION 25 IS "No" OR "Don't know/refusal," THEN SKIP TO 
QUESTION 27) 

Q.26 Would you consider the program critical, beneficial, or nice to have? 

Critical • 
Beneficial • 

Nice to have • 
Don't know/refusal • 

Q.27 Do you have a quality improvement program in place? 

Yes • 
No • 
Don't know/refusal • 

(IF THE ANSWER TO QUESTION 27 IS "No" OR "Don't know/refusal," THEN SKIP TO 
QUESTION 30) 

Q^8 Is it an internal or a supplier program? 
Internal • 
Supplier • 
Both • 
Don't know/refusal • 

Q.29 Would you consider the program critical, beneficial, or nice to have? 
Critical _ • 
Beneficial „ • 

Nice to have _ Q 
Don't know/refusal • 

Q.30 Who are your three major suppliers of semiconductors? 

Q.31 Which one of these suppliers do you prefer to do business with? 

Q.32 What percent of your 1992 semiconductor purchases were used in 
(FIRST MAIN TYPE IN QUESTION 3) (TOTAL OF ALL TYPES MUST = 100%) 
(DK = Don't know; REF = Refusal) 

(IF "No Second Type" IN QUESTION 4, THEN SKIP TO QUESTION 35) 

Q.33 What percent of your 1992 semiconductor purchases were used in . 
(SECOND MAIN TYPE IN QUESTION 4) (TOTAL OF ALL TYPES MUST = 100%) 
(DK = Don't know, REF = Refusal) 

SAWW-SVCHJW-gzoi ®1992 Oataquest bicapoiatBd December 21,1992 



A-14 Semiconductor Application Markets Worldwide 

(IF "No Third Type" IN QUESTION 5, THEN SKIP TO QUESTION 35) 

Q.34 What percent of your 1992 semiconductor purchases were used in 
(THIRD MAIN TYPE IN QUESTION 5) (MUST = 100%) (DK = Don't know; 
REF = Refusal) 

Q.35 What percent of your 1992 semiconductor purchases were used in "Other types of 
equipment" (MUST = 100%) (DK = Don't know; REF= Refusal) 

Q.36 What was your companj^s (entire company/division/work group) total dollar 
value of semiconductor purchases for 1992? (ENTER IN HUNDRED THOUSANDS, 
e.g., 1=100,000) 

Don't know/refusal • 

(IF THE ANSWER TO QUESTION 36 IS NOT "Don't know/refusal," THEN SKIP TO 
QUESTION 38) 

Q.37 What would you estimate your company's total dollar value of semiconductor purchases 
was for 1992? 

Less than $1M _ • 
$1M-$9.9M Q 
$1QM-$24.9M • 
$25M-$49.9M • 
$5QM-$99.9M _ Q 
$100M - $249.9M Q 
$250M or more _ • 
Don't know/refusal • 

Q.38 Of your semiconductor purchases, what percent of your manufacturing needs will be 
physically assembled on to circuit boards in the following four regions: USA, Japan, 
Europe, and Other? (TOTAL MUST EQUAL 100%) 

t^A 
Japan 
Europe 
Other 

Q.39 What would you expect your compan)^s (entire company/division/work group) total 
dollar value of semiconductor purchases to be for 1993 ? (ENTER IN HUNDRED 
THOUSANDS, e.g.,l=100,000) 

Don't know/refusal „ Q 

(IF THE ANSWER TO QUESTION 39 IS NOT "Don't know/iefusal," THEN SKIP TO 
QUESTION 41) 
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Survey Questionnaire A-15 

Q.40 What wovild you estimate your company's total dollar value of semiconductor purchases 
will be for 1993? 

Less than $1M Q 

$1M-$9.9M • 
$10M-$24.9M • 
$25M-$49.9M • 
$50M-$99.9M • 
$100M - $249.9M • 
$250M or more • 
Don't know/refusal • 

Q.41 On a dollar basis, what percent of your total 1992 semiconductor piirchases vrere in 
each of the following three categories: Integrated Circuit, Discrete, Optoelectronics? 
(TOTAL MUST = 100%) 

Integrated Circuit 
Discrete 
Optoelectronics 
Don't know/refusal • 

(IF ANSWER TO QUESTION 41 IS "Discrete + 1-100%" CONTINUE, OTHERWISE SKIP TO 
QUESTION 43) 

Q.42 What percent of your discrete purchases were for power devices? 

Q.43 On a dollar bases, what percent of your 1992 integrated circuit purchases were in the 
following four technologies? 

Memory 
General-purpose microcomponents/ASSPs 
ASICs 
Standard logic/linear/analog. 

(FOR THOSE WHO ANSWERED 1-100% FOR "Memory" IN QUESTION 43, ASK QUESTIONS 
44 THROUGH 53, OTHERWISE SKIP TO QUESTION 54) 

Q.44 What percent of MOS "memory" are the following four products? (MUST = 100%) 
DRAM 
VRAM_ 
SRAM_ 
Nonvolatile^. 
Don't know/refusal • 
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On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important are the following criteria when selecting a n\emory vendor. 

Q.45 How important is pricing consistency? 
Not at all important 
Not very important. 
Neutral 
Somewhat important. 
Very important 
Don't know/refusal Q 

Q.46 How important is delivery performance? 
Not at all important 
Not very important. 
Neutral 
Somewhat important-
Very important 
Don't know/refusal , • 

Q.47 How important is quality performance? 
Not at all important 
Not very important. 
Neutral 
Somewhat important. 
Very important 
Don't know/refusal Q 

Q.48 How important is market flexibility? 
Not at all important 
Not very important. 
Neutral 

Somewhat important. 
Very important 
Don't know/refusal ~ Q 

Q.49 How important is paxxiuct portfolio and migration path? 
Not at all important 
Not very importanL 
Neutral 

Somewhat important. 
Very important 
Don't know/refusal , ~ Q 
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Q.50 What is the minimum necessary level of qxiality for memories, in PPM or AQL? 

Q.51 How many memory vendors did you have in 1992? 

Q.52 How many memory vendors do you expect to have in 1993? 

Q.53 What new memory IC product features do you need for your next-generation products? 

(FOR THOSE WHO ANSWERED 1-100% FOR "General-Purpose Microcomponents/ASSPs" IN 
QUESTION 43, ASK QUESTIONS 54 THROUGH 64, OTHDERWISE SKIP TO QUESTION 65) 

Q.54 What percent of general-purpose "microcomponents" are the following four products? 
(TOTAL MUST = 100%) 

Microprocessors (MPU) 

Microcontrollers (MCU)_ 

Microperipherals 
DSP MPUs 

Don't know/refusal • 

Q.55 What percent of your ASSP purcheises were in each of the following categories? 
ODTAL MUST = 100%) 

System logic chip sets_ 
Graphics/video 
Communication 
Storage 
Other 

On a scale of 1 to 5, with 1 being not at all importcmt and 5 being very important, how 
important are the following criteria when selecting a general-piirpose microcomponent/ 
ASSP vendor? 

Q.56 How important is pricing consistency? 

Not at all important 

Not very important. 
Neutral 

Somewhat important-
Very important 

Don't know/refusal • 
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Q.57 How important is delivery perfomance? 
Not at all important 
Not very important 
Neutral 
Somewhat important^ 
Very important 
Don't know/refusal O 

Q.58 How important is quality performance? 
Not at all important 
Not very important. 
Neutral 
Somewhat importanL 
Very impoilant 
Don't know/refusal • 

Q.59 How important is market flexibility? 
Not at all important 
Not very important. 
Neutral 

Somewhat important-
Very important 
Don't know/refusal Q 

Q.60 How important is product portfolio and migration path? 
Not at all important 
Not very important 
Neutral 
Somewhat im.portant_ 
Very important 
Don't know/refusal. 

Q.61 What is the minimum necessary level of qiudity for general-purpose microcomponents/ 
ASSPs in PPM or AQL? 

Q.62 How many general-purpose microcomponent/ASSP vendors did you have in 1992? 

i 
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Q.63 How many general-purpose microcomponent/ASSP vendors do you expect to have 
in 1993? 

Q.64 What new general-purpose microcomponent/ASSP product features do you need for your 
next-generation products? 

(FOR THOSE WHO ANSWERED 1-100% FOR "ASICs" IN QUESTION 43, ASK QUESTIONS 65 
THROUGH 74, OTHERWISE SKIP TO QUESTION 75) 

Q.65 What percent of ASIC purchases were in each of the following categories? 
(TOTAL IvlUST = 100%) 

Bipolar gate arrays, cells, etc 

Bipolar PLDs 

MOS gate arrays 

Mixed analog and digitaL 

MOS cell-based/custom^ 
MOS PT.D/FPr:A 

On a scale of 1 to 5, with 1 being not at all important and 5 being very important, how 
important are the following criteria when selecting an ASIC vendor? 

Q.66 How important is pricing consistency? 

Not at all important 

Not very important 

Neutral 

Somewhat important-

Very important 

Don't know/refusal Q 

Q.67 How important is delivery perfomance? 

Not at all important 

Not very important. 

Neutral 

Somewhat important-

Very important 

Don't know/refusal. 

Q.68 How important is quality performance? 

Not at all important 

Not very important-

Neutral 

Somewhat important-

Very important 

Don't know/refusal • 
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Q.69 How important is market flexibility? 
Not at all important 
Not very important 
Neutral 
Somewhat important. 
Very important 
Don't know/refusal • 

Q.70 How important is product portfolio and migration path? 
Not at all important 
Not very important. 
Neutra] 
Somewhat important. 
Very important 
Don't know/refusal • 

Q.71 What is the minimum necessary level of quality for ASICs, in PPM or AQL? 

Q.72 How many ASIC vendors did you have in 1992? 

Q.73 How many ASIC vendors do you expect to have in 1993? 

Q.74 What new ASIC product features do you need for your next-generation products? 

(FOR THOSE WHO ANSWERED 1-100% FOR "Standard logic/Unear/analog" IN QUESTION 43, 
ASK QUESTIONS 75 THROUGH 84, OTHERWISE SKIP TO QUESTION 85) 

Q.75 What percent of standard logic/linear/analog purchases were in each of the following 
categories? (TOTAL MUST = 100%) 

Standard logic 
Data conversion 
Amplifiers 
Regulators/reference. 
Interface 
O t h e r 
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Q.76 How important is pricing consaistency? 

Not at all important 
Not very important 
Neutral 

Somewhat imjxjrtanL 
Very important 

Don't know/refusal Q 

Q.77 How important is delivery perfomance? 

Not at all important 

Not very important. 
Neutral 
Somewhat important-
Very important 

Don't know/refusal „ „ _ Q 

Q.78 How important is quality performance? 
Not at all important 

Not very importanL 
Neutral_ 
Somewhat important-
Very important 
Don't know/refusal „ • 

Q.79 How important is market flexibility? 
Not at all important 

Not very important-
Neutral 
Somewhat important-
Very important 

Don't know/refusal „ • 

Q.80 How important is product portfolio and migration path? 
Not at all im]x>rtant 

Not very important-
Neutral 
Somew^hat important-

Very important 

Don't know/refusal Q 
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Q.81 What is the minimum necessary level of quality for standard logic/linear/analog, in PPM d 
or AQL? ^ 

Q.82 How many standard logic/linear/analog vendors did you have in 1992? 

Q.83 How many standard logic/linear/analog vendors do you expect to have in 1993? 

Q.84 What new standard logic/linear/analog product features do you need for your next-
generation products? 

Q.85 Would you be willing to respond to a few additional questions about semiconductors? 
Yes a 
No • 

(IF THE ANSWER TO QUESTION 85 IS "No," THEN SKIP TO QUESTION 100) 
Q.86 Does your company produce semiconductors for captive use? 

Yes • 
No • 
Don't know/refusal • 

OF THE ANSWER TO QUESTION 86 WAS NOT "Yes," THEN SKIP TO QUESTION 89) 

Q.87 What was the total market value in 1992? (ENTER IN THOUSANDS, e.g., 1=1,000) 

Q.88 What types of semiconductors are you producing captively? (READ LIST; MULTIPLE 
RESPONSE) 

ASICs - . . • 
ASSPs _ Q 
DRAMs _ Q 
Discretes • 
Microprocessors _ ~ • 
Optoelectronics « Q 
Other (specify) 
Don't know/refusal _ — —.Q 

Q.89 At what sites are engineering decisions on semiconductor selections made for what types 
of equipment? (RECORD COMPANY NAME, CITY, STATE, AND WHETHER ITS A 
CORPORATE OR MANUFACTURING SITE) 
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Q.90 What percent of your 1992 semiconductor procurement was from distributors? 

Don't know/refusal • 

Q.91 The next few questions concern your electronic equipment production. Did your 1992 
equipment sades increase, decrease, or remain the same compared to 1991? 

Increase • 
Decrease • 
Remain the same • 

Don't know/refusal • 

(IF THE ANSWER TO QUESTION 91 WAS "Increase," PLEASE ANSWER QUESTION 92) 

(IF THE ANSWER TO QUESTION 91 WAS "Decrease," PLEASE ANSWER QUESTION 93) 

Q.92 What percent increase? 

Don't know/refusal • 

Q.93 What percent decrease? 

Don't know/refusal Q 

Q.94 Do you expect eqtiipment sales in 1993 to increase, decrease, or remain the same 
compared to 1992? 

Increase • 
Decrease Q 
Remain the same ^ • 
Don't know/refusal Q 

(IF THE ANSWER TO QUESTION 94 WAS "Increase," PLEASE ANSWER QUESTION 95) 

(IF THE ANSWER TO QUESTION 94 WAS "Decrease," PLEASE ANSWER QUESTION 96) 

Q.95 What percent increase? 

Don't know/refusal _ • 

Q.96 What percent decrease? 

Don't know/refusal Q 

Q.97 Next, I would like to ask you a few questions about your semiconductor inventory levels. 
Currently, what is your actual inventory level (USAGE RATE) in days? 

Don't know/refusal , • 
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Q.98 In terms of number of days, what level of semiconductor inventory would you like to 
have (targeted)? 

Don't know/refusal • 

Q.99 Do you expect your target semiconductor inventory levels to increase, decrease, or remain 
the same over the next 12 months? 

Increase • 
Decrease • 
Remain the same • 
Don't know/refusal • 

I just have a few demographic questions and we will be finished with the survey. 

Q.lOO What it your job title? 
Administrative Support/aericcd • 
Anal)rst „ Q 
Educator/Trainer _ Q 
Engineer • 
Executive/Owner Q 
Laborer • 
Manager/Supervisor Q 
Operator/Fabricator • 
Production Worker (assembly and process) Q 
Professional (Lawyer, Doctor, Consultant, Broker) • 
Programmer/Software Developer • 
Sales/Marketing/Customer Representative • 
Scientist - - Q 
Service Provider (Nurse, Social Worker) • 
Technician and Technical Support • 
Tradesperson (Craft, Repair) Q 
Senior Buyer _ • 
Buyer _ , • 
Purchasing Manager Q 
Procurement Manager Q 
Component Engineer • 
VP Operations _ Q 
Other (specify) 
Don't Know/Refusal • 
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Q.lOl What is your organization's primary line of business? 
Agriculture/Forestry/Fishing O 
Mining/Construction • 
Manufacturing: Durable • 
Manufacturing: Nondxu'able Q 
Communication Q 
Transportation/Utilities O 
Wholesale Trade Q 
Retail "nade Q 
Finance/Insurance/Real Estate • 
Services: Business/Legal/Engineering • 
Services: Other Q 
Health or Social Services O 
Education O 
Government • 
Other (specify) 
Don't Know/Refusal Q 

Q.102 How many employees are there in your company? 
l t o 9 • 
10 to 19 • 
20 to 49 a 
50 to 99 Q 
100 to 299 _ a 
300 to 499 — - O 
500 to 799 • 
800 to 999 • 
1,000 to 1,999 - • 
Greater than 2,000 • 
Don't know/refusal Q 

Q.103 Approximately, what is your organization's annual sales revenue? 
Up to $99,999 Q 
$100,000 to $499,999 • 

$500,000 to $999,999 O 

$lMto$4.9M O 
$5Mto$9.9M _ „ - • 
$10Mto$49.9M • 
$50Mto$99.9M • 
$100M to $499.9M - Q 
$500M or greater • 
Nonprofit (Banking/Govemment/Education) • 
Don't Know/Refusal • 
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THAT CONCLUDES THIS STUDY. THANK YOU VERY MUCH FOR YOUR COOPERATION. I 
WOULD JUST LIKE TO CONFIRM YOUR NAME AND ADDRESS SO THAT I MAY SEND YOU 
YOUR SUMMARY RESULTS OF THIS STUDY. 

Enter your interviewer nmnben (2 DIGITS) 

Respondent's Name: 

Companjr: 

Address: 

City. State: Zip Code: 

i 

Phone Numben (XXX-XXX-XXXX) (Date) Int. No, 

Date: (6 DIGITS—MMDDYY) 

Enter your interviewer number (2 DIGITS). 

i 

i 
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Chapter 1 
Introduction to Personal Information and 
Communications Devices ^ ^ . ^ ^ — ^ . 

Overview 

This report on personal information and communications devices 
(PICDs) is a collection of Dattujuest Perspective articles that focus on 
what promises to be a market with a high growth potential. In an 
attempt to provide a balanced perspective, we have included articles 
from the Serniconductor Application Markets and the Personal 
Computers groups. 

Definition: PICDs 

PICDs (pronotmced PicDees) describe small form factor personal com­
puters that rely heavily on communication and use a pen-centiic oper­
ating system and a pen as the primary input device. PICDs are meant 
to be portable and self-sufficient for extended periods. 

introduction 

PICDs—What Are They? 
There appears to be no consensus for a name that properly 
describes future small-size portable PCs: Apple calls such devices 
PDAs (personal digital assistants) and AT&T calls them personal 
conununicators. Of coxu-se, other names—palmtop, subnotebook, and 
companion—all more or less describe similar products. Both Apple 
and AT&T are attempting to describe a new device that, even 
though it is an evolutionary computer product, may in fact com­
bine into one appliance the capabilities now found in our tele­
phone, fax, PC, and daytimer. It is envisioned that products with 
an or part of these capabilities will appeal to both mobile profes­
sionals as well as consumers who thus far have not really 
embraced PCs. 

The Roots 
Thanks to advances in semiconductor technology, we have shrunk 
the desktop PC down to a size that fits in our palm. A product 
from Hewlett-Packard, the HP 95LX, is a good example of a PICD. 
It operates on two AA-size batteries, runs EXDS and Lotus 1-2-3 
(both embedded), and has 1MB of main memory. It is a significant 
achievement, even though most likely it will seem ancient history 
in 10 years' time. Until now we have used our computers to 
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"compute"—^that is, they calcxilate things for us and thus can be 
considered "overgrown calculators." Sociologists, however, tell us 
that the need to calculate is secondary for humans; the need to 
commiuucate is undeniably mote necessary. So why all this fuss 
with the overgrown calculators? For one thing, computers help us 
do much more than calculate. They help us commimicate, they 
manage otir information, and to some extent they entertain us. 
Common to both Apple's and AT&T's vision is the need to easily 
manage information and communication. 

Chapters 1 through 5 of this report will describe overall portable 
computing needs and discuss Apple's Newton, GCs operating 
system, and the recent AT&T-GO alliance. Chapters 6 through 10 
present a portable computer forecast, a discussion of the elements 
that make up today's hand-held PC, and future trends in MPUs, 
storage, and conununication. 

Project analysts: Nicolas Samaras 
Andrew Seybold 
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Chapter 2 
Portable Computing Today 

Present standards in portable computers include the full-function note­
book systems, soon-to-be released subnotebook (companion) PCs, 
hand-held DOS-compatible systems such as the HP 95LX, and hand­
held organizers. 

Each form factor will soon be available with either keyboard input (as 
they are now) or pen-based input devices. Each will continue to be 
important, but it is the movement toward sub-$l,0(X) hand-held 
machines that will enjoy the fastest growth over the next few years. 
This product group is where many innovations and new designs will 
be found. Until mid-1993, pen-based systems will be implemented by 
large companies and organizations in vertical markets with little or no 
retail sales of a horizontal nature available for start-up companies. It is 
important to note that the end-user community will view this area of 
subnotebook and hand-held computers not so much as computers but 
more as appliances. 

The Need for Communication 

As the trend evolves for smaller and lighter portable computers, the 
one shortfall hindering acceptance of these sjrstems is in the area of 
communication. Notebook computers became popular after the capa­
bilities of desktop systems were incorporated: an Intel 386SX proces­
sor, VGA compatibility, backlit screens, large hard disks, and better 
battery life. 

One reason for the fast market growth of fully functional notebook 
sjrstems is that a user can now duplicate the desktop on a notebook 
(operating system, applications, and file storage). This is a mandatory 
requirement because there is a lack of easy-to-use communications 
links among the worlds of portable computers, desktops, and net­
worked S3^tems. Moving data between platforms using a product such 
as Traveling Software's LapLink is not easily accomplished by a com­
puter nonexpert Programs such as LapLink assiune that the user 
knows exactly which files need to be moved, where they are located 
on the desktop system, and where they should be located on the por­
table. Once moved, data need to be translated to the format of the 
receiving application. This usually requires reformatting. Further, when 
applications are moved fronm one platform to another, video drivers 
sometimes need to be changed and parameters for communications 
and printing need to be reset. 
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Subnotebooks 

Many hardware vendors are designing subnotebook or companion PC 
products that will soon come to market. These units will have a 
smaller form factor, and for the most part will not include an internal 
floppy drive. Some will follow the Phoenix Technology reference 
model and, at first, be based upon CPUs with less power than the 
Intel 386-based notebooks. 

Other vendors, however, will miove directly to this form factor with a 
386-based system, again, with no internal floppy drive. Instead, these 
machines will rely on communications links to transfer data to and 
from remote computing platforms. This will be accomplished by way 
of wired modem, infrared, and soon, RF communications links. 

We believe that these links will be a viable form of cormnunication, 
but they will represent no more than a transport layer for the data 
that must be moved across them. For the most part, we have seen no 
real evidence to date that software companies really imderstand the 
requirement for true ease of use in data communication for this class 
(subnotebook and smaller) of computers. End users will not tolerate 
the arcane data transfer software applications now available, nor will 
they tolerate having to know which programs and files need to be 
moved from one system to another. 

On-board operating systems and applications will be used extensively 
in these recipient machines. The Phoenix-Lotus model will become a 
standard, but many such machines will rely instead on MS-DOS 5.0 
and Windows 3.1 in ROM for their operating enviroimient. Additional 
appUcations will either be part of this on-board suite of programs or 
wiU be available to the user by way of Personal Computer Memory 
Card International Association (PCMCIA) cards. And here again, the 
built-in commimications links we have seen do not address ease-of-use 
issues. They wiU not be easier for end users to figure out and make 
work. Consequently, acceptance of such units will be delayed until 
these communications issues are appropriately addressed. 

Hand-Held Computers 

In response to the demand for ubiquitous, carry-ever5rwhere com­
puters, we will see a large number of diverse entries during the 
course of the next two or three years. 

The first "true" entrant into the hand-held market was the HP 95LX. 
This machine has been successful for HP not just because it is DOS-
compatible; it is a financial modeling tool first, a personal information 
manager (PIM) second, and a DOS-compatible system last. However, 
even more important than DOS compatibility is its ability to move 
data from the hand-held platform to the desktop and back again. 
Fully 75 percent of all HP 95LX systems are cormected to desktop sys­
tems at one time or another. Other units, such as the Sharp Vizard, 
Casio Boss, and PSION hand-helds that are not DOS-compatible have 
edso been successful, but many have ended up in a desk drawer after 
a few months of attempted use. These machines only partially meet 
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the requirements of the mobile computerist. Until recently, moving 
data between these hand-helds and the desktops has been a difficult 
operation. 

The Next-Generation Hand-Held Systems 

The industry is on the verge of a major change in how it views hand­
held computing. Many vendors have discovered that being DOS-
compatible is not an important selling point in the hand-held world. 
What is important is the ability to move data quickly and easily back 
and forth between the hand-held platform and the desktop world. 

Recognition of the relative importance of communication as compared 
to DOS compatibility has led to many new designs, some based on 
pen input and some still making use of a keyboard for data entry. We 
expect to see announcements of many other new technologies within 
the next six months. The resulting products will forever change end-
user expectations of hand-held computing. 

As one example, Apple annoimced a technology concept at Constuner 
Electronics Show (CES) in Chicago on May 31 that we believe will 
change the perception of hand-held computing for aU time. The new 
hand-held, called Newton, is a total departure from what we have 
known in the world of hand-held computers (see Chapter 3) This unit 
is the first of what is supposed to be a series of products that include 
a biiilt-in infrared communications link. This link is being designed to 
permit iastantaneous and easy commiuiication not only between like 
tmits, but also between Newton and both Intel and Macintosh desktop 
systems. 

One feature is the ability to transmit and receive business cards iroxn 
one Newton to another with a single keystroke. Other commtmications 
features include the use of in and out boxes for storing items to be 
sent and received once connection is established. Tiiis connection, 
which is made automatically once a Newton comes into the range of 
an infrared transmitter/receiver, will then inteUigentiy handle all com­
munication into and out of the unit with no additional end-user inter­
vention required. It is our belief that the first communications links 
built into Newton will not be as easy for the user community to oper­
ate. Products of this ilk have begim to use in and out boxes for 
remote conununication, but all we have seen so far still require the 
end user to format the document for the type of output fâ c, word, or 
e-mail, among others. Wide acceptance of this t j ^ of xmit will only 
occur once remote communications links are automatic and can take 
care of document and file formatting. The end user will not have to be 
concerned with it. 

Formatting, merging, and reconciliation should be able to be precon-
figured by the end user in the second generation of these products. 
The user should also be able to change the configuration simply by 
selecting from menus. An example of this type of preconfigiuration 
might be as follows: The end user purchases a hand-held machine 
from Dell Computer. The system installed on the desk will be an 
Intel-based processor system running Windows 3.1, Excel, Word for 
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V\todows, and PackRat, and will be connected to a LAN running 
cc:Mail. The network will have a fax server installed, as well as 
several different HP and PostScript-compatible printers. The end user 
will turn on the hand-held device and select setup (most software is 
already installed in ROM and the balance is available through 
PCMCIA cards). The Menu Selector will ask the user to indicate the 
types of programs and/or devices with which the companion unit will 
communicate. The user selects Excel, Word, Cc:Mail, MCI Mail, and 
several printers from the menu, chooses the tj^e of connection to be 
used most of the time (infrared, wireless, or direct coiuiect) and then 
will move to the record and field mapping section of the setup. Here 
the user will spend only a few minutes determining which fields used 
in the local applications will map to which fields on the desktop and 
network systems. Once this is done, the information is stored and may 
be updated at any time either in sections or completely. 

As part of the setup, the user may also choose to invoke "filters" for 
the data to be automatically received. These filters might include the 
types of e-mail to be downloaded (priority, or from whom, among 
others). It will be possible for the user to receive a listing of all mail 
and documents waiting on the system and then to point and click on 
the ones to download. Upon connecting to the desktop system, the 
two systems will "talk" to each other, exchanging the data placed 
in the in and out baskets of each. Messages received can then be re­
viewed and answered without having to close the message and open 
a word processor. 

Calendar, To-Do, and Phone Messages 

The premise of these S3^tems is that once information has been 
entered, it never needs to be recorded again. If a secretary enters a 
new appointment and several phone messages in a desktop-based 
calendar, they are then placed in the out box, waiting for the portable 
device to connect to the system. 

Once the portable system is connected to the "base station" (a term 
we will use for desktop PCs and/or networks—each portable will be 
assumed to have a main base station but be coimectable to any num­
ber of substations by any number of different means), information will 
be automatically transferred to the portable system and information 
stored in the portable will be sent to the base station as well. The sys­
tem should be user-selectable to provide the following features when a 
connection is made: 

• Place the new information in the proper format in the proper file 
(appointments in the calendar, phone messages in the to-do list, 
among others, checking for dupUcations and overlaps in the 
process) 

• Build an "incoming review file" from all of the sources 

This review file would be used as follows: The user covild open this 
file and read through the new incoming information, review each 
entry (or make mental note of it), and then choose to have it stored in 
the appropriate section of the portable, answer it, or take some other 
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action as it is being reviewed. We believe that this type of "new" file 
is important in this environment because in a truly automatic transfer 
of multiple kinds of data, a user might not be aware of new informa­
tion that has been sent. If, as in most systems we have seen, the data 
are merely placed into the calendar or to-do list with no notification, it 
is possible that it will be missed by a user that does not take the time 
to review all of the files each time input is downloaded. Fully auto­
matic data transfer is important, but we believe that notification and 
review are equally as important. Such a feature would also be valua­
ble for use in the one-way paging marketplace. 

We have been working with the Motorola EMBARC paging system for 
the past few months. One shortcoming of this system is that the user 
has to download a new appointment transmitted to the pager and 
then move it to the proper area for storage. Automating this process 
so that the end user receives notification of the incoming message, 
reviews it for content, and then, with only a single keystroke or pen 
motion, stores it in the appropriate place for future reference would be 
a major enhancement. 

"Act-Upoif' Software 

One requirement for mobile computer systems will be the ability to 
create, edit, mark up, and otherwise work with diverse types of infor­
mation. Such categories are calendar, to-do, phone, fax, word proces­
sor, spreadsheet, and database. 

The idea of act-upon software is that each type of document or file 
can be created in the portable computer, and then sent to the base 
station for final formatting and distribution action, instead of having 
to burden the portable with formatting, reformatting, and storing mul­
tiple copies of a single document (for example, a letter that is to be 
faxed to one person, sent via MCI mail to another, printed and mailed 
to yet another, and stored in the native format of the base station's 
word processor). Act-upon softweire provides a way to encapsulate a 
document within a folder. The folder would contain the formatting 
information, destinations, and other information required to remotely 
handle the document. In this case, documents would be stored in 
machine-native format in the portable (suggesting also compression 
techniques that coxild be employed for memory savings). The portable 
user would be able to prepare a file or document for transmission by 
simply instructing the system to "attach" one or more headers to the 
document that, upon receipt by the base station, would then command 
the base station to format and send one or more copies of the file to 
one or more locations by one or more methods. 

The advantages of these transmission features become obvious. 
Because the system does not have to transmit information in format­
ted form, it provides a faster transmission capability. If new formatting 
requirements are needed, it is only necessary to add the formatting 
capabilities to the header files. If a doctunent is to be formatted in a 
number of different -ways, it is only necessary to send the information 
once, accompanied by multiple headers. Address books could then be 
built that would identify each person and the way they can be 
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reached. For a memo to be sent to several people, it will be possible 
to look up the person and attach a formatting header to the document 
based on the information stored in that person's £Qe (there could be 
multiple ways to reach the same person, which could lend itself to 
automatic follow-up file transmissions—send this by fax to John Q. 
Public and then confirm the fax transmission by maU, among others). 

The Future 
It is assumed that by year-end 1992 several new hand-held computers 
will be available from major manufacturers with capabilities that 
exceed the HP 95LX in communications and personal information 
management. These systems wiU have a mix of pen and keyboard user 
interfaces and will include software such as is described in 'The Age 
of Appliance Computing," by Gerry Purdy of Phoenix Technologies 
Ltd. (The Outlook, Vol. 10, No. 9) and other similar designs. Communi­
cation will be limited to RS-232 serial cables, pagers, and infrared. The 
hand-held PIM software will be fairly luisophisticated. Pen-based con\-
puting will be limited to pilot programs in large corporations. Hand­
held computer mass storage wiU be limited by cost. 

It is assumed that more hand-held computers will emerge with 386SX 
chips and more sophisticated PIM software in 1993. The new PIM soft­
ware will be aware that communications applications need to be noti­
fied of changes to the data. Pen-based apphcations will begin to 
proliferate. Two-way mobile radio will become one communications 
option, although still expensive. Hand-held computer storage will 
become less of a limitation because of lower cost. In 1994, hand-held 
computers shoiild be fast and cheap enough that many processing and 
storage options will be affordable. Hand-held PIMs will be powerful 
and easy to use, and will cooperate with communications applications. 
Limitations will be screen size and keyboard usability. Pen-based 
applications wUl be quite usable. Two-way mobile radio will become 
reasonably priced. 

Hand-Held Computer Vendor Dependencies 

One trend we see unfolding, especially with the advent of the per­
sonal digital assistants such as Newton, is that operating S3rstems, 
CPUs, and applications programs will not necessarily be compatible 
as we move forward. If data that arrive in the proper format can be 
received and sent among various platforms, then compatibility 
becomes a nonissue. Vendors of the software in hand-held computers 
must develop their PIM software with facilities to share data with 
communications/translation applications developers so that translators 
and formatters will be written to move data seamlessly between 
diverse platforms. 

Several vendors have already taken steps to provide this type of 
"smart" communications links. Contact Software ACT has desktop 
software for both the Intel and Macintosh desktop S3retems. It offers a 
separate HP 95LX version that includes data integration and a Zap-
cards wireless business card exchange feature. 
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Goldmine, an advanced contact management software product from 
Elan, includes filters and import/export routines, not only to permit 
data to be moved intelligently to and from portables, but also to allow 
users to import data that already exist in another desktop software 
program. Traveling Software, Laplink Pro, and LapLink Mac are also 
moving in the proper direction. These products at present permit a 
user to not only move files but also to compare files between systems 
and then move the latest version to both systems. LapLink also pro­
vides interconnection capabilities that include direct connection and 
modem sessions. Adding the capability to commiuucate via wireless 
will not be a difficult task. 

IntelliLink is perhaps the company—and the product—that is the far­
thest along. It routinely handles data translation on the fly, reconcilia­
tion, and merging. Its present product includes the communications 
links between the desktop and the hand-held world, but it has 
designed its product so tiiat the intelligent data transfer portion can 
be separated from its own transport layer, giving it the advantage of 
being able to easily move the "smarts" of its program to any and all 
types of data transicdssion methods. 

Conclusions 

The good news is that the industry is beginning to recognize the need 
not only to move data, but to move information in an intelligent man­
ner. The bad news is that we are still a long way from having the 
tools available that will make the end-user community flock to the 
small hardware devices that will become so pervasive, and useful, 
over time. 

We have established the need, and end users are willing to spend the 
dollars. It is now time for the industry to respond with products that 
work. 
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Chapter 3 
Apple's Newton 

At CES, Apple provided the world with its first look at a hand-held 
computer product that we believe will revolutionize both hand-held 
computing and the consumer electronics industry. 

This specific device in and of itself may not have this effect (although 
it could), but this class of device, with this genre of "smart" operating 
systems, will. The Apple product, Newton, is (will be) a hand-held 
device with pen input. A demonstration to analysts prior to CES 
focused more on the operating system than the hardware device, and 
what was shown at CES was not a standalone Newton, but rather a 
Newton that used a Macintosh as its "mother ship" to demonstrate 
the principles used in the conception and design of the product. 
Apple's preannouncement of this product, expected to be delivered 
sometime in early 1993 and priced at less than $1,000, has enough siz­
zle to get even the most staid computerist excited. Fxuiher, in keeping 
with the Apple tradition, it also delivers sizzle to the noncomputer 
user. In short, when Newton arrives next year, it will appeal to a wide 
audience. 

Newton: What Is It? 

\^ually, Newton can be compared to the commimicator used by 
Captain James Kirk on "Star Trek," complete with flip cover. Newton 
is not that small, but it does fit comfortably in the hand and the flip 
cover protects the combination screen/writing surface. Newton is 
designed to be used with a pen input device and incorporates an 
operating system that is tightly coupled to the hardware to provide an 
intelligent device. 

To understand how Newton will work, we use the metaphor of carry­
ing a roU of calculator paper with you wherever you go. This roll is 
never-ending and as you use it, "pieces" can be torn off and saved. 
The built-in programs can recognize and use the writing on the pieces. 
Alternatively, output can become a document that can be faxed or sent 
to another Newton or computer for transmission to its destination. 
The Newton is the first of a family of products; it makes use of an 
infrared link to move information between it and other computers. 
Future Newtons will likely use alternate forms of communication, 
including wireless (RF) devices that will be either built-in or 
attachable. 
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The Hardware 

Newton's design around the ARM RISC chip itself is a departure of 
magnitude. It does not make use of a Motorola processor, as does the 
Apple Macintosh line of products, nor does it use either an Intel 
processor or an Intel-compatible CPU, as many popular systems do. 

In truth, Newton extends the paradigm that began with the introduc­
tion of the HP 95LX. Yes, the HP 95LX is based on an Intel-compatible 
CPU, but this is not the main reason the product has met with great 
success. Rather, it is successful because it makes use of a series of 
applications contained in the basic system ,̂ and it provides the user 
with a solutions-oriented hand-held device that includes PIM capabili­
ties. And, by the way, it is Intel- and DOS-compatible. Apple has real­
ized that a hand-held device of this type will be attractive to users 
regardless of their desktop computer preference. Even those that may 
not use computers or are intimidated by them will be interested in 
this hand-held. Newton is a truly revolutionary and, in our opinion, 
intriguing product. The Newton design team was not hindered by 
having to give consideration to backward compatibility or any ottier 
limiting design considerations that might have resulted in a less than 
spectacular product. 

It is hard not to get excited about Newton. Even though it is not 
"real," and even though we wiU have to wait for it, the concept and 
the marriage of hardware and software into a product such as Newton 
gets one's imagination going. Even if Apple's product never came to 
market (which is not the case), the vision behind it would have 
changed the expectations of hand-held computer users forever. We 
believe that Newton will become a "real" product under Apple's 
watchful eye and that it will appeal to the masses—^not just the com­
puter masses, but the masses in general. 

The Software 

The real excitement is in the software. At present, Apple is demon­
strating the principles of the operating system and associated hard­
ware using the power of a Macintosh. But we have to believe that 
Apple is confident that it will be able to retain all of the functionality 
and speed when Newton's tethers are loosed and it runs on its own. 

The only word for the operating system is "smart." We have seen 
writing recognition demonstrated and have tried it. Newton is good 
and fast, and the action it takes when it recognizes words is almost 
uncanny. Typical of the actions Apple demonstrated at CES are the fol­
lowing: "Lunch with Isaac next Tuesdajr" is written on the screen. The 
text is recognized and Newton takes action based on its best imder-
standing of the words. In this case, Newton would open the daybook 
and insert a lunch appointment with Isaac next Tuesday. Newton 
"knows" next Tuesday's date and "assumes" that limch happens 
between noon and 1:00 p.m. The only thing that might puzzle Newton 
is exactly which Isaac is meant. If there is more than one in the data­
base, choices are presented. Selecting the proper Isaac completes the 
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transaction, and the calendar is updated. Write "call Isaac tomorrow," 
and Newton will put this note in your daybook—complete with 
Isaac's number(s). In this case, multiple niunbers may be offered: 
office, home, miobile phone, and fax. However, if "fax Isaac" is writ­
ten, the only number shown would be his fax number. Besides the 
entry, Newton will provide a dialing icon so that a touch of the pen 
can have Newton dial the proper number. 

The Newton System 

The basic, first Newton includes the display/writing screen, a built-in 
infrared communications link, a PCMCIA-compatible slot for PC cards 
(RAM, ROM, flash, modem, and more), and the beisic PIM functions 
one would expect in such a device (notepad, scheduling, telephone, 
and address database). It even provides a graphics utility that is smart 
enough to recognize and replace crudely drawn drdes on the screen 
with well formed and completely round circles. 

This tight coupling of the operating sjretem, a handful of small appli­
cations, and the hardware makes this product sizzle. The design team 
at Apple (or now Apple PEE) has come up with a winning combina­
tion of hardware and software. Its PDA term indicates that it tmder-
stands that Newton is not simply a computer, it is a true appliance 
that can be used by anyone, either as a standalone device or in con­
junction with existing computers. CES was a look into the not-too-
distant future, and it signals the start of the war—^not for the desktops 
of the world, but for the pockets and palms of the world. 

The repercussion of unveiling the product concept at this time is that 
it will hurry along companies developing similar products. Several 
companies are rumored to be developing products that will use the 
AT&T "Hobbit" RISC processor, and some will use Intel or Intel-
compatible processors. Several companies that were fairly far along in 
their own next-generation version of the HP 95LX have scrapped their 
ciurent protot5TJes and design criteria and are starting anew, this time 
tcu-geting Newton as their competition. Others are sticking to their 
guns and working on implementations of their own vision of hand­
held computers, believing (and rightfully so) that the large market 
potential for these products will support not only multiple designs, 
but multiple paradigms as well. 

Newton is being codeveloped with Sharp Electronics, which will be 
able to sell its own version. Apple has stated that it may, in some 
cases, license the technology to other vendors. Its motivation is for 
Newton to become the pervasive hand-held sj^tem over the next few 
years. By licensing the technology, Apple believes that it can create a 
bigger market in which to gain market share, and it can also keep 
others from encroaching on this type of product. It is not dear exactly 
how Apple wiU license this technology, or even exactly what it will 
license. We know only of its stated desire to do so. 

Can Newton and/or Newton derivatives become the largest selling of 
the hand-held systems? Maybe, but, like everyone else, Apple is not 
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working in a vacuum. Because it has preannounced its concepts and 
even demonstrated its smart operating system, it may be setting itself 
up for more, stiffer competition than it realizes. Apple is not alone in 
developing smart hand-held devices. We have heard about a niunber 
of these devices that either are on about the same schedule as 
Newton, somewhat ahead of Newton, or will be ready within a few 
months. The market, however, is large enough to provide a number of 
vendors with opportunities in the range of miUions of units per year. 
Although a million sales of sub-$l,000 units may not be as profitable 
on a per-unit basis as 100,000 more expensive units, the volume possi­
ble with these products in itself will provide greater overall profit for 
each model. Obviously, Apple believes that Newton is unique and is 
so far ahead of the competition that it was not at RISC (pun intended) 
with this early announcement of the product. 

From what we have seen, this may not be the case. Further, now that 
there is a known target looming on the horizon, other vendors may 
jimip on the bandwagon and try to have their products available 
during the same period. Newton is a model to foUow, imitate, and 
improve upon. Newton and its licensees may not have quite the open 
field they believe they will have. Part of Apple's strategy, it appears 
to us, is to use Sharp and several other licensees to meet the initial 
demand for Newton so it does not lose sales to non-Newton hard­
ware. Even if a user buys a licensed Newton done from Sharp or 
another vendor, Apple has not lost prospective customers, although, 
for the most part, non-Newton hardware vendors have. As Newton 
matures, Apple still will have the opportunity to convert a user from 
a non-Apple Newton to an Apple Newton with advances in technol­
ogy and enhancements to the product. In addition, even if the non-
Apple Newton user never bu5rs an Apple Newton, Apple still benefits 
by coUeddng licensing and royalty fees. 

Apple's game plan, then, must be to get Newton to market when 
promised (early 1993), and to handle (through licensees such as Sharp) 
the pent-up demand from those eagerly awaiting the product. 
Although this type of game plan might be compared to the SunSPARC 
licensing idea, we see it differently. First, Apple has stated that it will 
only license a "few" companies to build and/or market Newton. 
Second, the market for the Newton is 10 orders of magiutude larger 
than that for workstation products. Last, Apple knows that some of its 
licensed partners have far better access to the consumer channel than 
it does and therefore will pave the way for additional Macintosh sales. 

Macintosh Sales? 

As stated earlier, Newton will appeal both to existing computer users 
and to noncomputer users. Over time, the noncomputer user wiU be 
compelled to have a base station available for his or her Newton so 
that it can provide services not available using a standalone Newton 
without connectivity. Even when the wireless models become avail­
able, the user will not be able to take advantage of some of the true 
power of the system without a base station or home port for the 
Newton. 
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The standalone user will soon come to realize that Newton really 
shines when teamed with a base station. This will provide opportuni­
ties for many different types of vendors: e-mail providers, communica­
tions providers, and desktop and portable computer vendors. A non-
computer user of a Newton, having mastered it and now ready to 
move into a connected world, makes a real (and much less expensive 
to find) Macintosh prospect. If the communications links are well 
established, the Macintosh will be the logical choice of the consumer 
that is soon to become a comiputer owner. 

Missing Tinlo:' 

Missing are the links between the Newton and the rest of the world. 
In Newton, Apple has created a device that will work well in a 
standalone environment, but it will be more powerful and usable in 
conjunction with a base station or mother ship. 

Without an umbilical cord of some kind (wired, infrared, or wireless), 
Newton at best is a much improved Sharp VWzard or Casio Boss. It 
provides the sanae functions as these and other electronic daybooks, 
and it goes a Uttie further with its built-in dialing feature. It will be 
more fun and easier to use than a VN ẑard, and it will also be more 
expensive. When connected to the outside world, Newton becomes 
something much greater than the sum of the parts. Outside world 
connections give Newton availability to services it cannot provide on 
its own, provides reams of information it is not capable of storing all 
at once, and enables it to become a much more powerful work tool. 

This electronic umbilical cord is both the strongest and the weakest 
link in the Newton chain. If the software running over this link is 
properly planned and implemented, the value of Newton rises sub­
stantially. However, if the state of the commiuiications software art 
does not move ahead rapidly, Newton will be little more than a flash 
in the pan, ready to be replaced by any one of a score of new 
integrated hardware and software devices that may handle the com­
munications issues in a better way. It is too early to tell if the design 
team and the rest of Apple really understands how dependent New­
ton will be on communication and how important it is to the success 
of the product. As we get more and more information from Apple 
over the next nine months, we will find out exactiy how important 
systems integration is to the father of Newton, and how much it really 
understands. Although Apple has indicated that it realises that com-
mtmication is a key element in the PDA strategy, it has not yet been 
willing to discuss ideas and/or plans. Several companies are known to 
be working with Apple in this regard, with communications products 
planned for introduction shortiy after Newton is available for sale 
early next year. 

Sales Projections 

According to a number of different sources, Apple's first Newton is 
expected to sell from 200,000 luiits to more than 1 million units in the 
first year. Apple has not commented on the figiu'es nor has it indi­
cated how involved its partner. Sharp Electronics, will be with the 
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Apple version of the product versus its own offering. Inconsistent 
sales projections across the various industry organizations have more 
to do with individual perceptions of the value of PDA-tj^e products 
within the end-user community than any other factor. 

The most bullish estimate comes from SRI International, while the 
most conservative estimates are from companies that generally watch 
the workstation and PC desktop markets and have litUe if any 
experience in consiuner electronics areas. Further, without any real 
experience with this type of product, it is not possible to predict how 
successful it will be, and the demographics of the user commtuiity are 
difficult to determine. The two final issues that cloud the sales fore­
casts have to do with plant capacities and available communications 
interfaces. 

It is safe to say that Apple and its partners will do well with this first 
PDA offering. However, they will not run away with the market, nor 
will they succeed in their stated objective of Newt (the Newton oper­
ating system) becoming the pervasive hand-held OS. There are too 
many highly qualified and highly skilled competitors liuking around 
the world and too many different approaches to solving the end users' 
problems and meeting their needs. Apple announced first, but another 
vendor may actually ship first. In either event, the size of the hand­
held organizer/PDA/hand-held computer market is large enough to 
support many different players and offer the end-user community 
many choices. Newton has sizzle, it is functional, and it answers the 
needs of millions of people who want to be better organized no mat­
ter where they are, but it is not yet available. Between now and when 
Newton will be available, another product with more sizzle and more 
functionality could be introduced or, playing Apple's own game, 
shown well before it is ready to be brought to market. 

Apple has captiued everyone's imagination. Now it needs to produce 
Newton to capture pocketbooks as well. In the meantime, we too are 
captivated by Newton's promise. We see a hundred ways in which it 
coiild help make our lives easier each day. The conceprt is brilliant, it 
sizzles, and it is inventive. We trust Apple and look forward to it 
being able to deliver on its promise. If it cannot deliver, or if the PDA 
is delayed for any length of time, Apple's image will become tar­
nished, and the blow to its credibility will be difficult to overcome. It 
may not have bet the farm on Newton, but Apple has certainly bet 
John Sculle3^s reputation and ability to lead the rest of the computer 
industry into the age of consumer computing. 

Newton: The Name 

The name Newton is singiilarly appropriate because of Sir Isaac's 
involvement with an apple. He formulated the theory of gravity after 
an apple fell from a tree onto his head. 

It is possible that today's Newton, or this family of products, will 
influence the industry to develop a new form of computing that is not 
computing at all but the adaptation of computing devices for the 
masses. Newton may hit the computer industry over the head just as 
the apple did Sir Isaac! 
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Chapter 4 
Here Comes GO: PenPoint 1.0 Is 
Now Available ^ ^ ^ ^ ^ ^ ^ ^ 

Pen-based computing has finally arrived! Or at least that is what the 
folks at GO Corporation would like us to believe. GO aimounced the 
availability of PenPoint 1.0 in April, its operating system for pen-
based computer S3^tems. 

Just a week earlier, at COMDEX/Spring, Microsoft was on the floor 
with Windows for Pens, and GRID, CIC, and Momenta have all had 
pen operating systems on the market for some timie. So why is GO's 
announcement coivsidered to be the "true" start of pen-based 
computing? 

First of all, GO's operating system has been designed from the ground 
up with the aim of being more than just pen-aware. It is fully 
designed to specifically take advantage of the pen as an input device. 
In addition, it has been hyped by the independent software vendor 
(ISV) commtmity and the press as being one of two major operating 
systems that will become pervasive in the world of pen com.puting. 
(Microsoft's 'V^^dows for Pens is the other.) And finally, the GO 
announcement marks the beginning of the battle for the pen user. 

The end-user community has been waiting for GO's offering (as well 
as Microsoft's) in order to see the differences between the two systems 
and how ISVs will provide software for these platforms. 

Hardware and software vendors have been waiting for GO's PenPoint 
1.0 to begin shipping because once it becomes available, these vendors 
can start shipping their products in volume. Additionally, these ven­
dors have beai waiting for PenPoint 1.0 to launch so that they can 
ship products that take full advantage of the pen, not just products 
that show^ its promise. 

Pen-Based Computing: The Elements 
This is the first time in the history of computing that all of the ele­
ments needed to create a computing environment—^the hardware, the 
operating system, and the applications—^have come together at the 
same time. It is also the first time in history when an operating sys-
temi is pushing for state-of-the-art hardware. 

GO'S development efforts started in 1988, well before today's powerful 
CPUs were available. During the last foiu- years, the improvements 
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and enhancements that have been made to GCs first operating system 
model have been possible because of the increased speed and perfor­
mance of the processors, and because of the increase in the amount of 
memory available in a system and the decrease in its cost. PenPoint 
1.0 has been optimized for the world of 32-bit processors. It is a 
preemptive multitasking, general-purpose operating system uniquely 
suited for pen computing. 

The preemptive multitasking abilities built into PenPoint are impor­
tant: They let users' work take priority, even while background tasks 
such as handwriting recognition and conununications are in process. 

The system uses virtual memory that enables the system to make use 
of a hard disk as an extension of RAM, permitting more applications 
and larger documents to be open at the same time. This gives users 
the ability to switch between tasks more quickly. 

Help for users is provided in three different ways: context-sensitive 
help, a help notebook, and quick-start tutorials. To use context-
sensitive help the user needs only to draw a question mark on the 
item. The help notebook provides more complete topic-based help 
information, and the quick-start tutorials permit users to become con­
versant with the system in only a few minutes—^typically 10 minutes 
or less. 

PenPoint 1.0 Features 

Handwriting Recognition 
GCs handwriting recognition engine, GOWrite, includes features 
that GO claims permit excellent "walk-up" accuracy (no training 
or practice), robust recognition, tolerance for sloppiness and sharp 
handwriting variation, trainabiUty, and broad coverage. GOWrite 
recognizes more than 25 ptmctuation characters and a wide variety 
of writing styles by using a database of more than 700,000 hand­
writing and gesturing samples. 

Look and Feel 
The first view of PenPoint is a Table of Contents page, with tabs 
along the side and some small icons at the bottom. The entire 
metaphor of the system is unlike any other type of desktop com­
puting environmait in widespread use. An application is never 
launched, and documents are not loaded on top of the application. 
In PenPoint, the applications are resident, but not visible. Instead 
there are pages in a notebook, with each page created by the appli­
cation that controls it. 

Easy to Learn 

Learning to use PenPoint is easy. There are only a few^ basic gestiues 
that users need to learn. Once users learn those gestures, they can 
move freely around within the system, doing productive work and 
learning more about gestures and movements as they proceed. 
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Compatibility 
PenPoint can read and write MS-DOS-formatted disks directly and can 
import and export many standard file formats such as RTF and TIFF. 
Support is also provided for Novell NetWare, AppleTalk, and native 
TCP/IP. In addition, several software vendors have designed and are 
shipping other communications-related products. 

Product Specifications 
The present version of PenPoint 1.0 is designed for the Intel 386 
family of microprocessors, but future PenPoint versions will run on 
other processor types. We expect to see some very powerful RISC-
based systems become available before too long. 

Two appUcations are shipped with the OS: MiniText and MiniNote. 
MiniText is a simple text-editing and word processing application, and 
MiiuNote is a basic note-taking application that permits users to scrib­
ble notes on the screeru 

Memoiy ConfigUTation 
GO recommends 2MB minimum memoiy when PenPoint is ROM-
based, and 4MB if the OS is disk-based. PenPoint supports memory 
configurations up to 256MB of physical memory and up to 4G6 of 
virtual memory. In addition, the OS supports IDE-based hard disks 
as well as silicon (solid-state) disks. The OS requires 3.5MB of disk 
space, and virtual memory requires an additional 4MB to 5MB of 
space. 

File System 
PenPoint 1.0 supports the MS-DOS file system. The maximiim 
number of doctunents that can be opened at the same time is 
limited only by the amount of memoiy available. The maximum 
file and volujne size as well as the maximum files per volume 
are imlimited, but are dependent on the amount of disk space 
available. 

PenPoint reads and writes to floppy disks in MS-DOS 720KB, 
1.44MB, and the new 2.88MB formats. It also supports an external 
keyboard, external disk drives, floppy drives, and even some SCSI 
devices, depending on the hardware vendor's implementation of the 
system. 

Display Support 
PenPoint's display support is hardware-independent. If a VGA-
compatible controller is used, PenPoint displays eight shades of 
gray based on 3-bit planes. A 1-bit plane is used for the ink anno­
tation layer of the PenPoint interface. 

Software 
The software applications shown at the announcement included Slate's 
Day-Timer, and LapLink Pro for PenPoint (a collaborative product 
from Slate and Traveling Software). The Numero spreadsheet by 
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PenMagic Software was also demonstrated. Ink Development showed 
off InkWare Photo and Notetaker. Pensoft was there with its Perspec­
tive 1.0, a very robust (PIM) based on a relational database model. 
Many companies demonstrated vertical market packages designed to 
provide pen-based solutions to a variety of function-specific users. In 
addition, some companies demonstrated their own connectivity ideas, 
like Sitka with its PenCentral connectivity options, and Photonics with 
its infrared transceiver connections. 

Operating System Summary 

PenPoint 1.0 is a robust operating system that has been specifically 
designed for pen interface and interaction. PenPoint 1.0 includes its 
own handwriting support that can be replaced if another recognition 
system is preferred by the user. It supports embedded document 
architecture (live documents can be embedded within documents). It is 
display-scalable (runs on any size screen from very small to very 
large), and it has been designed to provide a new way of working 
witii computer documents. 

PenPoint is an object-oriented operating system that uses true 32-bit 
architecture and supports virtual memory. It is as compatible with 
MS-DOS as possible while retaining its own look and feel. 

Dataquest Perspective 

Dataquest does not believe that the average end user will beat a path 
to the retail stores of the world to purchase his or her very own pen 
system this year, or even well into next year. Instead, Dataquest 
believes that those hardware companies that will be successful are 
ones that invest the time, effort, and money to work on pilot pro­
grams with the corporate world. The first implementations of pen 
computing will come in vertical markets, where fuUy integrated hard­
ware and software platforms are designed to provide specific solutions 
to current, identifiable business problems. 

Companies that are already working with their corporate clients to 
find ways to integrate their pen-based offerings into the corporate 
computerized and, more important, noncomputeii2:ed operations— 
companies like IBM, NCR, and GRiD—^will sell hardware this year. 
They will not sell just one and two units, but hundreds of units. Com­
panies that do not have contacts with the corporate world will strug­
gle through the next 12 to 18 months. 

GCs announcement marks the true start of pen computing, a begin­
ning that will change the way most of us regard computers and the 
way we interact with them. It is an exciting time and one that will 
be marked in the history books along with the introduction of the 
Apple n and the IBM PC. To the venture-funding organizations of the 
world we offer the following advice: Have patience and do not push 
too hard, for if you do you can only further delay the acceptance of 
pen computing. Putting pressure on companies to turn a quick buck 
can only hurt them and the industry as a whole. 
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Partnering and long-term strategies are going to be very important in 
this market segment. But the understanding of how people work, and 
how to integrate this technology with work habits, is the most impor­
tant factor and wiU give many systems vendors a real advantage over 
the "box" shops. Finally, Dataquest believes that hooking the end-user 
community is more important than ever. 

Congratulations to GO and to all of the vendors that are following GO 
into the market. Vendors have to be careful not to get into an "ours 
has to be the only one" position. Vendors need to earn their place in 
the market by providing solutions for users and accepting the fact that 
users may make other choices. The industry has to keep GO versus 
Microsoft from becoming as debilitating as Microsoft versus IBM has 
become to the desktop world. 
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Chapter 5 
GO and AT&T Ally to Embrace 
Personal Communications ^ 

The world of personal communications devices, or personal informa­
tion processors, or what Apple Computer refers to as PDA, is heating 
up. Apple announced its first PDA—called Newton—at the end of 
May, with plans to ship in the first quarter of 1993. Tandy, Casio, and 
GeoWorks annoiuiced plans for an alliance on May 27, and Day Run­
ner and Texas Instnunents announced a "cooperative development 
agreement" on July 14. Perhaps the most significant announcement, 
however, is the one from AT&T Microelectronics and GO Corporation 
on July 13 of plans to develop a personal commtmications platform. 

None of these announcements involves products that exist to touch 
and feel today, although a prototype of the Apple hardware product 
was shown at Apple's Las Vegas launch. The AT&T-GO announcement 
did not include any hardware products, nor did the aimouncement 
hint at which vendors might be developing hardware for this 
integrated computing platform. 

Tight Integration 

Although the announcement did not include any hardware for the 
w^orld to marvel at, or even a demonstration of what was being 
introduced, the announcement may turn out to be as important as— îf 
not more important than— t̂he Apple Newton announcement made a 
month and a half earlier. 

At the base of this alliance is the coupling of GO's PenPoint mobile 
operating system and the Hobbit microprocessor from AT&T. This was 
not just a 'iiere is the hardware platform, and over here is the operat­
ing system" annotmcement. It was, instead, "here is a very powerful, 
very low-powered microprocessor, and here is the operating system 
that will be integrated to form a powerful, portable communications 
emd computing platform." 

Tiie Name 

AT&T has chosen to name its future hand-held devices 'Tersonal 
Communicators," which will be "rich in commimication and will 
integrate voice, data, handwriting recognition, fax, electronic mail, 
still images, and in the future, fuU-mofion video. These devices will 
provide anytime, anywhere communication to a whole new dass of 
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business users and consumers who need to constantly stay in touch," 
according to AT&T. 

The Meat 

In a nutshell, GO has optimized a version of its PenPoint operating 
system for both the Hobbit architecture and communications applica­
tions. AT&T has developed a series of low-powered microprocessors 
that work with digital signal processors (DSPs) and other technologies 
required for communications-oriented devices. 

Even the Hobbit chips were not announced this time around. Instead, 
AT&T addressed the near futiu« and the power that its new 
C-language Rational Instruction Set Processor (CRISP) CPU line will 
bring to mobile computing and how tightly it will be integrated with 
the GO operating system. 

For its part, GO Corporation talked about the coxtfigtu'ation of its Pen­
Point operating system for the mobile commimications market. Special 
support for mobile computing has been added to the operating sys­
tem, and it now supports intermittent connections via wired and/or 
wireless links. In addition, the operating system permits multiple 
simultaneous conununications links, and it can store and forward 
messages, files, and information when connections are established (or 
re-established). 

Interesting, But... 

AT&T and GO Corporation have fired a volley in response to Apple's 
Newton introduction. But if they are not showing a product, or even 
discussing specific products or delivery dates, then why is their alli­
ance perhaps more important than the Newton annotmcement? 

First the Hardware 
Dataquest believes that companies such as EO (the hardware spin­
off from GO), as well as several others, will announce and demon­
strate their fully integrated products prior to the end of this year 
and that they may even ship a small quantity of their offerings by 
the beginning of next year. 

However, both AT&T and GO acknowledge that the first hardware 
platforms to offer the combination of GO'S PenPoint and AT&T's 
Hobbit processor will have a larger form factor than Apple's New­
ton. They discussed upcoming products in vague tenns but indi­
cated that we should expect to see larger, clipboard-size products 
first, followed over time by smaller and lighter units. 

These units will be "very powerful" (says AT&T) and—^with the 
proper power management—battery life should be better than 
acceptable. Although AT&T did not, in fact, announce the Hobbit 
chip except to acknow^ledge that it does exist, AT&T did discuss 
the architecture of the chip and why it is "ideally" suited for the 
mobile computing environment. 
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Designed into the chip, according to AT&T, are the following 
capabilities: 

• Fast context switching to move quickly from one process task to 
another is an important feature for personal communications 
devices, because the processor needs to service mtiltiple 
processes—^for handwriting recognition and several commimica-
tions connections—simultaneously. 

• Fast interrupt response allows personal communications devices 
to quickly respond to and service interruptions (such as incoming 
calls) while still allowing the operating s)^em to provide a 
smooth, responsive interface. 

• Low bus activity makes the system bus available for DSP or 
other communications hardware components to send communica­
tions process-handling information and other data to memory 
without interference from the main processor. 

• Processing headroom to handle real-time communications tasks, 
especially those that involve rich data t5TJes—such as graphics, 
voice, and video—^that require tremendous amounts of processing 
power. Hobbit represents a leap forward in providing this 
processing power at a cost low enough for consxuner products. 

• High code density allows products to be built with smaller 
memory sjrstems resulting in lower overall system cost. 

• Low power dissipation is achieved through an efficient power 
management architecture, which is controlled by G C s PenPoint 
operating S5rstem. 

• Stack cache optimizes function call efficiency. Instead of operating 
with registers that are visible to the user, the Hobbit provides a 
run-time stack cache. This approach nunimizes the overhead 
associated with procedure calls, which account for 1 out of every 
20 instructions (or more in C language operating s)retems). Pen­
Point's object-oriented design allows an application programmer 
to send a single message that will result in the automatic perfor­
mance of many functions by inherited classes in the system. The 
Hobbit stack cache makes resulting function calls highly efficient 
and fast. 

All of these features of the Hobbit CPU, according to AT&T, make 
this platform the "perfect" fit for mobile communications and 
computing. 

Systems, in addition to the main processor, that make use of the 
Hobbit chip can also include other low-power chips developed by 
AT&T Microelectronics, including a family of DSPs that AT&T 
claims will add a high degree of inteUigence to both the product 
and its conununications capabilities. 

The Operating System 
When G C s PenPoint operating sjrstem was first annotuiced, the 
potential scalability of the systemi was one of the primary features 
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discussed. The use of PenPoint on a hand-held platform has been a 
part of GO'S plans since the inception of the operating system, and 
while scalability is important, the other features added to PenPoint 
during the past year are also a vital part of the package. 

Because PenPoint uses object-oriented programming to provide a 
tightly knit core of reusable classes from which all applications and 
communications services are built, all t j ^ s of documents, regardless 
of the application, become "communications enabled." This means 
that a document can be sent as a fax, printed material, an elec­
tronic mail message, a pager message, or a file to a desktop 
computer. 

The other features of the operating system that have been specifi­
cally built in for mobile computing indude automatic detection of 
device and media attachment and detachment (the ability to 
djmamically load and execute protocols in response to external 
hardware events, such as a wireless connection being made). 

The AT&T-GO Vision 

The press materials addressed the ways in which personal communica­
tors will be used and how easy it will be to make a cormection and 
take advantage of the built-in systems communications "smarts." 
AT&T and GO also envision a series of Hobbit-GO-based products, 
varying greatly from each other but all with a common focus: mobility 
and communication. Some of the ideas that they presented indude 
pocket-size cellular tdephone and notepad devices and notebook-size 
multipurpose communicators that indude both data and voice com­
munication and interaction. 

AT&T and GO believe that this combination of tightly integrated hard­
ware and software will provide their customers (who will be design­
ing and seUing the end-user products) the ability to differentiate their 
products and, as a result, hdp prevent the price wars that are now 
thinning out the ranks of PC vendors. 

Several statements were made both during and after the press event 
indicating that hardware products based on this combination of the 
Hobbit chip and the PenPoint operating system will be introduced by 
the end of this year. Certainly, there has been much speculation 
regarding the GO spin-off EO, which is reported to be building a 
product based on this architecture. 

The Real Deal 

The press event was hdd just prior to the start of the Mobile '92 trade 
show and wets well attended. A short time was spent discussing the 
"real" reason that people should be exdted about this announcement, 
but not mudi attention was really drawn to the total communications 
picture. 

Both AT&T and GO talked briefly about communication, indicating 
that they tmderstand the need for robust communications links. Their 
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joint statement regarding communication seems to sum up their 
approach to the importance of moving information from one point to 
another: "If personal conununications are to be successful, they wiU 
need to work hand-in-hand with toda5^s existing wired communica­
tions infrastructure and be poised for the emerging wireless revolu­
tions. Together, AT&T Microelectronics and GO will work with third-
party partners so that the new platform will connect to key network 
resources and services." 

The press release also reveals plans to incorporate features to make 
the Hobbit-based systems "wireless ready" using any of the wireless 
choices that are, or will be, available. Current choices are wired, 
infrared, and wireless connections, with the wireless option including 
cellular, packet radio networks such as RAM Mobile Data and Ardis; 
paging networks such as SkyTel and Embarc; and future networks 
such as those that rely on satellites. 

Missing from this discussion, however, is the fact that AT&T owns and 
operates the largest wired communications system in existence and is 
involved in many cellular systems, paging, and point-to-point net­
works. Dataquest believes that AT&T has not yet played its trump 
card in this area. 

If personal communications devices are to become as impoitant as 
many people in the industry believe that they will, then it is the net­
works (as much as the technology and magic contained within them) 
that will enable these devices. AT&T understands this perhaps better 
than amy other company. During its long history of being the tele­
phone company before the divestiture, and even since its breakup, 
AT&T has been a provider of the network used for communication, 
and AT&T wants to continue to use this network. When it was the 
only provider, it rented telephone instruments to customers to plug 
into its networks. When customers first developed a need for radio 
paging or mobile telephone service, they purchased or leased equip­
ment from AT&T and used its network. 

Shortly before and certainly after the divestiture, AT&T was faced with 
competition in all areas. Many other companies moved in to provide 
the hardware necessary to connect to their own networks, and several 
other companies have even emerged to challenge the supremacy of 
AT&T's networks. However, it is still true today that AT&T's main 
strength is its networks, especially now that access to information is 
key to corporate success. The challenge still remains the ability to 
move information from one place to another. 

The Hook 

AT&T does not just own networks, it also owns services—such as 
AT&T Mail— t̂hat run on top of the networks. At present, AT&T Mail 
competes with M Q Mail for electronic delivery of e-mail on a world­
wide basis. Some companies are using either AT&T Mail or M Q Mail 
to virtually run and coordinate their operations. 
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AT&T Mail, as well as AT&T's other communications networks, can 
serve as the point of contact for many personal commimications 
devices. Users would not have to make decisions about the tj^je of 
communications network that they needed—access to AT&T Mail 
coxdd provide a gateway to any of the other services. 

Access to AT&T Mail can be accomplished by wire, direct phone con­
nection, LAN computer systems, and other networks. Access through 
wireless systems is easy enough to acconiplish. After all, the wireless 
connection is an extension of the network, running through the air 
instead of on a pole, but part of the network nonetheless. 

If AT&T couples the power of the Hobbit with the power of PenPoint 
and then provides easy access to its own network, the com.bination is 
one that will give it a decided advantage in the personal information 
processor field. AT&T wiU have the opportunity to sell the chip sets, 
help OEMs build the products, and then sit back and collect the rent 
for the use of its networks from all of the Hobbit users. 

Dataquest believes that AT&T will work with all of the other service 
providers but that its main thrust will be to provide the missing link: 
the communications path from the hand-held device to the desktop or 
network device—as an integral part of the rollout of products. 

Dataquest Perspective 

As with the Apple Newton announcement, the AT&T-GO press event 
left as many questions unanswered as it answered. The two companies 
did not elaborate on exactly what vendors wiU provide hardware, or 
when the products will become available, or about the t3rpe of "seam­
less" communication that the products will offer. 

Both AT&T and GO gave the distinct impression that they intend to 
handle every piece of information that goes into and comes out of the 
personal communicator as a document of one form or another. The 
operation to move a document from a remote base station to a hand­
held system, as it was explained, involves having the document arrive 
at the personal communicator and be exposed to all of the applica­
tions in residence, and then have each application alert the user as to 
whether it can or cannot provide a home for the dociunent. In this 
way, information can be sent to and received from the personal com­
municator, recognized by an application, and "attached" to that 
applicatiotu 

What AT&T and GO did not discuss or demonstrate is an understand­
ing that communication goes way beyond the transmission and recep­
tion of documents. Much of the information that will be received by 
and sent from personal communications devices will not be isolated or 
standalone but will be a piece of a larger pie that needs to be 
integrated with other information that often exists in a different form. 

It is not dear that AT&T and GO have taken the commimications 
metaphor far enough yet. There is still time, and AT&T does under­
stand how to move enormous amounts of data from anjrwhere to 

October 19,1992 ©1992 Dataquest Incofporated SAWW-SVC-m-9202 



6 0 and AT&T Ally to Embrace Personal Communications 5-7 

anywhere. It will be interesting to discover whether or not the combi­
nation of AT&T and GO will be able not only to move the information 
but also to move it smartly, seamlessly, and quickly. 

VN t̂hout having seen the software or the hardware, it is impossible to 
declare the AT&T and GO alliance a success. In some ways, Apple has 
set higher expectations within its potential user community because it 
has demonstrated its concept of mobile computing on a hardware 
platform that is supposed to become real in the first quarter of 1993. 
On the other hand, AT&T and GO have announced an alliance that, 
when coupled with a third-party hardware supplier, will provide a 
product with just as much sizzle and even "more functionality' (their 
words) than the Newton. If the first efforts are not quite rigjit, then 
the alliance has a chance to work with hardware vendors to correct 
problems while continuing to work with other vendors to improve 
existing products. 

All of these personal communications/information devices are still 
evolving. AT&T and GO have provided a hardware and operating sys­
tem platform that hardware vendors can add value to and bring to 
market—and probably connect to an AT&T network. 
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Chapter 6 

Convergence to a New Form Factor 

Current-generation notebook PCs are built aroimd the 386 or 486 Intel 
MPU, have a 2.5-inch hard disk, a floppy, and fax/modem commiuii-
cation capabilities built-in. With respect to form factor, pen-based 
PCs today are similar to notebook PCs, and even though current-
generation notebook and subnotebook PCs use a keyboard for infor­
mation entry, they can easily be converted so that they run a pen-
based operating system such as the Microsoft's Pen VWndows using a 
"pen" instead of a mouse. Figiues 6-1 and 6-2 show examples of pen-
based systems, the IBM Thinkpad 700T and the NEC UltraLite SL/20P. 
The NEC model includes dual interface with both a stylus and a key­
board, and has mouse emulation via touch or stylus input. 

Figure 6-1 
IBM Thinkpad 700T 

Source: IBM Corporation 
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Figure 6-2 
NEC UltraLite SU20P 

Source: NEC Corporation 

This easy transformation of notebook PCs to pen-based PCs by simply 
replacing the mouse with a pen may iadicate that the "pen-based PC" 
is not really a valid form factor, but perhaps a transient PC classifica­
tion. Hand-held PCs such as the HP 95LX may acquire a pen to be 
used as an additional input device, and the same is true for organiz­
ers. As a matter of fact, Sony has offered one for the Japanese market, 
and Sharp has demonstrated a Japanese version of a pen-based 
organizer. All these form factors are in the process of experimenting 
with the use of the pen as an input device to replace or supplement 
the keyboard. In the process, they seem to be converging to a new 
form factor, as exemplified by Apple's Newton. Figure 6-3 shows that 
trend, which is being made possible by availability of low-power/ 
high-performance semiconductor components and the emergence of 
new user-friendly and intuitive operating systems and software. Suc­
cess of PICDs depends as much on the availability of new operating 
systems and software applications as it does on hardware. 
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Figure 6-3 
Convergence to a New Form Factor 

Notebook PC 
$1,000 to $5,000 
•HDD 60MB to 120MB 
• Keyboard/Mouse 
• 2- to 4-Hour Operation 
• Modem/Fax 
• DOS/Windows 

Subnotebook PC 
$1,000 to $3,000 

• DOS/Windows 

Pen-Based PC 
$2,000 to $6,000 
• HDD or SSD 
• 2- to 4-Hour Operation 
• Fax/Modem 
• Pen Input 

(KBA Optional) 

• Pen OS 

Organizer 
$250 to $600 
• DOS/PIMS 
• Memory Cards 
• Keyboard/Pen 
•20-to 100-Hour 

Operation 

PICD 
• Pen Centric OS 
• SSD/Memory Cards 

• Fax/Modem/Wireless 
• 20- to 100-Hour Operation 
• $500 to $2,000 
• Small Form Factor 

Source: Dataquest (October 1992) GZ0022E6 

Microprocessor Wars Revived? 

For PCs, the microprocessor issue has been mute for a while now. 
Simply stated, the majority use X86 architecture devices, currently in 
the migration path along the 386/486, and soon to be P5. The major 
exception to this is, of course, Apple using the Motorola 68000 femily 
of devices for its products to date. Intel in essence has been a stabiliz­
ing force when it comes to MPUs for PCs. For its immense success, it 
has been rewarded recently with as much as 60 to 70 percent of the 
profit per motherboard sold! So far most challenges mounted against 
Intel and the CISC camp of MPUs have failed, at least as far as PCs 
are concerned. 
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What appears to be different now is that the most significant 
implementations of future PICDs are not scheduled to use an Intel X86 
architectiure MPU. Apple's Newton wiU use the ARM microprocessor 
from VLSI, while the AT&T/GO alliance has proposed an open 
architecture that uses AT&T's Hobbit microprocessor. Both ARM and 
the Hobbit are RISCs. 

Is this a RISC-aSC war again? Not really. The lines between RISC 
and CISC have blurred suffidentiy to make this a nonissue. The rea­
son for not using X86 MPUs may be simple: PICDs do not need to 
run DOS or Windows, thus there is no need for backward software 
compatibihty. That in turn opens the door to new possibilities because, 
for the first time in a while, it is open MPU season for an up-and-
coming PC form factor. 

Why ARM or Hobbit? 

The tasks that Apple is envisioning Newton performing—^handwriting 
recognition, speech and image processing, and communication, among 
others—are quite taxing for a 386 class of microprocessors. And even 
though a 486 or P5 may have an easier time, there is the issue of 
power; because PICDs need to be portable, watts of power are not 
available to the MPU anjonore. Thus, the search for a powerful yet 
power-nimble MPU. 

The MPU players are as follows: 

• VLSI Technology Inc.: ARM 

• AT&T: Hobbit 

• Intel/AMD/Cyrinx/Texas Instruments: X86SL 

• Motorola: LSC80018 

• VADEM : VG-230 

• NEC/Sharp: V20 and V30 

• Chips & Technologies: PC/CHIP 

Operating System Suppliers for PDAs, Personal 
Communicators, and PICDs 

Suppliers expected to offer or attempt to offer operating systems for 
PICDs are as follows: 

• Apple 

• GO 

• GeoWorks 

• Microsoft 

• Commimication Intelligence Corporation 

• Others 
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AT&T and GO Revisit tlie Past (in Searcli of Future Profits) 

We may be revisiting history here. Not long ago many good 
microprocessors were aroxind for building a PC. The two most success­
ful were the 6502 used by Apple n and the Z80 used by everybody 
else. There were also at least two popular operating s}^tems, one from 
Digital Research running Z80 machines, and Apple's proprietary OS 
running Apple H. Then came the IBM PC using the Intel 8088 
microprocessor and a relatively unknown operating system, DOS, from 
Microsoft. The rest is history. 

Microsoft grew into the largest supplier of operating systems on the 
planet, becoming a mammoth-size company overnight. Intel was there­
after established as the king of microprocessors for PCs, which in turn 
established PCs as the mainstream computer business. Apple did well 
following its own path, and led the way with some superb products 
that were soon emulated. To get the horsepower needed by new 
products, it replaced the 6502 with a line of powerful MPUs from 
Motorola, the 68000. 

Where are we today? Apple is proposing a new visionary line of por­
table products (PDA), with Newton first in line. It will use its core 
expertise to provide a proprietary operating system. It chose ARM, 
which, by the way, is a 6502 RISC derivative! AT&T is proposing an 
open standard architecture with Hobbit as the core MFU running 
GO'S pen-based operating system. GO is a relative newcomer in oper­
ating systems, the way Microsoft was 10 years ago. AT&T is where 
Intel was before IBM's endorsement. Does AT&T want to become Intel 
for the MPUs of PICDs? Does GO want to become the Microsoft of 
the next centiuy? There is no question that GO would love to replace 
Microsoft, and that AT&T would welcome the opportunity to be the 
Intel of PICDs. 

However, at this point both companies appear focused on the short-
term objective: to provide useful hardware and software for Personal 
Communicators and similar classes of machines. The possibility of 
AT&T and GO replacing Intel and Microsoft at the top may be real for 
the first time in years. 

Overview: Semiconductor Opportunities 

PICDs will most likely be configurable at the user level, for two rea­
sons, as foUows: 

• It makes for flexible systems, allowing the user, for example, to pick 
the size of the solid-state disk (mass storage) required at the time of 
purchase. The same holds true for other options such as PCMCIA 
fax/modem, Ethernet LAN cards, memory cards, expansion 
memory (PCMCIA form factor), and software packages (PCMCIA 
ROM cards). 
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• The basic system is low in cost, a must for PICDs to reach high 
volumes. As a result, opportunities for semiconductor vendors will 
be found in the following areas. 

o Mass storage 

- Memory cards 

- Solid-state disks 

- Small form factor rigid disk drives 

a Commimication 

- Infrared (ER) 

- Radio frequency (RF) 

- Fax 

- Modem 

- Voice 

- Cellular 

• Data compression 

a ^^deo 

• Audio 

The following discussion examines a range of semiconductor oppor­
tunities, primarily for small fonn factor portable PCs, by presenting 
pertinent market size and growth data of selected areas as well as 
specific examples of current implementations and future trends. (It 
should be noted that a good treatment of trends and semiconductor 
opportunities in video, audio, and compression, among others, can be 
found in Dataquesf s Multimedia report.) 

Market Overview 

Table 6-1 shows the portable computer subset of the PC market fore­
cast provided by Dataquesf s PC group. It is worth noting that hand­
held PCs are second oilly to pen-based PCs in terms of unit growth, 
and are expected to account for 23 percent of all PCs sold by 1996. 
Table 6-2 shows the worldwide portable PC market forecast by 
product t j ^ . 

Figure 6-4 is our market estimate for PICDs, whose success will 
depend heavily on execution. As with all new markets, this market 
will take time to develop. After all, it took at least 10 years for the PC 
market to reach its present stage of maturity. Opportunities for this 
market are emerging in semiconductors, systems, and software. 
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Table 6-1 
Worldwide Portable PC Market Forecast (Thousands of Units) 

Laptop DC 

Notebook 

Pen-Based 

Hand-Held 

Total Portable 

1991 

2,764 

1,136 

41 

238 

4,179 

1992 

3,101 

1,794 

122 

763 

5,780 

1993 

3,392 

2,816 

800 

2,042 

9,050 

1994 

3,669 

4,393 

1,759 

3,877 

13,698 

1995 

3,933 

6,809 

3,289 

6,188 

20,219 

Source: Dataquest (Octot>er 1992) 
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Table 6-2 
Worldwide PC Revenue Forecast, by Product Type (Millions of Dollars) 

Type 
Laptop DC 

NoteBook 

Pen-Based 

Hand-Held 

Total 

1991 

4,852 

1,795 

85 

86 

6,818 

1992 

5,256 

2,857 

268 

254 

8,635 

1993 

5,513 

4,369 

1,917 

653 

12,452 

1994 

5,980 

5,798 

4,391 

1,193 

17,362 

1995 

5,860 

8,238 

7,966 

1,832 

23,896 

Source: Dataquest (October 1992) 
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Figure 6-4 
Worldwide PICD Shipment Forecast (Thousands of Units) 

Thousands of Units 

40,000 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Source: Dataquest (October 1992) 62002277 
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Chapter 7 
Nomadic Computing and Semiconductor 
Opportunities for Hand-Held PCs — . ^ 

Portable PC terminology is confusing. Definitions change with time as 
technology races to fit a Cray supercomputer in a shirt pocket! In this 
article, Dataquest provides basic definitions and then discusses trends 
and semiconductor opportunities in the portable PC industry. 

Definitions 

A notebook PC is a desktop PC shrunk to the approximate size of 
8.5 X 11 X 1.5 inches; it weighs 4 to 7 pounds. 

A subnotebook PC or companion PC is basically a smaller notebook 
PC that typically measures 10 x 6 x 1 inches and weighs less than 
3 pounds. It may use a floppy and a hard disk or silicon disk for 
mass storage. 

A hand-held is a desktop PC shrunk to at least a size of 8.5 x 4 x 1 
inches (more often 6 x 4 x 1 inches) and weighs less than 1.5 poxmds. 
Because of size and power constraints, hand-held PCs do not use a 
hard disk for mass storage. Instead they rely on PCMCIA-type 
memory cards to fulfill this function. The memory card here performs 
dual functions: that of a removable mass storage device (hard disk) 
and of a floppy that allows for information exchange. The term palm­
top is often used to indicate a similar class of machines. For our dis­
cussion we will focus on machines that support a standard operating 
system (OS) such as DOS. 

A personal organizer is a small portable device ( 6 x 3 x 1 inches or 
smaller) typically running a proprietary OS and a small set of per­
sonal information maixagement (PIM) utilities such as appointment 
calendars and phone books. Personal organizers do not run general-
purpose software. They can, however, communicate with PCs for data 
transfers. 

Why Do We Need Hand-Held PCs? 

Even though portable PCs are getting smaller and Ughter by the day, 
they are still cumbersome for many appUcations and users. It is true 
that notebook PCs have brought the computing power of the desktop 
to an 8 X 10 X 1-inch form factor weighing just under 5 potmds. But 
even though they fit in briefcases, they are still limited in a number of 
ways. 
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Portable PCs depend on expensive nonstandard rechargeable batteries 
that allow for just 2 to 4 hours of operation, which creates a problem: 
It is nice that such powerful full-fledged PCs can be taken on the 
road, but they tend to become temporarily useless once they run out 
of power. Of course they can be brought back to life when an AC out­
let is found, but then, this is not much consolation inside an airplane! 
Another problem is the AC adaptor, which is not lightweight and 
takes up space. At 4 to 5 pounds (adaptor excluded), notebook PCs 
are still heavy for most users, who would prefer something much 
lighter if given a choice. More importantly these PCs are not socially 
accepted in meetings, while paper-based daj^timers and organizers are. 
Portable PCs also are not very rugged, the weak points being the hard 
disk and to a lesser degree the LCD display. Finally, there is the cost 
issue: Notebook PCs still cost $1,500 to $4,000, excluding software. 

Enter the hand-held PC, which is much smaller, much lighter, runs on 
off-the-shelf batteries (often standard AA) for up to 100 hours, fits in a 
shirt or vest pocket, costs a third the price of a notebook, runs most 
(if not all) PC application software, and easily connects with desktops. 

Because the hand-held PCs run off-the-shelf software, they become 
almost as useful as the desktops. The key word here is almost. Som.e 
choices had to be made to downsize a desktop to a hand-held. There 
is no space or power to use a hard disk, which means that some alter­
nate form of mass storage is needed. The only viable—^and in the 
short-tenn, expensive—^alternatives were solid-state disks and/or 
memory cards. The soUd-state disk based on flash memory is the hard 
disk replacement; the memory card is the floppy. 

Solid-state storage is a blessing in disguise. Because it is more expen­
sive than the equivalent hard disk drive (EHDD), it mandates that only 
the necessary software be built-in or carried along. This fact, limiting 
as it may at first glance seem, forces examination of the utility of the 
software carried along. Only absolutely necessary software is embed­
ded in hand-held PCs because semiconductor mass storage is not 
cheap. On a per-megabyte basis a hard disk drive costs $3 to $4, 
whereas a flash memory disk/card may cost $50 to $75. By year's end 
it is expected that the cost disparity between hard disks and solid-
state storage (flash) will be reduced to 5:1 as memory cards reach 
$25 per megabyte. 

A point often missed in cost-per-megabyte discussions is that just 3MB 
of hard disk storage cannot be bought for $9! Even if the cost issue is 
ignored, hard disks cannot be used in hand-held PCs because they 
consume too much power and their size, even at the 1.8-inch form fac­
tor, is a problem. This may not hold true if and when low-power 
1-inch HDDs become available. At that size most problems inhibiting 
their use in hand-helds should disappear. A 1-inch hard disk would be 
reasonably rugged and power nimble. For now, however, solid-state is 
the only alternative. 

Hand-held PCs are not meant to replace the office PC; instead, they 
are expected to act as adjunct computers. 
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To the extent that hand-held PCs can effectively be used as take-along 
computers, their com.patibility with the user's desktop rc is essential. 
However the ability to nm all the software as the user's desktop is a 
questionable quality. The hand-held is more of an outgrowth from the 
organizer camp as opposed to the downsizing of the notebook PC. 
Attributes other than full compatibility are more important. For exam­
ple, are the PIMs adequate and well designed? Is the hand-held small 
and easy to carry along and use? Is the keyboard iiseful for a reason­
ably small amount of t)^ing? Are the batteries easy to find and do 
they last 50 to 100 hours? Is the display quality acceptable? How easy 
is it for the average user to connect the hand-held to a desktop and 
upload/download data? Is connectivity expensive? Successful hand­
held implementations should have plenty of yes answers for this set of 
questions. 

Who Uses Hand-Held PCs? 

Beyond the on-the-go professional that needs something Ught for the 
road, a multitude of people use and will use these devices in a variety 
of environments. Weight, portability, and battery life are key features 
that make hand-held PCs attractive in industrial/commercial tasks on 
the factory floor to collect data, in shipping and receiving, for inven­
tory and other tasks. Thus assuming tiiat hand-helds deliver on the 
challenges at hand (ease of use, long battery life, and seamless connec­
tivity), they stand to clearly dominate parts of mobile computing. 
Figiue 7-1 shows a representative level of integration in today's hand­
held PCs. 

The trend in hand-hdds is toward using a highly integrated MPU 
such as the NEC LH72001, the C&T F8680, the VADEM VG-230, or the 
Motorola LSC80018. The memory card port can be controlled in a 
number of ways. A memory card controller may be used if space and 
cost permit. Alternately, glue logic or even the MCU may be used for 
direct but less efficient control. This function wiU ultimately migrate to 
the MPU. 

Table 7-1 shows hand-held imit projections based on Dataquesf s Per­
sonal Computers group's forecast, w^hich does not include personal 
organizers. Hand-held PC unit shipments are expected to grovr at a 
compound annual growth rate (CAGR) of about 84 percent from 1992 
to 1996. Both average selling prices and hand-held semiconductor con­
tent are expected to come down following reasonably well-defined 
learning curves. The total available market for semiconductor vendors 
is projected to grow at a healthy rate of 67.2 percent over the same 
period. It should be noted that the semiconductor TAM figures do not 
include the substantial semiconductor memory (flash, ROM, and 
RAM) opportunities arising from memory card sales. 

Figure 7-2 shows projected hand-held PC market share for 1992 and 
1996. 
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Figure 7-1 
Hand-Held PC—Block Diagram 
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Table 7-1 
Estimated Total Available Market, Worldwide Hand-Held PCs 

Units (K) 

ASP ($) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

1991 

238 

360 

71 

16.9 

1992 

763 

330 

56 

42.7 

1993 

2,042 

320 

52 

106.2 

1994 

3,877 

310 

47 

182.2 

1995 

6,188 

300 

43 

266.1 

Source: Dataquest (October 1992) 
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Figure 7-2 
Worldwide Hand-Held PC Market Forecast 

Source; Dataquest (October 1992) GEOD0100 

Hand-Held PC Players 

Players in the hand-held PC market, along with their status, are as 
follows: 

• HP— În its second generation of product, HP 95LX 1MB. 

• Poqet—^In its second generation of product, Poqet PC. 

• Sharp—About to enter the hand-held PC market with its PC-3000. 
Has participated in the organizer market with its Wiziad product 
line. 

• Casio—^So far has offered a series of organizers (B.O.S.S. product 
line). 

• Atari—Offers the Atari Portfolio. Sold close to 100,000 units in 1991. 

• Sony—^At present offers a line of hand-held PCs for the Japanese 
market that nm a proprietary OS and accept pen input. 

• PSION—^Has offered a product that is similar to HP's 95LX but is 
based on a proprietary OS. 

Semiconductor Opportunities and 'h'ends 

Opportunities and trends for semiconductors are described in the fol­
lowing paragraphs. 
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MPU 
Because both space and power come at a premium, MPUs that 
integrate most if not all the functions needed to build a hand-held 
PC are now appearing to fill the gap. Figures 7-3, 7-4, and 7-5 are 
t3^ical implementations. As high integration is achieved, board 

Figure 7-3 
Block Diagram of the Chips & Technologies F8680 (POCHIF) 
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Figure 7-4 
Block Diagram of the Sharp LH72001 
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Figure 7-5 
Block Diagram of the Vadem VG-230 
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space and cost will be freed for other functions such as speech and 
handwriting recognition, and TR and RF communications capabilities. 
MPU speeds will increase, primarily driven by handwriting recogni­
tion, algorithmic demands, data compression speech processing, and 
coimnimications needs. 

Main Memory 
Today 1MB of SRAM/PSRAM (pseudo RAM) is typically used. 
PSRAM is preferred for cost reasons. Two 4MB, 3/5V devices do 
the job. If the execute-in-place (XIP) function is successfully 
implemented, then main memory may increase marginally to 2MB. 
Flaish wiD be used in the future because of nonvolatility and low 
power consumption; most likely it will replace at least a part or all 
SRAM/PSRAM. 
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ROM 
The 1MB typically used today most likely will be replaced by flash 
in the near future. In this area hand-held PCs store their operating 
sjTStem (for example, DOS) and programs such as Lotus 1-2-3 and 
PDMs. The problem with ROM is that it cannot be changed and 
thus the hand-held PC may be rendered obsolete in a short period. 
Flash memory is far more appropriate for this function. The 
expected memory size is 2MB to 4MB in the near term, increasing 
to 10MB by the end of the decade. 

Mass Storage 
Solid-state disks using flash memory with capacities on the order of 
2MB to 5MB should be used in the near term; 10MB to 40MB 
should be used by 1995. Small densities should not be xmderesti-
mated; by using software compression their size could be more 
than doubled, thus decreasing their apparent cost. 

Data Compression 
This function begs for eventual implementation in silicon, perhaps 
as part of a chip set at first, eventually to be integrated in the core 
MPU. Data compression is needed to offset the high cost of silicon-
based memory used for mass storage. 

Other Storage 
Hand-held PCs will incorporate one or two PCMQA-tjrpe ports 
supporting XIP. Flash and SRAM memory cards will be used as 
secondary storage devices. ROM memory cards will carry applica­
tion software. Programming flash memory cards will become easy 
with the introduction of single-supply 5V devices now, and 3V in 
the future. 

Connectivity 
Connectivity is a key issue with devices such as hand-helds that 
tend to depend on the uploading and downloading of data to and 
from a desktop PC. Beyond the RS-232 type connections, infrared 
such as the one used by HP seems to be a very good alternative. 
An infrared connection with the desktop may simplify the chore of 
transferring data and programs between a desktop and the hand­
held. In the long run, with PCMCIA ports finding their way into 
desktops and notebooks, the memory card will be used to transfer 
data between hand-held and desktop PCs. 

Communication 
The HP 95LX hand-held can mate with the NewsStream receiver 
from Motorola. It allows the user to receive e-mail over national, 
regional, or local paging services. Most products offer built-in termi­
nal emulation software that allows the hand-held to be tied up to a 
network such as CompuServe by using a modem. Modem and or 
wired/wireless fax capabilities may be integrated into hand-hdd 
PCs in the near future. 
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Who Makes Microprocessors for Hand-Held PCs? 

The NEC V20 MPU is used by the HP 95LX, the Poqet, and the Sharp 
Wizard series of products. It is by and large the microprocessor most 
commonly used in these IBM-compatible PCs. 

A number of newcomer single-chip MPUs are poised to challenge this 
MPU. C&T introduced a single-chip highly integrated MPU, the F8680 
(PC/CHIP), which also includes power management logic, a CGA-
compatible LCD controller, a serial port, and IBM XT-compatible bus 
logic. 

Newcomer VADEM will shortly introduce the VG-230, a device that 
incorporates the V30 MPU, a power management unit, serial port, 
timer, DMA and interrupt controllers, real-time clock, memory con­
troller and manager, graphics LCD controller, and keyboard scanner. 

Motorola is about to offer a highly integrated MCU, the LSC80018, to 
a small consortium of companies with the common goal of promoting 
a hand-held variant called PocSec for the Pocket Secretary. The 
LSC80018 featiues an 8-bit MCU that incorporates a graphics LCD 
controller, a real-time dock, an SPI, SQ, 3.5K of ROM, 448 bytes of 
RAM, and an 8MB MMU. 

IC Peripherals for Hand-Held PCs 

Table 7-2 lists memory card controller ICs, and Table 7-3 compares 
three hand-held computers. The Poqet has been around the longest. 
HP has been very well received, with sales on the order of 100,000 
units for 1991. The Sharp PC-3000 is about to enter the market. 

Dataquest Perspective 

The need for portability must be balanced with the usefulness of a 
hand-held PC, which, depending on implementation, may be portable 
but not useful. A nagging problem in today's hand-held PCs is the 
human interface. A smaU hand-held with a tiny keyboard can fit in a 
pocket. Unfortunately, even the smallest amoimt of tjrping using such 
a keyboard becomes a chore. That makes the hand-hdd effectively an 
organizer that can be connected to a desktop PC. 

Table 7-2 
Memory Card Controller ICs 

Intel 

VLSI 

Fujitsu 

82365SL 

VL82C107 

MB86301 

Memory card controller 

Includes memory card 
Control function 

Memory card controller 

160-pin QFP 

128-pin QFP 

120-pin 
PQFP 

Source: Dataquest (October 1992) 
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Table 7-3 
Hand-Held PC Features 

i 

Size (Inches) 

Weight 

CPU/Speed 

System Memoiy 

Keyboard 

Display Column/Emulation 

Display Resolution 

Batteries/Type 

Memory Card Slot 

O/S 

Other Ports 

Opt. Peripherals 

Buill-In Software 

HP95L X 1MB 

6.3 X 3.4 X 1.0 

11 oz 

V20H at 5.37 MHz 

1MB SRAM 
1MB ROM 

60 + 10 HN + 10 Apps 

40 X 16~MDA 

240 X 128 

IWo/AA 

1 PCMOA-l.O 

MS-DOS 3.22 

3-wire RS-232 
Intra-Red 

NewsStream Receive* 

Lotus 1-2-3 Ver 2.2 
Scheduler 
Address/Phone Book 
Memo Editor 
HP Financial Calc 
DataComm 
Filer 
Clock/Stopwatch 
To-Do bst 

Sharp PC-3000 

8.8 X 4,4 X 1.0 

1.23 lbs. 

80C88 at 10 MHz 

1MB SRAM 
1MB ROM 

77 + 12 EN 

80 X 25—CGA/MDA 

640x200 

Three/AA 

2 PCMCIA-1.0 

MS-DOS 3.3 

RS-232-C 
Parallel I /O 

1.44MB 3.5" Floppy 

Lotus compatible 
Scheduler 
Address/Phone Book 
Memo Editor 
Calculator 
LapLink 
File Manager 
Qock 
To-Do list 

Poqet 

8.8 X 4.3 

1.2 lbs. 

80C88 at 

640KB S 
768KB R 

77 -HlO 

80 X 25— 

640 X 20 

Two/AA 

2 PCMO 

MS-DOS 

RS-232-C 
I / O Bus 

1.44MB 

Schedul 
Address 
Memo E 
Calculat 

File Man 
a o c k 
To-Do L 

Source: Dataquest (Octolrar 1992) 
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On the other hand, if the minimum useful size keyboard (such as the 
Poqet/Sharp PC-3000) is used, the hand-held cannot fit in a pocket 
and its usefulness is again reduced. The solution may be a hybrid 
product such as the HP 95LX where the keyboard keys are enlarged to 
a size closer to those in the Poqet/Sharp PC-3000 (QWERTY without 
separate numeric keypad) and where the pen input is allowed to sup­
plement the keyboard. Both Sharp and Sony have demonstrated 
products that incorporate such a pen-based input device. Even though 
these are not hand-held PCs that run DOS, they are a step in the right 
direction. Making such devices PC-compatible is rather simple. 

The key to success for hand-helds may be semiconductor devices that 
allow for a good machine-hiiman interface, which may be handwriting 
on the LCD screen, voice recognition, or a combination of both, and 
provide seamless connectivity. If hand-helds succeed in being easy to 
use, then their unit volume potential wiU exceed our expectations. 
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Chapter 8 

Memory Cards ^ . ^ . ^ ^ ^ ^ . ^ ^ ^ ^ 

What Are Memory Cards? 

A memory card is a portable semiconductor storage device that con­
tains memory ICs. It resembles a thick credit card (3.3mm) with an 
edge connector at one end (see Figure 8-1). 

Memory cards perform a function similar to that of a floppy disk. 
They store binary data. 

As program or data storage media, memory cards are not new. They 
have been used in computer games, point-of-sale (POS) systems, 
photocopiers, and laser printers. More recently, electronic organizers 
such as the Casio BOSS and the Sharp Wizard along with palmtop 
PCs such as the Poqet and the HP 95LX have begun using memory 
cards for data storage. 

Figure 8-1 
Example of a Memory Card 

Source: PCMCIA 
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The memory card form factor has not changed much over time, but 
the type of edge connector and the electrical/mechanical interface 
have. The edge connector of a memory card is the conduit that allows 
data to move to and from the card's memory ICs. It defines the card's 
capabilities. To date, we have seen cards witti a variety of cormectors 
including 38-, 40-, 50-, and 60-pin. 

Memory Card Varieties 
Memory cards contain mostly semiconductor memory ICs that 
belong to one of the following families: mask ROM, EPROM, OTP, 
SRAM, DRAM, EEPROM, and flash. DRAM memory cards are rela­
tive newcomers and are meant to be used as "extended/expanded" 
memory with no need for battery backup. SRAM cards with battery 
backup have been used as solid-state "floppies" in the current 
generation of electronic organizers. Until recently, SRAM cards (with 
battery backup) were the only nonvolatile memory cards. Hash 
memory cards today provide a promising alternative. Items such as 
language-translating software and dictionaries typically come in 
mask ROM cards, as they are the most dense and least expensive. 
Functionally, they eu« huge look-up data tables that need no 
change. Table 8-1 lists the various memory card alternatives. 

Memory Card Standards 

What inhibited memory card growth in the past was the lack of stan­
dards. In Jtme 1989, the PCMCIA was formed in the United States, 
with a broad-based membership that included semiconductor compa­
nies along with software and hardware vendors. The PCMCIA's origi­
nally stated goal was to establish a standard for memory cards used 
with DOS-based PCs. It succeeded rather quickly as standards go. 
The first revision of a memory card standard was published in 
August 1990. 

Revision 1.0 of the PCMCIA/Japan Electronic Industry Development 
Association (JEIDA) standard defined the following: 

• The form factor—a device the size of a credit card, 3.3mm thick 
with a 68-pin socket cormector 

• The interface—^parallel tj^e bus, 8-bit/16-bit 

• The address space—64Mb 

Table 8-1 
Memory Card Alternatives 

Type 
ROM 
EPROM/OTP 
DRAM 
SRAM 
EEPROM 
Flash 

Density 
128KB—16MB 
128KB—8MB 
64KB—12MB 
32KB—4MB 
8KB—512KB 
128KB—4MB 

Source: Dataquest (October 1992) 
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The PCMCIA worked closely with the JEIDA and JEDEC. This dose 
cooperation enabled the prompt international acceptance of the stan­
dard. Revision 2.0, as announced in September, addresses XIP 
(eXecute-In-Place) and I/O fimctions such as modems and LANs for 
PCMCIA bus cards. Intel Corporation also announced the Exchange­
able Card Architecture (ExCA), a hardware and software implementa­
tion of the PCMCIA Revision 2.0 system interface. It is Intel's stated 
intention to make ExCA an industry standard so that different types 
of cards (memory, LAN, modem, and wireless commimications) from 
different manufacturers will be interoperable. 

Do Memory Cards Replace Hard Disks? 

Strictly speaking, memory cards are not hard disk replacements. Rotat­
ing media have not been terribly successful with removable hard 
disks. A number of companies have tried that approach, but technol­
ogy and costs kept it out of the mainstream. Thus, after a decade of 
using PCs, we are conditioned to think of hard disks as storage 
devices that belong inside the PC enclosxue. This idea is a technology-
dependent perception, and there is no reason why it should be so. On 
the other hand, memory cards, being a solid-state storage medium, are 
removable and portable. At a density of 20Mb, is a memory card act­
ing like a "removable hard disk"? We believe that it is. 

The Cost Issue—How Important Is It? 

In 1991, the average selling price (ASP) of a 2.5-inch 40MB hard disk 
drive was $250.00, which translates to $6.25 per megabyte. The 
3.5-inch floppy cost is dose to $1.00 per megabj^e. By comparison, a 
1MB flash card costs approximatdy $300.00 or $300.00 per megabyte— 
a substantial disparity! Semiconductor memory certainly costs more. 

The question is, "Can you put a floppy disk drive in a palmtop PC to 
take advantage of that cost disparity?" The answer is, "No." There is 
not enough power (or space). The issue, then, is not cost. Here the 
removable storage mediiun dictates the product's capabilities and its 
success or feiliuie in the marketplace. \'^thout a memory card, a palm­
top is nothing more than an dectronic organizer. It is the memory 
card that transforms a palmtop into a full-fledged personeJ computer. 

Flash memory cards hold the promise of becoming the least expensive 
form of solid-state storage. 

Cost Reduction 

Flash memory cards hold the promise for becoming the least expen­
sive form of solid-state storage. From a cell standpoint, flash rivals 
that of DRAM. Unlike DRAM or SRAM, it is nonvolatile, which 
means there is no need for battery backup. The need for bulk erasing 
of cvirrent-generation flash ICs creates a problem that requires dever 
solutions. With SRAM or DRAM cards, a single b5^e can be erased; 
EPROM-derived flash most often can be erased at the chip levd (i.e., 
the whole chip). Recently, some vendors have announced products 
that aUow erasure of particular memory segments. A prime example is 
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the Intel 28F001BX 1Mb flash memory, which is segmented into areas 
of one 8KB, two 4KB, and one 112KB—all of which can be indepen­
dently erased and programmed. EEPROM-derived flash is far more 
flexible at a cost premiiun (larger die). Flash EEPROM cells are larger 
than flash EPROM. Mask ROM memory cards will be the least expen­
sive for the foreseeable future. 

Data Compression ICs 

Data compression ICs represent a key development for the electronic 
photography market and, to a lesser extent, for palmtop and pen-
based PCs. Data compression ICs will be the subenabling technology 
devices. Without them, the future of electronic photography is in 
doubt. Thirty-six exposures (pictures) can be stored in a 2MB flash 
memory card in compressed form. If no compression were used, 40MB 
would be needed! 

XIP 

Simply stated, XEP allows a memory card to "plug-and-play." That is, 
once tihe card is plugged into the PC, program execution begins much 
in the way a program runs after one types in the program name and 
hits carriage return. That procedure is in contrast with current-
generation PC architectures that need to copy the prograni code from 
secondary storage (hard disk or floppy) to main memory (DRAM) 
before execution. A palmtop PC with XIP capability needs just a single 
copy of a program, usually stored in the memory card, thus freeing 
up main memory. 

The Players—Solid-State Disks 

A nxunber of companies are working on solid-state disk (SSD) 
replacement—^a challenging task, to say the least. SimDisk Incorpo­
rated, located in Santa Qara, California, chose to focus primarily on 
hard disk replacement (solid-state disk) with a proprietary flash 
memory technology and architecttue. The venture-capital-funded 
start-up launched three SSD products recently, all aimed at pen-based 
and palmtop PCs. The 2.5/5/10MB SSD plug-and-play sub^^stems 
come with an IDE industry-standard intex^ce. 

Toshiba announced a 4MB 5V EEPROM IC (TC58400) that is aimed at 
the SSD market. This device is by far the most dense EEPROM 
introduced to date. Architecturally, it is organized in a way that 
should facilitate SSD implementations. Toshiba uses a NAND cell 
structure that is 70 percent of its 4Mb DRAM cell; it is manufactured 
using a 0.7-micron double-poly CMOS process. The die size is 
58.55mm^ 

Hitachi announced a 5.25-inch form factor SSD based on 4Mb DRAM 
technology. This product is targeted at CAD/CAM, imaging, and 
graphics S5^tems that demand a higher I/O throughput than what 
hard disk drives provide. The Hitachi SSD has access time of 0.35ns, 
incorporates an SCSI interface, and comes in 32MB or 64MB PC 
boards. The SSDs may be expanded to a capacity of 320MB. The data 
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can be protected from power failures by using an optional battery-
powered backup hard disk drive. 

Recent Developments in Flash Memory and SSDs 

AMD annoimced the first single-transistor cell 1Mb flash memory 
device that operates from a single 5V supply. The Ain29F010 is by far 
the fastest flash memory chip with a 45ns read access time, a feature 
that may eliminate the need to download the flash data to SRAM in 
order to improve execution time. The Am29F010 is segmented into 
eight 16KB sectors that can be independently programmed/erased. 
Endurance is lOO/XK) cycles per sector. 

Intel annoimced an 8Mb flash memory device and the series-2 flash 
memory cards based on this new flash chip. The 28F008SA can store 
1MB of data or code, and by virtue of its pricing ($29.90) comes dose 
to DRAM cost per megab3rte. The device uses a 5V power supply for 
read operations and a 12V supply for write/erase. A 3.3V (read) ver­
sion is available for portable applications. This traditional single-
transistor cell-based design offers 100,(XX} cycles for endurance rating 
and 85ns access time. The memory array is segmented into 16 64KB 
blocks that can be independently erased/programmed. The 28F(X)8SA 
is the highest-density flash memory offering to date. The series-2 
memory cards are based on this new^ 8Mb flash memory and come 
in 4MB, 10MB, and 20MB densities priced at $163.50, $331.50, and 
$611.50, respectively. These cards are clearly aimed at mass storage 
applications. 

AT&T entered the memory card and solid-state disk market by 
second-sourdng Sun Disk's IDE interface SSD subs5rstem and card 
architectures. 

Microsoft announced the Flash File System (software), which supports 
Intel's 8Mb devices. The FFS-2 is now in beta sites and should be 
available later this year. Microsoft's Flash File software is a key com­
ponent and necessary for solid-state disk subsystems that (unlike the 
SunDisk solution) wiU use off-the-shelf flash memory ICs. 

The PCMCIA has ratified the technical content of two new standards 
for mass storage on memory cards. The PCMCIA-ATA (AT Attach­
ment) specification incorporates the ATA mass storage protocol as a 
PCMCIA standard for mass storage on a memory card. The Auto 
Indexing Mass Storage (AIMS) specification is for memory cards that 
will be used in electronic imaging and multimedia applications. 

Some Thoughts on the Future of Memory Cards and PCs 

In the past, the computer was the expensive component and the 
storage medium (floppy disk) the inexpensive one. We've become 
accustomed to that oddity and do not seem to question it. However, 
the computer is just a machine that manipulates information. It is the 
information that is important and valuable, not the machine that 
manipulates it. So perhaps it is fitting that the information carrier, a 
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memory card, may cost more than the computer it is attached to. In 
the future, we will be using platforms (palmtop PCs) that cost much 
less than the storage media (memory cards) they use. Imagine a $50 
PC attached to a $100 memory card. At least losing the PC will not be 
a problem anymore! 

Dataquest Perspective 
Dataquest believes that m e m o r y cards represent an important enabling 
technology. They have the potential to transform still photography and 
to make the 35inm film a n d cameras that u s e it obsolete. In the 
process, they will change that industry and provide tremiendous 
opportunities for growth in the consumer electronics market. 

Memory cards wil l not el iminate rotating magnetic med ia a n y time 
soon. Instead, they wi l l selectively replace them only w h e n and where 
it makes sense. The bulk of the m e m o r y card growth wi l l not c o m e at 
the expense of rotating media. Growth wil l c o m e from the creation of 
n e w markets. This should b e g o o d n e w s for the semiconductor 
m e m o r y industry. 

Ultimately, w e bel ieve , m e m o r y cards m a y revolutionize portable PCs 
b y enabling t h e m t o b e c o m e smaller, more rugged, lighter, ^ t e r , and 
perhaps user-friendly in a w a y that appeals to the vast majority of 
people w h o at present h a v e n o use for them. In do ing so , m e m o r y 
cards m a y b e the enabling technology that wi l l m a k e the P C of the 
futuore a true consumer itenu 
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Chapter 9 
Pen-Based PCs 

This chapter looks at what are described as "pen-based" PCs. Whether 
the term is appropriate for a PC classification is debatable. After all, 
the "pen" is just a PC input device similar to the k^board or the 
mouse, and we do not differentiate PCs on that basis. Having said 
that, we will let this argument be resolved in the future; perhaps the 
term pen-based will disappear. In this chapter we use this term as 
currently accepted. 

Pen-based computers (PBCs) represent a new class of machines that 
quickly captured the spotlight in personal computing. These com­
puters may evolve into something significantly different from todaj^s 
PCs. It is safe to say that current advances in technology have allowed 
us to revisit the past, the past being the use of pen and paper as the 
primary foim of communication. 

Today's pen-based computer is a notebook PC minus the keyboard. 
The user interacts with the computer using a penlike device. The pen 
is the primary input device and as such it is no different than a 
mouse, except in its (familiar) ease of use. It is very difficult to sign 
or free-form write using a mouse, which is a pointing device. 

The pen is much more. Together with the software and the hardware 
that drive it, the pen turns an ordinary PC into a useful, easy-to-use 
tool. At least, that is the expectation, which is partly derived from our 
familiarity with using pens and our belief that computers are useful 
tools. Combining the two makes sense. 

The pen may or may not be connected to the computer by a cord in a 
pen-based system. There are basically three tj^pes of pens: The resistive 
tj^e connects to the PC like a mouse; the capadtive and the elec-
b-omagnetic types need no connection. There are pros and cons to any 
type of pen used. But the pen should not be considered by itself; the 
software and hardware that drive it form an entity that either works 
or renders the pen-based computer useless. Specific implementation is 
a key element in the design of pen-based systems. 

The keyboard is an option; most pen-based computer manufacturers 
offer one because a keyboard is a far more convenient device for 
entering text of any length. Most people can type faster than they can 
write. Then again, a keyboard isn't necessary for the millions of peo­
ple who never learned how to use one effectively. This is a subtle but 
important difference that differentiates pen-based computers from 
traditional PCs. A far greater number of people can use a pen than 
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can use a keyboard. By using a pen as an input device instead of the 
keyboard, computer manufactiu^ers can tap a much larger market than 
that served by traditional PCs. 

Meeting Potential 
Fen-based PCs represent a new field in computers and as such need a 
lot of polishing to reach their potential The major stumbling block at 
present is the lack of operating systems, which in turn translates into 
a limited number of software packages that can run on any given 
hardware platform. Early hardware entries had to use operating sys­
tems developed in-house and thus limited or elinunated the possibility 
of using off-the-shelf software applications. So far vendors of hard­
ware have taken one of the following approaches: 

• Developed in-house proprietary operating sj^tems (OSs) and 
applications—^for example, spreadsheets, personal information 
management (PIM) software, and word processors 

• Used beta-site OS for pen computers from software vendors such as 
Microsoft Corporation and GO Corporation to develop applications 
(however, this ties their hardware releases to the release of the OS; 
NCR Corporation is an example) 

• Implemented both of the above (Momenta Corporation developed a 
proprietary OS that can run either off-the-shelf V\^dows applica­
tions or in-house-developed software such as a PIM, a word proces­
sor, and a Lotus-like spreadsheet) 

Specifications 
A tj^ical pen-based computer today weighs 5 pounds and is about 
8 X 11 X 1.5 in. It is able to run on batteries for three to six hours, 
depending on actual use and power management implementatiati. It 
is usually built around an Intel Corporation 20-MHz 386SX, 386SL 
microprocessor, or the newer 25-MHz 386SXL from Advanced Micro 
Devices Iiu:. (AMD). Main memory (DRAM) ranges from 2MB to 8MB 
for a standaid configuration. The video graphic array (VGA) display is 
a 10-inch (diagonally measured) LCD with 640 X 580-pixel lesoiution 
and 16 to 32 shades of gray. 

For mass storage the tj^ical PBC uses a 40MB, 2.5-inch hard disk. 
Some PBCs use solid-state storage devices such as the 20MB solid-
state disk from StuiIMsk Inc. or flash memory emd flash cards. PBCs 
have no internal floppy and thus rely on communications software for 
uploading or downloading data. Alternately they use PCMCIA-tjrpe 
memory cards or docking stations for data transfers. 

For communication PBCs typically offer an integrated modem/fax 
line, which simplifies connectivity. Some units offer modem/fax/voice 
capability. 

The market for pen-based computers is relatively bright (see 
Table 9-1). Unit sales aie expected to grow from 96,000 in 1991 to 
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Table 9-1 
Worldwide Portable PC Market Forecast (Thousands of Units) 

Laptop DC 

Notebook 

Pen-Based 

Hand-Held 

Total Portable 

1991 

2,764 

1,136 

41 

238 

4,179 

1992 

3,101 

1,794 

122 

763 

5,780 

1993 

3,392 

2,816 

800 
2,042 

9,050 

1994 

3,669 

4,393 

1,759 
3,877 

13,698 

1995 

3,933 

6,809 

3,289 
6,188 

20,219 

5 

25 

Source: Dataquest (October 1992) 
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about 4.4 million by 1995. The compoiuid annual growth rate (CAGR) 
for pen-based computers is 159.75 percent from 1991 to 1995, the 
highest in the portable PC market. The expected revenue also is sub­
stantial, as the average selling price is at least similar to that of a note­
book PC. 

Figure 9-1 represents the worldwide market foreoist for pen-based 
computers. 

Figure 9-2 shows pen-based PCs over the same period (1991 to 1995) 
as a percentage of the total portable computer market. At 2 percent in 
1991, the market is expected to grow to 15 percent by 1995. 

The semiconductor content for a tjrpical pen-based computer retailing 
of a $3,000 system is about $330. Figure 9-3 shows the cost distribu­
tion on a percentage basis. DRAM represents about 36 percent of the 
semiconductor content (in dollars). This amount is expected to 
increase, driven primarily by memory-hungry pen-based OSs. 

Table 9-2 shows the semiconductor cost breakdown of a current-
generation pen-based computer. 

Figtue 9-4 shows Dataquesf s total available semiconductor market 
estimate. Semiconductor revenue derived from PBCs will exceed 
$1 billion by 1994. 

Major players in pen-based computing that offer hardware products 
include GRiD Systems Corporation, Momenta Corporation, NCR, 
Samsvmg, Sanyo Electric Co. Ltd., and Sony. 

Major players in pen-based operating systems include GO Corporation 
(Pen Point), Microsoft (Pen Windows), and Communications Intelli­
gence Corporation (PenDos). 

Table 9-2 
Semiconductor Content, Typical Pen-Based Computer 

MPU 
Main Memory (4MB DRAM) 
System Logic 
Graphics Controller 
Video Buffer (PS-RAM) 
Analog 
Local Buffers (SRAM) 
Logic 

Total 

Cost ($) 
90.00 

120.00 
70.00 
25.00 
8.00 

10.00 
4.00 
3.00 

330.00 
Source: Dataquest (October 1992) 
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Figure 9-1 
Worldwide Pen-Based PC Market Forecast (Thousands of Units) 
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CAGR 
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Source: Dataquest (October 1992) G£00£a67 

Figure 9-2 
Portable PC Market, 1991 and 1995 

1995 

Hand-Held ^ Notebook | ^ Laptop ^ Pen-Based • Companion 

Note: Segments may not add to 100 percent because of rounding. 

Source: Dataquest (October 1992) G20C22G3 
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Figure 9-3 
Semiconductor Content Cost for Pen-Based PCs 

Total Cost = $330 
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Figure 9-4 
Estimated Total Available Semiconductor Market, Pen-Based Computers 
(Thousands of Dollars) 
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Source: Dataquest (October 1992) (32002270 
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Who is shipping OS? Both Pen Point and Pen Mndows are at a beta-
site stage right now. Both products are expected to be released by the 
second quarter of 1992. This delay in operating sjrstem introduction 
has retarded the availability of pen-based computers. 

Handwriting Recognition 

Even though handwriting (character) recognition is desirable for a 
pen-based computer, at present it is not a critical item. Momenta's 
approach is (and rightly so) that the computer does not need to recog­
nize everjrthing sketched onto the screen. This position foUows the 
logic that notes entered into a daytimer are for private use and need 
not be transcribed; they just need to be stored for future reference/ 
retrieval. 

Connectivity/Doclcing 

A PBC is quite effective as a field or factory floor instrument, but it 
needs to download the information captured to a mainframe or a PC. 
That can be accomplished in a number of ways: xising a PCMCIA 
(68-pin) port and memory cards as the transfer medium, or by using 
radio frequency or infrared communication. A docking station is 
another alternative. 

VWth respect to communication, current-generation pen-based com­
puters tj^ically offer an integrated modem/fax. The addition of the 
fax capability is quite handy because it allows a user to receive or 
send a fax from any place that has a phone jack or to use a cellular 
phone from practically anywhere. 

Applications 

Pen-based systems are already used in retail stores. Customers sign for 
credit card purchases right on the screen of the pen-based PC, which 
captures the signature in a digitized form and stores it in a hard disk 
for after-hours phone transfer to a credit card clearing bureau. The use 
of a PBC instead of the regular credit card imprinter for signing for a 
purchase speeds up the transaction. Future off-line signature verifica­
tion will be possible using a smart card (where the customer's signa­
ture stored in the smart card's nonvolatile memory is in binary form). 

PBCs are very good at applications that require filling out forms. A 
good example is their use by public utility companies for reading elec­
tricity, water, and gas meters. Police departments use them to replace 
paper forms for traffic violations. In manufacturing they are used to 
fill out inspection reports. Banks and investment companies use PBCs 
to fill out standard contracts. They also are quite popular with insur­
ance adjustors and are finding their way into real estate sales. 

Dataquest Perspective 

As is the case with anything new, it will take some time for pen-based 
systems to reach their potential. Today lack of operating sj^ems is 
retarding the growtii of this segment. This situation should change in 

SAWW-SVC-FR-9202 ©1992 Dataquest Inccxporated October 19,1992 



9 ^ Semiconductor Application Marifflts Worldwide 

1992. From a CAGR point of view, pen-based PCs stand out. Over 
time the distinction between palmtops and pen-based computers may 
become blurred as palmtops begin to incorporate a pen as an input 
device. The fax communications capabilities of pen-based computers 
make them extremely useful to a great number of people who are on 
the go, substantially enhancing the total available market for pen-
based systems. Dataquest believes that pen-based computers offer a 
significant market growth opportimity for sjrstems manufactiuers, soft­
ware developers, and semiconductor vendors. 



Chapter 10 
Winds of Change in Mass Storage 

Emerging micro rigid disk drives (micro RDDs), as exemplified by the 
1.3-inch RDD recently launched by Hewlett-Packard, are challenging 
memory cards and solid-state disks used in hand-held PCs. 

Is there any evidence to suggest changes in the mass storage industry, 
and what sort of changes are we seeing? The answers to the first 
question depends on how a disk drive, or better yet a mass storage 
device, is defined. If the traditional definition is expanded to include 
flash memory (semiconductor)-based solid-state disks (SSDs), then the 
answer is yes. Further confusing the issue is what one considers to be 
a mass storage company. For example, is Intel also a mass storage 
company? What about SunDisk, whose products are silicon-based? 

No one is taking chances, if the Intel-Conner Peripherals joint venture 
is any indication. It is very unlikely that Conner feels threatened by 
flash memory-based SSD alternatives to RDDs for the near future. 
However, it early on realized the potential of the new technology and 
opted to capitalize on the opportunities to expand sales. Besides, the 
chosen route (teaming with Intel) offered the most logical and S5rmbi-
otic relationship, with each company contributing strengths to the 
partnership: flash memory technology from Intel and subsystems 
storage expertise from Coimer. More such alliances should be on the 
way in an attempt to serve the needs of the mass storage marketplace, 
and should come as no surprise to the participants. For companies 
looking at entering the market, this is food for thought. 

Forecast Uncertainties 

The 3.5-inch hard disk drives represent the dominant form factor, at 
least through 1996 (see Figure 10-1). From a Semiconductor Applica­
tion Markets group standpoint the wild card in this market forecast is 
the emergence and quick acceptance of the new small form factor 
hand-held computers, that is, the PICD. 

As a category, PICDs describe hand-held PCs such as Apple's Newton 
and future HP 95LX t3rpe derivatives, as well as small pen-based 
machines. Will such devices be in volume production by 1996? If they 
are, what form of mass storage will they use? The answers may 
depend on one's point of view. 

For PICDs to be successful, t h ^ must be small, light, easy to use 
(intuitive), and relatively inexpensive. They also must possess good 
commimications capabiUties. The need for portability and light weight 
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Figure 10-1 
Worldwide RDD Market Shipments (in Thousands) 
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Source: Dataquest (October 1992) G2001503 

dictates the mass storage requirements. PICDs are not meant to 
replace desktop PCs and as a result are not required to incorporate 
excessive amounts of software. The bare minimum amount of mass 
storage is needed. Because PICDs will communicate over wireless (or 
wired) networks with mainframes, home, and office computers, 
embedding massive amounts of storage solves no problems. Indeed, 
it adds weight, power consumption, and cost. Forecast uncertainty 
resxilts from the possibility of early PICDs' success, which may con­
sume substantial voltimes of 1.3-inch (or smaller) drives. In such a 
case, this forecast may be conservative because it does not fully 
address that new PC subcategory. 

Cost Aiternatives: Micro Drives versus Soiid-State Storage 

We know that at present semiconductor storage is a much more 
expensive form of mass storage than are RDDs, so why discuss the 
matter? The reason is that the new generation of PICE)s may or may 
not use RDDs for mass storage, depending on the outcome of a 
head-on competition to satisfy the following conditions, which are 
seen as necessary for adopting a mass storage mediiun: Mass storage 
devices for use in PICDs must be rugged, small and lightweight, low 
in power consximption, and inexpensive. 

October 19,1992 ©1992 Dataquest Incorporated SAWW-SVOm-9202 
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So far RDDs have not satisfied these reqxiirements. SSDs do well with 
the fijrst three, but are about five times ttie price of RDDs. The 1.3-inch 
RDDs are expected to do better addressing the conditions. But SSDs 
are expected to close the cost gap to 3.5 times that of the 1.8-inch 
drives by 1996 and perhaps to do even better when compared with 
1.3-inch or smaller RDDs. Ultimately, of course, cost determines 
whether a particular technology gets used or not. But are we talking 
about the cost per megabyte or the overall system cost? Tliis is the 
key question and it involves a bit of an understanding and prediction 
of the ways PICDs will be used. 

Because PICDs are not going to replace desktop PCs but instead will 
be the take-along device, there is no need to duplicate the power of 
the desktop. Instead we need to tap into that power remotely, thus the 
emphasis on the communications capabilities of PICDs, which in tiun 
dictates that only a small amount of mass storage may be needed for 
local processing. Thus, 10- to 20MB may suffice (effective storage of 
20- to 40MB with compression). The SSD cost of the system should be 
$50 to $100 by 1995. It is unlikely that a 20MB, 1.8-inch drive will cost 
$30 (20 times $1.50), as such a cost is based on a much higher disk 
density. The most likely scenario is that the SSD and the HDD will 
cost the same for that density. If that happens, then solid-state storage 
will be the mediixm of choice, because it fares much better for the 
reqxiirements delineated earlier. 

So, is it time for semiconductor vendors to celebrate? RDD manui^c-
turers offer fonnidable competition for anyone that ventiues into the 
mass storage areiia with SSD solutions. And so far RDD makers have 
been able to come up with substantial cost and technology break­
throughs whenever the requirements demanded. The infamous cost 
per megabyte curves for RDDs and SSDs have been drawn so as to 
cross over at some point, and that point has been moving forward for 
the past 20 years (see Figure 10-2), sparking many heated debates in 
the process. The real question is whether these two curves must cross. 
Given the preceding discussion, the answer may be no. 

Figure 10-3 shows Dataquesf s cost-per-megabyte estimates for flash 
memory-based SSDs and RDDs. The 1.8-inch drive is used for compar­
ison because it represents the current candidate (along with the 
1.3-inch) for head-on competition with solid-state storage in the 
emerging PICD market. 

SAWW-SVC-m-9202 ©1992 Dataquest Inccxporabd October 19,1992 
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Figure 10-2 
Cost per Megab5^e, RDDs and Solid-State Disks 
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Source: Dataquest (October 1992) 

Figure 10-3 
Cost per Megabyte, 1.8-Inch RDDs versus Flash Cards 
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Source: Dataquest (October 1992) G2001505 
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Chapter 1 
Introduction 

If the number of inquiries we receive about multimedia every day at 
Dataquest b any indication, this is the hot topic of the year—^perhaps 
of the decade! First of all, there is a lot of confusion about multimedia 
in general. What is multimedia? What are its component parts and 
how do they interrelate? What hardware platform reigns supreme for 
delivering multimedia? Is it a home, education, entertainment, or busi­
ness technology? Is there really any available multimedia software, or 
just development tools? What are the strategies of companies like 
Apple and Microsoft—not to mention most Japanese electronics 
firms—that seem to be aiming their futures toward the multimedia 
star? 

From a market and strategic perspective, our clients usually ask how 
big the market is and where the best development opportunities lie. 
When they start getting down to specifics, they are generally coining 
from a particular business focus such as software, PC design and man­
ufacturing, or CI>-ROM manufacturing. Therefore, they want to know 
what multimedia trends will affect their product development efforts, 
what strategies they should adopt to penetrate the multimedia market, 
and what companies they should consider partnering with to achieve 
success. 

When we steuted looking at multimedia technologies to help clients 
answer these questions, it became quickly apparent that miiltimedia is 
such a broad subject that no one Dataquest analyst or service could 
possibly provide all of the answers. Besides crossing many user 
boundaries—^home, school, entertainment, business, and technical— 
multimedia crosses over all of the technology services provided by 
Dataquest— f̂rom semiconductors, to computer sjrstems, to storage, to 
software, to telecommunications. 

So to provide a thorough and authoritative look at multimedia, we 
assembled a team of analjrsts that specialize in each of these technolo­
gies and we began investigating what is going on in multimedia in 
their respective areas. 
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This report is the synthesis of our research. It is divided into two 
parts, with each part comprised of four chapters that review multi­
media technologies, opportunities, markets, products, and players, as 
follows: 

Parti 

• Chapter 1: Introduction 

• Chapter 2: Executive Overview—^The Multimedia Market Begins to 
Emerge 

• Chapter 3: Semiconductor Technologies and Opportunities in Mul­
timedia 

• Chapter 4: Multimedia Authoring Software and Applications 

Partn 

• Chapter 5: The Role of Computer Platforms and Upgrade Kits in 
Multimedia 

• Chapter 6: Multimedia Storage Requirements 

• Chapter 7: Multimedia Telecommunications 

• Chapter 8: The Impact of Emerging Technologies on Multimedia 

Dataquest intends to expand its coverage of these multimedia technol­
ogies and markets in the future. This report represents the foundation 
of our research. 

Report Project Team: 
Pamela Stcme Bliss—Software 
Patty Chang—CD-ROM 
Robert Corpuz—^PCs and Workstations 
John Gantz—Teleatmmunications 
BUI Kesselring—PCs and Workstations 
Greg Sheppard—Semiconductors and Add-On Boards 
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Chapter 2 

Executive Overview: Tlie ii/luitimedia 
Maricet Begins to Emerge ^ ^ — ^ 

Introduction 
The term multimedia has been the subject of multiple definitions, many 
interpretations, and accelerating interest during the past few years. 
This is quite luiderstandable, given multimedia's cross-industry and 
cross-market implications. Computer systems, software, and peripher­
als providers see it as a tremendous market opportimity to develop 
and sell new products and services. Early-adopter users of new com­
puting technologies are gravitating towaid multimedia for its promise 
of exciting, neŵ  ways to bring information to the desktop through 
combining text, data, animations, still and moving images, voice and 
sound, and interactivity. In the home, consumers are also being 
tempted by a dazzling array of interactive games, gizmos, television 
programs, and online services that are beginning to make use of 
multimedia's capabilities. Multimedia is a natiiral extension of the 
entertainment industry, and cable TV is quickly embracing interactive 
programming. 

Despite all the hj^e and hoopla, however, the multimedia market is 
still very young. We believe that multimedia will be an everyday real­
ity by the end of this decade, but not before scores of complex plat­
form, networking, standards, and software issues are resolved. 

One cause of the current fragmentation of the mtdtimedia market is 
that creating multimedia systems involves the collaboration of many 
industries that have been historically discrete, with their own taiget 
users. For many would-be players in the market, getting into multi­
media involves forging new working relationships and learning new 
technologies far afield from the comfort zone. 

Another major hurdle is the lack of standards. In this new market, like 
most others in the past, early developers created their own ways of 
doing things. From software to systems to semiconductors, battles rage 
over which file formats, internees, compression scheme, operating sys­
tem, hardware platform, network delivery, and chip sets will reign as 
supreme multimedia delivery vehicles. 

The lack of business-oriented multimedia applications further frag­
ments this nascent nuurket. Granted, there are a growing number of 
multimedia titles available on compact disc read-only memory 
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(CD-ROM) disks for the home market that provide games and refer­
ence/educational materials that can be played on a CD-ROM drive 
attached to a workstatioiu And optical disk-based information services 
provided on CD-ROM have become very popular for their quick and 
painless ability to sift through huge databases of information. In addi­
tion, there are a good many in-house training programs that have 
been developed by progressive end users using multimedia authoring 
systems. But looking arotmd for off-the-shelf business or productivity 
applications that provide multimedia's quick information access and 
sensory appeal, the searcher comes up with only a handful of titles. 

The opportunities are there. Information providers can leverage their 
archives of text, video, and sound into new business opportunities for 
interactive access to miiltiple information media. These companies will 
have to work closely with both computer hardware and software man­
ufacturers that understand digital data processing. Cooperation with 
peripheral companies offering CD-ROM drives and videodisk players 
is essential to create standard platforms in order to fuel the develop­
ment of rich multimedia offerings. Underl3nng this collaboration are 
two issues: networking and how critical the transport of multimedia 
information will be to the business world; and, the array of opportuni­
ties networking represents in the consumer market. 

What Is Multimedia? 

So, what is this diverse concept called multimedia? The definition, too, 
can be elusive. Dataquesf s definition focuses on multimedia computing 
and the two key elements always found in multimedia applications 
that are missing from "traditional" applications. These are as follows: 

• The blending of multiple digital data types in a single application 

• An appeal to a variety of human senses, especially sight, hearing, 
and touch 

Definition 
Multimedia computing blends a variety of digital information t3rpes 
including data, text, soimd, voice, moving and still images, raster 
and vector graphics, and animation into a single system or applica­
tion. Tlds merging of static information with visual and auditory 
elements enhances communication by replicating the way that 
humans experience the world. Multimedia provides iiser interfaces 
that mimic the ways people communicate best—especially through 
sight, hearing, and touch. Multimedia applications usually provide 
navigational tools such as touch screens, mice, or pens so that users 
can interact with the system to control, guide, or respond to infor­
mation presented (see Figure 2-1). 

Multimedia applications simultaneously inform, educate, and delight 
by engaging several of the user's senses. They use color to stimu­
late the user's eyes and inner vision. They use sound to play back 
noises, spoken words, and music to add the depth of hearing. They 
blend photographic-quality moving and still images to spur the 
imaginatioiL They merge animated pictures to illustrate, entertain, 
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Figure 2-1 
Multimedia—^A Blending of Many Technologies to Enhance Communication 

Multimedia uses computers to integrate graphics, animation, video and music, speech and text. 
A production system consists of a computer for central control and various devices for input and output. 

Digital images can be 
displayed on TVs or video 
display monitors. 

Scanners and video digitizers 
bring real worid images from VCRs, 
CD-ROMs, and other sources into the 
computer, converting analog images 
and signals into digital 
infonrtation. 

CD-ROM, a 
compact disc with 

read-only-memory, 
provides applications 

andsofWvare. 

Audio signals can be 
recorded on computer disks. 

Digital sound c»i be 
presented In stereo quality. 

rf 
MdWWS 
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Musical instrument digital interface (MIDI) converts musical sounds and tones 
into digital information that can be transferred and manipulated on computers. 

Source: San Francisco Examiner, Dataquest (September 1992) G2D01S64 

and inform. They unite data and text within the application to tap 
into traditional computer information sources. A multimedia applica­
tion blends two or more of these data types and sensory stimuli 
into an illuminated document or application. Because true multi­
media documents contain sound and video in addition to text aiul 
data, they can really only be used through a playback device such 
as a compact disc player connected to a computer system or a tele­
vision set. 

Multimedia applications are found in two very different markets 
today: the business market and the consumer market. Business 
applications tend to run on PCs, Macintoshes, technical work­
stations, or other systems outfitted with multimedia hardware 
upgrades including video and audio boards, speakers, and a 
CD-ROM drive. Business multimedia applications are clustered in 
the training, presentation, information services (reference collections 
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on CD-ROM), and information kiosk areas. (A kiosk is an interac­
tive information "booth," usually equipped with a touch-screen 
monitor, that a user can query using touch or keyboard commands 
to obtain information, make reservations, or order goods and ser­
vices.) Consumer multimedia applications tend to nm on home 
entertainment devices such as television sets fitted with game play­
ers (from memiifacturers including Nintendo and Sega), compact 
disc interactive (CD-I) players (Philips' offering for consunier 
multimedia), interactive descrambler devices (for cable TV program­
ming), and/or home PCs equipped with multimedia upgrade kits. 
Consumer applications include games, interactive TV progr<unming, 
and education and reference programs on CD-ROM. 

There are two levels of multimedia systems: personal and collabora­
tive. Personal sjrstems are standalone systems that provide entertain­
ment and information to individuals. Examples of personal 
multimedia sjrstems include games, computer-based training, and 
CD-ROM reference collections. Collaborative systems enhance 
information-sharing and conununication between individuals or 
groups of individuals. They combine multimedia applications with 
networked computing devices. Examples of collaborative multimedia 
applications include desktop conferencing, interactive television (for 
voting or polling, for example), training applicatioits, information 
kiosks, and multimedia-enabled gtoupware applications that are 
beginning to emerge. Many multimedia products and applications 
fall into both categories, depending on how they are used. 

The Business Opportunity for iWuitimedia 

Most of toda3^s multimedia applications are geared toward the con­
sumer and home market rather than the business market. The majority 
of multimedia titles are CID-ROM-based games or interactive "info­
tainment" applications. The uses for multimedia in the business world 
are vast and significant, however. By the end of this decade, multi­
media computing will pervade the average office worker's desktop as 
thoroughly as word processing does today. 

If business is to better compete in the 1990s £md into the 21st century, 
the ability to react quickly to changing business conditions will 
become its No. 1 priority. Corporations dearly are fadng a crisis in 
human capital. Most business leaders agree that the best way to com­
pete in a global market is with a well-trained, knowledgeable work 
force that has a superior ability to comprehend and satisfy customer 
needs. What such workers need are fast access to information, presen­
tation of infonnation in an easy-to-understand format, easy-to-use 
tools to analji'ze that information (analysis may require collaboratioiO/ 
and the ability to take informed, creative action. Multimedia holds 
great promise to deliver systems that can produce this type of worker 
productivity. If multimedia systems deliver, we believe that the busi­
ness community will quiddy embrace multimedia because of its 
heightened abiUty to effectively express infonnation. In areas sudi as 
interactive training, where early success^ are visible, multimedia has 
already taken off. 
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Our idea of information is changing to include anything that can be 
digitized. This radical change in the nature of what constitutes infor­
mation means that companies should begin to look at their business 
applications with a broad perspective. A strategy for teams or groups 
of workers is necessary in order to take advantage of networked inter­
active multimedia globally. A major challenge facing corporations will 
be to find the breadth of talent— t̂echnical and artistic— t̂hat is needed 
to create well-executed, easy-to-use, yet visually compelling multi­
media applications. The balance of artistic and technical skills needed 
to create such applications in one developer is a rare commodity. 

Ultimately, multimedia and its ability to provide tmUmited access to 
multiple information forms will be a catalj^t in hiunanizing and per­
sonalizing all communication. The productivity benefits that it will 
bring to the biisiness world are too vast to quantify. 

Multimedia for Home and Entertainment 

Miiltimedia for home and entertainment refers to multimedia-enabled 
products and services that vendors anticipate consumers will purchase. 
Vendors agree that the market from home multimedia products is very 
different from the business market. Products for the home must be 
small, light, portable, affordable, and very easy to use. They must ful­
fill a need in the home setting, such as to provide entertainment, assist 
the family in learning, or provide home office capabilities. Some recent 
product introductions geared for the home market give an advance 
taste of constuner-oriented products that manufacturers believe will be 
successful in this arena: 

• Philips Consumer Electronics Company and Sony Corporation 
are betting that there is a large market for their Compact Disc-
Interactive player, a $1,000 attachment to the home TV that is used 
to play interactive games and education features ranging in price 
from $25 to $200 leach. 

• The Eastman Kodak Company's Photo-CD system enables color 
photographs take by any camera to be transferred to CD-ROM disk 
£md viewed using a Kodeik's Photo CD \^ewer. These digitized pho­
tographs can aiso be integrated into PC miiltintedia applications 
using authoring software. 

• Sony's DiskMan is a portable CD-ROM player that is the size of a 
thick paperback novd that will cost under $l/)00. Users can carry a 
bookshelf full of titles (stored on 3.5-inch compact discs) in a purse 
or pocket. 

• Apple Computer Inc's Newton personfil digital assistant (PDA) is a 
podket-size combination of computer, personal organizer, and com­
munications device that enables users to take notes by hand, sketch 
figures, check schedules, store addresses, review computer applica­
tion files, and network with the office using wireless communica­
tions. Expected to sell for under $1/X)0 when aveulable in early 
1993, this mobile device is designed to help people compile and 
work with information more easily than using a standard PC. 
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The cable television (CATV) and wireless television industries are also 
betting big on the growth of multimedia interactive systems in the 
home/entertainment market. Most cable systems are being rewired to 
facilitate two-way communications to enable a host of cable TV ser­
vices such as subscribing to cable programs, pla3nng along with game 
and quiz shows, ordering products (for example, the Home Shopping 
Network, checking flight schedules and booking reservations, and so 
on), and dipping into information databases. Multimedia interactive 
promises to be a shot in the arm for the cable industry, which boomed 
in the early 1980s but has slowed down considerably in recent years. 

An alternative definition of home entertciinment might include 
products or services that require an evolving, higher level of techno­
logical fluency or curiosity among a sufficient number of consumers 
(such as existing PC owners) to support a more ambitiously detiiiled 
form of interactive programming. An example might be a real-time, 
customized interactive newspaper that would display news informa­
tion and video clips according to a user's exact requirements. The user 
could navigate through the "paper," request deeper levels of informa­
tion on any subject, and even select a favorite news personality to 
deliver the news. Entertaiiiment and information will merge in 
products such as this. They will all probably be a reality by the 
middle of the decade. 

Multimedia Teciinoiogies 

The following sections outline the various hardware, software, and 
telecommunications components that, when blended together, com­
prise multimedia. Major components are discussed in detail in the 
chapters of this report. 

Animation 
V Animation is a visual commimicatioh technique that uses a rapid 

succession of slightly shifted images of text, graphics, or models to 
create a sense of smooth, d3mamic motion in the mind of the view­
er. Although animation is traditionally associated with hand-drawn 
cartoons, recent advances in computer-based animation have opened 
up new possibilities for adding motion to a wide variety of real 
and artificial images. PC-based tools such as MacroMedia Inc's 
Director and Autodesk Inc's Animator etllow moderately skilled 
creators to develop images that seem to move continuously on the 
screen. 

Animation lies between sound-over-still images and full-motion 
video in terms of the complexity imd technical demands it makes 
on both the creator and the display platfomu The lower cost and 
increasing ease of use of animation tools suggests that they will 
play an increasing role in developing business, technical, education­
al, and entertainment applications. 

Audio 
Coming in just behind sight, audio adds the second-most important 
human element to multimedia programs—human hearing. Multi­
media audio enables programs to contain the spoken word, noises 
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and soTind effects, and music. This dimension adds life and reality 
to applications that otherwise woiild be flat and mute. 

There are two grades of audio. Voice quality audio (8-bit) 
reproduces the fairly limited range of tones produced by the 
human voice. It is sufficient for applications that play back the 
spoken word—^voice annotations, voice conferencing, voice mail, 
training, and text-to-speech. Music or CD-quality audio (16-bit) is 
required for applications that replicate a higher range of tones and 
notes than the human voice can produce—^music and sound effects. 
CD-quality audio is found mainly in the music and home entertain­
ment industries today, but will play an increasing role in multi­
media computing. Already making its way to the computer indtis-
try is Musical Instrument Digital Interface, or MIDI. This is a code-
oriented control language for specifying the notes and timing of a 
computerized musical score. These codes can be generated and/or 
played back by MIDI-compatible electronic devices such as key­
boards and synthesizers. 

There are several elements involved with managing and storing 
audio data. The first is audio capture. Audio is analog data that 
have been created by some kind of input device such as a micro­
phone or CD player. Graphically, audio looks like a long wave 
fonn. The audio signal is defined by its bandwidth, the highest 
frequency in cycles per second that can be represented in the wave 
form. This signal may be digitized by the combination of two 
processes, sampling and quantization. Analog audio signals are 
digitized by an analog-to-digital converter (ADO chip component 
of audio digitizing equipment. 

Once captured, audio can be stored as a data file for later use and 
playback. Audio files are stored with information about the data 
file including the sampling rate, the number of bits per sample, 
and the encoding algorithm used. Audio takes up a lot of 
storage—one minute of uncompressed CD-qxiality audio can con­
sume close to 10MB of storage. One of the biggest challenges in 
dealing with audio information is developing efficient compxression 
algorithms to minimize the amotmt of storage space, and building 
networks with sufficient bandwidth to accommodate audio 
efficiently. 

Authoring Tools 
The increasing interest in multimedia is fueled by the recent possi­
bility of creating and displaying applications combining multiple 
data types on a relatively low-cost device, the desktop PC. The 
process of composing interactive multimedia applications and 
presentations is called authoring, and software that supports this 
process is called an authoring tool (see Figure 2-2). These tools 
span the gamut from application progreun interlaces (APIs) that 
only technical users can use, to graphical toolsets designed to allow 
nontechnical novices to create multimedia presentations and training 
programs. In addition, authoring tools range from simple to com­
plex in terms of the capabilities and features they provide. 
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Figure 2-2 
GainMomentum's UNIX Authoring Environment 

Source: Gain Technology Inc. 

Creating a multimedia application or program is not always as sim­
ple as sitting down at your PC with your fovorite authoring tool, 
however. For one thing, most existing databases were designed to 
store and retrieve two data types: data and text. Fundamentally 
different techniques are required to describe and accurately link 
associated text, graphics, audio, and video data tjrpes within a 
single file system. The rise of object-oriented database programs and 
standards for object programming seek to address this issue. 

In addition, searching multimedia databases can be a complex issue 
because digital information in the form of audio and video cannot 
be quickly scanned by the user or automatically categorized by 
software. Multimedia information retrieval will require richer models 
of information navigation tiian those provided by current text 
search and retrieval software. "Surrogate travel" is one of these 
modeb. It involves "virtual" movement within a 2-D or 3-D model 
of objects such as a dty, a building, the human body, an aircraft, 
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or any other subject that can be modeled emd for which a database 
exists. Touching parts of the model with a mouse or pointing 
device retrieves information relevant to that part of the model. 

CD-ROM 
CD-ROM uses standard audio laser disk technology to publish 
digital data in a low-cost form that can then be retrieved by a 
CD-ROM drive coimected to personal computer or workstation. 
CD-ROM technology has accelerated the growth of the multimedia 
market by providing voluminous storage capacity at a low cost per 
megabyte for storage. One CD-ROM disk can store 600 to 800MB 
of text or graphics, several hours of sound at high or low fidelity, 
thousands of high-resolution still images, and/or 72 minutes of 
moderate resolution, compressed full-motion video. In addition to 
providing high-capadty storage, CD-ROM disks are economical. 
Audio-only CD-ROM disks (music) sell for aroimd $15. CD-ROM 
disks containing multimedia titles such as games and reference 
materials sell for between $50 and $300, depending on the depth 
and complexity of the title. 

Compact disc Interactive (CDI) in the consumer arena and Digital 
'N d̂eo Interactive (DVI) in the business arena are hardware-
dependent standards for encoding multimedia data, especially video, 
on CD-ROMs. CDI is supported by a consortium headed by Philips 
that includes Sony, Motorola Inc., and other major vendors and 
software companies. DVI was invented by RCA/Samoff Labs and is 
being further developed by Intel Corporation. It is supported by 
IBM Corporation and other major v^idors. 

Digital Recording 
Digital recording is a technology for representing continuous, analog 
signals (such as sound or video) by measuring the strength or 
eunplitude of the signal every few thousandths or millionths of a 
second. It also requires the recording of these measurements as dig­
ital numbers on tape, disk, or some other medium. VN̂ th appropri­
ate techniques, a digital recording can be used to recreate a nearly 
identical version of the original analog signal in a playback device. 
Audio CDs use digital recording. Most existing videotape recorders 
use analog recording. 

Digital recording has the advantage of being much more precise 
than traditional analog recording. The disadvantage of digital 
recording is that the equipment required is more complex and 
expensive and the resulting data files are larger (requiring more 
space on tape or disk). 

The most important advantage of digital recording for multimedia 
is that it permits the manipulation, editing, and integration of 
previously separate message forms such as text, graphics, sound, 
and video within a relatively low-cost PC or workstation 
environment. 
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Graphics 
In the context of multimedia, graphics refers to visual information 
that can be stored and manipulated in a computer using geometric 
descriptions such as points, lines, areas, and volumes or visual 
parameters such as color or shadowing. 

Since the introduction of the Madntosh with its inherent graphics 
capabilities, all PC and software vendors have increased the graphic 
display and numipiilation capabilities of their products. 

Photographs, printed images, digitized video stills, and hand-drawn 
diagrams can now be scanned into a PC, with some modest loss 
of resolution. They can be manipulated by a wide variety of 
graphic software packages reused in different contexts for different 
piuposes. 

Many user-created graphics are used to support live presentations. 
Most involve two-dimensional text and charts with some color. 
Three-dimensional stills (actually 2-D images with added perspec­
tive) are more complex but are well within the capability of exist­
ing low-cost rc graphics software packages. Dynamic or interactive 
3-D images generally require the additional computing power of a 
technical workstation. 

Image 
Image takes on many forms, from office applications for document 
imaging systems that convert paper-based documents to digital ima­
ges, to more "creative" applications involving still images of photo­
graphs, video clips, art prints, handwritten notes, and sketches. 
Imaging is taking on new dimensions with the ability to generate 
real-life images with a computer. The integration of an image (the 
pictorial representation of a physical object) is a catalyst in the 
growing awareness of multimedia capabilities in the computer 
industry. 

We are seeing significant technological advances in the main areas 
of imaging that include capture, storage and retrieval, and manipu­
lation. Image capture involves the digitization of an image through 
a variety of peripheral devices including cameras, video equipment, 
and scanners so that it can be stored emd later manipulated. 
Recently, more intelligence has been added to the scanning function 
through optical character and/or page recognition software to 
stable subsequent nrianipulation of selected information within the 
image itself. In the technical area, raster-to-vector conversion soft­
ware can convert bit-mapped images to vector objects that can be 
recognized by CAD software. 

Image storage can be done in one of three primary wa3r5: photo­
graphic techniques to create microfihn or microfiche; optical discs 
for permanent or archival storage and retrieval, or erasable optical 
media for temporary storage and access; or CD-ROM for storage of 
large amounts of multimedia infomtation. 
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The retrieved of images involves the ability to index and access the 
images. Database companies including Ingres, Informix, Oracle, and 
Sybase have expanded their capabilities to treat information objects 
such as an image like any other database field that can be easily 
accessed. 

Image manipulation requires a considerable amount of storage and 
processing power (a standard letter-size page in color can represent 
as much as 20 million bits). Many imaging applications today 
require powerful super computers to perform complex simulations 
and analysis. As desktop computers become more powerful, we will 
see more and more image manipulation performed at the end-user 
level. An example of this is PhotoRealistic Renderman from Fixar. 
This product brings 3-D photo realistic display to computer graph­
ics. Users are able to create pictures that have all the qualities of 
real life, including shadings, reflection, and motion blur on desktop 
computers. 

Many companies are developing products for real-time digital 
imagery. This has application in ttie general image processing mar­
ket, medical imaging, graphics arts, animation, and CAD/CAM 
industries. Companies sudi as Applied Memory Technology are 
capable of transferring data at a rate of up to 10 MB/sec, which is 
generally sufficient for real time, and 30 frames per second digital 
imagery. 

The human eye and vision system are exceptionaUy powerful in 
recognizing what a person sees (three-dimensional images, full-color, 
full-motion), processing it, and storing the visual image for subse­
quent retrieval. Increased imaging capability at the desktop will 
only continue to enhance our ability to use and learn from.visual 
information. 

Operating Systems 
The operating system is a layer of control software that sits 
between the computer hardware and the end-user application. It 
controls the interaction between the computer and the application 
software by providing instructions for accessing, storing, and print­
ing information from the application It also provides a user inter­
nee for how information and applications 'look and feel." 

The operating system is a significant factor in multimedia comput­
ing. Early PC operating systems are insufficient for multimedia 
computing. MS-DOS, the operating sjrstem that powers more PCs 
than any other, w£is written in the early 1980s and was created to 
deal with text and data only. MS-DOS is a single-tasking operating 
system that can present only one application at a time. To run 
multimedia applications, an operating sjrstem must be able to deal 
with a wide number of information types (text eaid data, but also 
audio, video, scanned images, and animation). In addition, it must 
provide a graphical or image user interface to navigate easily and 
intuitively througjhout the multimedia system. 
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A number of operating systems currently compete for the multi­
media desktop. They indude the following: 

• MS-DOS/Windows 3.1 with Multimedia Extensions from 
Microsoft Corporation—^The current operating system for migrat­
ing MS-DOS into multiinedia computing; runs on IBM and com­
patible PCs; Multimedia Extensions enable developers to develop 
mixed object applications to run in this environment; simulates 
multitasking by allowing view/access to desktop from within £m 
application; graphical user interface through Windows 

• Windows NT from Microsoft—^Powers IBM and compatible PCs 
(under development); will be a multimedia capable/multitasking 
operating system to replace MS-DOS/\A^dows 

• OS/2 from IBM—^Powers IBM and compatible PCs; offers true 
multiteisking; integrates mixed data elements; graphical user inter­
face is called Presentation Manager 

• UNIX and its variants—^Powers technical workstations hojn ven­
dors including Digital Equipment Corporation, Hewlett-Packard 
Company, IBM, NeXT Inc., Silicon Graphics Inc., emd Sun 
Microsystems Inc.; a powerful mtiltitasking operating system that 
handles mixed data dements 

• System 7 from Apple—proprietary operating S3rstem that powers 
the Apple Macintosh computer; provides a multitasking environ­
ment; presents information and files through an iconic graphical 
user interface; and along with Quicklime, handles a wide variety 
of data elements for multimedia and interactive computing 

• Amiga from Commodore Business .Machines Corporatic 
Proprietary operating system that powers Amiga computers; 
handles mixed object computing and provides a graphical user 
interfoce 

Peripheral Devices 
A peripheral device is a piece of hardware attached to a computer, 
usually a PC, that is generally used to record, store, or play back 
analog information emd/or to translate between specific analog and 
digital formats. 

Examples of multimedia peripherals include CD-ROM drives, laser-
disk players, video recorders, audio recorders, speakers, micro­
phones, scanners, printers, modems, iax boards, and graphics 
tablets. 

PC and Workstation Platforms 
In the context of multimedia computing, platform refers to a config­
uration of PC or workstation hardware, operating s}rstem, emd 
peripherals that make the system capable of authoring, displaying, 
aitd/or using multimedia applications. 

Battles rage over which platform is best for running multimedia 
applications. The most popular multimedia platforms indude the 
following: Apple's Macintosh, Commodore's Amiga, IBM and 
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compatible PCs or PS/2s, the NeXT computer, and UNIX work­
stations. Most of these platforms—even the technical workstations— 
are not multimedia-ready when they leave the factory, however. In 
order to perform authoring or run multimedia applications, the 
machines may require additional memory and storage as well as 
additional hardware including audio and video boards, speakers, 
and a CD-ROM drive. Upgrade kits containing the necessary 
peripherals are available to assist early adopters adapt current PCs 
(see Figure 2-3). 

A critiod issue for multimedia developers is the divereity of plat­
forms and the number and cost of the cards and peripherals 
required to support multimedia, especially full-motion video. Major 
vendors are working on future PCs and workstations that will 
incorporate more miiltimedia support in the operating system soft­
ware and standard hardware. The multimedia workstation of the 
future wUl integrate all required components and software in one 
pre-configured package (see Figure 2-4). 

Figure 2-3 
Multimedia PC Upgrade Kit from NEC Corporation 

j j^ ta^?* J^testy.wjjtfj 

Source: NEC Corporation 
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Figure 2-4 
The Multimedia Workstation of tiie Future 
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Semiconductors 
Semiconductors include very broad classes of electronic devices. 
Two t}'pes of semiconductors particularly relevant for multimedia 
are the microprocessors (CPUs) from which the various computer 
platforms are built and the digital signal processing technology that 
supports digital-analog conversion, com.pression, graphics manipula­
tion, and other important multimedia functions. 

Platforms can be grouped according to their CPU manufacturer. 
IBM PCs, PS/2s, and compatibles use one of Intel's series of pro­
cessors (80286, 386, and 486). Apple Macintoshes and Commodore 
Amigas use one of the Motorola 68(XX) series chips (68(X)0, 68020, 
68030, 68040). For now, the higher ntunbers refer to newer, ^ter, 
and more capable CPU chips. UNIX vrorkstations can be built on 
either series, but most workstation manufeicturers are incorporating 
reduced-instruction-set computing (RISC) chips such as the SPARC 
chips developed by Sun Micros3^ems, or ottier RISC processors 
developed by Chips & Technologies. 

September 28,1992 ®1992 Dabquest Incorporated SAWW-SVC-FR-9201 



Executive Overview: The Multimedia Mari<et Begins to Emerge 2-15 

Digital signal processing technology is more diverse. Intel Corpora­
tion and C-Cubed Microsjrstems are examples of companies that 
manufacture DVI chips offering open approaches to video compres­
sion for use of standard IBM PCs emd compatibles. Other third-
party vendors offer a variety of digital signal processing technolo­
gies incorporated into video capture boards and audio boards for 
PCs or workstations. Expected advances in digital signal processing 
will lead to faster and more efficient compression of digital video 
and audio infonnation within more cost-effective multimedia 
platforms. 

Telecommunications 
Telecommunications refers to the electronic transport of all types of 
data between machines that are generally not in the same phjrsical 
location. Phone calls to customers, faxing letters between branch 
offices of a compemy, video conferencing, and satellite data trans­
mission are all examples of telecommunication. 

The addition of large, time-dependent multimedia messages to the 
more traditional voice and data forms sent via networks makes 
increased demands on telecommunications networks and switching 
equipment. Integrated Services Digital Network (ISDN) is a medium 
bandwidth standard that replaces traditional voice-grade telephone 
lines with digital equipment capable of simultaneously supporting 
interactive mixed-media messages. Implementation of this st£mdard 
has been slower than anticipated, but it still promises to make con­
ferencing and database access more feasible and cost-e^ctive. 

Fiberoptic cabling among telephone company offices and to a lim­
ited number of homes and businesses has raised the possibility of 
much higher bandwidth services over the public telecommunications 
networks. Consumers and businesses would not be limited to 
receiving low-resolution compressed video images of a single caller 
(as with ISDN). Multiple interactive 3-D images from different 
people and databases could be displayed on screens at much higher 
resolution than cxirrently available from existing television and 
shared by all the participants in a video conference calL 

Given the present rate of replacement of copper wiring with fiber­
optic cable, the vision of high-bandwidth Sber to every home is 
decades away. Public policy decisions in the United States and 
other countries may accelerate this process. 

High-definition television (HDTV) also fells into the telecommunica­
tions arena. HDTV refers to a multitude of conflicting proposals for 
enhancements to television beyond the ourent National Tdevision 
Standards Committee (NTSC) standards. High-definition television is 
most frequently associated with television pictures having the sharp­
ness of a movie on a flat screen that could be near the size of a 
theater screen. HDTV does not require a fiber-optic network, but it 
would be much easier to support HDTV with one 

A number of HDTV projects are already under way. A Japanese 
television network, NHK, is already broadcasting one hour of 
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high-definition television a day. Special effects using HDTV equip­
ment are already being experimented with by producers around the 
world. 

Much controversy exists as to the emphasis on HDTV. Many 
believe that fiber optics, not HDTV, is the technology that the 
United States should be putting its efforts into. They believe that 
time and resources should be concentrated on fiber optics, super 
computers, and workstations that represent America's strong suit, 
rather than the HDTV industry that is being defined by the needs 
of the consimier-oriented broadcast industry. 

Cellular phones, another telecommunications technology, have pro­
vided mobility for consumers but have highlighted the competition 
for available broadcast bandwidth. Since a mobile user cannot be 
"wired" and since most TVs stay in the same place, several 
researchers have suggested that the use of broadcast channels and 
phone lines should be reversed. Television would be wired, through 
fiber-optic cable, along with a multitude of new digital services for 
the home or stationary office. Telephones would take over the 
broadcast spectrum so that potentially every person would have a 
phone and phone number that travels with 1dm or her. 

User Interfaces 
The philosopher Pol3rani used the analogy of a blind man with a 
cane to demonstrate the power and the risks associated with using 
any tool. Every tool in human history has had a user internee. The 
blind man taps the ground with his cane, and the fed of the cane 
and the sounds it makes create mental images of the ground that 
warn him and guide him as he walks. The man does not think of 
his ame as an interface; after a while he is not aware of it. But the 
cane is still there, influencing how he senses his path, and even 
determining what he will or will not notice. The interface has often 
been so much a part of the tool that it has been indistinguishable 
fix>m it. Interfaces take on disproportionate psychological sig­
nificance because users tend to merge the identities of the interface, 
the tinderlying sj^tem or tool that the interface controls, and the 
view of the world that is enhanced or emphasized by the interfece. 

We are all partially blinded (and partially helped to see) by the 
computer and media interfaces we now use and will use. This 
explains the near-religious importance that some developers and 
users attach to the differences between the Microsoft DOS prompt, 
the Macintosh desktop, the Windows 3.1 interface, and the compet­
ing graphic interfaces that run over UNDC 

In the context of multimedia, a user interface is the set of visible 
and invisible design assumptions that define what a user sees and 
hears and is pennitted to perceive while using a multimedia appli­
cation. It includes how choices are translated into softweire and 
hardware commands. 

New multimedia applications are broadetting the range of inputs 
and outputs that we can use to interact witii applications. Hand­
writing tablets and touch screens are already practical for some 
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vertical applications. Remote controls adapted from TVs are being 
used to navigate through reports in executive information systems. 
And doctors can dictate witW a controlled vocabulary and see 
their spoken words tj^ed into emergency room reports. 

•Virtual reeility (VR) is the newest evolution of the user interface. It 
uses goggles and gloves equipped with touch sensors to create a 
sense of being inside an artificial world. VR explicitly tries to make 
the cane disappear. Paradoxically, the fully artificial flexibility of VR 
will allow it to be used for more realistic simulations of travel 
through other countries as well as for impossible journeys through 
models of the circulatory sjrstem or the human brain. 

"V d̂eo 
•Wdeo refers to several classes of methods for electronically record­
ing, storing, manipulating, and displaying moving images and 
sound. Most uses of the term video in the United States refer to an 
analog signal that matches or is a close derivative of the National 
Television Standards Committee broadcast standard. 

Digital video is a representation of an analog video signal in digital 
form (see "Digital Recording" earlier in this chapter). Converting 
video to digital form allows the signal to be more easily integrated 
into the digital environment of a PC. It also makes it easier to sup­
port a wide range of digital effects such as windowing multiple 
sources on one screen. 

Because the digital representation of even a few minutes of full-
motion video would fill hundreds of megab3rtes of computer 
memory, several techniques have evolved to shrink the size of a 
digital video recording. Theoretically, shrinking a video signal. 
without any loss of resolution is possible because large areas of 
most video images are redundant. A large blue object need hot be 
stored as thousands of tiny blue dots with the same color and 
brightness. A shorthand description of the shade of blue and the 
area to be covered will do. Computer algorithms can apply these 
kinds of shrinking techniques to reduce a digital video signal by a 
factor of 10 to 50 times very rapidly. Some loss of sharpness, detail, 
or clarity of motion generally results, but the efiect is acceptable for 
most purposes. 

More extensive compression (on the order of 150:1) is necessary to 
fit 72 minutes of full-screen, full-motion video on a CD-ROM. For 
example, the DVI standard for compression currently requires about 
one second of minicomputer processing to compress each frame of 
video. Since video is displayed at 30 frames per second, this com­
pression must take place before the video is copied to a CD-ROM. 
This process is nonreal-time or asymmetric compression because it 
occurs over a longer period of time and on different equipment 
than is used to play back (decom.press) the video signal. 

Real-time or symmetric compression will be possible with future PC 
products. The results will be a trade-off between the quality of the 
image £ind the amount of storage space required for the compressed 
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signal. Significant improvements in the price/performance ratio of 
compression chips are expected within the next year. 

Videodisk 
\^deodisks historically have been 12-inch laser disks that contained 
a read-only representation of an hour of full-motion video or stills 
plus sound. "S^deodisks were introduced more than a decade ago 
and their expected growth was limited by competition from video-
cassettes that were cheaper and could be erased and rerecorded on 
the home VCR 

Videodisks have the advantage over cassettes of preserving a 
higher-quality video image without degradation ftx>m repeated use, 
and of supporting random access. Random access permitted the 
development of interactive videodisk programs that married the 
interactive control features of the PC to the dramatic power of full-
motion video for the first time. Some would consider this develop­
ment, achieved in the early 1980s,.to be the birth of multimedia. 

Recent sales of both linear (noninteractive) videodisks for home 
entertainment and interactive videodisks for training have increased. 
If an erasable form of the videodisk becomes cost-effective, it could 
provide some competition for the home VCR market and more 
effectively compete with emerging compact disc video formats. 
However, the size and cost of larger formats would remain a 
barrier to many buyers. 

Market Dynamics 
Multimedia computing probably represents the largest market oppor­
tunity of any electronic technology—ever. This is because it crosses 
consumer, commercial, and technical user boundaries and is the inter­
section point for so many technologies. This section takes a look at 
where multimedia is most prevalentiy found today and conjectures on 
market opportunities that will open up during the rest of the decade. 
In addition, it reviews factors that will drive the market and examines 
some of the biirriers that stand in the way. And finally, it presents 
our forecasts for growth of the various segments of the multimedia 
market. 

Market Opportunities—^Today 
As shown in Figure 2-5, toda}r's multimedia products and services 
are clustered in five areas, including: training and education, adver­
tising and presentations, infbnnation publishing, information sei^ 
vices, and consumer/entertainment. 

Training and Education 
Many factors make multimedia an excellent vehicle for delivering 
training and course work its multisensory enviroiunent makes 
learning more stimulating and fun; its ability to duplicate near to 
real-life environments can simulate hazardous or expensive condi­
tions in a safe/inexpensive way; its interactive capabilities give 
students immediate feedback on their progress; it can reduce or 
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Figure 2-5 
Multimedia Applications Implementation 
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eliminate the need for one-on-one classroom instruction by a teacher 
or trainer; and, because computers never sleep, leaining labs can be 
made accessible aroimd-the-dock to better accommodate learners' 
work or school schedules. Studies confirm that people remember 
visual information more than verbal information, and if they are 
emotionally involved with the learning process, they learn even 
more. Multimedia education is both visually stimulating and emo­
tionally involving. 

Most multimedia training has been developed by in-house corporate 
training departments using PC or Macintosh software authoring 
tools such as Authorware from MacroMedia Inc. or Multimedia 
Toolbook from Asymetrix Corporation. American Airlines' training 
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department, for example, has developed more than 600 hours of 
computer-based training for its ground personnel using Authorware. 
The modules focus on ground crew education such as security, tick­
eting, and baggage handling services and, using video, soimd, and 
animation, veiy realistically replicate the equipment and conditions 
that groimd crew must be familiar with in their jobs. These pro­
grams are available for use in interactive, self-paced modules 
through American's learning lab. Trainees may use the lab any 
time, 24 hours per day. The multimedia training program has been 
so successful and popular that American is developing more train­
ing for flight attendants, and even some flight tredning for its 
pUots. Computer-simulated flight training (to familiarize pilots with 
controls and protocols prior to actually going "live" in expensive 
simulators and real aircraft) can save the airline htmdreds of thou-
ssmds of dollars. 

Educational institutions are also coming up with innovative ways to 
use this technology in teaching. The University of Washington's 
Center for Instructional Development and Research, for example, is 
working on sevend multimedia projects. One is the Multimedia 
Language Learning System for its foreign language studies program. 
This will upgrade its language lab from audiotapes to multimedia 
systems that include text-based interactions, listening, reading, dick-
and-drag interactions, animations, audio-lab functionality, and inter­
active foreign language video. Another tmiversity project was cre­
ated for the Department of Speech and Hearing Science. This pro­
gram is an interactive videodisk that contains examples of stuttering 
speech defects. The school also has launched an experimentid "elec­
tronic classroom" where multimedia presentations are combined 
with classroom instruction. 

Brigham Young University (6YU) has also implemented a multi­
media foreign language training program that teaches languages not 
only to students but also to prospective Mormon missionaries (BYU 
is a Mormon tmiversity). This program allows students to electron­
ically visit the country whose language they are studying, play 
videodips of "natives" speaking, and visit the local sites on guided 
interactive tours. Another multimedia project \mder way at BYU is 
a program to teach French sculpture and architecture. Hundreds of 
art slides are being digitized for incorporation into this tool, which 
will enable students to take self-guided, interactive art tours. 

Advertising and Presentations 
Multimedia has also gained tremendous momentum for building 
advertising features emd professional presentations. The main users 
in this area are advertising agencies and corporate users. The real 
value-add of PC multimedia authoring software is that creating pro­
fessional corporate videos or presentations is no longer the domain 
of expensive agencies. Now, a user with the right equipment and 
em artistic sense has the tools to create interesting, lively, colorful, 
and entertaining productions. Corporate users are drawn to "do-it-
yourself" multimedia to save money, time, and to have mote auton­
omy over the end result 
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Members of Compaq Computer Corporation's Multimedia Integra­
tion Team recently became involved with multimedia computing to 
develop a trade show application showcasing Compaq technology. 
The presentation was developed to run on Compaq's LET 386s/20 
notebook computers in order to demonstrate that today's small 
portables have enough power to run multimedia. The notebooks 
were connected to 27-iiuJi monitors, video adapters, and videodisk 
players. The touch screen demo spotlighted Compaq computers and 
apphcations productivity. The demos were so successful that the 
engineers who created them were swamped with requests from 
within Comp>aq to build more applications and presentations. Now 
internal training projects are under way to teach Compaq's cor­
porate A/V production persoimel how to use PC authoring tools to 
build multimedia programs for the corporation's use. 

Information kiosks are another up-and-coming use of multimedia in 
advertising. These are walk-up display stations, usually equipped 
with a touch screen and a simple graphical inteiface, that provide 
information and sometimes perform reservation or order services. 
The 1992 Summer Olympics in Barcelona, Spain, for example, fea­
tured kiosks to assist games visitors with tourist services including 
the following: locator maps of the city and of the Olympic Village; 
Olympic events schedules and locations; Barcelona sights and sight­
seeing tours; hotels and restaurants guides; and pubUc transporta­
tion schedules. Kiosks are also becoming a regular sight at trade 
shows. Digital's recent DECWorld Conference featured kiosks that 
provided events schedules and helped guests make hotel and 
restaurant reservations. Some kiosks are moving into the realm of 
interactive television and provide "show dailjr" video newspapers 
that visitors can navigate through with touch screen commands. 
Supermarkets and chadn stores are also becoming interested in this 
technology as a way to spotlight the week's sales items, dispense 
coupons, and stimulate consumer purchases. 

Information Publishing 
Multimedia has probably been most widely distributed through the 
vehicle of CD-ROM publishing. One CD-ROM disk can contain 
600 million characters as opposed to the mere 1.4 million available 
on a floppy diskette. In addition, where flopp>y diskettes are only 
capable of storing text and data, CD-ROM disks can store not only 
text and data, but also still and video images, sotmd, and anima­
tion files. Because of its fairly voluminous storage capacity, ability 
to store multiple data types, and the steadily declining costs of 
mastering and replicating disks, information publishers have 
gravitated toward this medium as a superb veihicle for delivenng 
informatioiu 

In the past few years, information publishers have begun to publish 
large text and graphic databases on CD-ROM. Examples include 
financial data bases, periodical article databases, and large, bulky 
reference works that require frequent revisions to stay current (for 
example, CorpTech guide to corporate information), la addition, a 
numiber of large corporations are offering the CD-ROM option for 
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publishing information such as annual reports, user's manuals, pol­
icy manuals, and catalogs. The advantage of putting this informa­
tion on CD-ROM is for quick access by users and low-cost updates. 
These publishers continue to wrestle with critical design and mar­
keting chedlenges, however, including providing for user navigation, 
incorporating graphics and images, choosing standards, and dis­
tributing to a growing but still limited number of owners of 
CD-ROM drives among their intended user population. 

Consumer/Entertainment 
The mass consumer market is considered by most of the players 
in the market to be multimedia's nirvana. Where business users 
represent millions of potential customers, consumer users number in 
the billions. 

Many factors are driving technology and multimedia into the home. 
For one thing, consiuners are becoming more computer literate 
through using PCs at work and school, so it is a natural extension 
to bring computing products into the home for the purposes of 
work, education, and entertainment. In addition, troubled by declin­
ing standards in public education, many parents are compelled to 
buy PCs for their kids to use as teaching/learning tools. Many 
people are also working at home, or running small businesses out 
of the home, and require computers to help them work. Rnally, 
with neing costs of living and lower earnings due to recessionary 
times, more people are staying home and using TVs, CD playere, 
Nintendo and other game players, and PCs equipped with CD 
drives to deliver entertainment. 

CD-ROMs containing games and info-tainment titles are the primary 
vehicle for delivering multimedia to consumers today. The MFC 
Marketing Council reports that 54 developers are ctirrentiy creating 
titles that conform to MPC specifications, with 75 titles currently 
shipping and 125 titles expected by the end of the year. CD-TV and 
CD-I titles, numbering less than 100, also bring multimedia into the 
home. Com[>act disk titles can be classified into two categories: 

• Entertainment—^Titles such as Battle Chess, Mixed Up Mother Goose, 
Sherlock Holmes, Where in the World is Carmen Sandiego?, A SUly 
Noisy House, and Sandy's Circus Adventure 

• Learning/reference—^Iltles such as Microsoft Bookshelf, Multimedia 
Beethoven, Compton's Multimedia Encyclopedia, National Geographies 
Mammals, Birds of America, Time's Compact Almanac, Warner New 
Media's Orchestra, and A Visit to Sesame Street: Numbers 

The cable television industry has focused on multimedia's interac­
tivity as a vehicle for delivering a new type of entertainment to 
constmiers. Interactive TV uses two-way commtmication to send 
cable programming to consumers and to receive responses back 
from the viewers. Early implementations use two-way cable for 
ordering cable services (pay-per-view and premium channels). But 
soon a host of two-way services—^both pereonal and entertain­
ment—^will be available, including home shopping, ordering airline 
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tickets, banking via cable, voting and polling, and playing game 
shows along with TV contestants. 

Karaoke is a multimedia entertainment phenomenon. This electronic 
form of lounge singing originated in Japan. Patrons come up on 
stage, hear prerecorded music through earphones, read the song 
lyrics by "following the bouncing badl" on a TV monitor, and sing 
out their rendition of the song to the listening audience. Much 
more than electronic exhibitionism, this has become an "art form" 
in which many "entertainers" take great pride. It has spread to 
dubs and restaurants throughout the world. Some enthusiasts even 
have Karaoke studios set up in their homes so that they can prac­
tice their art. \^rtual-reality karaoke sjrstems are being developed to 
give entertainers the thrill of performing before an audience 
without even leaving home. TTie benefit here is that the performer 
can choose the location, the audience size, and can preset the 
audience's reaction to his performance—a great training environ­
ment for those with stage fright! 

Market Opportunities—^Tomorrow 
Future market opportunities for multimedia (see Figtire 2-5) are 
dependent both on refinements in related technologies (networking, 
for example) and in the widespread aviiilability of low-cost, high-
value multimedia delivery platforms. The following paragraphs 
describe some areas where we expect to see m.ultimedia applications 
growth during the next five years. 

Business 
Multimedia is destined to change the face of business computing. 
By the end of the decade, the majority of business users will have 
high-performance, multimedia-capable workstations on their desktops 
running applications that easily access a wide variety of information 
t3^es and data sources. Instead of a "killer" multimedia applica­
tion—something new and totally different—that will change the face 
of computing in the business market, we believe that multimedia 
capabilities will be slowly integrated into the existing functionality 
of the productivity applications ctirrently in use (word processing, 
spreadsheets, databases, presentations, and graphics) to enhance 
their communication capabilities even further. 

We also expect that publishing on CD-ROM will accelerate through­
out the decade, replacing many conventional in-plant printing oper­
ations with CD mastering and replicating departments. 

The use of multimedia for advertising and presentations will also 
flourish in the business world. Much as "letter qualitjr" letters went 
the way of the daisy wheel printer, use of black-and-white trans­
parencies for presentations will dwindle as people realize the com­
petitive advantage of using multimedia presentations. 

Engineering 
Software products that enhance the engineering design emd review 
process will integrate multimedia technologies by the mid-1990s. We 
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are already beginning to see the emergence of desktop conferencing 
tools that allow two engineers at different locations to have the 
same drawing up on their workstation screens simultaneously, and 
changes made by one individual are visible to the other immedi­
ately (Intergraph Corporation's CAD Conferencing, Insoft Inc.'s 
Communique!, and Sun Microsystem's ShowMe are example of such 
products). Current products use the telephone for the voice portion 
of system, but as workstations are fitted with microphones and 
audio commimications capabilities, speaking to your partner directly 
from the workstation will be commionplace. Also, the integration of 
cameras and video capabilities into workstations will pave the way 
for picturephone conununications (the person you are talking with 
appears in a real-time video window on the workstation screen). 
Tlds capability will also allow people to handle problems where a 
physical object must be seen to be accurately diagnosed. 

The integration of voice and video with CAD imd raster file shar­
ing will facilitate product design and review cycles enormously by 
allowing engineers at remote locations to collaborate on product 
design in real time. 

Entertainment 
Entertainment applications will continue to be multimedia's premier 
market driver. Throughout the mid 1990s, we expect to see enter­
tainment uses of multimedia grow as follows: 

• Computer-based applications such as games and "edu-tainment" 
titles will flourish. 

• Cable television will also drive interactive programming into the 
home. 

and view • Photo-CD promises to be a way for people to organize 
their photograph collections using CD-ROM technology. 

• The availability of PC-based graphics, video, animation, and 
audio editing tools will allow novice end users to make their 
own video productions. 

Financial Services 
light financial times are forcing the banking industry to focus 
keenly on customer services as a means of attracting new customers 
and keeping existing customers happy. Multimedia Idosks installed 
in bank branches will provide customers with a wide range of 
interactive services far beyond those currently offered through auto­
mated teller machines (ATMs), including: 

• Checking current interest rates for programs such as mortgage 
loans, savings accoxmts, money market funds, certificates of 
deposit, treasury bills, and so on 

• Checking and savings account status inquiry 

• Electronic funds transfer for pajnng bills 

• Information on the checking and savings programs available from 
the bank 

• Loan, refinancing, or credit application services 
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Insurance 
The insurance industry has been an early adopter of dociunent 
imaging to maximize productivity, claims processing, and customer 
service in this paper-intensive industry. The ability to accept multi­
ple file t3^s in addition to scanned images is boimd to be the 
next enhancement to insiu-ance document imaging systems. Some 
systems are eilready capable of accepting freeze-frame video images, 
useful for getting pictures of accident scenes or articles to be 
insured into the system. The ability to aimotate folders of informa­
tion with voice notes and to bring in full-motion video clips would 
assist claims processors, adjusters, and underwriters alike to get the 
full picture when assessing an insiu-ance application or claim. 

Medicine and Health Care 
It is dear that multimedia technologies will be used more and 
more in the health care industry diiring this decade, both for train­
ing and diagnostic purposes. 

One multimedia teaching tool is ADAM (Animated Dissection of 
Anatomy for Medicine), an interactive anatomical reference guide 
that enables medical students to exiunine the parts of the human 
body from a variety of viewpoints and peel off up to 40 layers of 
tissue to explore the musdes, nerves, blood vessels, bones, and 
organs that compose the body (available in both PC and Macintosh 
version on CD-ROM). The program is also hjiperlinked to a large 
medical database for uncovering more detiiiled information on body 
topics. This tool simulates dissection of the human body so that 
students have a strong foundation in phjrsiology prior to the dissec­
tion of a real cadaver. 

A r̂tual reality will no doubt play an increEisingly important role in 
medical diagnostics. Here, it will be possible to use microcameras 
to penetrate the human sjrstem and film/videotape problem areas 
(ttunors, ocduded arteries, heart values, malfunctioning organs, 
joints, and so on). The surgeon can then "enter the patient's body" 
using virtual software and visual tools (goggles) to explore the 
problem area from all sides and dedde on the best course of treat­
ment. Such diagnostics prepare the ph3rsician for exactly what he or 
she will encounter when suigery actually begins and assure a much 
more successful surgical outcome 

Another health care application for multimedia is in hospitals. 
Many hospitals have already begun to use multimedia Idosks to 
provide patient services, induding the following: 

• Hospital orientations 

• Hospital maps and directories 

• Patient locators 

• Patient services 

• Insurance daims filing 

• Presurgical information videos 
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Legal 
The legal system has rapidly adopted computer technologies such 
as OCR, full-text retrieval, and document imaging to help get its 
arms around the voluminous amounts of information that must be 
compiled and reviewed to form a case. Multimedia is starting to 
play a role here also. Autodesk, for example, recentiy introduced 
software products that use animation as a communication tool for 
explaining complex situations to jiux>rs. Called "forensic animation," 
this software enables attorneys to build cases using animated clips 
that present complex series of events much more clearly than stan­
dard charts and diagrams can. Forensic animation has applications 
in a variety of courtroom cases including criminal, personal injury, 
contraband, medical malpractice, product liability, air crashes, and 
intellectual property. 

Real Estate 
Real estate brokers are interested in multimedia because it can save 
them time and money in listing and selling property. The average 
realtor makes an estimated 10 to 20 trips with each potential buyer 
to look at residential or commerdiil properties before actually mak­
ing a sale. Each trip averages between 30 and 60 minutes. The buy­
ers are interested in 10 percent of the listings visited—90 percent of 
the trips were a waste of time. 

Multimedia can be used to create video tours of all properties on 
sale so that prospective buyers can browse through each house and 
only visit the ones that really appeal In the case of people moving 
out of the area, the systems can be connected to online multiple 
listing databases for pulling up information and video clips of 
houses in other parts of the country. 

Multimedia systems can also be used in real estate to advise clients 
on financing and loan rates, review payment schedules based on 
various interest rate scheduled, and help customers determine 
whether or not they qualify for the loan in the first place. 

Retail Sales 
Information kiosks and point of sale terminals are already begin­
ning to penetrate shopping malls, grocery stores, and chain stores 
around the United States. These interactive stands provide custom­
ers with product information and assist in ordering good and ser­
vices. Some envisioned retail uses of multimedia kiosks indude the 
following: 

• Catalog browsing and ordering services 

• Advertise products on sale and dispense store coupons 

• Store and mall product directory services 

• Collect customer feedback through surveys and shoppers' polls 

Travel and Tourism 
Imagine arriving at that hotel in Singapore irova. the comfort of 
the travel agenf s office rather than at 2:00 in the morning after a 
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15-hour flight, only to discover that the place is a dive! Interactive 
multimedia travel directories help travelers do just that Clients can 
visit travel locations, review the sights, tour hotel and restaurant 
^bdhties, and automatically book airline, ground transportation, and 
hotel reservations. 

The toxirism industry is also expected to benefit from multimedia 
kiosks where travelers can learn about the delights of distant desti­
nations and request more information. 

Growth Factor$/Barriers to Success 
It is commonly believed that the multimedia market is one of those 
technologies waiting for a bombshell apphcation to really make it 
explode. But besides dropping that "A-bomb/' there are a number of 
other factors that will affect the speed with which the multimedia 
mushrooms. These include iiser acceptance, enhanced platfonns, 
improved networks, distribution channels, and standards, to name a 
few. The impUcations of these growth factors/barriers to success are 
discussed in this section. 

User Acceptance 
One of the biggest issues with selling any new paradigm is getting 
people to understand what it is, what it does, and what it means 
to them. Until potential users of a new technology understand how 
it appUes to them (to entertain, inform, or solve a problem), it will 
languish unused. We have observed this phenomenon throughout 
the development of the computer industry. Many of today's estab­
lished computing methods (PC computing, graphical user interfaces, 
desktop publishing, dient/server computing replacing mainframes, 
and document imaging, to name a few) needed a good deal of 
evangelical selling before they engaged people's imaginations and 
started to i.\ove into the mainstream. This model holds true with 
multimedia, as well, and places a burden on vendors to "spread 
the good word." • 

Another user factor at work in the multimedia market is the 
"eairly-adopter" phenomenon. We ol»erve that users' acceptance of 
new technologies comes in waves—^beginning with the fearless 
pioneers who, usually driven by cost-saving and competitive advan­
tage motives, develop their own applications and often work in 
partnership with vendors to resolve system/software bugs; followed 
by the more conservative implementers who get involved when 
reliable appUcations can be demonstrated and working solutions are 
available; and followed at last by technology-tiinid users who 
finally come to the realization that they better get with it or be left 
in the competitive dust. This cycle usually coincides with dedinii^ 
technology costs, another factor that draws in the more timid. 
Today's multimedia market is at the beginning of the first cycle 
(see Figiue 2-6). 

Platform Issues 
Multimedia is a very compute-intensive, miiltifoceted application in 
a world of desktop devices unequipped to run i t Dataquest esti­
mates that only 1 million of the approximately 124 million desktop 
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Figure 2-6 
User Acceptance of New Technologies 

Number of Users 

-i 
Millions 

Hundreds 
of 

Thousands 

Thousands 
of 

Users 

k 

Developers and 
Early Adopters 
(Risk Takers) 

Middle of the Road 
(Careful Adopters) 

Time 

1 
1 
1 
I 

• 

Mainstream Adopters 
(Technology Timid) 

i 
Source: Dataquest (September 1992) 0200166? 

PCs installed worldwide are equipped with the necessary processing 
power, memory, high-resolution, color monitors, CD-ROM drives, 
sound systems, and video and audio adapter cards required to run 
multimedia applications efficiently. Technical workstations are much 
better suited from a raw processing power point of view to run 
multimedia (except that most lack CD-ROM drives), but they 
represent less thw 1 percent of total desktop devices installed (the 
installed base of technical workstations numbered approximately 
1.5 million). This picture will definitely change on both the PC and 
workstation fronts during the decade as users upgrade desktop 
workstations through equipment replacement cycles and as multi­
media PCs and upgrade kits become available at affordable prices. 
But today, the availability of multimedia desktop platforms is 
definitely an issue. 

End-User Applications 
As mentioned previously, most end-user applications that use 
multimedia were developed by in-house users. The search for com­
mercially available applications yields very few titles, however. i 
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This scarcity of titles frustrates vendors sales efforts. The business 
community will not buy into implementing multimedia until it can 
see real-life applications. 

Using the PC and Macintosh authoring tools now on the market, 
developers are beginning to work on new multimedia applications 
and incorporate multimedia capabilities into existing ones. We 
predict that the next 18 months will see an explosion of multiniedia 
titles, which will help the market to blossom. 

Network Limitations 
A multimedia document containing a mixture of voice, data, text, 
graphics, and video files can contain hundreds of thousands of 
bytes of data. Even using hardware and software compression 
schemes to squeeze multimedia files into smaller packets, it is not 
practical to transmit these documents using today's network tech­
nologies. This problem is further magnified when hundreds of users 
within a corporation start trying to send sirotmd multimedia docu­
ments on the companj^s local and wide area networks. 

A number of network traffic and network management issues must 
be resolved before it will be practical to transmit multimedia data 
packets around and across networks. 

• Bandwidth limitations of LANs—^Todajr's LANs are way too slow 
to transmit multimedia documents. The effective bandwidth of 
Ethernet and Token Ring LANs is aroiuid 4 Mbps. At this rate, 
it would consume the entire network resource just to trsuismit 
one video image. 

• Server-based store and forward—^The transmission of video and 
color graphics can best be accomplished using high-speed servers 
that are dedicated to this task and can switch network traffic at 
high speeds. This technology is just beginning to emetge. 

• Integration of network protocols—^The current network protocols 
for managing voice, data, zmd video traffic have evolved inde­
pendently and are totally incompatible. Efficient transmission of 
multimedia documents requires an integrated protocoL 

• Integration of local, broadband, and wide area networks—^Today's 
network technologies operate at very different speeds. The aver­
age 25-MHz PC is capable of sending data at between 10 to 
25 Mbps. These data move from the PC to the LAN, which has 
an average transmission speed of 3 to 10 Mbps. When these data 
move to a wide area network, tremsmission speed decreases to 
between 64 Kbps and 1.6 Mbps. Digital voice, video, and data 
can be moved much faster and more effidentiy using some of 
the newer wide area protocols including Asjmchronous Tiransfer 
Mode (ATM), Broadband Integrated Services Digital Network 
(B-ISDN), and Switched Multimegabit I>ata Services (SMDS), but 
it is uncertain when these will become widely implem.ented. 
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• Multimedia network contention issues—^Unlike standard data net­
works, where network administrators can predict and allocate 
network resources based on their company^s peak work load 
periods (for example, accounting operators finalize pajrment 
batches and send them to the mainframe for posting every even­
ing around 4:00 p.m.), multimedia documents will more often 
than not be routed on an ad hoc basis. This makes it difficult, if 
not impossible, to plan network resource allocations to better 
handle multimedia traffic. 

Distribution Channels 
Building a distribution infrastructure for multimedia hardware and 
software is also an issue in this young market. Depending on the 
multimedia product being sold and its target consumer, any and all 
of the following distribution channels may be in effect for getting a 
product to market. Building reliable and sustainable relationships 
with partners in so many diverse channels is a marketing challenge, 
especially for the small multimedia companies: 

• Direct 

• Dealer channels 

• OEMs 

• Resellers and VARs 

• Mail order 

• Government 

• Education and nonprofit 

• Retail consunter channels 

Packaging 
One wouldn't think that packaging would be much of an issue 
with computer tools, but in selling multimedia it definitely is. Tias 
is because many multimedia products are going through retail con­
sumer channels, so products have to have eye appeal and glitzy 
presentation to stand out £rom competitors on the shdf. Where the 
simplicity and good taste of a plain white box with a discrete logo 
in the upper left comer might work in corporate America—^because 
corporate America buys after conducting rigorous requirements anal-
yas and does not even notice the packaging—being discrete wiU 
iK>t cut it in the consumer market where an emotional response 
and the impulse purchase is responsible for moving a lot of 
product Would-be mtiltimedia heavyweights are already studying 
the packaging strategies that separate successful consumer goods 
from those that sit unpurchased on grocery or department store 
shelves. 

Standards 
In the computer industry, a standard is defined as a set of rules, 
principles, guidelines, and/or specifications for developing computer 
hardware, software, and communications. Standards can be asserted 
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by a single manufactiuer (usually a manufacturer attains dominance 
through market share momentiun) or negotiated by users, manufac­
turers, and standards bodies. The purpose of setting standards is to 
limit the overwhelming potential for diversity among systems and 
thereby establish a necessary critical mass of compatible customers 
who will buy a new technology. 

Establishing standards is essential in multimedia because so many 
diverse haidware, software, and telecommunications elements must 
interconnect to form a complete multimedia system. However, estab­
lishing a single multimedia standard is impossible. Currently, rele­
vant standards are evolving for all of the technologies used to 
develop, deliver, consume, store, and output multimedia. 

One of the biggest standards battle fronts is for domination of the 
multimedia desktop. The Multimedia PC Marketing Council is a 
consortium of vendors that seeks to define the base line IBM PC 
platform for delivering miiltimedia and gain member consensus to 
develop to this specification. Apple has a proprietary standard for 
the Macintosh, as does Commodore for the Amiga PC. The work­
station vendors such as HP, NeXT, and Sun argue that their 
products are premier multimedia platforms, but all are based on 
proprietary architectures. 

Another important standards organization is the Interactive Media 
Association (IMA), which is composed of most major computer 
hardware and software developers, end users, and agencies. The 
IMA is working to define cross-vendor standards. If the efforts of 
IMA are successful, it will be possible to create a multimedia mes­
sage on one vendor's platform, incorporate images and data from a 
second vendor's database, mail the resultant message across a third 
vendor's network, and play it back on a fourth vendor's desktop 
PC. 

Operating system standards are another issue. Developing a com­
mon multiinedia operating environment drives the work going on 
at Kaleida Labs Inc., the Apple-IBM joint venture announced on the 
summer of 1991. Specifically, Kaleida's mission is to develop com­
mon multimedia file formats and operating systems for botix com­
puter and consumer electronics products. In the computer area, 
Kaleida's of>erating system will first support Apple and IBM plat­
forms. This would attract third-party developers because it guaran­
tees that software developed unider Kaleida specifications would run 
on a wide range of computer systems with cross-platform compati­
bility. An interactive media scripting language called KaleidaScript 
is cunently under development and will form the core of Kaleida's 
technology. KaleidaScript will run in Macintosh S)rstem 7 and OS/2 
operating environments, with support of other operating environ­
ments under consideration. Kaleida has also targeted the consumer 
products arena. The company is developing an operating S3rstem 
called Script-X that is designed to be an open operating systenx to 
power products such as Apple's Newton PDA. 

Software development standards is another area of concern. No 
existing multimedia platform can input and play multimedia 
programs or applications created for another platform without 
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extensive translation and often a loss of features. A few software 
vendors such as MacroMedia are building crossover products that 
support development on a Mac and delivery on IBM PCs. 

Table 2-1 lists the proposed standards that are currently vying for 
supremacy in multimedia systems and development. These are dis­
cussed in various sections of this report where a given set of stan­
dards applies to a particular technology area. 

The Japanese Influence 
The Japanese could represent a significant force in multimedia. They 
are clearly taking a holistic view of the market opportunities, mix­
ing and matching technologies from the computer, consumer, and 
telecommunications industries. Sony recently announced a multi­
media computer featuring video windows that show movies down­
loaded from an 8mm camcorder. Fuji Photo Film has developed 
memory cards to store captured electronic stiU images that can be 
accessed by a PC. Companies such as Ricoh Corporation have 
developed a new system for IBM PCs and compatibles that enables 
a user to run commercially available software programs by spoken 
commands. PC-Voice Recognizer is a speeJcer-dependent, voice-recog­
nition board outfitted with a standard microphone jack and a voice-
input keyboard emulator. 

In the area of emerging technologies, the Japanese view multimedia-
capable computers as nothing more than "intelligent" HDTV sets 
that will be capable of editing home movies, concerts, and sports 
events. The Realtime Operating system Nucleus (TRON) Project 
represents developments in the next-generation home S3rstems using 
embedded computers. The TRON House, an experimental living 
environment in Tokyo, links 300 processors and sensors that control 
home security, air conditioning, heating, windows, sprinklers, and 
entertainment. 

Multimedia networking is also gaining momentum in Japan. Though 
ISDN and simiUir communications tedtmologies are beginning to 
catch on in the United States, Japanese companies see multimedia 
networks and computers as highways for interactive communica­
tions services. NTT Data Communications provides multimedia 
value-added network (VAN) services in major Japanese dties. NEC 
focuses on two target markets: Mobile Media (wireless) and Multi-
Media (wired). 

Given the Japanese general know-how in consumer electronics and 
their near-term emphasis on the home, U.S. companies would be 
better served by aggressively collaborating in identif}mig multimedia 
opportunities in the home/consumer marketplace. This is already 
beginning to happen and Apple Computer is leading the way. 
Examples of joint U.S.-Japan constuner products include Apple's 
Newton, the result of joint product development between Apple 
and Sharp Electronics, as well as a recently announced deal 
between Apple and Toshiba Corporation to develop a hand-held 
device that will play multimedia education, entertainmeitt, and busi­
ness software. Code-named "Sweet Pea," this device will support 
compact discs containing video, audio, graphics, and text. Microsoft 
is also getting active in Japan. The com.pany is preparing to set up 
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Evolving Multimedia Standards 
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Text 

Graphics 

Audio 

Animation 

Acronym 
RIFF 
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ODA 

KTB 

BMP 
DIB 

TIFF 

WMF 

MIDI 

WAVE 

MMM 

Acronym Stands For 
Resources Interchange FUe 

Format 

American Standard Code for 
Information Interchange 

Office Document Architecture 

Rich Text Format 

Bitmap 
Device Independent Bitmap 

Tagged bnage File Format 

Endows Metafile Fonnat 

Musical Instrument I>igital 
Interface 

Waveform Audio File Foniuft 

Mttltimedia Movie Format 

What It Does 
Collection of file formats for specifying 

text, bitmaps, vector graphics, audio, 
video, and animations for TAftndows 
applications 

Universal text file fonnat 

Compound document specificatian 
for documents containing text and 
graphics 

Text and graphics format for com­
pound dooiments 

Scanned flat file image format 
File format that contains specifications 

for bitmap images, color, and color 
palette 

nie specifications for paint and 
draw graphics images 

Vector graphics file format used as 
an interctiange by MS Wmdows 

Code-oriented control language for 
specifying the notes and timing of 
a computerized musical score 

File fonnat for representing digital 
sound 

Animation file format defined in 
Microsoft's Multimedia Extensions 
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Evolving Multimedia Standards 
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Full-motion 

Video 

Still ImagOi 

CD-ROM 
Storage 

Acronym 
AVI 

DVI 

DV M Q 

H.261 

MPEG-1 

MPEG.2 

QuickTime 

JPEG 

CD-I 

CD-ROM 

Acronym Stands For 
Audio Video Interleaved 

Digital 'Wdeo Interactive 

Digital Video Media Control 
Interface 

H.261 

Motion Picture Experts 
Group-Version 1 

Motion Picture Experts 
Group-Version 2 (final spec 
expected by end of 1992) 

QuickHme 

Joint Photographic Experts 
Group 

Compact disc Interactive 

Compact Disc Read-Only 
Memory 

What It Does 
Video software compression/ 

decompression 
A^deo and still image compression 

algorithms and specifications 
Specification for media control for 

video 
Wdeo teleconferencing compression 

standard 
Specification for storing VHS-quality 

compressed video on CD-ROM and 
transmitting it over 1.2 Mbps 
networks 

Specification for storing broadcast-
quality compressed video 

Multimedia extensions to Apple's 
System 7 operating system; allows 
users to synthesize and synchronize 
animation, video, and sound, and 
incorporate results into Macintosh 
applications 

Draft standard for still image 
compression 

' Compact disc format for encoding 
multimedia data, especially video, 
and for supplying interactive 
programming on CD-ROM 

Optical format for mass duplication of 
CD-ROM titles 
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Evolving Multimedia Standards 
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CD-ROM 
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CDTV 

ATM 
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B-ISDN 
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Memory Extended 
Architecture 

Commodore Dynamic Total 
Vision 

Asynchronous Transfer Mode 
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Fiber Distribution Data 
Interface (expected to be 
available in 1993) 

Integrated Services Digital 
Network 

Broadband Integrated • 
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Switched Multimegabit Data 
Service 

What It Does 
Compressed digital audio file fonnat 

and interleaved sound storage 
method 

Commodore Anuga workstation with 
integrated CD-ROM 

Method of high-speed transmission 
of data and voice at speeds up to 
150 Mbps 

Provides specifications for scalable 
teleconferencing at rates of 64 Kbps 
and higher 

Fiber optic-tjased network that uses 
dynamicaUy allocated bandwidth and 
can support audio and video 

Network protocol by which a single 
telephone wire can handle multiple 
voice and data lines 

Emerging international standard for 
high-speed ISDN supporting speeds 
of 150 Mbps 

Data network service with high band-
vndth and low transmit delay carried 
over the public phone networks; 
bandwidth up to 45 Mbps 

IP 
Source: Dataquest (September 1992) 
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a Japanese research center in Tokyo by year-end, which will be 
used to develop not only software, but also hardware for multi­
media computers that may include voice-data input systems. 

Research Centers 
Research centers are institutions that examine fundamental questions 
in computer science, communication theory, electronics, learning psy­
chology, and other fields that are relevant to the design, develop­
ment, or implementation of multimedia tools and applications. They 
also conduct experiments and develop prototype products and tools. 

Most research centers are located on or near the campus of a major 
university. They receive support from a variety of corporate spon­
sors, public agencies, and recently, foreign agencies and corpora­
tions. Most of the current multimedia tools and techniques were 
pioneered in research centers during the last two decades. 

For developers of multimedia tools and applications there are sev­
eral ways to benefit from the work at these research centers. At a 
minimum, potential developers should subscribe to publications 
from these centers and respond to any invitations to center-
sponsored briefings or conferences in fields related to their potential 
business. Companies should also investigate formal and informal 
collaboration with one or more of these centers. 

Even companies that are deeply committed to existing relatively 
mature commimication technologies can benefit from knowledge and 
access to advanced tools that are years from being commercially 
viable. Research centers may also supply examples of took that, 
although not viable as products themselves, are critical to the 
design of other more viable products. 

Exam.ples of research in multimedia include the Hiunan Interfoce 
Technology Laboratory at the University of Washington. This lab 
was established in September 1989 to advance the virtual world 
research, ^^rtual worlds replace conventional computer interfaces 
and allow users to interact in a computer-generated, three-
dimensional environment 'N r̂tual worlds have applications in educa­
tion, creative arts and entertainment, design and architecture, health 
and medidne, and manufacturing, among others. 

At the Massachusetts Institute of Technology (MTT), fhe Intelligent 
Engineering Systems Laboratory is researching vrays to integrate 
artificial intelligence, graphics, and communications technologies into 
the next-generation workstation design. The lab envisions multi­
media databases that will allow users to access visual, textual, 
graphical, and audio information. 

The Center for Productivity Enhancement at the University of 
Lowell in Massachusetts focuses on tools for the creation and 
modification of natural and eutificially created images. A division 
of the lab concentrates on hardware and software for industrial 
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multimedia needs, including high-speed imaging coprocessors and 
high-resolution graphics adapters. 

Stanford Universitj^s Center for Telecommunications explores ways 
to solve local, wide area, and broadband network issues critical to 
the efficient delivery of mtdtimedia programs and applications. 

Market Size and Forecast 
Just how big is the multimedia computing market and where are the 
greatest opportunities for growth? TTiese are probably the most fre­
quently asked questions about multiinedia computing. This section 
will help answer these questions by segmenting the multimedia com­
puting market, taking a closer look at current market size, and 
presenting a summary of Dataquest's forecasts for growth of the 
market. 

Market Segmentation 
Depending on one's perspective and biases, the multimedia market 
can be segmented any number of ways. This is one of the reasons 
that it is so hard to draw a box around it. All of the following 
ways to dissect the players and products in this market would pro­
vide useful cuts of how far the multimedia market has evolved and 
where it is headed. 

• By technology—Semiconductors, computer platforms, add-on 
bojird subsystems, operating environments, software, CD-ROM 
and optical storage, telecommunications, peripherals, emerging 
technologies 

• By user communities—^Home, business, technical, entertainment, 
and education 

• By application—^Advertising, cable TV, cataloging and archiving, 
CD-ROM publishing, design and simulation, education and train­
ing, entertainment and games, graphic arts, information services, 
maintenance and safety, manufacturing nianagement, navigation, 
kiosks and point of sale terminals, testing and quality control 

• By industry—^Agriculture, construction, insurance, government, 
finance, telecommunications, manufacturing, utilities, trade, health 
ceire, information services 

• By platform/operating environment—Apple Macintosh and Sjrs-
tem 7 with QuickTime; Commodore Amiga and Amiga OS; IBM 
and compatible PCs with DOS and Windows 3.1, l^ndows NT, 
or OS/2; technical workstations (Digital, HP, IBM, NeXT, Silicon 
Graphics, Sun) nmning UNIX versions; and emerging PCs/oper­
ating sj^tems such as PowerOpen/Script X from Tciligent and 
Kaleida 

• By size of system^—^Desktop, networked, emd enterprise 

• By how multimedia is used—^Passive versus interactive , 

• By the role the multimedia product plays in the overall multi­
media solution—^Role in creating, delivering, using, or storing/ 
outputting multiinedia applications 
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Dataquesf s primary objective in this report is to segment and 
define the multimedia computing market. As shown in Figure 2-7, 
Dataquest has segmented multimedia computing by a cross-cut of 
two of the above segmentation schemes. We look at the technolo­
gies that comprise multimedia computing and the roles that these 
technologies play in providing a multimedia solution (such as 
input/develop, deliver, consume/use, and output/store multimedia 
applications or products). 

If it were possible to derive multimedia-related revenue for all ven­
dor products in all categories on this chart, that figiue would equal 
the total value of the multimedia computing market today. The 
problem lies in determining what proportion of installed equipment 
(digitizing equipment such as scanners and graphics tablets, capture 
devices such as video and audio recorders, or creative software 
such as animation graphics or video editing software) has a 
primary use for developing multimedia. We believe that it is not 
possible to do this without significant primary research into how 
people are using these peripherals. Therefore, Dataquesf s multi­
media forecasts factor in the more quantifiable technologies shown 
in highlighted boxes on Figure 2-7, as follows: 

• Authoring software tools—^Software used to create multimedia-
enabled presentations, applications, education materials, and 
CD-ROM titles 

• Networks—^Local area networks used to deliver multimedia appli­
cations and programs 

• Board subsystems—^Audio and videp bosird subsystems necessary 
for compression/decompression and playback of soxmd and full-
motion video on computers, home entertainment systems, and 
game systems 

• PCs and workstations—^Preconfigured, multimedia-ready PCs and 
workstations 

• Upgrade kits—^Hardware upgrade kits comprising add-on audio 
and graphics boards, speakers, headsets, software, and CD-ROM 
drives used to multimedia-enable existing PCs 

• CD-ROM drives—CD ROM drive hardware used to play back 
tities and applications stored on CD-ROM 

We estimate that these technologies alone may represent as much as 
75 percent of the total value of the multicnecUa computing market. 

Forecast Assumptions 
Dataquesf s multimedia market forecasts are based on sets of 
assmnptions about the factors that will drive and inhibit the growth 
of multimedia computing. Asstunptions vary according to technol­
ogy segment. Overall assimiptions are outlined in the following 
paragraphs. 
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Figure 2-7 
Multimedia Market Segmentation 
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Source: Dataquest (September 1992) 
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PCs and Workstations 

u The PC and workstation multimedia forecast is the summation of 
MPC standard personal computers, plus Macintoshes, PowerPCs 
(new systems expected from Taligent in 1993-1994 time frame), 
multiniedia-enabled technical workstations, and other systems. 
Other systems include Commodore's Amiga as well as other 
proprietary vendors' PCs. Multimedia-enabled computers must 
include a CD-ROM drive, audio and video support, and 
speakers. 

• Multimedia-enabled PC and workstation shipments will grow at 
the same rate as CD-ROM drive shipments during the decade. 

• Initially, sales of upgrade kits will outpace sales of multimedia-
ready PCs. However, as more fully configured, multimedia-ready 
PCs are shipped directiy from manufacturers, multimedia PC 
upgrade kit shipments will peak by 1994, see flat growth in 
1995, and begin to decline in 1996. 

• Shipments of fully configured multimedia PC systems will out­
pace upgrade kit shipments beginning in 1995. 

• Multimedia PC hardware vendors will be pressed to differentiate 
their offerings from those of their com.petitors dtiring the decade 
as multimedia-ready PCs and workstations become commodity 
items. 

CD-ROM 

• CD-ROM is and will remain the de facto standiuxi for mass 
replication and distribution of multimedia tities and applications. 

• The average price paid by an eiid user for an add-on CD-ROM 
drive will decrease from $621 in 1991, to $255 in 1993, and then 
to $120 by 1996. 

• No other type of optical drive will approach CD-ROM's price-
perfbrmanoe ratio in the forecast period. 

• CD-ROM prices will be driven down by several factors: competi­
tion, economy of scale leveraged as the CD vendors move 
manufacturing off-shore, and volume shipments anticipated by 
major suppliers. The price declines will act as a strong market 
acoderator. 

• The CD-ROM drive products are divided into low-end, midrange, 
and high-end segments. Three quarters of the total CD-ROM 
drives shipped in 1992 are estimated to be multimedia-capable 
and were purchased for running multimedia applications. The 
remaining one quarter shipped will be used for low-end text-only 
applications (for example, software distribution). However, Data-
quest believes that by 1994, all the CD-ROM drives wiU have the 
performance necessary to run multimedia applications. 
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• CD-ROM networking will grow rapidly due to increased need 
for information access coupled with corporate incentives to save 
money on hardware purchases. Major software vendors wiU offer 
CD-networking software to provide another alternative to pur­
chasing CD-drives or multimedia upgrade kits for individual 
users. 

• Sony and Philips are developing stemdards for CD-Recordable 
with considerable industry support and participation. Dataquest 
anticipates that more than six vendors will introduce 
CD-Recordable products in the next 18 months. VWth this 
many vendors competing for a limited market share, the price 
of CD-Recordable will drop from $6,000 to $3,000 in the next 
18 months. The affordable CD-Recordable drive will be widely 
used by multimedia title developers and for certetin low-volume 
projects benefiting multimedia markets. 

• CD-ROM XA will eventually replace CD-ROM for most applica­
tions because it will provide enhanced sound capabilities at a 
price comparable to CD-ROM. Most importantly, many new titles 
will include CD-ROM-XA audio capability, and this drive wiU be 
required to play them adequately. 

• Included in Dataquesf s overall CD-ROM forecasts are drives 
embedded in CD-I and CD-TV players, but not drives for video 
games such as NEC's PC Engine. Sales of CD-ROM drives in 
consxuner products such as CD-I will not reach high levels until 
after 1995. 

• Except for special multimedia PC models with built-in drives, 
most CD-ROM drives will be sold as a separate optiotu 

Multimedia Authoring Tools 

m Historiccdly, authoring tools have been used predominantly by 
professional software developers, graphics arts and advertising 
professionals, educators (particularly higher education), and in-
house training professionals. They are programming languages 
with graphical front ends that are used to integrate graphics, 
text, audio, and video elements into a single presentation or pro­
gram. In order to penetrate the mass market, low-end toolkits 
are emerging at a rapid pace. These are easier to use, are geared 
toward creating presentations and short, self-guided lessons, and 
contain less features and capabilities than professional tools. 

• While approximately 30 to 40 vendors are shipping true multi­
media authoring software tools, the market is dominated by 
2 major players, Asymetrix and MacroMedia. Their combined 
revenue totaled $45 million in 1991, which should grow to about 
$81 million combined in 1992. 

• Authoring software vendor revenue in 1991 was approximately 
$81 millioru We expect this amount to double to nearly $161 mil­
lion by the end of 1992. 
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• Bundling software authoring tools with multimedia upgrade kits 
is a strategy used by Asymetrix and MacroMedia to "seed" the 
market. While the vendors are practically giving away the soft­
ware (average roj^ty fee is estimated to be $20 to $40 per 
copy), this represents a way for toolkit vendors to penetrate the 
market very deeply with minimal sales effort. 

• As a result of bundling, shipments of multimedia authoring soft­
ware wiU skyrocket this year, from roughly 27,000 copies sold in 
1991 to more than 700,000 copies in 1992. 

Applications and Titles 

m We estimate that there are approximately 200 multimedia titles 
commercially available in 1992. The vast majority are entertziin-
ment and information titles; only a handful can be considered 
business productivity applications. 

• This picture will change during the next 12 to 18 months as 
developers begin to release productivity titles currently under 
devdopment. 

• The release of these applications will stimulate further demand 
for multimedia compatible PCs and a second-roimd development 
cycle for multimedia software. 

Operating Systems 

u The MS-DOS/\>nndows environment will be the predominant 
near-term place holder as a desktop multimedia operating 
environment. 

• The most viable long-term operating systems for running mul­
timedia applicatioits will be multiuser, multitasking operating 
environments that provide a graphical or image user interfoce. 
OS/2, V^^dows NT, and PowerOpen are candidates. Except in its 
traditional niches, we do not e}q>ect to see UNIX widely accepted 
for either desktop or networked multimedia computing. 

Semiconductors and Add-On Boards 

• Sound boards will reach nearly 2 million units shipped in 1992, 
driven primarily by home info-tainment use. 

• Acceptance of digital video and image haitdling will be slower to 
evolve because source material is still in development and com­
pression standards are just stabilizing. 

• Coxmt on the chip industry to begin offering programmable 
audio, music, compression, and digital video chip sets from 

* multiple sources. The cost of hardware should not be an issue. 

• Sound (soimd and music capture) will be embedded on nearly 
every PC/workstation by the end of the decade. 
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Telecommunications 

• The primary definable multimedia networking market is for 
LANs and LAN internetworking hardware and software, includ­
ing fiber-optic data distribution interface (FDDI) LANs. Central 
office switching, Centrex, PBX add-ons, Tl and T3 equipment 
and services, and the portion of data services attributable to 
multimedia cannot reaUstically be quantified. There will be 
growth in network services and equipment as a result of 
increased bandwidth demand and changing traffic characteristics 
coming fix>m multimedia applications, but that dem2md will sur­
face £is a general increeise in backbone networking. 

• Shipments of multimedia-ready PCs and workstations will be 
associated with commensurate shipments of LAN components, 
while shipments of upgrade kits, nine times out of ten, will not, 
since the PCs and workstations being upgraded will already be 
serviced by LANs. In the forecasts for LANs related to multi­
media, this has already been taken into accoimt. ' 

• Counted on the mtdtimedia LAN configurations are network 
internee cards, network operating systeias, intelligent hub ports, 
and routers. Cabling, installation, and repeaters or bridges were 
not counted. 

• The growth in LANs supporting multimedia PCs and worksta­
tions is derived from two countervailing trends: (1) the increased 
percentage of PCs and workstations connected to LANs, and (2) 
falling component prices and an increase over time of the num­
ber of nodes on a LAN. 

M Most of the networking revenue in the early period of the. fore­
cast will come from Ethernet and token-ring LANs. By the end 
of the forecast''period, FDDI LANs will become increasingly 
important, however. Other exotic wide bandwidth equipment, 
such as SONET and asynchronous transfer mode (ATM) switches, 
and B-ISDN network services will come on stream during the 
forecast period. They will be market enablers, but their impact 
on the market will not be multimedia specific. As a result, they 
have not been added to the quantitative market forecast. Simi­
larly, frauoie relay services and equipment, and other vedue-added 
wide area networking services have not been included. 

Methodology 
Dataquesf s multimedia market size estimates are based on research 
conducted by the team of analysts that compiled this report. Each 
market segment was individually researched using methodologies 
that included the following: 

• Vendor interviews—^Face-to-face and telephone interviews with 
leading vendors in each field to gather product data including 
shipments, installed base, specifications, and sales channels; and 
company information including finandals, emploj'ee headcount, 
and multimedia strategy 
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• OEM and third-party interviews—^Face-to-face and telephone 
interviews with leading OEM partners and independent develop­
ers to verify and cross-check vendor-supplied data 

• Secondary research—Reviewed annual reports, financial reports, 
computer data bases, company backgrounders, and other second­
ary sources to verify and cross-check vendor data 

• Product demonstrations—^Attended dozens of product demonstra­
tions and leading industry trade shows to view and use the 
technologies discussed in this report 

• Standards bodies—^Interviewed representatives from leading 
multimedia standards bodies to "take their pulse" on where the 
multimedia industry stands today and where they expect to see 
it move in the future 

• Analyst expertise—^Dataquest analysts worked together as a team 
to validate and cross-check each other's statistics so that all 
reported data segments reconcile 

Market Forecasts 
Dataquesf s overall forecasts for the value of the multimedia com­
puting market are shown in Table 2-2. This includes the value of 
PCs and workstations, PC upgrade kits, nonkit audio and video 
boards (such as boards sold to individual users emd for use in 
consumer electronics and games equipment), authoring software, 
local area networks, and CD-ROM drives sold in 1992 to support 
multimedia computing. 

Figure 2-8 breaks out multimedia computing revenue forecasts by 
technology segments. We estimate that the current value of the 
multimedia computing market is nearly $2 billion. Nearly half of 
this revenue is for sales of complete multimedia-enabled iystexas. 
Based on the assumptions described above, during the next five 
3̂ ears, we expect total multimedia computing revenue to grow to 
more than $9 billion dollars. 

Figure 2-9 breaks out the percentage of revenue earned by the vari­
ous technology segments. In 1992 and throughout the remainder of 
the forecast period, we expect revenue derived from sales of fully 
configured rcs and workstations to comprise the largest proportion 
of overall multimedia revenue. This will grow from 55 percent of 
total revenue in 1992 to 62 percent in 1996. Upgrade kits £ire 
responsible for 14 percent of revenue today, but this will decline 
to only 3 percent by 1996 as CD-ROM drives, video and audio 
boards, and other upgrade kit features become standard on ell PCs. 
Local area network revenue will grow from 2 {>ercent of the total 
market today to approximately 15 percent by 1996 as users imple­
ment multimedia networking services within their companies. 
Authoring software units sales will continue to grow, but will 
represent an increasingly smaller portion of total revenue over time 
compared with hardware revenue. And finally, revenue for audio 
and video boards sold independently of PCs and upgrade kits will 
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Table 2-2 
Worldwide Multimedia Computing Market Forecasts by Technology Segment 

SHIPMENTS (UNITS) 
Complete Sj^tems: 

Authoring Software 
Multimedia PCs/Worls^tions 
Networks 

Total 
System Upgrades; 

Upgrade Kits 
Peripherals: 

CD-ROM Drives 
Sound Boards 
Video Boands 

Total 
FACTORY REVENUE ( ^ 
Complete Systems: 

Authoring Software 
Multimedia VCs/Vkirla^bBSimB 
Networks 

Total 
System Upgrades; 

Upgrade Kits 
Peripherals: 

CD-ROM Drives 
Sound Boards 
Video Boards 

Total 

1991 

36.4 
50.0 
3.2 

89.6 

150.0 

677.5 
600.0 
140.3 

1,417.8 

80.920 
250,000 

10,103 
341,0^3 

100,250 

237,125 
61,200 

245,000 
543,325 

1992 

728.9 
325.0 

11.6 
1,065.4 

675.0 

825.0 
1,800.0 

450.0 
3,075.0 

160,602 
1,058,500 

36,833 
1,255,935 

268,125 

259,875 
171,000 
315,000 
745,875 

1993 

1,726.1 
1,690.5 

49.0 
3,465.6 

1,109.5 

1,720.0 
3,200.0 

820.0 
5,740.0 

304,180 
3,885,840 

174,538 
3,644,258 

412,640 

481,600 
304,000 
460,000 

1,245,600 

1994 

1,831.8 
1,909.6 

89.9 
3,831.2 

1,290.4 

2,735.0 
4,900.0 
1,320.0 
8,955.0 

354,397 
3,896,016 

365,815 
4,420,820 

437,421 

689,220 
450,800 
555,000 

1,695,020 

199 

2,222. 
2,711. 

156. 
5,089. 

1,288. 

3,014. 
5,900. 
2,060. 

10,974. 

457,99 
4,753,24 

757,55 
5,987,55 

376,20 

663,08 
513,90 
735,00 

1,911,98 

Source: Dataquest (Sep(emt>er 1992) 
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Figure 2-8 
Worldwide Multimedia Computing Market— 
Revenue Forecast by Technology Segment 
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remain strong as these devices continue to be sold into both com­
puting and consumer electronics s^ments. 

The growth in unit shipments for the various multimedia comput­
ing segments is shown in Figure 2-10. Authoring software tools will 
enjoy the highest unit volume of any of the computer technology 
segments, rising from only 36/XX) units shipped in 1991 to more 
than 2.7 million units by 1996. The spike in unit voltime between 
1991 and 1993 is attributed to volumes pushed through the upgrade 
kit market. The rise of complete multimedia S3rstems shipments will 
be only slightly slower, growing from 50,000 units in 1991 to 
around Z5 million in 1996. Local suea network shipments will show 
a steady unit growth commenstirate with the rise of multimedia-
capable systems, from 3,152 multimedia LANs shipped in 1991 to 
approximately 251,000 by 1996. The rise and decline in sales of i 
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Figure 2-9 
Multimedia Computing Revenue Growth 
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upgrade kits that was discussed previously is visually apparent in 
this chart. They will grow to a high point of 1.6 million units in 
1994, then beg^ to decline. 

Shipment forecasts for audio and video boards are shown in 
Figure 2-11. We assume that audio and video boards will be 
embedded in PCs during the reporting period. Sales of audio 
boards will be nearly triple those of video boards due to greater 
market requirements for high-quality sound in consiuner emd com­
puting devices, whereas most video boards will be used primarily 
in computer systems. Audio board unit shipments will grow from 
600 million in 1991 to 6.8 billion in 1996. ^^deo boaid shipments 
will grow from 140 million to 2.9 billion diuing the same period. 

Please refer to the individual chapters of this report for more in-
depth segmentation, meirket statistics, and market analyses of the 
various multimedia computing technology segments. 

Dataquest Perspective 

Multimedia technology will increasingly impact the way that people 
use and disseminate information during the course of iJie 1990s. By 
the end of ti\e decade, multimedia capabilities including audio, full-
motion video, animation, hypermedia, and image interfaces such as 
virtual reality will be firmly embedded in the computer systems in 
everyday use. In the home, too, consumers will be e}q>osed to 
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Figure 2-10 
Multimedia Computing Unit Shipments by Technology Segment 
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multimedia commxmications daily through television, interactive sys­
tems, and telephone video communications. 

The remainder of this two-volume report provides an in-depth explo­
ration of key technologies that will influence and drive the develop­
ment of multimedia, with primary emphasis on the multimedia com­
puting market. 

i 
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Figure 2-11 
Worldwide Video and Audio Board Unit Shipment Forecasts 
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Chapter 3 

Semiconductor Technologies and 
Opportunities in lilluitimedia ^ . 

Multimedia Opportunities 

A substantial market opportxmity for semiconductors is drawing near, 
and that opportunity is called multimedia. I^perly defined, the 
multimedia market is a collection of markets associated with coin­
cidental, semiconductor-rich evolutions of computer, commimications, 
and consumer S3^tems. 

Opportunity exists in the following areas: 

• Computer multimedia hardware market— În PC said workstation 
add-on subsjrstems for soimd and video/images 

• Communications hardware—^From video commimication to new 
equipament for handling bandwidth demands of multimedia 
commimication 

• Consumer multimedia—^In home information and entertainment 
("info-tainment") terminals and their interactive interface to outside 
services 

Dataquest estimates that multimedia applications will generate 
$423 million in incremental revenue to the semiconductor industry in 
1992. This figure will climb to $1.7 billion by 1996. Near-term volume 
opportunities await in the computer sotuid and optical disk areas, 
while intermediate-term opportunities are in computer digital video, 
video commuitication, and consumer terminals. Long-term markets eue 
in LAN, WAN, and internetworking equipment. 

In this chapter we examine many of these areas and illuminate the 
architectural trends and market opportunities for semiconductors. 

Maricet Anaiysis 

Definitions and Market Segmentation 
From a semiconductor market standpoint, Dataquest has 
classified multimedia hardware opportunities into three basic 
categories: computer, communication, and consumer systems and 
subsystems. DdSnitions are as follows: 

• Computer platforms and upgrades 

o PCs, workstations, windows terminals, kiosks 
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o Digital video/graphics boards and functions 

a Sound/NUDI processing boards and functions 

a Storage systems (optical, RDD, VCR, among others) 

• Scanners/filmless cameras 

• Communication 

a LAN, WAN, ISDN: systems, boards, and functions 

a Video teleconferencing systems, boards 

o Video telephones 

a Broadcast/cable/satellite studio and distribution equipment 

• Consumer 

o Information and entertainment terminals 

a Interactive and on-demand systems 

a Satellite/cable receivers 

o Digital and HDTV receivers, VCRs, camcorders 

• Specialized consumer: karaoke, filmless photography 

Technology Overview 
Semiconductor technology is truly an enabler of multimedia 
computing and communication. Continued improvements in semi­
conductor technology in terms of miniaturization and power con­
sumption are allowing difficult multimedia problems to be solved 
economically. 

Semiconductor Basics 
The basic challenge multimedia brings to these sy^ems is the need 
for processing and transmitting a huge amount of data in a short 
amount of time New developments in semiconductor design, 
process, and packaging technology are allowing those challenges to 
be met. 

New electronic computer-aided design (ECAD) software tools are 
empowering chip designers to implement extremely complex, manu-
facturable designs in just days. V^th synthesis, a way to generate a 
chip design fiom high-level specification, key functions vital to 
multimedia can be created almost overnight 

Application-specific integrated circuits (ASICs) are importsmt vehicles 
used to implement multimedia functions today. ASIC process tech­
nologies such as 0.65-micron CMOS are capable of creating 
250,(XX)-gate designs that can easily integrate most multimedia func­
tions onto one chip. ASICs can come as gate arra3rs, cell-based ICs, 
field-programmable gate arrajrs (FPGAs), or as combinations. Gate 
arraj^ allow the customer to specify the gate connections on an 
array of unconnected gates. Cdl-based ICs allow customization with 
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blocks of gates in predefined functions. FPGAs can be customized 
by the OEM without involvement of the chip company. 

ASICs can be designed by the OEM for proprietary use or by a 
chip company. In the latter case, ASICs developed for the mass 
market are called application-specific standard products (ASSPs). 

Multimedia Enablers 
Multimedia computing and communicating entails processing, com­
pressing, transmitting, and storing sound, video, and still images, in 
addition to traditional text and graphics data. Because these new 
data types create large files when converted to computer format, 
they are luistorable and untransmittable imless compressed. These 
data types are converted to computer or digital format so that they 
can be processed under application software control, such as for 
authoring a presentation. 

Digitizing and compression form the heart of new semiconductor 
activities in multimedia. New chips are being introduced based on 
industry standards for sound, video, and compression. These chips 
help make handling of multimedia data types an affordable 
prospect for mass market appeal. 

Digital signal processing (DSP) technology is crucial for many of 
the more mathematically intensive aspects of dealing with sound or 
compressing video. DSP technology can be a microprocessorlike 
chip or it can be embedded into other functions or ASICs. Hard­
ware compression, like that used for CD audio or video data, relies 
heavily on E>SP functionality at its core. 

Digitization of sound and video involves the use of data conversion 
technology to send data to and from the analog (or real world) 
state and the language of computers, the digital state. Because data 
are embodied onto one chip, it is a mixed-signal IC Breakthroughs 
in integrating more analog and digital features aie considered to be 
a defining achievement in further reducing the cost of multimedia 
systems. 

As a final point, the myriad of standards found in multimedia tech­
nologies emd the role semiconductors play shoiild be remembered. 
Standards exist for signals such as NSTC (U.S./Japanese TV stan­
dard), CD audio, and video teleconferencing, as well as various 
compression methods. Productive ECAD sjrstems and high-density 
ASIC processes are making implementation of these standards com­
mon and economical. 

Technology Markets and Drivers 
Key multimedia applications for semiconductors were identified 
previously. The impact will be significant volume semiconductor 
opportimities developing over the next decade. As a foimdation for 
analjrsis and market projections, it is important to revisit some 
observations. 
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Technology Trends and Opportunities 
The following subsections identify semiconductor opportunities 
and explore the technological and architectural trends within the 
multimedia hardware identified previously. 

Computer Platforms and Upgrades 
Upgrades in kit form or individual subsystems such as boards or 
disk drives will prove to be the most viable manifestation of the 
computer multimedia market in the near term. We can expect PC 
and workstation manufacturers to begin turning to embedding 
multimedia subsystems as a means of differentiation and maigin 
attainment over the next two to three years. 

Sound: Can Be Heard Leading the Pack 

Almost all PCs and workstations are capable of generating sound 
from a small embedded speaker. Most often this sound capability is 
8-bit monaural and can ordy be accessed via application program 
calls such as those generated by most video games. The majority 
of systems cannot accept user sound inputs such as voice or music, 
but this is changing. Ilie use of sound is expected to evolve, 
becoming more sophisticated as it expands beyond its video game 
roots into applications such as voice annotation, CD quality music, 
and interactive training (see Figure 3-1). 

Sound Demlopmenb: Standards and DSP Rollout The huge success of 
Creative Lab's Sound Blaster add-in board products has captured 
the interest of the computer industry. Creative Labs and its compet­
itors capitedized on the large installed base of home PCs emd 
soimd-laden entertainment titles. The success has helped stimulate 
establishment of sound standards. Standardized operating system 
environments (for example. Quicklime, DOS Multimedia Extensions, 
and \^nndows 3.1 MCI) and application program interfaces (APIs) in 
particular are stimulating the development of sound-embedded soft­
ware programs and titles. CHiject linking and embedding (OLE) 
within advanced, multitasking operating 8)rstems will further stimu­
late sound in mainstream business desktop applications. 

Several important recent announcements within the world of com­
puter souiul are as follows: 

• Apple Computer is understood to be working with AT&T Micro­
electronics for incorporation of its DSP technology on certain 
high-end offerings to be introduced soon. 

• IBM is reported to be incorporating Texas Instruments' DSP-based 
mWave technology into its platforms for 1993. The DSP subsys­
tem will also manage modem and fex processing. 

• Microsoft is rumored to be working on a next-generation sotind 
capability known as "Foghorn." 
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Figure 3-1 
The Evolution of Computer Sound 
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Source: Dataquest (September 1992) Q2001579 

Over the last year the IBM-compatible platform market has wit­
nessed Creative Labs' Sotmd Bk^er become a de facto stsmdard 
claiming more than 1,000 compatible software titles and shipm.ent 
of more than 1 million boards. Media \ ^ o n and others have 
joined Creative Labs in offering compatible products for the 
i^^dows 3.1 environment. Yamaha's OPL 3 FM S3mthesis tech­
nology also became a de facto steindard. Media Vision has a rela­
tionship with Cirrus logic to design and market a multimedia 
audio chip set. 

Analog Devices, Compaq Computer, and Microsoft have joined 
forces on a project known as "Business Audio." The pxupose of 
this project is to develop hardware and software that enriches 
business applications under Windows 3.1 with sound "annota­
tions" or files. Based on Analog Devices' SoundPort chip, this 
sound subsystem is capable of 16-bit, 44.1-KHz (CD-quality) 
sound I/O. Lemout and Haxispie is working with Analog 
Devices to provide speech recognition and speech-to-text software 
for its DSP processors. 

Apple's line, the Commodore Amiga, smd NeXTs Cube are the 
best early examples of sophisticated sound usage by platforms. 
NeXT employs a Motorola 56001 DSP MPU in all its computers 
for processing speech and music. 
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• In Japan, Fujitsu's FM Towns multimedia PC with CD-quality 
sound is shipping very well into the education market. More 
than 200,000 units are claimed to have shipped through 
mid-1992. 

• Built into Tandĵ s new Sensation PC is Yanuha's Magic chip set 
for sound processing. 

Sound Technology and the Future. The basic trend is towaid 16-bit 
stereo (or more channels), with CD-quality sampling at 44.1 KHz, 
and a MIDI—despite a lack of 16-bit stereo applications. Another 
trend is toward the use of more sophisticated synthesis and sam­
pled sound to replace or complement FM s)nithesis in reproducing 
sound. This addresses the complaint that computer sound has an 
"arcade game" quality. Sampled sound uses actual ROM-captxued 
sound elements of instruments, among others, to produce higher-
fidelity music and soimds. 

The key assumption behind these trends is that a higher perfor­
mance standard will emerge beyond the MPC specification. A key 
enabler will be development of titles that take advantage of the 
higher CD-quality soiuid. 

Sound processing functions will be implemented in both standard 
ICs or AS5P chip sets with DSP cores, or as programmable DSPs, 
or as cell-based ASICs. The ASIC solution is the most popular cur­
rently as proprietary technologies battle for market dominance. 
However, it is giving way to ASSP approaches (see Figure 3-2). 
ASSP chip sets for digital sound processing and synthesis range in 
price from $20 to $60 (sampled sound is more). Companies with 
computer sound diip sets include: Cirrus Logic/Media Vision, Ana­
log Devices, Yamaha, Matsushita, Sierra Semiconductor, AOM, E-mu 
system, Roland, Zoran, Philips, Integrated Circuit Systems, Informa­
tion Storage Devices, and Ensoniq. Yamaha OPL 3 chips ciurently 
are the most widely used. 

Sound is also migrating to programmable DSP-based motherboard 
subsystems that can time-share between so\md/music capture and 
output, fax, modem, voice mail, speech recognition, and speech-to-
text Hme-shating this hardware investment is making it possible to 
add all these features at once. Likely hardware vehicles for execut-
ii^ that functionality are DSP MPU ICs varying from 16- to 32-bit 
and integer and floating point in capability. The amount of time­
sharing tasks and compression processing will determine the perfor­
mance level. 

Ntunerous digital, mixed-signal, and analog semiconductor opportu­
nities axe available on sound add-in boards and soimd subsystems 
of mother boards, as follows: 

• DSP MPUs or custom versions with DSP cores (16- to 32-bit) 

• CeU-based ASICs (CMOS, 40K gates) 
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Figure 3-2 
Sound Subsytem 16-Bit Block Diagram 
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• 8, 12, 16 A/D and D/A converters (up to 44.1-KHz sample rate) 

• ADPCM codec (up to 4:1 compression) 

• FM sjmthesizers (for MIDI), sampled sound (0.5-4M6 of ROM, 
EPROM, flash) 

• Sound soiuce mixer, audio filters, amplifiers (up to 5W) 

• FIFO (64 bytes), buffer (up to 1MB slow SRAM) 

• MIDI interface (UART), MIDI command processor 

• Host bus transceivers/buffers 

• Optional: SCSI interface 

Indepenilent Algorithms: Have Standanl, Will Travel. Companies such as 
AT&T with its DSP32 VCOS software environment, Texas Instru­
ments 320xxx series ICs with its mWave software, and Analog 
Devices with its Signal Computing,approach are providing hard­
ware alternatives bundled with second-party-developed software 
algorithm libraries. These "living" and "updatable" libraries can be 
invoked by user application via one of the standard APIs emd can 
include the following algorithms (from AT&T Microelectronics): 

MPEG audio 

DTMF decode/generate 

G.722 audio coding 

V.32 96(X)-baud fax modem 

V.29 9600-baud fax modem 

MFC music s)'nthesizer 

Speech recognizer 

HQ call process detection 

Handwriting recognition 

"N̂ deo and image handling 

SBC speech coder telephone interfoce 

Sample rate conversion 

CD-ROM/XA audio coding 

V.22bis 2400-baud modem 

MFC MIDI interface 

LD CELP speech coder 

Text-to-speech synthesis 

Caller ID 

Speakerphone AEC 
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Video and Image Handling 
Along with animation, video and image processing is the most 
challenging multimedia feature from the standpoint of cost-
effectiveness and hardware technology. Image processing involves 
the capture, processing, and display of a rasterized still image. 
Video is the same, except that it involves the time element, with 
multiple frames per second. 

Our surveys indicate that digital video capability will be one of the 
slower aspects of multimedia to catch on because it remains rela­
tively expensive and difficult to use. Both issues are expected to be 
addressed as ULSI componentry tackles cost issues and some siza­
ble early applicatiotts stimulate software developer interest in video-
rich applications. Early adopters of digital video capabilities include 
the following, which can readily use still images, animation, or 
video to increase effectiveness: 

• Publishing, journalism, and advertising 

• Corporate and vocational adult training 

• Education (for example, second languages) 

• Corporate conununication (internal, external) 

We expect workstation vendors to be the early patrons of embed­
ded digital video as video teleconferencing capability is coupled 
with it. This is because the early adopters of workstation technol­
ogy are engineers, designers, aiud financial Mseia that would be 
willing to pay for the productivity improvements of visualization 
and "no-travel" meetings. Figure 3-3 shows the many aspects.of 
video/image handling and storage for desktop platforms. 

Tite OpportuniSes. Figtire 3-4 is a block diagram of a multifunctional 
add-in board featuring image digitization, capture, digital proces­
sing, compression/decompression, display, and storage. In reality, 
only a subset of those functions is found on most boards. On the 
low end are boards that merely capture a frame or display TV pic­
tures in a window with no additional processing. At the high end 
are boards that can compress and manage data on the hard disk or 
other attached storage device. 

As image processing becomes more mainstream, we expect digital 
video functions to merge with graphics functions such as controllers 
and RAMDACs. Ultimately integrated multimedia controllers or 
coprocessors will emerge that manage most of the accelerated hard­
ware sound, communication I/O, and video processing. 

Semiconductor opportunities within digital video exist for a variety 
of functions in ASIC and standard ASSP forms. Most are subject to 
integration with each other £is well as with the sound and graphics 
functions. Functions of note indude the following: 

• A /D to D/A (video rates, 8- to 16-bit) 

• NTSC/PAL/SECAM encode/decode ICs 

SAWW-SVC-FR-9201 01992 Dataquest Incorporatad September 28,1992 



3-10 Semiconductor Application l\/larl<ets Worldwide 

Figure 3-3 
Generic Computer Digital Video 
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• Tbner section ICs (for tuner cards) 

• Compression ICs (JPEG, MPEG, DVI, QuickTune, AVI) 

• Color space conversion ICs (YUV-RGB) 

• Wmdow-sizing ICs (for example, NTSC to QCIF) 

• Pixel stream mixer ICs (for example, combined VGAL, video, and 
teleconferencing) 

• Programmable controller/DSP (executing combinations of above) 

• Frame/line buffers (DRAM/VRAM/SRAM—45ns, 2-8MB) 

• PLD/FPGA (3,000 to 5,000 gates, custom features, time-to-market) 

• Qock/dock distribution (gen lock), interfeice functions 

• Optional: 16- to 32-bit processor to off-load main CPU, SCSI con­
troller, RAMDACs, and graphics controllers integrated with above 
features 

Compression and BandwidUl Cliallenges. Compression is seen as a major 
feictor enabling computer digital video and imaging. This is because 
one color photograph can require 20MB to store and an NTSC (TV) 
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Figure 3-4 
Computer Digital Video Block Diagram 
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film dip of 5 seconds can require 150MB, in uncompressed states. 
Likewise an uncompressed digitized NTSC video signal can require 
12 MHz of S-bit bus or network bandwidth. Compression can come 
in four forms: lossey and lossless, and still-image-based and motion-
oiiented. Generally video/image compression is lossey where a per­
centage of the original information is lost through the compression/ 
decompression cycle. 

Compression takes advantage of the fact that much of the informa­
tion in a picture does not change dramatically over a small area 
and therefore is redundant and filtered ouL For motion video, there 
is the additional observation that most of the image does not 
change from frame to frame, and this is redundant as well. Com­
pression algorithms take advantage of these two factors. 
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Several standards have been proposed to address the need for com­
pression, some open and some proprietary. Likewise some allow 
real-time encoding economically, and some do not. Table 3-1 com­
pares some open standards. The Joint Photographies Experts Group 
0PEG) standard is targeted at still image or picture compressioru 
The Motion Pictiue Ê q̂ erts Group (MPEG) standard is targeted at 
motion video. Central to both technologies is the use of discrete 
cosine transform (DCT) matrix algebra and a Huffman coding 
algorithm (see Figure 3-5). Both standards are managed and evolved 
by a committee of the International Standards Organization (ISO). A 
tiiird open standard known as Px64 or H.261 is targeted at video 
conferencing/phone technology and is managed by the CCTTT. 

Competing Compression Teclinologies. The principal difî erence between 
the different compression standards involve coding efficiency (com­
pression ratio), amoimt of loss (stisceptibility to artifacts), and data 
transmission bandwidth and storage (see Figure 3-6). 

Several companies offer or are working on proprietary standards 
and variants to MPEG. Real-time, high-quality (VHS or better), 
and low-cost encoding is one of the principal designing challenges 
to stimulate authoring and content development. The following sec­
tion describes companies working on video/image compression 
functionality. 

Comp>anies working on MPEG/JPEG are as follows: 

• C-Cube Microsystems—^The leader in open st<mdard, single-chip 
implementations; low-cost MPEG decompression IC for CD-I (see 
profile) 

• AT&T Microelectronics—^Flexible programmable chip set-capable, 
featuring real-time MPEG encoding 

• LSI Logic—Early entrant with JPEG and H.261 chip set 

Table 3-1 
Open Compression Standards 

Feature 
Color Still Image 
Motion Video 
Real-Ume \^deo 

Capture/Playback 
Broadcast Motion 
Compression Ratio** 
Bandwidth** 

Standard 
JPEG 
X 
X* 

X 

to 80:1 

MPEG I 
X 
X 

X 

to 200:1 
to 1.5 

Mbps 

MPEG II 
X 
X 

X 
to 100:1 
to 10 

Mbps 

Px64 
X 
X 

to 2000:1 
64 Kbps-

2 Mbps 
'Requires higher bandwidlh 
"Varies with resolution, frame rate, and image complexity 
Source: Dataquest (September 1992) 
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Figure 3-5 
MPEG Compression Process 
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Figure 3-6 
Motion Video Compression Standard Trade Offs 
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SGS-Thomson—Also early entrant with building block functions 
such as motion estimators; plans to introduce an MPEG decoder 
and combined MPEG/H^l encoder/decoder chips this year 
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• Integrated Information Technology (ill)—^Has programmable 
Vision Processor technology; working with Compression Labs on 
several video phone/conferendng projects 

• Zoran—^Has JPEG chip set; working with Fuji on filmless camera 
compression into memory card 

• Others (rumored or lab)—^Motorola, Texas Instruments (DSP 
based). Cypress Semiconductor 

Digital Video Interactive (DVI) from Intel as originally introduced 
supports two modes of operation: real-time video (RTV) with reso­
lutions currently up to 128 x 120 pixels can achieve 20:1 compres­
sion at 30 frames per second; production-level video (PLV) with 
resolutions ourently up to 512 x 480 pixels can achieve 100:1 com­
pression at 30 frames per second. DVI/PLV allows for discrete 
frame flagging for video-editing purposes. PLV encoding or master­
ing of source material is done by Intel or a service bureau on a 
mainframe computer at a charge of $200 per minute, with up to 
one month of lead time. 

The technology is implemented on Intel's i750B compression chip 
set. Intel is positioning the technology as programmable with the 
ability to execute the open MPEG and JPEG standards and their 
evolutions as well. Version 3.0 of DVI, which is supposed to be 
akin to MPEG-2 in performance, is reported to be on the way. To 
date IBM is a DVI major patron; it has built it into its Ultimedia 
platform, the joint IBM/Intel AddonMedia II board set, and kiosks 
developed by IBM for Blockbuster Entertainment to demo videos 
interactively. PictureTel of video conferencing fame also uses DVI as 
its core tedmology. 

Quicklime, Apple's multimedia environment, offers software-based 
JPEG/MPEG-like compression for video (Quicklime Movies), still 
images, animation, and graphics. Hardware acceleration of this is 
considered a good semiconductor opportunity. 

Microsoft's audio-video interleaved (AVI) technology, set to be fur­
ther unveiled in September, is expected to support compression like 
Quicklime does. It is expected to support three quality modes for 
decompression for high-, medium.-, and low-resolution and frame 
rate, llie higher-perfotmance modes will require significant host 
CPU cycles to execute emd therefore are considered candidates for 
acceleration. 

OS/2 ZO will support multimedia and compression this fall. 

The numerous valiants to MPEG offered as de facto standards 
include the following: 

• MPEG JVC extension—Less lossey; 50:1 compression ratio; 
6-Mbps bit stream 

• MPEG m^Targeted at HDTV with 60-Mbps bit stream 
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• Compression Labs—Compressed Digital Video (CDV) up to 
6.6-Mbps bit stream; more than 60:1 compression ratio; planned 
usage on ATRC HDTV proposal and Hughes's DBS TV system 

• Fractals—Object-based; uses a control language rather than DCT; 
patents held by Iterated S3^tems; $25,000 system based on i960 
and 8 ASICs; 500:1 compression; takes 1 second to decompress 

Now What for Compression? None of the existing compression stan­
dards in silicon is perfect from a performance standpoint There 
continues to be a bandwidth versus performance trade-off. Image 
quality drops off with artifacts and other problems creep in near 
50:1 compression with DCT-based approaches. On the other hand, 
developers and users want an open standard so that files are inter­
changeable. The latter issue may be solved as the industry's major 
operating systems move to software compression, creating an attrac­
tive opportunity for developers to work on video-oriented tools, 
applications, and titles. Dataquest believes that hardware accelera­
tion of these will emetge quickly as chip opportunities. The move­
ment to a local graphics/video bus as proposed by VESA and Intel 
also could alleviate the quality/bandwidth problem by allowing 
higher bandwidth at lesser compression ratios. 

Digitization and Processing FancSons. Compression might get most of 
the press, but to date not most of the profits. Functions for conver­
sion of TV signals (video and audio) into a fonnat for digital 
manipulation is the most stable aspect of digital video so far. 
Digital manipulation includes frame capturing, compressing, editing, 
and creating special effects. There is a batUe to dedde whether TV-
oriented semiconductor companies or computer graphics semicon­
ductor companies can execute on the right product definitions. 
Some players include the following: 

• Philips Semiconductors/Signetics—In particular has a dominant 
position in digital video functions such as A/D converters, TV 
signal decoders (for creating square pixels), color space conver­
sion, frame sizing, dock generation, and digital encoders 

• Cirrus Logic/Pixel—^Has a newly launched integrated digital 
video processor to complement graphics and data conversion 
products 

• Brooktree—^Has introduced NTSC/PAL encoder chip with plans 
to expand RAMDAC line to integrate digital processing functions 

• SGS-Thomson—^Eias offerings in RAMDACs, compression, emd 
digital TV processing 

• Chips & Technologies—^Has PC video chip designed into some 
high-volume boards 

• Sony—^Has offerings in digital TV circuits and a corporate focus 
on multimedia 

• Matsushita—^A video giant with the same potential as Sony 
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• Graphics and printer rasterizer controller companies such as: 
Tseng Labs, Qiips & Technologies, Adaptec, and Destiny are 
potential competitors 

Multimedia Storage Opportunities 

Optical Is Visible. Multimedia is a principal catcilyst stimulating the 
exploding market for optical storage. Optical storage is popular in 
multimedia because of the large multidata-type files of images and 
audio, among others, and because it offers near-gigabyte capacity 
on a publishable media. In addition to CD-ROM, CE}-ROM/XA (ex­
tended architecture for interleaved ADPCM audio) and CD-I (com­
pact disc interactive) are emerging this year as optical storage 
alternatives. 

Figure 3-7 shows a block diagram of a CD-ROM/XA drive. Oppor­
tunities exist for 16- to 32-bit DSP MPUs, error detection/error cor­
rection coding (ECQ functions, laser/photodiodes, SCSI controller 
(for host too), SRAMs, am.plifiers, intoface, and for an 8- to 16-bit 
MCU for motor control/housekeeping. 

Sony and Panasonic/Matsushita are the world leaders in specialized 
CD-ROM controller chips. Sanyo Semiconductor, meanwhile, has 
introduced what it claims is the world's first chip set to handle 

' encoding, decoding, and real-time ED/ECC concurrently for four 

Figure 3-7 
CD-ROM/XA Block Diagram 
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CD formats: CD-ROM, CD-DA, CD-I, and CD-DRAW (for MO 
drivies). 

VCRs and Other Equipment Computer multimedia will also be a 
demand stimulant for gigabyte-class magnetic rigid disk drives. 
There will be demand for a new generation of high-performance 
magneto-optical technology, as well as control, data management, 
filtering, and interface electronics (these are not covered in this 
report). 

Other multimedia-induced storage opportimities for semiconductors 
include VCRs (both VHS and 8mm/S) and laser disk players. Also 
expect digitally controlled VCRs to be stimulated by the need for 
addressable frame/edit control. NEC's 'N̂ deo Sequencer and Paltex 
International's EDDI editing systems allow for pull-down menu con­
trol between VCRs. DiaQuesf s DQ-Animaq is an example of a sjrs-
tem that takes computer-resident images, video, and animation 
sequences and writes them frame by frame to videotape. We 
believe that the market for these sj^ems tracks the shipments of 
mid- to high-level authoring software packages. 

In general, we expect VCRs to transition to digital controls, amena­
ble to the interactivity of creating and using multimedia material. 
General Instruments and Toshiba recently announced an alliance to 
develop digital VCR technology. We expect other VCR suppliers 
such as Matsushita and JVC also to enter the market 

Scanners 
There are more than 50 companies marketing scanners or optical 
character recognition (OCR) equipment to the world market. Scan­
ners caf>ture printed (or film) images and send them to a host 
computer for processing as ah image or as recognizable characters. 
The three basic types of scanning hardware varying in performance, 
speed, eind portability, are as follows: 

• Flatbed—$1,000 to $2,500 price range 

• Sheetfed—$6,000 to $20,000 price range 

• Hand-held/camera—$250 to $900 price range 

Scanners can run tiom. 300 dots per inch (dpi) to more than 
1,000 dpi utilizing for the most part linear CCD arrays. For good 
color or gray-scale capture, 600 dpi usually is employed. The bulk 
of the scanners handle 256 gray-scale levds or color levels out of a 
24-bit palette of options (limited by computer display capability). 
Marketers of scanners indude the following: 

• AGFA 

• Apple Computer 

• Artix Technologies 

• BeU & HoweU 

• Caere 
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• Chinon 

• Diamond Flower Electric 

• Epson 

• Everex 

• Fuji Photo 

• Fujitsu 

• Hewlett-Packard 

• Imapro 

• Kodak 

• Logitech 

• Marstek 

• Minolta 

• Mitsimai 

• Nikon 

• Nisca 

• Panasonic 

• Pentax 

• Polan>id 

• Ricoh 

• Sharp 

• The Complete PC 

• Wang Labs 

• Xerox 

Dataquest estimates the world market for scemners in 1991 to be 
450,000 units yielding $425 million in revenue. As driven by multi­
media authoring and OCR scanning, this market could grow to 
950,000 units by 1996 and to revenue of $570 million. A composite 
of various market estimates place color capability at 50 percent aiul 
hand'held at 20 percent of the market by 1996. 

Kiosks: Multimedia Meets the Public 
Multimedia kiosks, or small stands with computer terminals embed­
ded in them, are springing up all over. Used in point-of-s<ile or 
point-of-information settings, they provide visitors and shoppers 
with interactive help. At airports and hotels they provide unforma-
tion about the dty, restaurants, and sights, complete with interac­
tive, compressed video and stereo sound. Use by retail establish­
ments is boundless, including the following ideas: 

Product demos (cosmetics and fashions, among others) 

How-to demos (home improvement stores, car part stores) m 
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• Movie rental (library clips can be viewed) 

• Tape/CD demo (prepurchase samples at record stores) 

The technology employed includes a base PC or w^orkstation and 
display augmented with CI>-ROM (or CD-I), compressed, CD-quality 
sound with speakers or headphones, and compressed digital video 
as necessary. Voice input is on the honzon for these systems as 
well. Companies at the forefront of this technology include IBM 
and AT&T/NCR. The estimated 1992 worldwide market is in the 
10,000- to 20,000-imit range, with prices ranging from $2,000 to 
$10,000 per unit. As content is developed and large retail clmins 
deploy kiosks, annual volumes could reach the low millions by the 
19% time frame. 

Multimedia Communications Opportunities 
The need to communicate multimedia information is creating an 
attractive opportunity for communications equipment companies and 
their chip partner/suppliers. In this section we will examine multi­
media communications markets in the context of three interrelated 
categories: networking (both public and private); video communica­
tion; and a category called home communication, which includes 
the delivery of broadband and interactive services. 

Multimedia Networking 
Multimedia comycnunication is certainly the demand driver ISDN 
was looking for to break the cost-volume log)am, as ISDN lines 
continue to run 1.5 times the price of a plain old telephone service 
(POTS) line. The principal impact of multimedia network communi­
cation is that it will require greater bandwidth than what is comr 
monly available today. 

As shown in Table 3-2, compressed video communication is the 
most demanding of multimedia data tj'pes and has very different 
requirements than those found in the typical ethemet or token-ring 
LAN. 

Perhaps the most important need of interactive multimedia trans­
mission (that is, a video conferencing session) is bandwidth on 
demand. These interactive sessions require full duplex connection 
such as regular telephone service offers. LANs were not optimized 
for this ability. 

Table 3-2 
Characteristics of Video Traffic 

Type 
Data Rates 
Reliability 
Delivery Timing 

Data Traffic 
Bursty 
Variable (0-peak) 
Crucial 
"Loose," retransmissions 

Video Traffic 
Stream-oriented 
Steady (64 Kbps) 
Tolerates loss 
Crucial, real time 

Source: Starlight Networks, Dataquest (September 1992) 
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Enter ATM. Figures 3-8 through 3-10 present a likely scenario as to 
how LANs/MANs/WANs coiild evolve over the coming decade to 
support multimedia networking. Today's approach uses hub/ 
concentrator-anchored LANs cormected by internetworking equip­
ment such as bridges, routers, and gateways. This is evolving into 
layouts using FDDI as the backbone with processor-intensive inter­
net equipment. This move will aid delivery of improved bandwidth 
to the individual users, but it still has many foults. 

In an effort to prepare for the bandwidth onslaught, telecom service 
providers aroiuid the world are designing new systems to allow 
global, seamless, networking that encompasses the demands of 
multimedia and its diverse data types. As an upgrade to X.25 
packet switching S3rstems, a new technology called frame relay is 
under consideration. Frame relay is capable of 56 Kbps with 
upgradability to Tl (1.54 Mbps). Another broadband capability for 
switched public networks is the switched multimegabit data service 
(SMDS) originally proposed by BellCore in the United States and 
being tested by the regional Bells and several European countries. 
SMDS uses the IEEE 802.6 access protocol and runs at Tl and T3 
(44.7 Mbps) rates, with 155 Mbps planned. 

SMDS is viewed by mimy in the industry as the leading intermedi­
ate solution, as opposed to frame relay. However, asynchronous 
transfer mode (ATM) is another technology that many consider to 
be the ultimate solution to the problems outlined previously. Initial­
ly, ATM will be capable of delivering up to 155 Mbps in on-
demand bandwidth (known as isochronous communication). To be 
eventually capable of 622 Mbps (CXZ-12) tremsmissions as well, ATM 
uses fixed cells of 53 bytes (5. for header, the rest for data). ATM 
provides no error checking and thus processing is simplified. ATM 
circuits receive the data asynchronously and overlay (or recover) the 
data onto the train of cells passing at the transmission rate (for 
example, 155 Mbps). Idle cdls are inserted to adapt the user data 
rate to the transmission rate. To accoimnodate varying communica­
tions services, an additional protocol layer known as the ATM 
adaption layer (AAL) can be employed. 

ATM would operate on fiber-optic media utilizing the synchronous 
digital hierarchy (SDH) technology as specified by the CCITT. SDH 
is also known as SONET. SDH forms the transmission medium of 
what is known eis B-ISDN and is capable of 1.244-Gbps and 
2.488-Gbps rates as well. 

Figure 3-11 shows how an ATM connection would be implemented 
in silicon using the functions described. 

A host of companies are working on ATM/SONET switches, multi­
plexers, and internetworking equipment. An industry group known 
as the ATM Forum was formed to promote product development 
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Figure 3-8 
Integrated Enterprise Networks Today 
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Figure 3-9 
Near-Term Network Evolution 
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Figure 3-10 
ATM-Based Network: Seamless Multimedia Networking on a Global Scale 
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Figure 3-11 
ATM/SONET Interface 
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and has more than 100 members. Equipment developers indude the 
following: 

• Adaptive (NET) 

• Xerox PARC 

• NEC 

• Fujitsu 

• Siemens 

• Northern Telecom 

• AT&T 

• Thomson CSF 

Chip suppliers of ATM/SONET circuits indude: AT&T, Sierra-PMC, 
Base2 Systems, Itanswitdi, Hitachi (SONET), Bipolar Integrated 
Technologies, \^tesse. National Semiconductor, Applied Micro Cir­
cuits Corp., Philips, and lUquint (SONET). ATM functions induded 
cell assembly/disassembly and media interface in both ASIC and ASSP 
forms. There are ongoing opportunities to supply N-ISDN functions 
sudi as S/T and U interfaces, rate adapters, and transceivers 
supi>orting high bit-rate digital subscriber line (HE)SL) and its 
foUow-ons. 

MulSmedia Savers. Storage and communication of multimedia data 
types will impact the downsizing phenomenon from mainframes 
and superminis to networked servers based on scalable RISC 

i 

i 
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architectiires. In addition to filing, computing, e-mail, faxing, WAN 
comnaunication, and print server functions, we can expect still 
image, video, and sound (as separate from voice mail) handling 
added to a server's capability. From a hardware point of view, this 
could dramatically impact severe storage requirements, perhaps even 
quadrupling the amount needed at an average installation. 

Video Communication 
Video communication pertains principally to video teleconferencing, 
desktop teleconferencing, and video phones. Initially the province of 
a group of start-up companies, the hardware and supporting telco 
services are becoming a sizable global market. The market is being 
enabled by the strong shipment growth of 56-Kbps N-ISDN lines 
with accompanying service charges as low as 7 cents for 3 minutes 
in Japan and 19 cents per hour in the United States. One source of 
growth is a desire to reduce corporate travel budgets and time 
spent traveling to meetings, especially intracompany meetings. 

The market is moving in two directions, as follows: 

• Improved high-end sj^tems for formal/customer conferences 
based on proprietary compression techniques and high transmis­
sion rates 

• Cost-effective desktop and video phone systems migrating to 
CCITT international standards and N-ISDN transmission rates 

With the firming of a host of CCITT standards concerning signaling, 
audio and video compression, and multipoint protocol, among 
others, and the availabiUty of VLSI sihcon to implement them, 
lower-cost equipment is on its way. To date, the bulk of video con­
ferencing equipment has been incompatible from vendor to vendor 
(that is, no interoperability). This will probably continue for higher-
performance equipmoit with proprietary technologies that feature 
video bit streams of 384 Kbps or greater. For desktop and video 
phone apphcations however, the new CCITT standards (see 
Table 3-3) should help stimulate low-cost hardware development 
and thus broadscale use. Once again, engineering and design mar­
kets will be the early adopters of modestly priced s^tems in an 
effort to avoid the costs of travel in money and time. 

Different Performanee Classes. As in all matters involving multimedia 
and compression, teleconferencing involves a trade-off between com­
pressed bit rate bandwidth and quality, in this case, quality refers 
to the frame size and frame rate. It is generally believed that the 
closer video telecor\ferencing comes to TV broadcast frame sizes and 
rates, the better the perceived quality. The CCITT standeuds define 
two quahty levels with frame rates up to 30 frames per second 
(fps): CIF (352 by 288 pixels) and QCBF (176 by 144 pbceis). QCIF 
is generally suited for desktop video and video phone usage and 
CIF is for low-end conference room-type systems. High-performance 
systems such as Compression Labs' Rembrandt n offers 368 x 
480-pixel resolution (NTSC mode) aiui a maximimi of 30 fps. The 
bit bandwidth on these high-performance systems can run from 
384 Kbps to 2.048 Mbps. High-performance systems currently run 
$25,000 and up. 
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Table 3-3 
Open Video Conference Standards 

Standard 
Name 
H.261 
H.221 
H.230 
H.242 
H.320 

G.711 
G.722 
G.728 
H.223 
H.232/H.243 
H.261 Option 

Description 

Video coding 
Framing information 
Control and indication signals 
Call setup and discoimect 
Overall requirements for 

N-ISDN systems 
64 Kbps PCM audio 
48/56/64 Kbps ADPCM audio 
16 Kbps audio 
Encryption 
Multipoint conferencing 
Still-frame graphics 

Status 

Adopted 1990 
Adopted 1990 
Adopted 1990 
Adopted 1990 
Adopted 1990 

Adopted 1984 
Adopted 1986 
Adopted 4/92 
In development 
In development 
No formal 

activity 
Source: CCITT 

Compression Labs' Cameo Personal 'V d̂eo system for Apple com­
puters exemplifies QQF-like desktop systems. Costing $2,000, the 
system comprises a small vertical coder box that attaches to the 
Nubus bad^lane and a CCD camera module that attaches to the 
top of the computer. It employs CLI's proprietary PV2 video com­
pression technology, 64-Kbps u-law audio PCM coding, and has 
2B + D ISDN interface 

As for video phones, the AT&T 2500 offers 128 x 112 resolution. It 
operates at 15 fps and retails for $1,500. Its target market is early 
adopters and young parents. British Telecom (with GEC Marconi), 
NTT, and nearly all the Japanese handset manufacturers have either 
entered or are about to enter this market. Dataquest believes that 
the picture quality will need to reach the QOF level before con­
sumers start buying in earnest The market should behave like the 
fax market: enough people will have them in five to seven ĵ ears 
that they can begin shipping in the millions. 

Key players in the video conferencing market include: Compression 
Labs, PictureTel, GPT, Video Telecom, and NEC. Other companies 
principally playing in the midrange to low end are: Fujitsu, IBM 
0apan and United Kingdom with VT), Mitsubishi Electric, Old, Brit­
ish Telecom, NTT, Siemens/Rolm, Concept Communications, imd 
EyeTel. Other high-end players include: Broadband Technology, 
Northern Telecom, ABL Engineering, Grass Valley Group, and 
Rockwell. 

Compression. The principal open standard regarding video compres­
sion for real-time video conferencing is H.261 (also known as Px64), 
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a COTT standard. It operates very similarly to MPEG (uses DCTs), 
except that it is optimized for read-time encoding and decoding. The 
principal difference is that H.261 does its inter&ame comparison 
with only past eaid current frames and not future (imknown in 
real-time) frames, making for smaller compression ratios. 

H.261 is designed to be efficient, with resolutions to GIF and rates 
to 30 fps while generating a 56-Kbps compressed output stream for 
transmission. Several proprietary compression algorithms are used 
today, including Compression Labs' CTX, CTX plus, and PV2, and 
PictureTel's SG3. Intel is helping PictureTel implement SG3 in eco­
nomic silicon through its DVI technology. Table 3-4 is a representa­
tive list of semiconductor offerings in video codec technology. 
Codec allistnces are very strategic and necessary for differentiation. 

The programmable approaches appear to be gaining fevor as silicon 
vendors ertable the OEMs to encode their proprietary algorithms or 
migrate to H.261. The programmable approaches utiUze a DSP 
architecture with RISC-like featiues. The AT&T and ITT chip' sets are 
good excunples of this. In some cases, only software updates by 
users eue required to make the bandwidth-quality trade-oH. The 
recently annoimced Motorola/British Telecom 3 chip set ($100, 
scheduled for 1994 shipments) implements MPEG, JPEG, and H.261 
compression plus all audio and other CCTTT standards, to form a 
video conferencing engine. 

The direction of video conferencing technology, with the exception 
of programmable building blocks, remains firmly in the control of 
the OEMs. That is to say, the tricks needed to make a system per­
form require very specialized systems knowledge. As volumes and 
design expertise develop, perhaps this may change as chip vendors 
unveil integrated "engines" for mass applications. 

Table 3-4 
Video Codec/Compression Semiconductor Offerings 
and Alliances 

Semiconductor 
Company 
Graphic Commu Tech. 

(GCD 
Motorola 
Intel 

nr 
LSI Logic 
GEC 
NEC 
NTT 
Texas Instruments 
AT&T 
SGS-Thomson 

Type 

ccnT 

Programmable 
Programmable 
Programmable 

carrr 
Hardwired 
Programmable 
Progranunable 
Programmable 
Programmable 
Hardwired 

OEM Patron 
IBM Japan 

British Telecom/IBM 
PictureTel 
Compression Labs 

Japanese OEM, Bellcore 
Captive 
Captive 
Video Telecom 
Captive 

CCmr . H.261, etc. 
Source: PictureTel, Dataquest (September 1992) 
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Figure 3-12 presents a block diagram of a generic video communi­
cations system. Video telephones have a semiconductor content of 
about $150. The desktop versions ($2,000 to $5,000 price range) run 
10 to 12 percent of value, and high-end version run $25,000 and up 
with about 7 to 8 percent content. Other silicon function opportuni­
ties in video conferencing include the following: 

• 8- to 16-bit A/D and D/A (perhaps integrated with filtering-
processing functions) for audio and video 

• Audio codec (u-law, a-law PCM, ADPCM, Dolby adaptive delta 
modulation) 16 Kbps, 56 Kbps to 200 Kbps 

• Signaling and protocols functions (proprietarjr: ASIC; CCTTT: 
programmable) 

• Preprocessing filtering (spatial and temporal) for unneeded detail 
and postprocessing artifact removal (adding back information to 
smooth the image) 

• Audio-video synchronization (perhaps the biggest secret main­
tained by OEMs) 

• ISDN functions such as S/T interfaces and link control 

• Integrated, DSP-core versions of described functions 

Figure 3-12 
Generic Video Conferencing/Phone System 
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Multimedia Home Communication and Broadcast 
Over the coining decade electronic commxinication to and from the 
home will upgrade to a new plateau of options and interactivity. 
Expected changes, and thus opportumties, are described in the fol­
lowing section (see Figure 3-13). 

ISDN to ths Home. After spending much of the past five years 
settling standards and seeking economic justification, ISDN lines are 
beginning to ship in earnest in Japan and Europe; the U.S. market 
and others developed significantly through the late 1990s (we refer 
to narrowband ISDN, or N-ISDN, designed to offer the home or 
business digitally based, 56/64-Kbps communications links, also 
known as 2B + D). 

Perhaps the major recent development impacting ISDN is the deci­
sion by the Federal Conununjcations Comnussion in the United 
States to allow regional Bells to deliver a "video dial tone" as well 
as the video equipment linking the phone to the TV. This decision 

Figure 3-13 
Evolution of Electronic Home Communication 
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was taken in order to provide consumers with an alternative to 
cable and to encoiuage N-ISDN and ultimately B-ISDN rollout in 
the United States. This breaks a long-standing right in the U.S. 
market of cable companies exclusively providing nonfree space 
(wired utility) video services. 

Satellite and Cable. Positioned as alternatives to terrestrial broadcast 
TV in most of the major markets, satellite and cable companies are 
being compelled to upgrade the nature of their services. Both 
approaches to video delivery to the home face a threat from the 
emerging alternative of FTT-based N-ISDN/B-ISDN video services. 
Videotape rental stores also are serving the constuner's desire to 
watch movies when they want, for a modest pay-per-view price. 

Direct Broadcast Satellite (DBS). Already a sizable business in Europe 
and Japan, the DBS market remains minuscule in North America 
because it competes with cable. New developments in satellite 
transponder, compression, and receiver technology will stimulate 
further global growth of DBS shipments. New opportunities exist to 
supply private satellite video networks as well as for educational 
and corporate broadcasts. 

Two emerging opporttmities in North America are SkyPix and 
DirecTV. SkyPix (Kent, Washington) is a pay-per-view system that 
requires an $850 receiver/decoder and dish. It emplojrs a 
proprietary compression system developed by affiliate Northwest 
Starscan. The h^xlware is to be built in the United States by a sub­
sidiary of Siemens. Initially at 60 channels, the pay-per-view charge 
will run $1 to $4. It features a menu-driven interface on the home 
TV screen including two-way ordering/messaging via hook to the 
home telephone line. Planned introduction is this fcill, and the com­
pany hopes to sell 1 million units in the first ye:u'. The effort 
remains in jeopardjr: SkyPix investors are reported to be nervous 
about the several rollout dela3rs. 

Another DBS effort known as DirecTV is being led by GM Hughes 
with Iliomson Consumer Electronics. Hughes is cleared to launch 
the first HS-601 satellite with high-powered transponders in Decem­
ber 1993. Hughes is signing up program soiirces (studios and sports 
leagues, among others), and expects to have 10 million North 
American subscribers by the 3rear 2000. The system will use an 
MPEG compression scheme to deliver the promised 150 channels. 
The MPEG encoding algorithms were developed by Thomson and 
the Samoff Research Coder, and Compression Late will build the 
encoding system for studio/uplink use. Thomson, using the RCA 
label, will build the receiver/decoders ($700 consumer price) in 
Indianapolis, Indiana. This effort is related to a similar one in the 
HDTV arena where Thomson laad Compression Labs are part of the 
Advanced Television Research Coitsortixim (ATRQ, where MPEG 
encodii^ is proposed as well. 

With new high-power satellite-based transponders now available, 
6-foot satellite dishes become 18-inch "plates" that can be attached 

'.i 
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to outside walls. MPEG-like compression technology also allows 
bandwidth to be effectively increased two to three times (that is, 
two to three times the niunber of channels). Hiis has created an 
opportimity for new uplink encoders for video and audio as well 
as TV top satellite boxes that decode and demultiplex and can be 
addressable (for pay-f)er-view). Semiconductor content of the home 
box is estimated at $140 initially. 

Opportunities exist for supplying semicoiuductor fimctions that do 
the following functions: 

• Upconverter/downconverter functions (950 to 1,500 MHz) 

• Modulator/demodulator functions (for example, QFSK) 

• Multiplex/demultiplex (TDM, among others) 

• MPEG-like encode (functions, ASICs) 

• MPEG-like decode Qow-cost function) 

• Digital video chip sets (various integrations; see the computer 
digital video section of this report) 

• Digital audio encode/decode (Dolby digital, among others) 

Companies building groimd-based DBS equipment include: GEC 
Plessey, General Instruments, Compression Labs, Siemens NEC, 
Scientific Atlanta, Oak Communications, Pico Modem, TE Products, 
Digital Sound, Eidak, Macrovision, Electroline, Pioneer Communica­
tion, and 22enith Cable. 

Cable. Although cable is available in other parts of the world, espe­
cially parts of continental Europe, North America has 60 million 
subscribers and has plenty of active upgrade programs. In the 
United States, cable service providers such as TCI and Time Warner 
are hard at work upgrading existing cable technology. IBM and 
Toshiba have invested into Hme-Wamer with the desire to provide 
hardware to be used to support interactive services to be offered 
by the cable company. As mentioned earlier, they are battling with 
video rental stores (such as Blockbuster), phone companies, and 
DBS companies. They are investing in expanded bandwidth and 
services such as pay-per-view, video-on-demand, and CD-quality 
music in an effort to retain emd expand their miirket. 

On the music side of cable. International Cablecasting Technologies 
( I d ) claims more than three million subscribers to its cable-based 
DMX music S3rstem. The setup involves a service provided by local 
cable companies where 30 channels of CD-quality stereo can be 
acquired for $10 per month (residential). Includ«l in the service is 
a tuner (with remote control option) manufactured by Scientific 
Atlanta, which also manufactures the head-end equipment. ICT 
claims that it will have eight million subscribers by the end of 1992 
in the United States alone. ICI is introducing the service to Canada 
and Europe this year. 
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Over the next one to two years, cable companies will bolster the 
existing copper-cable capability with bandwidth enhancing technolo­
gies such as MPEG-like compression. The longer-range plan is to 
install fiber-optic cable to the curb and eventually into the house. 
This not unlike the B-ISDN capability that tdcos have in mind. 
Because of this overlap in plans, there could be increased alliances 
and equity positions (up to 5 percent is allowed) between cable 
companies and telcos. 

As in DBS, opportunities exist to provide MPEG-like encode (head­
end/studio) and decode functions (low cost in home box). A joint 
R&D effort of North American cable companies called Cable Televi­
sion Labs in Boulder, Colorado, is due to define a common cable 
compression algorithm later in 1992. The lab will also define the 
digital packet structiue, bit rate, error correction coding (ECQ, 
modulation, and channelization of feature cable equipment. Many 
North American companies mentioned as DBS equipment providers 
are mentioned for cable. 

Interactive and On-Demand Services. There is probably no limit to the 
number of services and accompanying hardware in this category. 
Perhaps the most visible examples of interactive systems used today 
are France's Minitel and computer network services such as Prodigy 
(IBM/Sears). Voice-response S3 t̂ems also comprise a form of inter­
active system but are not discussed here expUdtiy.. Interactive ser­
vices that utilize multiple data types such as video and sound 
include the following: 

• Home banking and shopping on the TV 

• Home classroom for high school, vocational, college, adult educa­
tion courses 

• Ticket ordering for entertainment and sports; reservations for 
airlines, hotels, and rental cars 

• 'V^deotext-bulletin boards, and others (for example, Minitel in 
France) 

• TV audience game show participation for prizes; sporting event 
prediction of score and key play outcomes, among others 

• Opinion polls - -

The most visible interactive TV system to date is being promoted 
by TV Answer of Reston, '\^iginia, along with its hardware partner 
Hewlett-Packard. The system utilizes an RF link to biue stations for 
two-way coixununication. The system is based on an 8088 processor 
and looks like a video game that sits atop the home TV. Assuming 
that advertisers get behind the concept as a means of selling 
product, HP estimates that the market could jiunp to more than 
1 million units in 1993 with a start in late 1992. The initial price 
will be about $800. The FCC is allowing 1,468 license in 734 service 
areas. 

Another company. Interactive Network of Motmtain View, Califor­
nia, has a competing proposal with a $199 approach oriented 
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toward specific game shows such as Jeopardy and sporting events. 
GE/NBC is a major investor. The device is selling at major elec­
tronic retailers. 

On-demand refers to the delivery of video and audio entertainment 
when wanted by the consumer, or as close as possible. The rollout 
compression technology is allowing the delivery of hundreds of 
channels, each carrying different movies or music themes to select 
from. HoU5rwood and the recording industry like the concept 
because it helps in keeping track of royalty revenue. 

On the video side, one company, USA Video of Beverly Hills, Cali­
fornia, is testing this summer with Southwestern Bell a system that 
would store pay-per-view compressed movies on gigabyte-class disk 
drives connected to a network of geographically dispersed super­
computers. The system would compress an entire movie down to 
3 minutes and would deliver to a home decompression box at 
45 Mbps. The compression technology relies on Intel's DVI PLV 
algorithm. The technology would furthermore require B-ISDN class 
switches and fiber-optic transmission to the home. The company is 
projecting a 1994 rollout, infrastructure permitting. 

The DBS and cable companies are also turning to on-demand 
because they use added channels to offer pay-per-view selections 
with staggoed schedules 10 minutes apart. Once again, this is an 
attempt to tap into the video rental revenue. 

UuMmeilia Home Communication Analyzed. Taken to its extreme, a 
home could end up with six or seven terminals tied to the outside 
world. Today there is generally one terminal—besides broadcast 
radio and TV—and that is usually satellite or cable terminaL We 
believe that this will continue to be the case in the near term as 
DBS juid cable companies improve and provide many of the 
benefits consumer want, including choice, interactivity, and a&ord-
ability. We further believe that N-ISDN to the home is nearing real­
ity (that is, mass line shipments) and will serve other multimedia 
needs to homes. 

Consumer Multimedia Hardware Opportunities 
Multimedia in home use presents huge opportunities for introducing 
new hardware. Ontsumer electronics companies are motivated to 
break the recession/saturation slowdown they have endured for the 
last two years: Multimedia and interactive systems are growth 
opportimities that can breathe new life into the market. Sony, 
Matsushita, and more recently IBM emd Toshiba are investing in 
companies that create either multimedia or interactive source 
material such as movies, TV shows, suid software titles. This section 
explores the opportunity involving multimedia and interactive tech­
nologies and rdated areas. 

Household Opportunities and Confusion 
Consumer electronics companies and service providers are in a 
full tilt battle for the disaretionary household dollar. In particular 
they are struggling to provide video and interactive hardware and 
services. Hgure 3-14 shows the myriad choices facing the consumer. 
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Figure 3-14 
Consumer Electronics Choices i 

• Digital TV 
•HDTV 
• Digital video PC 
• Interactive TV 
• Digital VCR 
• Laser disk 
• Video-on-demand 

• Enhanced video game computers 
• Hand-held computers 
• CD-I. CD-ROM, CD-xxx 
• CDTV/Amiga 
• Photo CD 
• Photo memory card readers 
• P C 

Communication 

• Copper Telcos 
• Fiber: Telcos 
• ISDN: Telcos 
• Compressed cable 
• Cable-fiber 
• Satellite 

• Infomiation services 
• Video-on-demand 
• Audio-on-demand 
• Interactive TV 

I Source: Dataquest (September 1992) G2001sa£ 

Interactive Education and Entertainment 
\^deo games aitd PCs are serving the role of interactive education 
and entertainment. Until recentiy these systems and the software 
titles that ran on them were liinited to simple animation and 
sound. The consumer now has an array of choices, which are 
described in the following sections. 

CD-I. Compact disc interactive (CD-I) is a TV-top system that incor­
porates a CD player capable of interactive output of CD-quality 
sound, animation, images, and limited motion video. The player can 
use regular CD audioddsks, a CD-I disk, and a PhotoCD disk (a 
feature jointiy developed with the Eastman Kodak Company that 
allows customers to send photos to a service bureau such as 
Kodalux for encoding onto a disk for di^lay on the home TV set 
at a cost of $29 service for 24 exposures). Kodak also is producing 
a dedicated PhotoCD pUcyer. 

About 60 tities are available for CD-I in the United States, with a 
total of 100 expected by the end of 1992, and 200 by the end of 
1993. The titie prices range from $20 to $60 and comprise children, 
game, and informational offerings. CD-I is targeted at middle-
income families and will be available through 2,000 consumer 
electronic outiets in the United States by the end of 1992. Philii>s i 
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also has a business/industrial version of CD-I. As of summer 1992, 
CD-I is being rolled out in Japan and Europe after being intro­
duced in the United States in October 1991. Because multimedia is 
highly dependent on culture and language, regional titles need to 
be developed. CD-I associations have been set up in each region to 
work with title developers. The suggested retail U.S. price as of 
September 1992 was $699. 

Planned upgrades include a plug-in MPEG decompression module 
for full-motion, full-screen video (up to 74 minutes) that is due 
out late in 1992. Future CD-Is could incorporate other interactive 
features such as modems for dial-up access a la video/teletext. The 
technology (called Green Book) is licensed with several Japanese 
consumer electronics compaiues including Sony (cofounder), 
Nintendo, Kyocera, Sanyo, JVC, Japan Marantz, Matsushita, and 
Yamaha. These companies are expected to enter the market in 1992 
and 1993, with many variations, including hand-held. 

The CD-I player centers on the Motorola 68000 architecture and 
employs a 68070 16-bit processor, several custom ASICs, 1MB of 
RAM, and 8KB of EEPROM. We can expect the architecture to 
move to 32 bits and integrate the MPEG/DVI decoder module 
functionality for full-motion support Figure 3-15 shows a block 
diagrauL 

CDTV. Commodore Djmamic Total Vision (CDTV) conceptually is 
similar to CD-I. Commodore claims 92 titles, with that many more 
on the way. It also claims that it has 1,000 outlets in the United 
States. CDTV is built around the Amiga 500 computer and is based 
on a 68000 MPU and three video-piocessing ASICs, with 1MB of 
RAM. Commodore has begun to roll out the A750 disk CD-ROM 
drive ($600), which attaches to existing Amigas and allows them 
CDTV capability. Underscoring the latter opportunity are the 3 mil­
lion installed Amigas. 

Tandy, working with Microsoft and its 'V>^dows software, has just 
introduced a home interactive system called \^deo Information Sys­
tem. Anchored on a CD-ROM variant, and employing several 
ASICs, the system will be priced at about $700. Claiming that 50 
software titles are on the way, Tandy hopes to leverage its lai;ge 
retail presence and user familiarity with l^^ndows to its advantage. 

CD-ROM Enhanced Video Games. The TV video game business also is 
moving into multimedia. Dataquest estimates that 163 million TV 
video games ivere produced in 1991 in Japan, which dominates pro-
ductioru About half were the new 16-bit variety on a vidt basis. 
Nintendo has an estimated 73 percent share of the unit market; 
Sega (JVC manufacturer) has 22 percent. NEC, Sharp, and NEO-
GEO round out the list of secondary manufacturers. Growth in the 
video game business is toward CD-ROM enhanced versions with 
650MB storage capability. CD-ROM brings the capacity to greatly 
enhance the animation and to add images and motion video, plus 
CD-quality soiind. 
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Figure 3-15 
CD-I Flayer Block Diagram 
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The video game industry has stated that it could ship 1 million 
units of CD-ROM attachments ($200 to $300 retail) from mid-1992 
through mid-1993. 'Rtle development is still imder way to support 
further growth. Dataquest further estimates that about 90 percent of 
the TV video games shipped in 1996 will incorporate CD-ROM or 
CD-I. Plans include moving to 32-bit architectures and perhaps 
adding communications capability such as built-in modems to tap 
into the TV-based video/teletext movement. 

Eahaitced MaiSmedia PCs. PC-based video game playing is a sizable 
business, as the million-plus Sound Blaster cards already shipped 
worldwide can attest. We expect this to continue, along with fur­
ther home penetration as users hunger for improved quality includ­
ing 16 bits and sampled sound (wli^n the price is right). 

Hand-Helds. Discounting for now the personal information technology 
devices such as Apple's Newton, there will be a variety of interac­
tive, hand-held devices with multimedia capabilities. Sonjr's Discman 
has come out with text-to-speech capability ($499 retail). 

Specialized Entertainment—Karaoke 
Karaoke machines are an important embodiment of multimedia. 
Karaoke systems emd portable players are very popular in Asia as 
well as in bars and clubs in the United States and Europe. The 
s)^tems allow an audience member to sing the voice track of a 
famous performer's music video. These sophisticated systems are 
bcised on laser disks with MÎ EG compressed video and instrument 
tracks. Pioneer is believed to be the leading supplier of these sys­
tems. The market for these sophisticated versions of Karaoke sys­
tems is estimated to be about 5,000 annual units. More-compact 
home versions could gamer a market of millions. 

A Rationalization 
Nintendo is a household word across the world when it coines to 
TV-based game entertainment. There is no doubt that Nintendo, 
Sega, and others will succeed at migrating a majority of their 
installed base to CD-ROM basic versions. We beUeve that CD-I will 
succeed as a higher-performance standard and may even become 
sjmonymous with video games by the mid-1990s as titles develop. 
llie CD-I price premium will be justified, in our opinion, because it 
appeeds to adults and doubles as a CD-audio player and PhotoCD 
device. 

Multimedia Semiconductor iViarlcet Forecast 
Figures 3-16 and 3-17 present Dataquesf s forecast for semiconductors 
used in selected multimedia hardware applications on a worldwide 
basis. We expect this heavily North American market to diversify as 
other regions ramp up production during the next few years. 

Computer Digital Video 
Table 3-5 and Figures 3-18 and 3-19 describe the semiconductor 
opportunity for digital video. Key assumptions and observations 
indude the following: 

m Remains principally an evolving add-in board business through 
forecast period. 
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Figure 3-16 
Worldwide Multimedia Application Semiconductor Forecast 

Millions of Dollars 
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Figure 3-17 
Worldwide Multimedia Application Semiconductor Forecast Consumption, 
by Region 

1991 
Asia/Pactfic-ROW (5%) • 

Total = $297.9 Million 

1996 
Asia/Pacific-ROW (7%) 

Total = $1.685.8 Million 

Source: Dataquest (Septemt)er 1992) G2001S95 
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I Table 3-5 
I Worldwide Computer Digital Video Semiconductor Forecast (Millions of Dollars) 

3 

Buffer (V/DRAM, SRAM) 
BPROM/Hash 
Digital Video Functions 
Compression Fundons 
PLD/FPGA 
Interface 

Total 

1991 
23.6 
1.0 

13.3 
1.9 
0.6 
0.6 

40.9 

1992 
34.8 
1.4 

19.6 
4.1 
1.2 
1.2 

62.2 

1993 
59.5 
2.5 

33.5 
9.2 
2.6 
2.9 

110.2 

1994 
77.3 
3.2 

43.5 
15.1 
4.0 
4.5 

147.6 

1995 
109.4 

4.6 
61.5 
27.5 
6.2 
7.1 

216.3 
Source: Dataciuest (September 1992) 

1 
3 
? 
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Figure 3-18 
Worldwide Computer Digital Video Semiconductor Forecast 

Digital Video Boards/Subsytems 
(Thousands of Units) 

Semiconductor Consumption 
(Millions of Dollars) 

, - 3 5 0 

1991 1992 1953 1994 1995 1996 
Source: Dataquest (September 1992) 02001596 

Figure 3-19 
Worldwide Computer Digital Video Semiconductor Forecast, by Type 

PLD/FPGA(1%) 
EPROM/Flash (2%) 
Compression 

Functions (5%) 

1991 1996 
Interface/Clock (1 %) Interface/Clock (3%) 

PLD/FPGA (3%) 

Compression 
Functions (13%) 

EPROM/Flash (2%) 

Total = $40.9 Million Total = $306.4 Million 
Source: Dataquest (September 1992) G2oaisa7 
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• Principal users initially will be publishing professioneJs (journal­
ism and advertising, among others), professional training (for 
example, auto mechanics) and education; will eventually gain cor­
porate acceptance as a business tool for more effective internal 
and external communication. 

• Critical mass of software development will take place as major 
operating system vendors support images and video; authorware/ 
courseware will become increasingly user-friendly and significant 
source material will become available. 

• By the end of the forecast period, digital video will be merging 
with graphics control and buffers on a local "video-graphic bus." 

• Phasing of capability will start with frame grabbing and TV win­
dows and will migrate to more digital processing, ultimately 
including full-motion, full-screen, compressed video. 

• Largest semiconductor opportunity is for DRAM/VRAM because 
it remains about 50 percent of the video subs)rstem content. 

• Hardware decompression will become less of an enabler as soft-
weue decompression dominates usage initially; silicon compression 
will play a vital role in encoding and later as an accelerator of 
the software functionality of AVI (Microsoft) and Quicklime 
(Apple). 

• Digital video functions for data conversion, TV signal encode/ 
decode, color space conversion, scaling, and output mixing will 
remain solid opportunities throughout the forecast period. 

Computer Sound 
Table 3-6 and Figures 3-20 and 3-21 present the semiconductor 
opportunity for sound processing on computer platforms. Key 
assump>tions and observations include the following: 

• Demand for sound processing (principally voice and music input 
and output) will migrate from home upgrades to business audio. 

• Critical mass of uses will develop, including existing applications 
that incorporate sound annotation; sounds will become treated as 
objects within operating system environments (that is, sound 
icons). 

• Sound will become a standard feature on nearly every mother­
board toward the end of the decade. DSP-based subsystems that 
can be shared with fax/modem will be employed utilizing 
software-processing algorithms. 

• Compressed 16-bit and stereo soimd applications will become 
more prevalent. 

• Sampled sound and other more sophisticated techniques will 
eventually replace FM synthesizers in MIDI applications. 

Multimedia Communication 
Table 3-7 and Figures 3-22 and 3-23 present the worldwide forecast 
for semiconductor markets that will be stimulated by the need for 
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Table 3-6 
Worldwide Computer Sound* Semiconductor Forecast (Millions of Dollars) 

Data Conversion 
Functions (ASIC/ASSP/DSP) 
Interface and Others ($) 

Total 

1991 
23.8 
47.5 
7.9 

79.2 

1992 
32.6 
68.5 
11.2 

112.3 

1993 
49.3 

110.9 
15.8 

176.1 

1994 
81.6 

183.5 
26.2 

291.3 

1995 
116.1 
279.4 
34.4 

429.8 
'Defined as dgltany processed and able to accept user Input 
Source: Dataquest (September 1992) 
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Figure 3-20 
Worldwide Computer Sound*̂  Semiconductor Forecast 
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Figure 3-21 
Worldwide Computer Sound Semiconductor Forecast, by Type 

1991 
Interface, etc, (10%)-\ 

/ Data \ 
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I (30%) / 
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1996 
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Source: Dataquest (Septemt)er 1992) Q2001S9a 
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Table 3-7 
Worldwide Multimedia Communications Semiconductor Forecast 

ISDN Revenue ($M) 
S/T Interface 
U Interlace 
link Controller 

Total ISDN 

ISDN Units (Milliows) 
S/T Interface 
U Interface 
Link Controller 

Total ISDN 

B-ISDN (ATM/SDH) BevBHie ($M) 

FDDI Chip Sets 
Revenue ($M) 
Units {MiUions) 

Mdeo Conferendng/Phones 
Revenue ($M) 

Total ($M) 

1991 

24.4 
37.2 
9.4 

70.9 

4.7 
1.2 
1.8 
7.7 

18.0 

40.0 
0.2 

13.6 
142.6 

1992 

25.7 
42.4 
14.7 
82.8 

5.6 
1.6 
3.2 

10.4 

27.0 

62.8 
0.4 

36.9 
209.5 

1993 

34.1 
45.0 
25.2 

104.3 

8.5 
2.0 
6.3 

16.8 

40.5 

100.0 
0.9 

50.7 
295.5 

1994 

45.4 
46.8 
42.0 

134.2 

13.0 
2.4 

12.0 
27.4 

60.8 

145.8 
1.8 

68.4 
409.2 

1995 

59.4 
50.8 
55.5 

165.7 

19.8 
2.9 

18.5 
41.2 

97.2 

162.4 
2.8 

89.3 
514.5 

Source: Dalaquest (September 1992) 
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Figure 3-22 
Worldwide Multimedia Communications Semiconductor Forecast 

Millions of Dollars 

700-If 

1991 1992 1993 1994 1995 1996 

Source: Dataquest (September 1992) Q2Q0ie00 

Figure 3-23 
Worldwide Multimedia Communications Semiconductor Forecast, by Type 

Video 
Conferencing/ 
Phones (9%; 

1991 

Total = $143 Million 

1996 

Total = $641 Million 

Source: Dataquest (September 1992) 62001601 
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multimedia communication. The focus is on ISDN, video telecon­
ferencing, and FDD! networking/internetworking. Key assumptions 
and observations include the foUowing: 

• Basic rate 2B + D ISDN (N-ISDN) lines will continue to roll out 
in Japan and Evirope initially, with the United States and other 
coimtries to follow in the latter part of the decade. 

• B-ISDN based on ATM/SONET technology will start to roll out 
after 1995 or when standards for im isodironous cell-based sjrs-
tem are firmed up. 

• FDDI, although not isochronous, will see continued growth to 
serve surging premise networking bandwidth demands. 

• 'Wdeo conferencing/telephones will continue growing in capability 
and dropping in price. ISDN rollout will directly impact volume 
ramp-up. 

Consumer Multimedia 
Table 3-8 and Figures 3-24 and 3-25 present the outlook for con-
siuner interactive multimedia players. Key assumptions and observa­
tions include the following: 

• SuiKudent and compelling titles will continue emei;ging for the 
CD-I/CDTV-type players. 

• Interactivity will become more popular in the home; ISDN, DBS, 
and cable will serve this need in the long run but dedicated 
interactive commtmications systems will find a modest near-term 
market. 

• Upgraded DBS and cable distribution and terminals will continue 
being a lucrative market for chip suppliers. 

• The video game industry will turn toward these more margin-
laden players because the systems also can manage CD audio 
and compressed images/video. 

• Consuntier volumes will most likely make audio and motion 
video (MPEG) compression a cost-efiiective solution other markets. 

Multimedia Semiconductor Forecast by 
Functionality/Technology 
Tables 3-9 and 3-10 as well as Hgures 3-26 and 3-27 present a fore­
cast of k ^ fututions used in multimedia applications. Key assiunp-
tions and observations include the following: 

• CMOS will be the principal technology employed for the digital 
components; cost-effective 0.5-micron or better technology will 
enable further integration and feature eniichment at similar price 
points. 

• Compression functions will be driven mainly by consumer 
miiltimedia players and satellite/cable systems. 

• Mixed analog and digital ICs will become commonplace as data 
conversion functions merge with digital processing functions. 

• Memory pricing will stay on the same or a slightiy less aggres­
sive price-per-lrit curve. 
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Table 3-8 
Worldwide Consumer Multimedia Player Semiconductor Forecast (Millions of Dollars 

SRAM/DRAM 
EB/Rash/ROM 

MFU 
Functions (ASIC/ASSP) 
Analog/E>i5crete 

Total 

1991 
0.3 
0.3 
0.3 
1.0 
0.3 
2.1 

1992 
1.4 
1.4 
1.8 
5.4 
1.8 

11.8 

1993 
2.7 
1.9 
2.7 
9.4 
2.5 

19.3 

1994 
15.6 
8.8 

12.7 
48.8 
11.7 
97.6 

1995 
34.8 
19.6 
28.2 

108.6 
26.1 

217.2 
Source: Dataquest (September 1992) 
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Figure 3-24 
Worldwide Consumer Multimedia Flayer Semiconductor Forecast 

Players/Subsytems 
(Thousands of Units) 
2,500 

Semiconductor Consumption 
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2.430 300 
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Source: Dataquest (September 1992) Q200t«02 

Figure 3-25 
Worldwide Consumer Multimedia Flayer Semiconductor Forecast, by Type 

1991 1996 
Analog/Discrete (13%) 

Non-volatile 
Memory 

(13%) 

Non-volatile Memory (9%) 

Analog/Discrete 
(12%) 

Total = $2.1 Million Total = $266.9 Million 
Source: Dataquest (September 1992) Gsooiatn 
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Table 3-9 
Worldwide Digital Video Compression Semiconductor Forecast (Thousands of Units) 

Full Motion CMPEG-Uke) 
PC and Workstation 

Pbyers (CD-I, Karaoke, Others) 
DBS/Cable 
HDTV 
Kiosks/Arcade Gaines 

Total 

Still Frame 
Boaids/Platfonna 

Video Teleconferendng/Phone 
Total ^^deo Compression 

1991 

3 
0 
0 
0 
0 
3 

20 

6 
28 

1992 

9 
40 
65 
0 

25 
139 

108 

85 
332 

1993 

33 
310 
420 

5 
165 
933 

263 

138 
1,334 

1994 

265 
1,525 
1,470 

250 
363 

3,873 

384 

218 
4,474 

1995 

927 
3,450 
3,234 

480 
726 

8,817 

391 

366 
9,574 

NM m Not meaningful 
Source: Dataquest (Septeirber 1992) 
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Table 3-10 
Worldwide Mulitmedia Application Semicondutor Forecast 

Digital Wdeo Function Sets 
Millions of Dollars 
Thousands of Units 

Computer Sound Functiail Stiii 
Millions of Dollars 
Millions of Units 

1991 

13.3 
140.3 

71.3 
2.2 

1992 

19.6 
450.0 

101.1 
3.9 

1993 

33.5 
820.3 

160.2 
7.6 

1994 

43.5 
U22.3 

265.1 
14.6 

1995 

61.5 
2,059.8 

395.4 
25.3 

e Source: Dalaquest (September 1992) 
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Figure 3-26 
Worldwide Digital Video Compression Semiconductor Forecast 
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Figure 3-27 
Worldwide Multimedia Application Semiconductor Forecast 

Digital Video Function Sets 
(Thousands of Units) 

Computer Sound Function Sets 
(Millions of Units) 

1991 1992 1993 1994 1995 1996 

Source: Dataquest (September 1992) Q200160S 
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Vendor Profiles 

This section provides profiles of major companies involved in 
multimedia semiconductors. The profiles present the following 
information: 

• Corporate statistics 

• Overview of company status 

• Financial and market p>osition in multimedia products 

• An overview of the companj^s multimedia market strategy 

• Multimedia product overview 

• Dataquest analysis of where the company stands in its multimedia 
efforts 

C-Cube Microsystems Corporation 

Corporate Statistics 
Headquarters Locatioiu San Jose, California 
PKsident/CEO: Bill CKMeara 
Founded: 1988 
1991 Revenue: $7 million (estimate) 
Niunber of Employees: 60 ' 

Overview 
C-Cube Microsystems was founded with $20 million in start-up cap­
ital. The company is fabless but controls the design process. It has 
key relatiDns with Chips & Technologies for products merging VGA 
graphics and digital video, and has anotho* relationship with 
Philips and JVC for MPEG compression chips for full-motion CD-I 
upgrade 

Financials and Market Position 
The company had an estimated $7 million in multimedia revenue in 
1991. Revenue could at least double in 1992 if MPEG decoder ship­
ments develop early. 

Products 
The company has single-chip implementations of video (MPEG) and 
image (JIPEG) compression functions, as well as compression soft­
ware and demo-boards, as follows: 

• CL550 integrated JPEG compression IC 

• CL45G MPEG decoder IC 

• Development boards 

• Compression software and drivers 

i 
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Strategy 
The company intends to be the leader in single-chip implementa­
tions of standards-based 0PEG and MPEG) compression technology. 
It targets consumer applications (for exam^ple, CD-I) as its early 
volume opportimity. Look for the company to offer variants of its 
core offerings that extend MPEG I perfoimanoe and incorporate 
other features such as audio and variable color space conversion. 

Dataquest Perspective 
The company has a leadership position in IC-based compression 
technology ai«i has the only integrated MPEG decoder chip ship­
ping ($50 in volume quantities) on the market. The strategy of 
using the consumer sector to leverage into other applications is the­
oretically good, but early high volumes will be delayed as CD-I 
full-motion capability is delayed until 1993. Other markets such as 
cable TV compression could come to its rescue. In the meantime, 
the JPEG chip is well designed in the computer digital video com­
munity. A major risk the company will need to manage is the 
potential market migration from MPEG to MPEG-like standards 
supported by the operating system environments. 

Philips Components 

Corporate Statistics 
Headquarters Location: Eindoven, Netherlands 
Major Subsidiary: Sunnjo^e, California 
President: James Dykes 
Founded: 1976 
1991 Revenue: $2 billion (semiconductor only) 
Number of Employees: 7J000 

Overview 
Philips Components has facilities all over the world, with much of 
the consumer electronics activity driven out of Eindoven. Chip R&D 
is shared between the Europe and U.S. groups. 

Financials and Market Position 
Estimated multimedia chip sales for 1991 were $10 million, which is 
e}^>ected to at least double in 1992 based on volume projections of 
digital video boards. 

Products 
A variety of digital video and audio products include the following: 

• TDA8707 A / D converter 

• SAA7191 luma/chroma, sync/dock processor 

• SAA7197 dock generator 

• SAA9065 D/A and filter 

• TDA4680 video switch 

• SAA7186 resizer 
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Strategy 
Philips' key strength is its vertical orientation to the consumer 
video/audio market. It designs and sells systems and chips for 
those systems. This gives the company an advantage in defining 
chips that the market will want. In the meantime, the company 
continues to fill holes in its digital video line. 

Dataquest Perspective 
Philips is the dominant supplier of digital video functions but is 
expected to experience competition soon from others, including 
Brooktree and the Japanese video electronic giants. Philips has two 
weaknesses that it will need to manage to stay on top: be quicker 
to develop new products; and develop future products fix>m the 
computer graphics/video standpoint rather than from principally a 
digital TV standpoint. We believe that Philips will retain significant 
share of the digital video functions market as video remains a core 
competence of the corporate entity. 

Cirrus Logic Inc. 

Corporate Statistics 
Headquarters Location: Fremont, California 
Chairman: Dr. Suhas Patil 
President/CEO: Michael Hackworth 
Founded: 1984 
1991 Revenue: $152 million 
Number of Emplo3rees: 475 

Overview 
Cirrus Logic is a major player in the computer peripheral controller 
markets including graphics (especially strong in LCD for notebooks) 
and rigid disk (Conner, among others). The company has had 
recent meigers with Crystal (data conversion, mixed signal) and 
Pixel (imaging). The company has a relationship with Media Vision 
to develop and sell a digital audio chip set. 

Financials and Market Position 
The company did not have any significant multimedia revenue in 
1991. The 1992 run rate for these new products is estimated at 
$3 million to $5 million. 

Products 
Several multimedia products were introduced in 1992, including the 
following: 

• CL-PX2070 programmable video processor 

• CL-PX2080 RAMDAC and video stream mixer 

• Digital audio chip set (with Media Vision) 
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Strategy and Direction in Multimedia 
Cirrus is attempting to leverage its expertise in graphics subsystems 
into products that will manage the merger of graphics pixel streams 
with video pixel streams. The company will most likely continue 
new variants involving the mixed-signal expertise of its other sub­
sidiary, Crystal. Expect the company to continue to work custom 
arrangements in this market, too (tite Media ^^sion deal is a good 
example). 

Dataquest Perspective 
Cirrus Logic continues to be a well-managed company with an 
incredible knack for uncovering new market niches. The niche may 
not be exclusively its own this time around, but pre-existing 
account presence at many boeud houses and its computer graphics 
expertise will probably benefit it. As with Brooktree, mastering 
mixed-signal technology is a competitive edge for new, integrated 
products. 

Integrated Infonnation Technologies (IIT) 

Corporate Statistics 
Headquarters Location: Santa Qara, California 
President/CEO: Chin-Shin Wang 
Founded: 1987 
1991 Revenue: $35 million (estimated) 
Number of Employees: 70 

Overview 
IIT was principally known as a 287/387 math coprocessor provider 
until last year, when it announced its relationship with Compression 
Labs on video conferencing. The company also is a player in the 
VGA controller, \ \^dows accelerator, lossless data compression mar­
kets. The market transition to 486 sjrstems that incorporate the 
floating point unit has hastened IIT's need to find other markets 
like multimedia. 

Financials and Market Position 
Estimated 1991 revenue for multimedia products was $3 million. 
The 1992 run rate revenue could be double that amount. 

Products 
The company has a prograimnable compression processor family 
capable of executing multiple standards, as follows: 

• 'N^ion processor—^Programmable video compression IC 

• Vision controller—Companion processor 

• Compression modules that integrate the two products described 

Strategy 
The company's most notable patron is Compression Labs, which 
emplojrs ITT's programmable technology on most of its offerings, 
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including the AT&T new video phone product. Compression Labs' 
position as the market leader in video teleconferencing creates a 
tangible base to grow revenue and develop new products. We can 
expect the company to move into other digital video/audio func­
tions, creating new integrations coupled with its "Vision Processor. 

Dataquest Perspective 
The Compression Labs arrangement appears to be a good one in 
that real products are shipping and market feedback is being incor­
porated into new products. The programmable approach is also a 
good one for now, as the compression standards remain unstable. 
The company may need to move toward higher-performance, 
focused functions as soon as those standards become firm. 

Intel Corporation 

Corporate Statistics 
Headquarters Location: Santa Qara, California 
Chairman: Gordon Moore ' 
President/CEO: Andrew Grove 
Founded: 1968 
1991 Revenue: $4.02 billion (semiconductor) 
Niunber of Emplojrees: 21,700 

Overview 
Intel is best known as the designer and the principal supplier of 
the x86 family of microprocessors. In 1988 Intel acquired from 
General Electric the New Jersey-based DVI organization and tech­
nology a group that specialized in image/video compression. Intel 
then commercialized DVI (an Intel trademark) and created (with 
IBM) chip sets and boards emplojring the technology. 

Intel also has a multimedia operation in Chandler, Arizona, that is 
responsible for marketing the company's other products, such as the 
i960 embedded controller, into multimedia applications. 

Financials and Market Position 
Dataquest estimates that Intel will have $20 million in multimedia 
applied revenue in 1992 from all its products; 1992 revenue from 
the DVI chip set is estimated to be $3 million. 

Products 
Intel's compression offerings revolve around its evolving DVI chip 
set, as follows: 

• 1750 B-Series video processor chip set C) 

• ActionMedia n video/audio capture and playback PC boards 

• AVK programming interface 

• FLV encoding services for CD-ROMs, among others 

• Microcontrollers—^1960 et al. 

• Flash memory 

September 28,1992 01992 Dataquest Incorporated SAWW-SVC-FR-9201 



Semiconductor Technologies and Opportunities in {Multimedia 3-57 

Strategy 
Intel has positioned its cornerstone 1750 chip set as a programmable 
compression "engine" capable of running mc«t current and hiture 
compression algorithms. It has moved beyond supporting otJy the 
PLV and RTV algoritluns and is supporting JPEG; it plans to sup­
port other motion standards such as MPEG, QuickTime, and 
Microsoft's AVI. It views its product as a hardware accelerator of 
what will perhaps become a software-driven function in the near 
term. Expect Intel to follow an x86-like product strategy as it 
introduces the next upwardly compatible versions of the 750 with 
higher performance. The company is already working with 
PictureTel on a next-generation product targeting the real-time 
rigors of fiiU-frame/frame-rate video teleconferencing. 

Intel's principal patrons have been IBM and NCR, Both companies 
are using DVI in vertical markets such as kiosks and IBM's 
Ultimedia products work. Intel also claims a whole host of other 
design wins for DVI including: Fluent Machines, New Video, Fast 
Electronics, and ACE Coin (arcade games). Microsoft, Macromedia, 
and Asymetrix head the 1 ^ of software companies supporting DVI 
interfaces. 

Dataquest Perspective 
Intel has done a good job of positioning its DVI 1750 technology as 
a general-purpose compression engine, as evidenced by noting the 
number of design wins and software support programs (program­
ming interfaces). It appears to be taking advantage of the trend 
where software enviromnents will dictate the compression algorithm 
winner. In the meantime, vertical applications ate paying the bills. 

Brooktree Corporation 

Corporate Statistics 
Headquarters Location: San Diego, California 

Chairman/President/CEO: James Bixby 
Founded: 1981 

1991 Revenue: $84 million 

Number of Employees: 540 

Overoiew 
Brooktree is a key provider of mixed-signal data conversion ICs 
and pioneered the single-chip palette DAC (RAMDAC) market for 
computer graphics. It recently purchased Rockwell's Tl /El and 
ISDN IC product line and also recently sold to Pioneer a video 
compression line based in Bristol, England. The company contracts 
out its IC fabrication needs. 

Financials and Market Position 
Estimated 1992 digital video related revenue is in the $2 million to 
$3 million range. 
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Products 
The company has an array of specialized offerings targeted at 
multimedia applications, including RAMDACs and video encoders, 
as follows: 

• Bt855/858—NTSC/PAL video output encoders 

• Bt481/482—True-color RAMDACs 

• Bt484^-True-color RAMDAC (1280 x 1024 resolution) 

• Bt496—^RAMDAC with CMYK-RGB color-space conversion 

• Tl/El and HSDL transceivers and controllers 

Strategy 
Brooktree will continue to leverage its strengths as the market 
leader in mixed-signal, feature-rich, RAMDAC technology into 
related aspects of digital video encoding and pixel stream sizing 
and mixing. Its emerging presence in digital telecom will benefit 
from the higher bandwidth WAN requirements in multimedia 
communication. 

Dataquest Perspective 
Brooktree is well positioned to capture the video/image wave as it 
merges with computer graphics because of its success in managing 
the complex nature of designii^ and delivering reliable ElAMDAC 
technology, and its understanding of the computer graphics market. 
Its principal competition in encoding/decoding will be Philips, 
whose experience base comes from the other side—that is, under­
standing video from a high-volume, consumer dectronics viewpoint. 

Dataquest Analysis 

We believe that we have presented a realistic projection of the future 
for multimedia semiconductor applications. Opportunities indude the 
following: 

• Clear and present opportunities exist in the sound area for add-in 
and embedded DSP functionality. Firming standards are creating 
fertile groimd for a chip set market to devdop. 

• Digital video will emerge more modestly than will sound as com­
pression standards settle Chip companies have an opportunity to 
make digital video economical with intelligent integration of chip 

As moderate-perfomumce video conferencing ofierings move to 
implement CClll staiulards, there is once again an attractive chip 
set opportunity. 

FDD! equipment is a near-term opportunity because multimedia 
bandwidth demand is kiKKking on the door. N-ISDN and ulti-
matdy B-ISDN (ATM/SONET) will continue to unfold throughout 
the decade as public bandwidth needs break down the price 
premiimi of this capability. 
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• Gjnsumer interactivity and multimedia in the form of terminals 
and players is a developing opportunity as the consumer sorts out 
a multitude of options. 

Success with any of these opportunities will depend on well executed 
strategy and tactics, including the following: 

• Maintain dose scrutiny of important standards such as soflrware 
compression and operating system support of multimedia features. 
As Apple, Microsoft, IBM, and the UNIX community migrate their 
standards, a successful chip company should migrate as well. New 
operating systems such as Windows NT, Power-Pink (IBM/Apple), 
and new versions of UNIX bear dose following as they emerge. 

• Maintain flexible cell libraries of core functions such as DCT so that 
custom/semicustom business can be obtained. In the near term, cus­
tom opportunities will be a substantial part of the market. 

• Maintain access to an array of processes technologies, espedcilly 
mixed signal. 

It is impossible to prescribe a redpe for success, but we believe that 
the companies to find the greatest success will execute well on most of 
these factors. 
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Chapter 4 
Multimedia Autlioring Software 
and Applications . ^ — ^ . i ^ 

Introduction 

It is frequently said that multimedia com.puting has been slow to take 
off in the business arena because there are so few multimedia-enabled 
software applications. Users are hesitant to buy multimedia systems 
until they can see commercially available software applicatiotts run­
ning on them^— n̂ot games or reference collections, but applications 
that solve real business problems. 

There aie several htuidred multimedia software applications and titles 
on the market. Some of them are tools and utilities for creating multi­
media applications, but it is a fact that most are geared toward enter­
tainment, reference, and educational use. You can count on one hand 
the tities that can be considered business productivity applications 
(SmartHeip for 1-2-3 from Lotus and Multimedia-enabled Microsoft 
Works would be two candidates in the business productivity category; 
Lotus Notes: Document Imaging is moving in ttds direction). 

We do not agree that the business multimedia market will lar^juish 
until that killer application hits the scene, however. In fact, there will 
probably never be such a thing. Instead, we believe that multimedia is 
an enabling technology that will be integrated into existing software 
products like word processors, presentation graphics, spreadsheets, 
groupware, desktop communications, desktop publishing, and data­
bases. Rather than spawning a whole new sdiool of software, multi­
media will add capabilities that enhance conunuiiication, provide 
deeper levels of information access, and delight the senses. This evolu­
tion is already beginning and during the next 18 months many 
multimedia-enabled software products for busir\ess will come onto the 
scene 

This chapter takes a look at the multimedia software market as it 
stands today. It reviews the various software components tiiat com­
prise multimedia software, discusses factors that will cause the market 
to grow, provides an analysis of the size of the market with five-year 
growth forecasts, and profiles leading multiii\edia software companies. 

Multimedia Software Categories 

It is not possible to discuss multimedia software as a single category 
of products, toob, or applications. As shown in Figure 4-1, there are 
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Figure 4-1 
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Source: Dataquest (September 1992) G2001ST3 

four levels of software used to create and deliver multimedia applica­
tions and programs, as follows: 

• System and graphical interface software 

• Creative software tools 

• Multimedia authoring tools 

• Multimedia applications and titles 

Table 4-1 lists some of the software products that fell into these 
categories, and the following paragraphs explain the multimedia soft­
ware categories in more detail. 

System and Graphical Interface Software 
As widi all computer applications, some operating system and user 
interface software must be present on PCs and workstations in i 
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Table 4-1 
Multimedia Software -Representative Products by Category 

e 

a 
7 

Category 
System Software 

Creative Software 

Paint/Draw 

2-D/3-D Animation 

'V̂ deo Editing 

Platfoim 
IBM PC 

Macintosh 

IBM PC 

Macintosh 

IBM PC 

Macintosh 

IBM PC 

Macintosh 

Product Name 
MS DOS/V\rmdow8 3.1 with M 
OS/2 2.0 and Presentation Man 

System 7 with QuickTime 

CorelDRAW (Coi^) 
PC and Publisher's Pait^Hrtult 
hnpala (lime Arts) 
Lumena (Time Arts) 

MacDraw (Qaris) 
CA^^ricketDraw (Computer As 
PixelPaint (SuperMac) 

Animator Pro (Autodesk) 
Multimedia Explorer (Autodesk 
3D Studio (Autodesk) 
Mannequin (Humancad) 
Designer (Humancad) 
Animation Studio (Gold Dkk) 

Magic (MacroMedia) 
Three D (MacroMedia) 
Swivel 3D (MacroMedia) 

Persotal Picture Process (Mont 

MediaMaker (MacroMedia) 
Premiere (Adobe) 
Soft F/X (Digital F/X) 
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Table 4-1 (Continued) 
Multimedia Software—Representative Products by Category 

Category 

Audio Editing 

Authoring Softwave 

Platfonn 

reMPC 

Macintosh 

IBM PC 

Product Name 

Wave for Windows (Turtle Beach 

MacRecorder (MacroMedia) 

IconAuthor (AimTech) 
Quest (Allen) 
Multimedia Toolbook (Asymein 
Authorware (MacroMedia) 
Guide (Owl) 

I 
Oailll$!ltf0dl!fi Applications and Titles 

I 
^ 

i 

Macintosh Director (MacroMedia) 
Cotu^e Builder (TeleRoboti«) 
Plus for Mac (Spinnaker) 
UNX (Warren-Forethought) 

IBM PC SmartHelp for 1-2-3 (Lotus) 
Multimedia Encyclopedia (Com 
Berlitz Think and Talk Series (H 
Great Cities of the Worid (Inter 

; Bookshelf (Microsoft) 
Multimedia Beethoven (MicKwo 
Amanda Stories (Voyager) 

Macintosh Mammals (National Geographic 
Wraptures (Fonn and Function) 

;.: Dictionary of the Living World 
Desert Storm (Warner New Med 
Webster's Talking Dictionary (H 
Great Literature (Bureau Develo 
Spaceship Warlock (Reactor) 

Source: Dalaquest (Seplenriber 1992) 
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order to run, develop, deliver, and use multimedia applications. In 
the IBM PC environment, this is either OS/2 with Presentation 
Manager or MS-DOS and V^ndows 3.1 with multimedia extensions. 
The Microsoft Development Kit for V^^dows provides a set of APIs 
that C programmers can use to add multimedia elements including 
sound, animation, video, and photo images to \^ndows applica­
tions. In the Apple Macintosh environment, this includes ihe 
Sj^tem 7 operating environment with QuickTime's multimedia 
extensions that facilitate the addition of sound, video, and anima­
tion to Macintosh applications. The UNIX workstation operating 
systems (HPs HP-UX, IBM's ADC, NeXTs NeXTStep, and Sun's 
Solaris, for example) also handle the integration and display of 
niultiinedia elements in a fashion proprietary to each vendor's 
implementation of UNIX. Likewise, the Commodore Amiga operat­
ing S3^em provides for the integration, handling, and display of 
multimedia elements through extensions used by Amiga software 
developers to create Amiga applications. Most end-user software 
applicatioiis are delivered witii runtinte or player versions of the 
operating software to enable end-user workstations to play back 
and use the applications. 

Creative Software Tools 
Next, comes software that enables the development of multimedia 
applications by providing separate tools for creating and editing the 
2-D and 3-D animations, raster and vector graphics, sound, and 
video files that will be imported into multimedia applications. 
Multimedia dip-art libraries containing noncopyrighted animations, 
videos, and sounds also fall under this category. There are hiui-
dreds of these software products on the market. Most have previ­
ously been sold into creative and advertising professions for build­
ing advertising and sales videotapes, movies, and corporate 
presentations, and into technical professions for product modeling, 
design, and simulation. Today, their use is expanding as tools to 
build the component graphic, arumation, sourui, and video elements 
that will be incorporated into multimedia programs and applica­
tions. (Note that animation, graphics, video, and audio software 
were described at length in the "Executive Overview" section of 
this report—^please refer to it for complete details of the features 
that these programs provide). 

Multimedia Authoring Tools 
Authoring software provides a set of tools that pull together text 
and data, animations, graphics, scanned images, still and full-moticm 
video images, soimd files, and multimedia dip-art to build end-user 
applications. It must provide for the integration of all these ele­
ments to be considered multimedia authoring software. Because 
much of the authoring that has been done in the past focused on 
building education and training applications, many authoring soft­
ware programs also provide APIs for building online tests, for scor­
ing tests, for validating test results, and for producing summary 
reports. Table 4-2 provides a list of the major multimedia authoring 
products on the market induding capabilities and price. 
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Table 4-2 
Multimedia Authoring Software 

Vendor 

AimTech Corp. 
Nashua, NH 
(603) 883-0220 

Aldus Corporatioi^ 
Seattle, WA 
(800) 332-5387 

Allen Communication 
Inc. 

Salt Lake Qty, UT 
(801) 537-7800 

Apple Computer 
Cupertino, CA 
(408) 996-1010 

Asymetrix Corp. 
Bellevue, WA 
(206) 734-2553 

Product Naine(s) 

IconAuthor 

SuperCard 

Quest Authoring 
System 

QuickTime Developer 
Kit and Quicklime 
Starter KU 

T&cilbook 

Multimedia tbolbcok 
and Multimedia 
Toolbook, Education 
Edition 

Capabilities 

Authoring software for creating 
CBT, presentations, and informa­
tion Idosk applications that inte­
grate multiple data types and 
interactivity 

HyperCard-styJe authoring tool for 
integrating animations, graphics, 
sound, text, and graphics to cre­
ate hyperlinked "projects" (stacks) 

Courseware authoring software for 
creating CBT and interactive 
video presentations 

Multimedia extensions to Apple's 
System 7 operating sj^tem; 
allows users to synthesize and 
synchioiuze animation, video, 
and sotmd, and incorporate 
results into Macintosh 
applications 

Software construction set for 
building interactive presenta^eaais 
(does not support video) 

Software construction set for 
building multimedia training, 
applications, and presentations 

Operating 
Environment 

MS-DOS/Window 

UNIX/Motif 

Macintosh 

MS-DOS 

Macintosh 

MS-DOS AVindow 
and OS/2 

MS-DOS/V\rmdow 
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Table 4-2 (Continued) 
Multimedia Authoring Software 

Vendor 

Qaris Corp. 
Santa Clara, CA 
(408) 987-7000 

Commodore Business 
Machines 

West Chester, PA 
(215) 431-9100 

Computer Teaching 
Corp, 

Champaign, XL 
(217) 352-6363 

Courseware 
Applications In& 

Champaign, IL 
(217) 359-1878 

FourMat Corp. 
Ptovo, UT 
(801) 377-9186 
(expect to relocate to 

Salt Uke Qly, UT 
10/92) 

Product Name(s) 
HyperCard 

AmigaVision 
Authoring Syil^m 

TcnCORE Producer 

TenCORE Language 
Authoring System 

Unison Author 
Language 

The FourMat 
Learning Processor 

Capahilities 

HyperCard software for storing 
text, graphics, sound, animation, 
and other data types on elec­
tronic index cards 

Icon-based authoring tool for 
integrating text, graphics, anima­
tion, video, and sound elements 
into Amiga applications 

Menu-driven authoring tool to 
create lessons with graphics, 
animation, video, and answer 
judging 

System for creating interactive 
courseware for PC delivery using 
graphics and video 

Specialized programming language 
for,producing CBT that inte­
grates colbr, animation, video, 
audio, interaction, and response 
analysis 

Authoring software for creating 
interactive training and education 
modules 

Operating 
Enviroiunent 

Macintosh 

Amiga 

MS-DOS/Wmdow 

MS-DOS/Wmdow 

MS-DOS/Windo 

Macintosh 
{MS-DOS/ 
Windows 
version under 
development) 
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Table 4-2 (Continued) 
Multimedia Authoring Software 

Vendor 
Gain Technology Inc. 
Palo Alto, CA 
(415) 885-1700 

Gold Disk Inc 
Torrance, CA 
(310) 320-5080 

IBM Corp. 
Multimedia and 

Education Division 
White Plains, NY 

Product Name(s) 
GainMomenhim 

Animation Works 
Interactive 

Animation Wbrks 

Addlmpactl (will 
ship 10/92) 

jSypexBodk 

Audio Visual 
Connection 

Capabilities 

Authoring software for business, 
training, and prof^ional use; 
creates SQL lixvks to graphics,, 

' sound, animation, audio, video, 
and image objects 

Multimedia authoring system for 
blending 2-D animation, full-
motion video, interactivity, and 
sound into presentations, train­
ing, and information systems 

Multimedia development software 
for Macintosh; no interactivity 

Presentation enhancement product 
to bring multimedia elements 
including voice, sound, graphics, 
and video into any Windows 
application 

HyperCaid-Uke authoring applica­
tion with emphasis on very 
simple-to-use interface 

High-end multimedia authoring 
language to combine and edit 
sounds, pictures, and text into 
stories and presentations 

Operating 
Environment 

UNIX and Sun 
SPARC platform 

MS-DOS/Wmdow 

Macintosh 

MS-DOS/Wmc(ow 

Amiga 

OS/2 
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Table 4-2 (Continued) 
Multimedia Authoring Software 

Vendor 

Impulse Inc. 
Minneapolis, MN 
(612) 425-0557 

InfonnaticB Group Inc. 
West Hartford, CT 
(203) 953-4040 

Innovative 
Commiuication 
Systems 

Minneapolis, MN 
(612) 531-0603 

Innovatronics 
Dallas, TX 
(214) 340-4991 

Product Name(s) 
Storyboard Live! 

Foimdation 

ACT m 

Ask*Me 2000 ' 

Ask*Me Professional 

CanDo 

Capabilities 
Multimedia authoring tool for 

creating on-screen presentations 
incorporating text, images, video, 
animation, sound, digitized stiU 
photos, drawings, and paintings. 

HyperCard-like authoring tool for 
creating "frames" (stacks) into 
which graphics, animatiotts, and 
sounds can be pasted; hypertext 
is a strong suit 

Interactive multimedia presentation 
development tool for non-
programmers 

Entry-level ultimedia authoring 
tool/flat file database; ru) video 
capabilities 

Professional authoring tool for 
incorporating all multimedia elet̂  
ments including live motion 
video; based on object-oriented 
relational database 

HyperCard-like aulhoring program 
t for creating "decks" (applications) 

that integrate the various multi­
media elements 

Operating 
Environment 
MS-DOS 

Amiga 

MS-DOS 

MS-DOS/ 
proprietary 
windowing 

MS-DOS/ 
proprietary 
windowing 

Amiga 
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Table 4-2 (Continued) 
Multimedia Authoring Software 

Vendor Product Name(s) Capabilities 
Operating 
Environment 

MaopoMedia, Inc. 
San Francisco, CA 
(415) 595-0525 

Authon^ire 
Professional 

Authorware Star 

Nficrosoft Corp, 
Redmond, WA 
(206) 882-8080 

EJirector 

Wndows 3.1, 
Multimedia 
Extensions 

Multimedk De«idop-
ment Kit . 

Microsoft Viewer 

i 

iS 
o 

Professional-level icon-based 
authoring tool for creating 
courseware and presentations 
that integrate text, audio, video/ 
graphics, and animations 

Personal authoring tool for 
creating multimedia presentatioiffi 
and courses 

Professional authoring tool for 
creating distributed interactive 
applications, multimedia presen­
tations, and animations 

Multimedia system software with 
extensions for incorporating 
multimedia elements into 
\Wndows programs 

Developer APIs for enhancing 
Windows' graphical environment 
by incorporating sound, anima­
tion, near-photo image quality 
and the storage qualities of 
CD-ROM 

Authoring environment that en­
ables developers and titles pub­
lishers to enhance traditional 
text-based titles with hypertext, 
full-text search, and multimedia 
elements; runtime included 

MS-DOS/VWndow 
and Macintosh 

MS-DOS/Window 

Macintosh 

MS-DOS/Window 

MS-DOS/V\rmdow 

MS-DOS/Window 

file:///Wndows
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Table 4-2 (Continued) 
Multimedia Authoring Software 

Vendor 
Ntergald Inc. 
Fairfield, CT 
(203) 368-0632 

Owl International Itic. 
Bellevue, WA 
(206) 747-3203 

Paiadise Software Inc. 
Princeton Junction, NJ 
(609) 275-4475 

Right Answers Ine, 
Torrance, CA 
(818) 84D-8021 

Spinnaker Softwaie 
Corp, 

Ciunbridge, MA 
(617) 494-1200 

Product Name(s) 
HyperWriter! 

HyperVWterf; fer 
IVaining 

Guide 

Mediawrite 

The Director 

Plus for ^^dows 
and Plus for Mac 

Capabilities 
Interactive hypermedia and 

courseware authoring software 

Same capabilities as HyperWriteri 
but also includes testing and 
scoring capabilities 

Hypermedia authoring software 
for creating interactive multi­
media documents 

Authoring software from creating 
interactive, online documents that 
contain multimedia elements 
including graphics, still images, 
audio, and video 

Script-based authoring language 
for creating Amiga applications 
that integrate a variety of mul­
timedia data types 

Hypercard-based toolkit that 
allows users to create hypercard 
applications built on cards, 
stacks, buttons, scripts, graphics, 
text, database fields, icsns, and 
integrating video, animation, and 
sound 

Operating 
Environment 
MS-DOS 

(Windows ver­
sion under 
development) 

MS-DOS 
(TOndows ver­
sion utuier 
development) 

MS-DOS/Wmdow 

Sun 

- ̂  

Amiga 

MS-DOS/Wmdow 
and Macintosh 
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Table 4-2 (Continued) 
Multimedia Authoring Software 

Vendor 
Technology 

Applications Group 
IVoy, MI 
(313) 649-5200 

TeleRobotics 
International Inc. 

Knoxville, TN 
(615) 690^5600 

Tiger Media Inc 
Los Angeles, CA 
(213) 721-8282 

Vision Imaging 
Fountain Valley, ( ^ 
(714) 965-7122 

Product Name(s) 
SAM (System for 

Authoring 
Multini^ia) 

Course Builder 

'\^deo Module 

CATS MEOW 

Media Master 

Image Base 

Capabilities 

Multimedia courseware authoring 
system geared for novice users 

\^ual authoring language to 
create interactive training and 
multimedia presentations 

Adds interactive video capability 
to Course Builder through con­
nection to videodisk or VCR 

Sun SPARC-based multimedia 
authoring software tool 

Authoring program to create 
multimedia interactive runtime 
applications for corporate train­
ing, kiosks, real estate, and o\her 
information presentation systems 

Image database 

Operating 
Environment 
MS-DOS 

Macintosh 
(MS-DOS under 
development) 

Macintosh 
(MS-DOS under 
development) 

UNIX and Sun 
pPARCstations 

MS-DOS 

MS-DOS 
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Table 4-2 (Continued) 
Multimedia Authoring Software 

SP 
1 
3 
? 

i 

Vendoi 

V_Graph, Inc. 
Westtown, PA 
(215) 399-1521 

Warren-Forethought 
Inc. 

Angleton, TX 
(409) 849-1239 

Product Name(s) 
Multimedia Studio 

VirtualVldeqf 
Producer 

Interactive 
VirtualVideo 

LiNX Industrial 

Capabilities 
Allows users to create and distrib­

ute self-running (noninteractive) 
multimedia applications that 
combine text with images, 
digital-quaUty sound, and motion 
picture quality video and 
animation 

Authoring software for creating 
interactive multin^ia presenta­
tions that play back motion 
video, sequence still video 
images, and superimpose scroll­
ing text, animation, and graphics 
images 

Includes features of VirtualVideo 
Producer plus touch screen, 
videodisk, and speech recognitigja 
controls 

WYSIWYG multimedia authoring 
system to create CD-ROM navi­
gation interface, hypertext, or 
multimedia reference works, elec­
tronic document management 
systems, interactive training, and 
prraentations 

Operating 
Environment 
MS-DOS 

MS-DOS 

MS-DOS 

Macintosh 
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Table 4-2 (Continued) 
Multimedia Authoring Software 

Vendor Product NameCs) Capabilities 
Operating 
Environment 

LiNX Lite 

LiNX Test Factory 

Scaled down version of LiNX 
Industrial for building CBT and 
full-motion video presentations 

Program for building interactive 
multimedia testing instruments 

Macintosh 

Macintosh and 
MS-DOS/ 
VWndows 

Source: Dataquest (September 1992) 
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Authoring software varies widely in how technical a person has to 
be to use it. After all, these products are really programming and 
scripting languages in disguise, aiming at a mass audience. Their 
developers have been challenged to build easy-to-use front ends 
that provide pov\rerful applications-building capabilities that can be 
iised by nonprogrammers. Some products like Microsoft \^ewer, 
whose main users are developers, provide scripting languages that 
require the user to have some levd of technical proficiency and 
programming skills. Other products like MacroMind's Authorware 
or AimTedi's Icon Author (see Figure 4-2) have been built around a 
graphical flowchart model that uses icons to represent the various 
data elements being combined into a midtimedia presentation. The 
user points, drags, and drops in the pieces to create a finished 
presentation. All tools claim to be easy to use. The truth is that 
some are easier than others, but all still have a long way to go 
before the casual user can pick one up and painlessly produce a 
finished application or presentation the same day. 

Authoring tools also vary widely in the features and capabilities 
they provide. Many vendors offer two levels of product—^personal 

Figure 4-2 
IconAuthor's Icon-Based Interface for Multimedia Authoring 

IcoiiAuthor - [D:\MSVtNyAUTHOR\ICONWARE\TUTORlAL.tW] 
g fHe £da B"** Options gew ^ndow jjtlp Esc=C3ts«;l! 

Source: Aimtech Corporation 
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tools and professional tools. Personal tools provide basic authoring 
capabilities for creating presentation and training applications 
without too many glitzy bells and whisdes. Personal tools generally 
cost between $99 and $500. Professional tools are geared toward 
commercial developers, industrial-strength users, MIS departments, 
and professional creative users. These provide authoring capabilities 
miE\gied with a wide assortment of special effects. Professional tools 
usually cost between $500 and $20,000, depending on the platform 
on which they run and the number of users they support. 

HyperCard, hypertext, and hypermedia software probably also fit 
best into the authoring tools category. This software enables a 
developer or user to create HyperCard stacks or hypermedia appli­
cations which link any word, icon, graphic, or image displayed on­
screen to an tmlimited number of other elements in the system's 
database. It creates an intricate web of interrelated information ele­
ments. Hypermedia applications allow users to browse as deeply 
into a subject as they desire by exploring the various levels of 
information associated with topics or graphics on screen. 

Multimedia Applications and Uties 
The final result of the authoring process is the multimedia applica­
tion or title. There are two tj'pes of applications, which users view 
and sometimes interact with, but which they caimot XDodify. custom 
applications and conunerdally available titles. 

Custom Applications 
These are in-house applications developed using the authoring tools 
described previously. Today, these consist mainly of training and 
courseware, presentations, and information kiosk systems. These 
applications were developed internally or on a contract basis for a 
particular client's use and are not commercially available products. 
Sometimes they are visible in public places, however, as in the case 
of infoimation kiosks that are starting to appear at trade shows 
and exhibitions, airports, stores, and shopping malls. 

Commercial Titles 
Commercially avculable applications developed using authoring soft­
ware are commonly called titles. These have been created by profes­
sional developers (called authors) that focus on creating multimedia 
applications for the mass nnarket. They are usually distributed on 
Cb-ROM rather than floppy disks. This is because multimedia 
applications include millions of pieces of information and CEX-ROM 
is a reliable, compact distribution medium for Izurge amounts of 
data 2md mixed data types. The commercial tides on the market 
today fall into these categories: recreational programs such as 
gam.es; information and reference programs; educational programs; 
online tutorials and help S3rstems for using software applications; 
imd multimedia-enabled business applications. 

September 28,1992 ®1992 Dataquest Incotporated SAWW-SVC-FR-9201 
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Another way of thinking about multimedia software is that it is 
used either to create multimedia or to deliver it: 

• Software for creating multimedia applications—^Includes operatii^ 
sj^tem tools and graphical user interface software; creative soft­
ware for creating and editing animations, video clips, and sound 
files; and multimedia authoring tools 

• Software for delivering multimedia applications—^Includes custom-
developed applications emd commercially available titles 

End-User Markets 
Historically, training was the application that drove the development 
of the multimedia applications market. Course designers, classroom 
instructors, and learning professionals have long recognized the value 
of using a variety of stimuli to help people learn more quickly and 
retain what they learn longer. The availability of PCs in training labs 
and classrooms propelled the development first of interactive course­
ware, and then courseware combining various media types to engage 
the learner's senses. 

Today, trainers and educators still dominate as the primary users of 
multimedia authoring tools. However, during the past couple of years, 
authoring tools have begun to find their way into the hands of other 
professional users such as software developers graphics artists, infor­
mation publishers, and the developers of kiosk applications. Figure 4-3 
provides Dataquesf s estimates of the mix of applications currentiy 
being developed using multimedia authoring tools. 

Figure 4-3 
1992 Authoring Tools Penetration by Applications 

Advertising and Grapliic Arts (3%) 

information Publisliing (4%) 

Corporate Presentations (6%) 

Infonfnation Kiosi<s and POS Terminals (7%) -

Market Value-$161 Million 

Source: Dataquest (September 1692) G2001574 
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This picture is already beginning to change because the notion of 
multimedia computing has grabbed the imaginations of people who 
develop software for just about every profession. During the next 12 
to 18 months, we estimate that more than 300 new CD-ROM-based 
commercial multimedia titles will join the 225 titles eilready on the 
market (includes PC and Macintosh titles). In addition, thousands of 
new in-house applications, for every discipline imaginable, will be 
created using authoring tools. And finally, largely due to a "flood" of 
personal autihoring software packages getting into people's hands 
through upgrade kit distribution (discussed below), hundreds of thou­
sands of average end users will begin to play around with this tech­
nology, we suspect mainly to create more interesting presentations. 

In the vauious market segments, we envision hundreds of innovative 
uses, including: 

• Business—Commercial rc and groupware applications including 
spreadsheets, databases, desktop publishing, word processing, 
presentation graphics, desktop conferencing, and draw and paint 
programs will be embellished with multimedia capabilities. The 
ability to add multimedia elements to documents will become com­
monplace, and multimedia documents will be routed freely around 
networks. Network CD-ROM servers will provide access to corpo­
rate information and reference sources, and desktop CD-ROM 
drives will be used for pla3ang applications needed by individual 
users. 

• Engineering—^Product design, simulation, revision control manage­
ment, and testing will all be enhanced by multimedia. Engineers at 
distant locations will be able to share ideas and simultaneously 
work on new product designs using desktop video conferencing 
tools. CAD'S current 2-D and 3-D design capabilities will be 
enhanced by some of multimedia's emerging technologies such as 
virtual reality. 

• Hnandal Services—^Banks and financial institutions will provide 
customers a new dimension of services through interactive kiosks 
that supply real-time rate schedules, provide loan information, 
process applications for credit cards, bank accounts, and loans, and 
enable customers to pay bills electronically. Fmandal analysts and 
investment brokers will also use real-time multimedia simulations 
to track financial market conditions and indicators. 

• Insurance—The addition of midtimedia data types to insurance 
daims files (voice interviews and depositions, video clips, and 
freeze-frame video, for example) will provide levels of detail 
unavailable through paper case files. 

• Health Care—^Hospitals and doctors offices will provide interactive 
kiosks to help patients with everything fix>m hospital admissions 
and insurance paperwork processing, to presurgical information 
videos. Patients' case files will be erdianrad by the ability to indude 
a variety of data types into a single digital file (x-rays and elec­
trocardiograms, mammograms, handwritten notes, doctors' voice 
notes, photographs, video clips, and so on). Virtual reality will pro­
vide a tool to train new doctors and assist siu^eons eissess the 
patients condition prior to actual surgery. 
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• Real Estate—^Multimedia guided toiirs of homes and properties 
listed in the mtdtiple listings will save time and money for both 
prospective buyers and brokers alike. 

• Retail Sales—^Information kiosks and point-of-sale terminals will 
provide customers with information on store promotions, dispense 
money-off coupons, emd provide customer assistance and merchan­
dise/store location information. 

• Travel and Tourism—^Tiravelers will be able to preview travel desti­
nations, tour hotel and restaurant facilities, and book edrline tickets 
from multimedia terminals installed at the travel agenf s desk. 

There is no doubt that we are at the beginning of an adoption curve 
that will see multimedia penetrate almost every facet of commercial 
aiul technical applications throughout the rest of the decade. (For 
detailed descriptions of current and expected applications for multi­
media, please refer to the "Market Djrnamics" section in Chapter 2 of 
this report.) 

Market Dynamics 
The road to complete adoption of multimedia is not free of rocks, 
however. In the software area, a number of barriers must be deared 
before multimedia applications will find their way onto everyone's 
desktops. Some of the major software issues are described below. 

Lack of Applications 
As mentioned previously, we do not believe that multimedia will 
evolve a new breed of application that will make everyone gasp, 
"Now I get it! Now I unzni it!" Instead, multimedia's multisensory 
capabilities will be integrated into the productivity and groupware 
applications that business people use everyday, making tiiem more 
useful, creative, and fun to use. Still, until this happens, it will 
remain difficult for the average business person to visualize just 
how comipelling this technology can make an applicatioru We expect 
to see tremendous progress toward integrating multimedia into 
business applications dtiring the next 12 to 18 months because most 
major software developers are working on multimedia versions of 
their current products. 

Platforms 
The dominant platform for running mxiltimedia applications is also 
still up for grabs. It is a statistical fact that IBM PCs ruitnit^ the 
MS-DOS/windows operating environment outnumber the Macintosh 
by a factor of 10:1, and other workstation platforms by more than 
100:1. This market momentum would seem to indicate that the 
MFC standard will prevail. 

But multimedia is a highly creative technology, and we have 
observed that the majority of very early in-house implementors 
have favored the more intuitive Macintosh platform over the PC 
Further, the MS-DC)S/\^^ndows environment lacks the horsepower 
to run industrial-strength, networked multimedia applications. 
Macintosh's System 7 with Quicklime, on the other hand, is a 
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multitasking operating system which supplies both developer and 
end-user extensions for integrating multimedia elements. But the 
network instability of System 7 has delayed widespread adoption 
of it. 

The role that Windows NT, the Kaleida Script operating system, 
jmd the Power PCs from Taligent will play in this equation further 
muddies the water. Given the current lack of business applications 
and unsettled platform issues, we suspect that all but the most 
forward-thinking corporate users will probably dedde to sit back 
and wait. 

Standards 
File interchange and cross-platform compatibility are critical issues 
affecting miiltimedia software. Authors want to be able to use their 
favorite graphics, text, animation, and video editors to create the 
clips that they will integrate into the finished multiniedia applica­
tion. As it stands today, every authoring program on the market is 
compatible with only certain creative tool file formats or selected 
"standard" file formats. Worse yet, the authoring tools generate 
proprietary file formats that are incompatible with other authoring 
tool file formats. This means that if you have created a presentation 
using one product, it is not possible to lift a piece of that presenta­
tion and copy it into another authoring tool-created presentation. 

The Interactive Media Association's (Washington, D.C.) Compatibility 
Project is working to address this and other compatibility and inter­
change issues. The Compatibility Project team comprises members 
from most leading computer hardware and software companies, 
consiuner electronics companies, software developers, government, 
and institutions. The team's charter is to generate standards and 
recommendations to promote portability of multimedia applications 
across different hardware platforms. Specifically, technical working 
groups address key technology areas including cross-platform archi­
tecture, distributed multimedia systems, object-oriented multimedia 
specifications, digital audio, and digital video. 

Hopefully, the efforts of industry sissodations like the IMA will gen­
erate cooperation and standards among multimedia hardware and 
software vendors, which, in turn, will move the industry forward. 

User Understanding and Evangelism 
V/itti anjihing new, there is a familiarization and acceptance curve. 
Multimedia is a very broad topic that spans hundreds of applica­
tion areas ranging from home and school to business offices and 
laboratories. It has been difficult for the average consiuner to sort 
out the common denominators, much less understand "what 
multimedia means to me." 

Some of the leading consumer electronics compsmies such as Philips 
and Sony, leading multimedia computer companies and oî ganiza-
tions such as Apple and the MPC Marketing Council, and leading 
software companies such as Microsoft and Lotus have already taken 
on the role of industiy evangelists to help educate consumers and 
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corporate buyers. For example, Microsoft's annual International 
Conference and Exposition on Multimedia and CD-ROM brings 
together forces in tiie MFC and consumer electronic world every 
year to share information and display products. But such confer­
ences are still largely centered aroimd technology rather than 
solutions. We suspect that, as with other new ideas that have 
blossomed into indiistries, user understanding and acceptance is 
driven by being able to see working solutions rather than technol­
ogy (de^op publishing and document imaging are two examples). 

Market Statistics 
For the piuposes of this report, Dataquest hcis sized the multimedia 
software market to include only the software authoring tools used to 
create multimedia applications and titles. We have not factored in 
operating systems, creative appUcations, or end-user titles. This is 
because it is not clear at this point what proportion of installed oper­
ating system software is currently being used on sjrstems whose main 
purpose is to develop or use multimedia. Likewise, it is not clear what 
proportion of insteilled creative software is being used to create anima­
tions, videos, and sound clips for multimedia applications versus for 
standard, noninteractive video presentations and movies. Future Data-
quest surveys of multimedia developers will help answer these ques­
tions and create a v^ell-rounded multimedia software database. 

Market Segmentation 
Dataquest segments the multimedia authoring software market into 
two categories: personal and professional authoring software. The 
characteristics of each are described below. 

Personal Authoring Software 
Personal authoring software is composed of a set of low-end 
authoring tools that provide basic multimedia creation capabilities. 
The personal tools are aimed at end-user multimedia creators rather 
than professional-level content developers. As a result, it is critical 
that these products be simple to use with step-by-step documenta­
tion explaiiiing how to use them. They generally provide basic 
multimedia creation capabilities such as templates, text processing 
and editing, story boarding, and import/sizing/placement of 
multimedia objects. They are probably best suited for building 
presentations, interactive demonstrations, and information kiosks. 
They range in price from $99 to $500 dollars retaiL 

A trend is for the major authoring software vendors to btmdle their 
personal authoring software with the PC upgrade kits and 
multimedia-enabl^ PCs that are beginning to £k>od the market. 
MacroMedia, for example, distributes Authorware Star through 
agreements with 13 upgrade kit and multimedia-ready PC vendors. 
Under this type of distribution arrangement, the autlu)ring tools 
vendors are practically giving away the software (average rojralty 
fee is estimated to be $20 to $40 per copy in an OEM distribution 
agreement), this represents a way to penetrate the market very 
deeply with minimal sales efforL It also "seeds" the market with 
copies that hopefully will give people a taste of multimedia author­
ing so they will come back for professional products later on. 
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Professional Authoring Software 
Professional authoring software provides advanced tools for creating 
professional-quality multimedia appUcations and programs. These 
products have largely been sold to creative professionals (advertis­
ing and graphic arts), professional multimedia titles developers 
(programmers), corporate MIS users (for btiilding in-house applica­
tions), and to advanced end users. Besides basic authoring capabili­
ties, these tools provide additional capabilities including: software 
capabilities to import, manipulate, and enhance a wide veuiety of 
file formats from animation, graphics, audio, and video software 
programs; interactivity and branching; ability to create long lessons 
and presentations; professional special effects; learner testing and 
feedback anal)^is; and some programs supply built-in graphics and 
animation programs. Most professional tools run on IBM PCs and 
Macintoshes as primary development platforms, but a few have 
been ported to host processor environments or have been developed 
to run on UNIX workstations. Professional software tools range in 
price from $500 to $20,000 for a developer license. 

Current Market Size 
Dataquest estimates that approximately 40 vendors are in the busi­
ness of providing multimedia authoring software as we have 
defined it in this report. Table 4-3 lists the estimated 1991 revenue 
and current installed base for the major providers of multimedia 
authoring tools. Dataquest estimates that the market was worth 
approximately $86 million in 1991 and that, as of August 1992, 
there were about 144,000 copies of authoring software installed 
worldwide. Two companies dominate the authoring software market: 

• MacroMedia—^Estimated 1991 revenue of $25 million and about 
85,000 copies of authoring software products (Aufhorware Star, 
Authorware Professional, and Director) installed 

• Asymeirix—^Estimated 1991 revenue of $15 million and about 
10,000 copies of Multimedia Toolbook installed 

The remaining players are, for now, niche players. Many are very 
small companies employing between 2 and 20 employees. The sale 
of authoring software is in many cases peripheral to their main line 
of busine^, which is developing custom courseware and presenta­
tions for end-user customers. This work, rather than the sale of 
software, in tact generates the bulk of their revenue. Other compa­
nies such as Gold Disk and Spinnaker Software offer a range of 
software products, so their total revenue is buoyed by other soft­
ware offerings. 

We look for IBM to aggressively enter the multimedia software 
tools market toward the end of 1992 and into 1993 as its Ultimedia 
Tools Series program kicks into production. IBM is lining up a 
stable of third-party developers whose tools will be marketed and 
distributed by IBM under ttie Ultimedia Tools Series logo (see IBM 
profQe later in this section for more details). Aggressive telemarket­
ing and direct selling of these tools should significantly boost IBM 
and its partners' share of this business by the end of 1993. 
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Table 4-3 
Vendor Revenue and Installed Base-Multimedia Authoring Software Providers 

Viendoi/Froduct 

AimTech 
IconAuthor 

Allen Conununications* 
Quest 

Apple Computer 
Quidaime 

Asymetrix 
Multimedia Ibolbcx^ 

Computer T^ching Corp.* 
TenCORE language Authcrring Syitem 

Courseware Applications^ 
Unison Authoring Language 

FourMat Corp. 
The FourMat Learning Processor 

Gold Disk 
Animation Works Interactive 

IBM 
Storyboard Live! 
Audio Visual Connection 

Informatics Group 
Act m 

Estimated Total Vendor 
Revenue for 1991 ($M) 

3.2 

5.8 

2.0 

15.0 

2.7 

0.5 

1.0 

• . 1.5 

3.0 

1.0 

Software First 
Shipment Date 
1988 

1984 

1992 

1991 

1985 

1985 

1992 

1991 

1989 (AV Connection) 
1991 (Storyboaid Live) 

1983 
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Table 4-3 (Continued) 
Vendor Revenue and Installed Base-Multimedia Authoring Software Providers 

Vendoi/PiDduct 

Innovative Communication Systems 
ASK'ME 2000 
ASK'ME Profes$iotud 

MaaroMedia* 
Authonvare Star 
Authorware ProflEssiomi$ 
Director 

Microsoft 
Multimedia Developmttt $^ md W0et 

Ntergaid 
HyperWriterl 

Spitmaker Software* 
Plus for Vfirtdows 
Pitts for Mac 

Technology Applicaticms ^Ssm^f 
SAM 

Telerobotics 
CourseBuilder 

•Rger Media 
CATS MEOW 

^ ŝion Imaging 
Media Master 

Estimated Total Vendor 
Revenue for 1991 ($M) 

0.5 

25.0 

0.5 

1.0 

15.0 

0.5 

1.0 

0.5 

1.0 

Software First 
Shipment Date 

1990 

1989 (Authorware) 

1991 

1989 

1990 

1986 

1987 

1991 

1990 
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Table 4-3 (Continued) 
Vendor Revenue and Installed Base-Multimedia Authoring Software Providers 

Vendoi/Product 

V_Graph 
Interactive Video Producer 
Virtual Video Producer 

Warren-Forethought 
I J N X Industrid 
LiNX Lite 

Others 

Totaf 

Estimated Total Vendor 
Revenue for 1991 ($M) 

0.5 

0.7 

5.0 

86.9 

Software First 
Shipment Date 

1985 

1991 

-

-

Notes: 
1. More than 50 percent of Allen Communication's reveniw Is derived from custom ooursevwue development 
2. A porOon of Computer Teachlns CoiporaUon's rwenue Is derived from custom courseware development 
3. Courseware /^Icatlon's main business Is custom courseware developirwnt 
4. MacfoMedia's revenue reflects contlned revenue for AulhorWtare and Macrol^lndoPaiaoomp; Hie two companies merged to form 
5. An estimated 80 to 90 percent of Spinnaker's revenue Is for nonmuHlmedla software titles (PFS series) marketed l>y the compan 
t Note thai the revenue shown In this column Is for total software and services provided by the vendors listed. We estimate that 1 

software alone was around $41 mHlksn. 
Sourt%: Dataquest (September 1992) 
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Figure 4-4 shows the break out of currently installed authoring soft­
ware by operating environment. We estimate that approximately 
85 percent of this software is running on IBM and compatible PCs 
under MS-DOS; 12 percent runs on the Macintosh; 2 percent runs 
on IBM and compatible PCs under OS/2, and 1 percent nms on 
technical workstations under UNIX. 

Market Forecast 
Dataquesf s five-year forecasts for the growth of the worldwide 
authoring software tools market are shown in Table 4-4. The fore­
cast is divided into the personal and professional software tool seg­
ments and presents the following data: 

• Authoring software license shipments 

• Average (per copy) software selling price 

• Factory revenue for sales of software (does not include services) 

• Total installed base of authoring software licenses 

As shown in Figure 4-5, the unit shipment volume of authoring 
software was very small in 1991, only about 36,000 copies. 
However, 1992 marks the year when the market will take a dra­
matic upswing to an estimated 729,000 units shipped. The bulk of 
new units shipped will be personal authoring software tools. The 
cause for this sudden upsurge is the PC upgrade kit market. 

Figtire 4-4 
Authoring Installed Base by Operating Environment 

i 
OS/2 PCs (2%) UNIX Workstations (1%) 

Total Installed Base »144,000 Units 

Source: Oataquest (September 1992) G2001S7S 
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Table 4-4 
Multimedia Authoring Software Tools Market Forecasts—^Worldwide 

License Shi{7ments 
Personal Authoring Tools 

Professional Authoring Tools 
Total Authoring Tools 

Average Selling Price {$) 
Personal Authoring Tools 
I*rofessional Authoring Tbob 

Total Authoring Tools 
Factory Revenue ($K) 

Personal Authoring Tools 
Professional Authoring Ibdts 

Total Authoring Tools 
Unit Installed Base 

Personal Authoring Tools 
Professional Authoring Tools 

Total Authoring Tools 

1991 

18,480 
17,920 
36,400 

500 
4,330 
2,250 

9,240 
77,680 
86,920 

32,012 
24,078 
56,090 

Midyear 
1992 

63,340 
24,570 
87,910 

150 
3,500 
1,825 

9,501 
85,995 
95,496 

95,352 
48,648 

144,000 

1992 

703,074 

25,799 
728,872 

100 
3,500 
1,800 

70,307 
90,295 

160,602 

798,426 
74,447 

872,873 

1993 

1,687,378 
38,698 

1,726,075 

100 
3,500 
1,800 

168,738 
135,442 
304,180 

2,485,804 
113,144 

2,598,948 

1994 

1,771,746 
59,982 

1331,728 

90 
3,250 
1,670 

159,457 
194,940 
354,397 

4,257,550 
173,126 

4,430,676 

199 

2,126,09 
95,97 

2,222,06 

8 
3,00 
1,54 

170,08 
287,9 
457,99 

6,383,64 
269,09 

6,652,74 

Source: Dataquest (September 1992) 
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Figure 4-5 
Multimedia Authoring Tools Shipment Growth Forecasts 

Millions of Units 

Personal Tools 

1991 1992 1993 1994 1995 1996 

Source: Dataquest (September 1992) Q200167e 

PC upgrade kits bundle components including CD-ROM drives, 
video and audio cards, inicrophones,̂  earphone headsets, speakers, 
and software into a kit that, when installed on a 386-dass or above 
PC, tiuits it into a multimedia-enabled workstation. Bundling 
authoring software and a few CD-ROM titles with the upgrade kit 
is eax im.portant addition because it gives the user something right 
out of the box to play on the multimedia machine. 

The MPC Marketing Council is forecasting that its member compa­
nies will ship between 750,000 emd 1 million MPC-compliant 
upgrade kits in 1992. Creative Labs, one of these members, stated 
in its August 1992 initial public offering statement that it will ship 
300/XX) upgrade kits this year. Media Vision, another MPC upgrade 
kit vendor, forecasts that it will ship between 75,000 and lOO/XX) 
kits in 1992. Dataquesf s audit of orders for upgrade kit compo­
nents such as CD-ROM drives that have already been placed by 
the upgrade kit vendors seem to confirm that ttiese vendors are 
manufacturing all the necessary components to indeed deliver 
itearly 1 million units this year. 

All of this upgrade kit activity is very significant to Asymetrix and 
MacroMedia, which have foiged alliances with most of the vendors 
that are shipping upgrade kits into U.S. and international markets. 
Each sale of an upgrade kit means a sale of their software. It is 
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through this channel, then, that the bulk of authoring software will 
move during the next few years. 

On the professional tools side of the niarket, we also expect growth 
to be steady but not nearly as astronomical as on the personal 
tools side. Here, sales will continue to be primarily to professional 
end users and developers. We forecast an overall growtih rate of 
57 percent in this segment, from approximately 26,000 imits shipped 
in 1992 to 158,000 shipped in 1996. 

Expected growth in factory revenue for the sale of authoring soft­
ware is shown in Figiue 4-6. We expect that overall revenue will 
grow by 39 percent between 1992 and 1996, from approximately 
$160 million to $614 million. The revenue scene will be dontinated 
for the next couple of years by sales of personal authoring tools, as 
described previously. But due to the higher average selling price of 
professional over personal tools, as the professional market takes 
off, its revenue will eclipse that of personal tools. This should occur 
within the next two years. 

Figure 4-6 
Multimedia Authoring Tools Revenue Growth Forecasts 

Millions of Dollars 

700-

6 0 0 -

5 0 0 -

4 0 0 -

3 0 0 -

2 0 0 -
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• Personal Tools 
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Source: Dataquest (September 1992) oaooisTZ 
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Vendor Profiles 
This section provides profiles of major companies involved in multi­
media software development. Each profile presents the following 
information: 

• Corporate statistics 

• Overview of the company's multimedia focus 

• Company financials and market position in the multimedia software 
market 

• An overview of the company's multimedia strategy 

• Multimedia product overview 

• Dataquest analysis of where the vendor stands in its niultimedia 
software efforts 

Apple Computer Inc. 
Headquarters Location: Cupertino, California 
Chairman, CEO, and Chief Technology Officer: John Sculley 
Foimded: 1977 
Fiscal 1991 Revenue: $6.3 billion 
Number of Employees: 14/432 worldwide 
Ownership: Public 

Overview 
Apple probably takes exception to Dataquesf s definition of a 
multimedia-capable PC (besides certain levels of performance, 
it must have a CD-ROM drive) and would argue that the 
Macintosh—with its inherent audio.and graphics capabilities—has 
been providing multimedia computing mixing sound, graphics, 
animations, text, and data practically since Day 1. 

Definitions aside, no one will argue with the feet that Apple has 
embraced multimedia as a key corporate imperative. In hardware, 
its plans encompass not only desktop multimedia on the increas­
ingly powerful Macintosh and other emerging desktop platforms, 
but also consumer multimedia through persoiutl digital assistants 
(PDAs) that are being jointly developed and produced with 
Japanese partners. In Boftvfaie, the QuickTime extensions to the 
Sjrstem 7 operating system enable users to integrate digital video 
with all of the other data types supported by the Macintosh to run 
full multimedia productions. Apple's investment of money and 
resources in Kaleida aims at developing the next-generation operat­
ing environment for multimedia computing, one that will power 
PCs and PDAs alike. 

Financials and Market Position 
Apple reported net sales totaling $6.3 billion dollars in 1991. Deter­
mining the multimedia portion of Has revenue is tiidcy because 
until the September 1992 release of new Macintosh platforms 
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featuring built-in CD-ROM drives, Apple was not shipping 
multimedia-ready PCs, by Dataquesf s definition. But this is aca­
demic to the purposes of this diapter, which looks at software 
rather than hardware. We focus on Apple's QuickTime revenue. 

When Apple intrcxiuced Quickliine in January 1992, it was made 
available to any interested party for only the cost of shipping, and 
it was also available through public computer bulletin boards. The 
QuickTime Starter Kit, introduced in May 1992, is being sold to 
end users for a retail price of $169. Apple claims that Quicklime's 
installed base is around 2 million copies. Given the number of 
developers using it (aroimd 1,000) and the number of available 
Quicklime applications and tities (approximately 150, with 150 more 
under development), we estimate that the actual base of real Quick­
lime users is more like lOO/KX). We estimate that Apple's revenue 
to date for sales of this software module are around $2 million. 

Strategy 
Apple's multimedia strategy is frequentiy articulated by John 
Sculley, Apple's CEO and Chief Technology Officer. He believes that 
computing is on the brink of a digital revolution and that by the 
end of the 20th century, 98 percent of all information content will 
be available in digital format. Combined with this are steady 
advances in miniaturization that continue to produce ever smaller 
and yet more powerful computing devices. Ilie next revolution in 
computing will combine digital information with miniature devices, 
and give rise to new classes of portable computing devices for 
work, conununication, and play. Digital information resources will 
encompass entertainment, publishing, computing, consumer electron­
ics, and telecommimications—the convergence of which, Sculley 
believes, represents more than a trillion dollar opportunity. 

Apple is therefore a company in transition from being a single-
product PC manu^cturer to a multibusiness company. Its long-
term strategy for plajring in the new digital world order is 
three-pronged: 

• Build ever more powerful multimedia computing platforms—This 
includes continually upgrading the Macintosh computer iarcdfy as 
well as investing in next-generation products (such as Taligenf s 
PowerPC platforms) built from the ground up (Mr. Sculley has 
stated that he expects Apple's Macintosh core business to still be 
Apple's single largest revenue and profit business by the year 
2000). 

• Enter the consumer electronics arena—^Design and build minia­
turized devices that combine capabilities found on separate 
machines today (for example, combining the capabilities of a cel­
lular telephone, modem, computer, and fax machine) and lever­
age on one of Apple's greatest skills—the ability to make com­
puters easy to use—so that the devices appeal to the mass 
market; team with Japanese manufocturers to be able to offer 
these devices at a popular price point 
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• Participate in creating an open digital operating environment— 
Promote and work toward the development of a common operat­
ing system to power all digital devices— f̂rom PCs to hand-held 
personekl digital assistants; Apple's involvement with Kaleida, as 
well as its efforts to gain acceptance for QuickTime file formats, 
are examples of the company's efforts in this arena. 

Products 
Though Apple is primarily a hardware manufacturer, its System 7 
operating system software with QuickTime plays a crucial role in 
the development of multimedia applications for Macintosh. 

QuickTime is simultfineously an architecture, multimedia extensions 
to System 7, and a set of tools for incorporating digital video into 
Macintosh applications. It is designed to provide essential multime­
dia services so that developers are freed to write applications using 
it and do not have to concern themselves about also building 
peripheral drivers and compression/decompression schemes. Quick­
Time's multimedia extensions include the following services: 

• Component Manager—^An interface between the operating system 
and the phj^ical hardware (Madntosh and peripherals) tihat sup­
plies drivers for a wide variety of peripherals and thereby pro­
vides device independence for QuickTime applications 

• Image Compression Manager—Operating sjrstem-level services 
that manage the essentials of image compression so that Quick­
Time applications do not have to provide these features; includes 
a photo compressor, an animation compressor, a video compres­
sor, and a graphics compressor 

• Movie Toolbox—A set of developer APIs for incorporating digital 
video into applications 

The QuickTime Starter Kit is a simple toolkit that enables end users 
to play video clips within applications (see Figure 4-7). It indudes 
a set of multimedia data management utilities called MoviePlajrer, 
Movie Converter, Movie Recorder, and Picture Compressor, docu­
mentation and online help, and a collection of QuidcClips movie 
dipart provided on CD-ROM. 

QuickTime supports its own file format for multimedia data types 
called the Movie Format. This stores audio, freeze-frame video, full-
motion video and preview clips as separate time-based "tracks" for 
ease of access and use. It is expected that Apple will add MIDI, 
dose-captioned text, and interactive controls to the list of supported 
tracks in the next rdease of QuickTime. Apple has proposed that 
the Movie Format be adopted as the IMA's cross-platform file 
format. 

Apple believes that cross-platform compatibility for QuidcTlme is 
essential It has developed the QuickTime Movie Exchange Toolkit 
to enable developers to incorporate QuickTime Movie Format files 
into non-Madntosh applications for MS-DOS machines, as well as 
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Figure 4-7 
Apple's QuickTime Pla5dng a Video Sequence Within a Document 
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Source: Apple Computer Inc. 

workstation and mainframe applications for Cray^ Digital, IBM, 
Silicon Graphics, and Sun platforms. Apple is also working on the 
Quicklime Player, which would enable QuickUme applications to 
be played on DOS/Wndows PCs, among other platforms. 

Dataquest Perspective 
Apple is destined to be a prime mover in the multimedia market 
and will expand its territory far beyond the PC market. Mr. Sculley 
may be optimistic about the pervasiveness of digital media by 2000, 
but we agree that digital will replace analog during the decade, 
and that miniaturized, interactive devices will be foxind everywhere 
from shopping carts to executive's briefcases. A cross-platform oper­
ating environment is key to the success of this revolution, and 
Apple is positioned to help make that happen. 
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Asymetrix Corporation 

Corporate Statistics 
Headquarters Location: Bellevue, Washington 
Chairman and CEO: Paul Allen 
Founded: 1985 
Fiscal 1991 Revenue: $15 million 
Niunber of Employees: Approximately 160 
Ownership: Private 

Overview 
Asymetrix was started in 1985 by Microsoft cofounder Paul Allen. 
The companj^s allegiance to Microsoft is evident to this day in the 
fact that it focuses its development efforts solely on creating tools 
for the MS 'V^^dows environment. Allen had a vision that what is 
missing from the software market is easy-to-use, affordable software 
that lets people "focus on what they want to do rather than how 
they do it." Allen brought together a team of developers changed 
witii exploring new technologies such as object-oriented program­
ming, graphical user interface design, hypertext, artificial intelli­
gence, and multimedia, to help create intuitive, productivity-
enhancing software tools and applications. Asymetrix shipped its 
first software product, Asymetrix ToolBook, in May 1990 concurrent 
with the release of MS l^ndows 3.0. In the ensuing years, several 
more complementary software tools have been released, including a 
multimedia version of ToolBook that shipped in November 1991. 

Financials and Market Position 
Asymetrix has been one of the more successful developers of multi­
media software tools. Approximately 90,000 copies of ToolBook have 
been shipped, and the installed base of Multimedia ToolBook num­
bers approximately 10,000 copies. Dataquest estimates that 
Asymetrix's 1991 revenue totaled approximately $15 million. 
A^anetiix forecasts that revenue will double in 1992. In 1991, 
Multimedia ToolBook accounted for 5 percent of Asymetrix's total 
revenue, while in 1992 it currently accounts for 50 percent of over­
all revenue The MPC Marketing Council estimates that ToolBook 
was used to develop more than 25 percent of all annoimced or 
shipping MPC-compIiant titles in its software catalog. Asymetrix is 
growing fast, currently employing more than 160 people—a number 
that has doubled in the past 12 months. 

Strategi/ 
Asymetrix targets its products at no specific niche market, but 
instead intends to reach a mass audience ranging from technical to 
nontechnical PC users. The company relies heavily on partnering to 
penetrate the PC software market One successful move was to 
bundle its I>ayBook software with MS \Wndows 3.0, thereby bring­
ing this set of personal organizer tools to the desks of millions of 
users. Asymetrix ToolBook is also bundled with MPC upgrade kits 
distributed by NEC Other strategic alliance partners include IBM, 

September 28,1992 ®1992 Dataquest Incorporated SAWW-SVC-FR-9201 

file:///Wndows


Multimedia Autiioring Software and Applications ^'35 

Intel, and Turtle Beach Software. In addition to software bundling, 
Asymetrix products are sold internationally through 25 distributors 
including Egghead Software, Ingrain Micro D, Merisel, and Tiger 
Software, Intending to be an international company, Asymetrix pro­
vides English, French, German, and Italian versions of ToolBook, 

Asymetrix reports that users of ToolBook include large corporations 
such as ARCO, Chevron, Compaq, IBM, NEC, and Tandy; govern­
ment agencies including the United States Department of Defense; 
nonprofit organizations such as the Monterey Bay Aquarium; and 
dozens of universities, independent software developers, and small 
to midsize companies. ToolBook users span the gamut from profes^ 
sional C programmers and developers to university professors, 
students, and corporate training personnel. 

Products 
Asjrmetrix personal productivity tools run only in MS-DOS/ 
Wmdows environments. They are listed and briefly described below: 

• ToolBook—A software toolkit for building custom Windows appli­
cations; provides a graphical user interfoce, Asymetrix OpenScript 
object-oriented programming language, and hypemavigation 
among various data types (does not support video) 

• Multimedia ToolBook—Comprises ToolBook plus extensions for 
integrating and hj^perlinking video, sound, animation, images, 
and text files within a IbolBook application 

• DayBookH—^Personal czdendar and time oiganizer software 

• Instant Database—A low-end database intended for use by small 
businesses and home users for assembling and maintaining mail­
ing lists, custom forms and reports, and customer lists 

• Multimedia Make Your Point—^Software for creating and deliver­
ing graphical presentations that integrate and hyperlink text with 
video, sound, animation, and images 

• Medi£iBIite/—^Multimedia utility for editing and arranging audio, 
animation, pictures, and text into a self-running multimedia show 

Dataquest Perspective 
Through developing relationships with industry heavyweights and 
bundling its software in multimedia PC upgrade kits offered by a 
number of partners, Asymetrix is assaulting the PC AWndows devel­
opment market. Its international strategy is clear. The availability of 
foreign-language versions of its product, as well as its established 
relationships with marketing partners in Europe, should further 
ToolBook's spread into the very young international multimedia 
market. We question the long-term wisdom of focusing solely on 
DOS/Windows multimedia but assume that Asymetrix's dose work­
ing relationship with IBM gives it visibility into the work on 
multimedia PCs and operating environments going on at Taligent 
and Kaleida. 
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IBM Corporation 

Corporate Statistics 
Headquarters Location: Armonk, New York 
Chief Executive Officer: John Akers 
'N̂ ce President and General Manager Multimedia EHvision: Lucie 

Fjeldstad 
Company Founded: 1911 
Multimedia Division Founded: Summer 1990 
Fiscal 1991 Revenue: $64.8 billion 
Number of Employees: Approximately 330,000 worldwide 
Ownership: Public 

Overview 
IBM's multimedia vision is "to personalize the information revolu­
tion." This means providing hardware and software products and 
solutions that help all levels of users— f̂rom the technically 
unsophisticated to the highly technical— quickly, easily, and afford-
ably get at the information they need. IBM believes that multime-
dia's blending of text, sound, motion video, photographs, graphics, 
and touch represents the "ultimate in media," which gives rise to 
its multimedia product trademark—^LJltimedia. IBM Ultimedia 
products will embody three key elements: natural user interfaces; 
the combining of all hardware and software elements into a cohe­
sive, integrated whole; and highest possible product quality. 

IBM's multimedia marketing and development activities occur in 
several locations worldwide: marketing is based in Atkmta, Georgia; 
and development goes on in labs in Boca Raton, Florida; Mountain 
View, California; Austin, Texas; Raleigh, North Carolina; and Hurs-
ley, England. There are 10 IBM Area Multimedia Centers located in 
cities around the United States. Multimedia sales are supported by 
more than 300 IBM Ultimedia sales representatives and 300 dedi­
cated IBM multimedia dealers. 

Financials and Market Position 
IBM's most successful multimedia authoring software offering has 
been Storyboard Live!, which has an estimated installed base of 
10,000 copies. Audio Visual Connection, a high-end authoring tool, 
has sold about 1,500 copies. We estimate that IBM's total revenue 
for sales of authoring software in 1991 was around $3 million. 

Strategy 
IBM's penetration of the Multimedia market has largely been on PC 
platforms and is focused on the following areas: education and 
training (both classroom instruction and corporate training); desktop 
networking for desktop video conferencing; and merchandising (in­
formation kiosks and point-of-sale kiosks in stores). Its focus has 
been to help users optimize information impact in learning environ­
ments where multisensory appeal holds great promise to educate, 
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and in consiuner environments where it helps sell products. The 
Ultimedia PC platform has been criticized for being too expensive 
for its target markets (especially public education) and just another 
case of IBM sajdng "if IBM didn't biiild it, if s no good/' 

After getting its feet wet delivering initial miiltimedia applications, 
IBM is poised to move. During the latter half of 1992, IBM will 
turn up the heat by offering a full-featured suite of multimedia 
development tools (see 'Troducts" below). IBM will be joined by 
more than a dozen third-party software developers who will offer 
software conforming to Ultimedia specifications. 

As a computer systems company, IBM's long-term strategy for 
Ultimedia goes far beyond what is envisioned by the PC hardware 
and software players in this market. IBM's goal is to provide 
multimedia computing on systems ranging from desktop to main­
frame. The ultimate vision is enterprisewide multimedia computing. 

Products 
Not surprisingly, IBM's hardware products for multimedia are 
largely of its own design and manu^ctuiing. The FS/2 Ultimedia 
Moded M57 SLC forms the basis of the system. This is configured 
to conform to IBM's Ultimedia specifications, which dictate a mini­
mum 386 SLC 20-MHz processor, 4MB of memory, a CD-ROM XA 
drive, a 160MB SCSI rigid disk, a 2.88 MB/3.5-inch flexible drive, 
XGA graphics, a CD-quality audio subsystem, and microphone. 
The required operating sjrstems is OS/2 version 2.0 with Presenta­
tion Manager/2, which supports both MS-DOS and Windows 
applications. 

On the software side, IBM has offered two internally developed 
software tools for creating multimedia applications: 

• Audio "S^ual Connection—^A high-end multimedia authoring 
language to combine and edit soimds, pictures, and text into 
stories and presentations 

• Storyboard Live!—^A multimedia authoring tool for creating on­
screen presentations incorporating text, images, video, animations, 
sound, digitized still photographs, drawings, and paintings 

This picttire will change dramatically at COMDEX/Fall in Novem­
ber 1992 when IBM will formally annoimce the first 16 members its 
Ultimedia Tools Series partner progranu Ultimedia Tools Series 
members are independent software vendors (ISVs) that initiaUy will 
provide a total of 37 software tools for the Ultimedia platform, 
with more to come as more ISVs sign up for the program. The ini­
tial Tools Series software products will fall into these categories: 

• Authoring tools—^17 products will be announced 

• Animation tools—4 products will be annoimced 
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• Audio tools—3 products will be announced 

• Graphics tools—10 products will be announced 

• Video tools—1 product will be announced 

• Multimedia utilities—2 products will be annotmced 

The Ultimedia Tools Series program will provide an interoperability 
specification for data interchange against which all products will be 
measured before being authorized by the program. The goal is to 
create applications that are cross<ompatible and can freely exchange 
information. This means that an application or iGQle created in one 
Tools Series application will be able to run within other Tools 
Series programs. 

IBM will provide a number of benefits to its Tools Series members. 
The main benefit will be an IBM telemarketing channel through an 
IBM affiliate called Media Sorcery. Media Sorcery will provide the 
following services: manage the cat^og of Tool Series products; pro­
vide knowledgeable telephone support for helping prospective cus­
tomers to determine which products best suit their needs; manage 
telephone ordering services; and distribute the products by mail. 

Dataquest Perspective 
The division of IBM corporation earlier this year into separate busi­
ness units respoi\sible for their own destinies was advantageous for 
the multimedia division. Rather than forcing the group to conform 
to monolithic corporate standards for how to conduct business, it 
gave the group creative freedom to go after business opportunities 
in ways that make sense for multimeilia computing. IBM's aggres­
sive Tools Series program is an example of this. We expect that this 
approach will simplify the purchasing Ultimedia software and spur 
software sales. 

IBM's commitment solely to OS/2 and its own computing platforms 
may prove a stumbling block in the multimedia area, however. 
Competition is tough in this young market already divided into 
warring camps (MPC versus Apple versus IBM). The MFC platform 
is by all counts winning the initial skirmishes in terms of number 
of placements. MFC may not be as powerful as IBM's Ultimedia 
PC, but it is a lot cheaper and has a consortixim of vendors behind 
it. Acceptance of OS/2 is growing since the release of 2.0, but we 
don't expect it to be a long-term winner once Windows NT hova. 
Microsoft and PowerOp>en systems from Taligent/Kaleida arrive on 
the scene. In tact, Ultimedia's relationship to the joint Apple-IBM 
ventures also remains obscure. 
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Kaleida Labs Inc. 

Corporate Statistics 
Headquarters Location: Mt. View, CA 
Chief Executive Officer: Nat Goldhaber 
Founded: 1991 
Fiscal 1991 Revenue: NA 
Number of Employees: 40 
Ownership: Private 

Overview 
Kaleida is usually described as the Apple-IBM "multimedia jomt 
venture." In the simimer of 1991, the two companies annotmced 
that they would work together to develop a next-generation 
multimedia computing environment. Since then, they have ham­
mered out an agreement to focus funds and resources on develop­
ing multimedia software tools and runtime modules for industry­
wide licensing. 

Financials and Market Position 
Kaleida is currently in the start-up phase. Its impact on the market 
so far has mainly been to keep developers and industry pundits 
alike guessing at what the outcome of its development efforts 
will be. 

Strategy and Products 
Specifically, Kaleida's mission is to develop a common multimedia 
operating environment for both computer and consumer dectronics 
products. In the computer area, Kaleida's operating system will 
first support Apple and IBM platforms. Over time, it will support 
any operating environment (UNIX, DOS, OS/2, Macintosh, and 
TaHgent). This would attract third-party developers because it 
guarantee that software developed imder Kaleida specifications 
would nin on a wide range of computer systems with cross-
platform compatibiUty. An interactive media scripting langtiage 
called Kaleida Script is currently under development and will form 
the core of Kaleida's technology. 

Kaleida has also targeted the consumer products arena. Kaleida 
Sdiirt is designed to be an op>en operating system to power 
products such as the Newton personal digital assistant demon­
strated recently by Apple. Newton is the result of joint product 
development between Apple and Sharp Electronics of Japan. Apple 
also recently announced a deal with Toshiba to develop a hand­
held device that will play multimedia education, entertainment, and 
business software. Code-named "Sweet Pea," this device will sup­
port compact discs containing video, audio, graphics, and text The 
Kaleida Script operating system will imdoubtedly drive this device 
also. 

Kaleida's operating S3 t̂em is also expected to power the next-
generation multimedia PCs being developed at Taligent Taligenf s 
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PCs are expected to ship in late 1993. Apple is also evaluating 
bringing its voice recognition technology (code-named "Casper") 
over to Kaleida. 

Dataquest Perspective 
Conceptually, Kaleida is a great idea. Two arch-rivals in PC com­
puting working together to pool resources, funds, and talent to 
create an operating environment common to all is a lofty and noble 
purpose. After a slow start, the company is finally moving forward. 
Kaleida named Nat Goldhaber as CEO in June 1992, and filled in 
most of its corporate officer slots in July. The company says that it 
plans to double its staff in the next 12 months and will become 
proactive about getting its message to the marketplace. Of course, it 
remains to be seen how effective Ksdeida's development efforts will 
be. But if successful, the Kaleida OS could solve the interoperability 
problem that has plagued computing since the first system drew its 
proprietary breath. 

Lotus Development Corporation 

Corporate Statistics 
Headquarters Location: Cambridge, Massachusetts 
Chairman and Chief Executive Officer: Jim Manzi 
Founded: 1982 
Fiscal 1991 Revenue: $829 million 
Number of Employees: 4,200 (3,100 in the United States and 1,000 

in international locations) 
Ownership: Public 

Overview 
Lotus is one of the world's leading application software develop­
ment companies. Its luime is synonymous with its first product, 
the Lotus 1-2-3 spreadsheet program, which was released in 1983. 
Throughout the y&ars, Lotus has increased its product portfolio by 
adding software applications and services such as the S3rmphony 
integrated software application. Ami Pro word processor, and Free­
lance graphics software—all geared at enhancing the productivity of 
professional users. Lotus believes that networking and organiza­
tional computing are strategic computing imperatives for the 1990s. 
As a result, the compan3r's software development focus today is 
centered lai;gely on delivering groupware applications. The Lotus 
Notes program is its vehide for addressing the groupware market. 

Financials and Market Position 
Lotus total revenue in 1991 was $829 millioiu Its multimedia-
enabled products have been shipping for less that six months, so 
the multimedia component of its 1992 revenue are expected to be 
very smalL 

Strategy 
Lotus defines multimedia quite simply as "a set of capabilities that 
includes some mixture of digital standard computer text, sound, 
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pictures, and movies. Multimedia applications capture, edit, trans­
mit, and play back each of these data types." 

Lotus' multimedia strategy is to integrate multimedia capabilities 
into its core MS VWndows softwaie applications. Each product will 
be enhanced to suit its individtial capabilities. Initially, multimedia 
elements will be added to Lotus applications as "annotations." This 
will function like an electronic yellow sticky note that will let users 
attach multimedia files (for example, audio, video, animations) to a 
Lotus application file. Lotus Notes: Document Imaging is an exam­
ple of this concept. This add-on module to Lotus Notes enables 
users to attach scanned images to Lotus Notes files. Lotus also 
plans to add multimedia elements such as animation, sound, aiid 
video to Freelance's SmartMaster presentation templates. This will 
enable users to build business presentations that integrate pre-
coiuSgured multimedia elements. 

Lotus is also involved in networked multimedia through its 
CD/Networker network server software that enables the network 
delivery of CD-ROM-based multimedia applications through daisy-
chained CD-ROM drives. Through this capability, the network users 
have access to '"jukeboxes full" of CD-ROM titles on the network 
rather than relying on a standalone CD-ROM drive 

Finally, it should be noted that Lotus has delivered one of the first 
business productivity applications on CD-ROM with Multimedia 
SmartHelp for 1-2-3, announced in March 1992 {see Rgure 4-8). 

Figure 4-8 
Lotus 1-2-3 and Multimedia SmartHelp 
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Products 

Lotus' multimedia software offerings include the following: 

• Multimedia SmartHelp for 1-2-3 for Windows—A CD-ROM-based, 
interactive help and tutorial for using Lotus 1-2-3 featuring the 
following: a "guided tour"; "show me" movies that demonstrate 
how to use the product; and "online books" complete product 
documentation 

• CD Network Server—Software that enables network users to tie 
into CD-ROM databases stored on network servers 

• Lotus Sound—^Soiuid annotation software that enables users to 
link or embed audio messages or music in any 'V>̂ ndows OLE 
(object linking and embedding)-enhanced application, including 
Ami Pro and Lotus Notes documents 

Dataquest Perspective 
As an application software solutions provider, Lotus' primary 
interest in multimedia is to enable its own product suite with multi­
media capabilities. In addition, Lotus views CE>-ROM publishing as 
a critically important way to get software and information out to 
users. As a result, its focus on building CD-ROM titles and server 
applications is also strong. 

We believe that Lotus has a jamp on the market with its CD Net­
work server concept and software. Lotus believes that like other 
periphercds such as scanners, printers, and FAX machines, it should 
not be necessary for every user on the network to have a CD-ROM 
drive to play multimedia applications. Lotus' view differs from 
that of the MFC Marketing Coimdl (comprised of a number of 
CD-ROM drive manu^cturers) which believes that standalone drives 
are necessary. We think that Lotus' approach makes sense. It will 
save money, make a wider selection of titles available to everyone, 
and distribute multimedia much more widely within organizations 
than standalone drives ever will. 

MacroMedia Inc 

Corporate Statistics 
Headquarters Location: San Francisco, California 
Chairman and CEO: Jim Mott 
Ptesident and CEO: John C (Bud) Colligan 
Foxmded: 1984 (MacroMind)/1987 (AuthorWare) 
Fiscal 1991 Revenue: $25 million (combined revenue) 
Number of Employees: 150 
Ownership: Private 

Overview 
MacroMedia was formed in April 1992 when two leading develop­
ers of multintedia software tools—Authorware Inc. and Macro-
MindoParacomp Inc.—emerged resources, products, and personnel. 
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The mix of products from each company is very complimentary, as 
shown in Figure 4-9. Authorware's products are authoring tools 
focused largely toward training and professional users. Macro-
MindoParacomp focuses on providing desktop animation, video, 
and presentation tools for creative users in advertising and design 
professions. Both companies offer products for PC and Macintosh 
environments. 

Financials and Market Position 
Besides having a synergistic product mix, both companies are 
equally balanced on the revenue side. Authorware's sales have 
doubled every year since it begsm shipping product in 1989. 
We estimate that its revenue was $12 million in 1991. Macro-
MindoParacomp's revenue was approximately $13 million in 1991. 
Combined revenue for the merged company was an estimated 
$25 million in 1991. The company predicts that this will grow by 
80 percent in 1992. 

Strategy 
MacroMedia's vision is that interactive multimedia tools will be an 
instrumental force to improve the way that people communicate 
and learn. Its initial thrust was to sell its products into learning 
(Authorware) and creative (MacroMindoParacomp) environments, 
placing authoring toob directly in the hands of the end users who 

Figure 4-9 
MacroMedia Overview 
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axe responsible for creating courseware and presentations. An 
importctnt part of this strategy was to make tools available on both 
Macintosh and IBM PC/compatible platforms in order to reach the 
widest possible audience. The company believes that its products 
are distinguished from those of its competitors by the following fac­
tors: interactivity, compatibility, platform independence, ease of use, 
and media integration. 

As familiarity with multimedia has grown, MacroMedia has broad­
ened its sales strategy and product mix to reach a broader corpo­
rate audience. MacroMedia distributes its products by bundling 
them with multimedia PC upgrade kits from 17 OEM partners 
(OEM partners include: Aztech Systems, Creative Labs, MediaSonic, 
and Media Vision, in the United States; ASCII and NEC in Japan; 
Olivetti in Italy; ICL in the United Kingdom; Toshiba in Europe; 
and Acer and Samsung worldwide); through a Creative Partners 
Program that provides special services, pricing, and marketing 
opporttmities to creative professionals who wish to build applica­
tions using MacroMedia tools; through retetil dealers and distribu­
tors; and through direct sales. 

Products 
MacroMedia offers more than 20 different software products to suit 
a wide range of personal and professional mtiltimedia creation uses. 
Its products are listed below by name, product category, and the 
computer platform on which they run. 

• Multimedia authoring software 

o Authorware Star for 'V^ndows—Personal authoring software for 
MS-DOS/l^ndows environments 

o Authorware Professional for ^A^ndows—^Professional authoring 
software for MS-DOS/Windows environments 

o Authorware Professional for Macintosh—^Professional authoring 
software for the Macintosh 

o Director—^Professional authoring tool for creating distributed 
interactive applications, multimedia presentations, and anima­
tions in Macintosh environments 

o \>^dows Player—Converts Macintosh applications created 
using Director to run on MS Endows PCs 

• Animation 

0 FilmMaker—^High-end animation software for use in the 
Macintosh environment 

• Presentations 

a Action!—Presentation creation software for combining a variety 
of multimedia data types in MS-D05/\>^dows environments 

o Magic—Software for developing interactive kiosk, storyboards, 
and training materials in Macintosh environments 
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• Modeling, rendering, and drawing 

o Three-D—^Professional 3-D animation software for the 
Macintosh 

o Swivel 3-D— 3̂-D modeling, rendering, and animation software 
for the Macintosh 

• ModelShop n—^Professional software for modeling and present­
ing spatial concepts in 3-D on the Macintosh 

• Sound and Video 

o MediaMaker—^Desktop video publishing softwsire for the 
Macintosh 

o TttieMaker—^Animated titie- and credit-production software for 
the Macintosh 

a MacRecorder Sound System—Sound digitizing and sound edit­
ing software for the Macintosh 

• Qipart 

o QipMedia—^Ilo3ralty-free, video multimedia dipart library 

a SwivelArt—3-D dipart collection 

In addition, the company abo provides several utility and accessory 
programs for enhancing multimedia devdopment work. 

Dataquest Perspective 
The merger of AuthorWare and MacroMindoParacomp was an ideal 
marriage. By bringing together Authorware's visual authoring tools 
for learning and business professionals and MacroMindoParacpmp's 
graphics, animation, and presentation tools for creative professionals, 
the meî ged company now pnx>vides "one-stop shopping" for multi­
media development software that addresses a wide spectrum of 
users and uses. In addition, each company can leverage the other's 
development expertise, sales and distribution channels, management 
experience, and profitable financial position. This merger has created 
a potentially formidable competitor in the mxiltimedia tools 
business. 

Microsoft Coiporation 

Corporate Statistics 
Headquarters Location: Redmond, Washington 
Chaiixnan and CEQ Bill Gates 
Foimded: 1975 as partnership; incorporated 1981 
Fiscal 1991 Revenue: $1.8 billion 
Number of Employees: More than 8,200 worldwide 
Ownership: Public 

Overview 
Microsoft trademarked the phrase "multimedia at your fingertips." 
To Microsoft, these four words embody technology at its best—a 
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vehicle that helps people to work, leam, and think in the most 
intuitive, productive ways possible. Unfortunately, most of today's 
software applications are far away from fulfilling this promise. 
Multimedia computing represents an essential element in making 
this vision come to life, and Microsoft intends to be at the center 
of making it happen. 

Microsoft's multimedia focus extends to several areas: 

• CD-ROM publishing—^Through its Multimedia Publishing Group, 
Microsoft was one of the first vendors to bring a CI>-ROM title 
to market. Microsoft Bookshelf is a collection of reference works 
including an encyclopedia, dictionary, thesaurus, and Bartlett's 
Familiar Quotatiotis, among others. A subsequent title was 
Multimedia Beethoven: The Ninth S3nnphony. Both titles, which 
use sound and animation to bring ihe titles to life, are widely 
distributed in multimedia upgrade kits for PCs. Microsoft's con­
tinued investments in multimedia publishing were apparent in its 
1991 agreement with London-based publisher Dorling Kindersley 
Ltd. to license content for future multimedia titles. 

• Multimedia tools—^Microsoft intends to be the premier provider 
of tools for adding multimedia elements to computer applications 
and for creating CD-ROM titles through \^^dows 3.1 and the 
Multimedia Development Kit. 

• Industry influence—^As a founding member of the Multimedia PC 
Marketing Council, Microsoft plans to set the course and direc­
tion of both multimedia compatible PC and software standards. 
This strategy has worked as the MPC specification currently dic­
tates that MPC system software shall conform to the APIs, func­
tion, and performance described in the MS ^^^dows Software 
Development Kit Progretmmer's Reference (Volumes I and n) 
and the Microsoft Multimedia Development Kit Progreunmer's 
Reference. 

Long-term, Microsoft believes that multimedia will be the single-
most important coniponent of all future information delivery sys­
tems. By the year 2000, talking about multimedia will be academic. 
It will be an integral com.ponents of all business and personal com­
munication, information, and entertainment systems. NCcrosoffs 
long-term focus embraces computers and even extends to creating a 
V^dows-like operating environment for home appliances, games, 
and TVs. 

Financials and Market Position 
Microsoft is a major force in the software industry with annual 
revenue in 1991 of $1.8 billion. This revenue is derived largely from 
sales of its MS-DOS operating sysXem zmd MS Windows graphical 
user enviroiunent. The multimedia component of the compan)^s 
overall revenue is tricky to calculate because it theoretically includes 
a proportion of \^ndows shipments to multiniedia developers, as 
well as runtime versions of lA^dows and ^^ewer for playing 
multimedia applications that run under Windows. Since this report 
section focuses on authoring tools, E)ataquest calculates Microsoft's 
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mxiltimedia revenue based on shipments of its Multimedia Develop­
ment Kit for \^ndows, a set of APIs for adding multimedia to 
VN^dows applications. We estimate that there are approximately 
1,000 developers using the Development Kit to develop \\^dows-
based multimedia applications. This represents approximately half a 
million dollars in revenue for this product. 

Strategy 
Though it is a software company, Microsoft is not currently in the 
business of building end-user multimedia applications (though this 
may change over time through work that goes on in Microsoft's 
Entry Business Unit, a group chartered to create easy-to-use applica­
tions for first-time computer users). Microsoft's current multimedia 
focus is to provide tools to enable its developer partners to create 
end-user applications that integrate the graphs, video, and audio 
elements necessary for multimedia computing. 

Microsoft believes that multimedia is neither an industry nor a 
market. Instead, the company sees multimedia as a set of capabili­
ties such as digital sound, animation, full-motion video, and photo­
graphs that can be integrated with text and graphics to enridi com­
puter applications and create a more sense-involving experience 
when working with a computer. Multimedia is not futuristic. The • 
building blocks are here and only need to be assembled. 

Microsoft defines these building blocks as follows: 

• PC hardware—^Personal computers conforming to the MPC 
Marketing Council's multimedia PC specification 

• System software—Microsoft \^^dows 3.1 with multimedia . 
extensions 

• Standards—Microsoft has been actively involved in defining stan­
dards for multimedia software development and has integrated 
both its own and outside standards into its multimedia develop­
ment tools. The company an Interactive Media Association spon­
sor corporation and works with this organization to define com­
mon data intercheuige standards for software applications 

• Developer tools—The Multimedia Development Kit and high-level 
authoring tools from Microsoft developers for authoring software 
applications 

• Developer support programs—Conferences and seminars to 
encourage developers to adopt Microsoft tools and provide 
training and support for those that do 

Products 
Microsoft's tools for creating multimedia applications are as follows: 

• Windows 3.1—^Provides a graphical windowing enviroiunent con­
sisting of titie bars, pull down menus, pop-up windows, and 
desktop icons that enable users to interact with a personal comr 
puter in an intuitive and easy way—^V^^dows boasts more than 
14 million users worldwide azui is the most widely implemented 
desktop environment on the market 
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• Multimedia Development Kit—^Provides a set of APIs that C 
programmers can use to add multimedia elements including 
sound, animation, video, and photo images to Windows 
applications 

o Microsoft Viewer Author Toolkit— Încluded in the Multimedia 
Developers Kit, the 'N̂ ewer toolkit lets developers create 
multimedia titles by enhancing traditional text-based titles 
with hypertext, full-text search, and multimedia elements; the 
Viewer runtime module for playing back titles is also included 

Dataquest Perspective 
V/iih the momentum of Windows development imderway, Microsoft 
has become an unstoppable force in PC-based multimedia comput­
ing. Time will tell how well it will tremsition its multimedia devel­
opment machine to Windows NT, but—^make no mistake about it— 
this company is steering its future toward the multimedia star. 

Dataquest Analysis 

The core of multimedia computing is software. When all of the hard­
ware, telecommtmications, and standards battles are won, the differen­
tiating factor will be the multimedia machine's ability to deliver use­
ful, engaging, and empowering softweire. 

We believe that multimedia computing represents a huge opportunity 
for system software vendors, tools providers, and software developers 
alike. The following are some of the general trends that we expect to 
drive the growth of the multimedia software market 

• From a standards point of view, multimedia software developers 
are in a much better position than the software community has 
been in the past. Though most members of multimedia industry 
organizations and standards committees bring vested interests to 
the table with them, at least member companies are talking to each 
other and sharing ideeis for bridging the many diverse technologies 
that comprise multimedia. It appears that the IMA's Compatibility 
Project will be a driving force in d in ing cross-platform standards 
for hardware and software compatibility and interchange 

• The mass multimedia software market will be driven by solutions. 
The average corporate buyer will not be compelled to invest in this 
technology until he can see demonstrable solutions. 

• In the mieantime, building custom applications for more forward-
thinking end users represents a lucrative market for developers. 

• Some in-house solutions will have such universal applicability that 
we ejqpect to see some companies or business units spun off to sell 
these products commercially. 
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• Desktop PC applications such as word processors, spreadsheets, 
presentation graphics programs, and desktop publishers will inte­
grate multimedia on two fronts: like SmartHelp for Lotus 1-2-3, 
multimedia will enliven help and tutorial prograii\s; and through 
the ability to import and embed multimedia elements into applica­
tion files and documents, users will be able to create true com­
pound documents. Help applications will emerge first and 
multimedia-enabling will be introduced during the next 18 months. 

• We expect to see low-end authoring capabilities eventually merged 
into productivity applications—^much as better word processors now 
contain enough desktop publishing capabilities (multiple columns, 
type fonts, graphic and image import, banners, and so on) to suit 
tiie casual user. 

• To appeal to the mass market, multimedia software tools must 
become easier to use and more intuitive. We expect that a new 
breed of user interface integrating video, animation, and voice will 
assist in making the products friendlier and easier to use. ' 

• Using m.ultimedia tools effectively calls for whole new skill sets that 
most casual users don't possess (sound mixing and video editing, 
for example, are not skUls that most business users possess). The 
burden of educating users will fall to the software tools providers.' 

Toda3r's multimedia authoring tools enable authors to combine digital 
information in wonderful new ways that delight and inform, entertain 
and educate. Early experimenters are creating a new breed of applica­
tions, and software will never be the same. 
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Preface 

Multimedia computing promises to be a multibillion dollar market 
during tiie next few years. Opportunities for the suppliers of multi­
media hardware and software are abundant and the market window is 
wide open for small and large players alike. 

Multimedia Computing—Unleashing the Market Opportunity is a two-part 
report that presents Dataquest's analysis of the multimedia computing 
market and describes critical factors for success. 

Part I of the report presents an executive overview tiiat defines, seg­
ments, and summarizes the current status of the multimedia comput­
ing market. Part I also contaii\s in-depth analyses of semiconductor 
and software multimedia market requirements and opportunities. 

This volume contains Part n of the report. It continues our exploration 
of ttie various technologies that comprise multimedia, including PCs 
and workstations, PC upgrade kits, storage and CD-ROM, and 
telecommunications, and provides in-depth technology and market 
assessments. The report closes with a view of ti\e future. It speculates 
on the impact that emerging technologies such as virtual reality, 
HDTTV, voice recognition, and computer confersicing will have on 
multimedia computing, and vice versa. 

We believe that multimedia technologies will fundamentally affect ttie 
way that people interact with computers over the course of this 
decade. Multimedia computing enhances communications and stream­
lines delivery of information, goods, and services. Our research into 
multimedia technologies provides an exciting foundation for further 
studies. 



Chapter 5 
The Role of Computer Platforms and 
Upgrade Kits in Multimedia . i ^ _ 

To fully understand how the personal computer and workstation 
industries have evolved toward creating multimedia systems, it is 
important to identify significant indust^ milestones from the past 
decade that have helped make multimedia computing a reality. 

Many acknowledge introduction of the IBM PC in 1981 as the mile­
stone of the personal computer industry because it brought affordable 
computing to the masses—namely to the corporate, education, and 
home environments. The manipulation of text and data through word 
processing, spreadsheets, and databases resulted in productivity gains 
at the office, in the classroom, and at home. Apple Con^uter Inc's 
Macintosh extended PC capabilities in 1984. Besides offering tradi­
tional word processing and spreadsheet applications, the Mac included 
built-in audio and graphics capabilities. Mac's use of icoits and a 
mouse pointing device also were revolutionary ways to maneuver 
about the screen. 

Workstation companies such as Sun Microsystems Inc. and Silicon 
Graphics Inc., whose products are targeted toward the scientific and 
engineering communities, include advanced graphics and animation 
capabilities on their respective SPARCstation and IRIS workstation. 
Though they targeted their machines to end users different from those 
of the PC, these two vendors have demonstrated their desire to parti­
cipate in multimedia computing, a desire that will be explored in more 
detail later in this chapter. 

These examples show how the PC and workstatirai industries have 
progressed in technology over tiie past decade. End users that have 
demanded more out of their PCs and workstations now have an 
integrated platform that brings togetiier the worlds of sound, anima­
tion, and photo-quality images with text and graphics— t̂he multi­
media computing platform. 

This chapter on PC and workstation multimedia platforms discusses 
and analyzes a number of issues, beginning with the multimedia PC 
standard, a specification developed by Microsoft Corporation in con­
junction with several hardware manufacturers. The standard outlines 
the minimum requirements for a machine to be considered a multi­
media system. Note that this standard applies only to PCs. No stan­
dards currently apply to workstation manufacturers. 
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In Dataquest's aruilysis of the multimedia computing platform, we 
have chosen to segment the market as follows: 

• Intel-based clone PCs 

• Macintosh and PowerPCs 

• Workstations 

• Other computing platforms 

This chapter identifies the market drivers and dynamics that we 
believe will influence growth of the multimedia hardware market. To 
supplement our qualitative analysis of the market, we also present a 
market sizing and five-year forecast of multimedia computing unit 
shipments and factory revenue. 

Following tine market analysis, we examine the trends and issues of 
the multimedia systems market from standards, platform, and environ­
mental points of view. As the market evolves and more players enter 
the multimedia computing arena, the need to cor\fonn to standards 
becomes a vital issue because standards will play a key role in the 
growth of this burgeoning industry. Related to ttiis are trends in 
multimedia technology. Technology in the multimedia PC/workstation 
arena will evolve, just as it has in the traditional PC and workstation 
marketplace over ihe past decade. We are in the unique position of 
witnessing the first generation of multimedia systems. It will be 
interesting to note advances in multimedia hardware technology over 
the next few years. 

This chapter also profiles the following representative sample of PC 
and workstation companies now shipping multimedia systems: 

• The Acer Group 

• Apple Computer Inc. 

• Conunodore Business Machines 

• Fujitsu Limited 

• IBM Corp>oration 

• Leading Edge Products Inc. 

• NCR Corporation 

• NeXT Computer Inc. 

• Silicon Graphics Inc. 

• Sun Microsystems Inc. 

• Tandy Corporation 

Each profile will include corporate statistics, a brief overview, com­
pany finandals, the vendor's multimedia strategy, respective multi­
media product, and Dataquest's analysis of each company's multi­
media activities. 
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After examining the multimedia activities of specific manufacturers, 
we will turn our attention to the general multimedia PC and work­
station platform, with a focus on opportunities and barriers to success. 
The growth potential of multimedia systems will be tempered by mar­
ket acceptance. Issues such as the acceptance of new technology, the 
amount and variety of multimedia applications available, and the per­
ception of multimedia are scenarios all multimedia system vendors 
must take into consideration when marketing their products. 

The second part of this chapter deals with add-in boards for sound 
and video, and multimedia upgrade kits. Dataquest discusses the mar­
ket and price point dynamics of boards and kits. Profiles for two of 
tiie leading board/upgrade kits are included. 

Multimedia Personal Computer Standards 

What Is a Multimedia PC? 
The Multimedia Personal Computer Marketing Council (MPC 
Council) has defined minimum hardware specifications that 
explicitly focus on the Intel-based clone market. According to ttie 
MPC Council, a multimedia PC consists of five basic components: a 
PC, a CD-ROM drive, an audio board, Microsoft Windows 3.1 or 
3.0 with multimedia extensions, and a set of speakers or head­
phones for audio output. The MPC Council's hardware specification 
is outlined as follows: 

• CPU: Minimum requirement 386SX (or compatible) 
microprocessor. 

• RAM: Minimum requirement 2MB of extended (linear address 
space) memory. 

• Magnetic storage requirement 3.5-inch high-density (1.44MB) 
floppy disk drive; minimum requirement 30M6 hard drive. 

• Optical storage requirement: CD-ROM drive witti sustained 
150 KB/sec transfer rate, average seek time of 1 second or less; 
10, 000 hours mean time between failures (MTBF); mode 1 capa­
bility (mode 2 and form 1 and 2 optioiuil); MSDEX 2.2 driver 
that implements the extended audio application programming 
interfaces (APIs); and subchannel Q (subchannels P and R-W 
optional; if R-W subcharmel support is provided, additional APIs 
must be implemented in MSDEX driver. Specifications for these 
additioi>al APIs are available from Microsoft). The driver must be 
capable of maintaining a sustained rate of 150 KB/sec, wi^out 
consuming more than 40 percent of the CPU bcmdwidtfi in the 
process. This requirement is for read block sizes no less than 16K 
and lead time of no more than is required to load the CI>ROM 
buffer with 1 read block of data. MPC recommends diat ttie 
drive have on-board buffers of 64KB and implement read-ahead 
buffering. 

• Audio requirement: CD-ROM drive with CD-DA (Red Book) out­
puts and a front panel volume control. CD-ROM XA audio may 
be provided as an option. 
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Requirement. 8-bit (16-bit recommended) digital-to-analog con­
verter (DAC) with: linear PCM sampling; DMA or FIFO buffered 
transfer capability with interrupt on buffer empty; 22.05- and 
11.025-KHz sample rate mandatory; 44.1-KHz sampling rate 
desirable; optional stereo channels; no more than 10 percent of 
the CPU bandwidth required to output 11.025- or 22.05-KHz, no 
more than 15 percent for 44.1-KHz. 

o Requirement: 8-bit (16-bit recommended) analog-to-digital con­
verter (ADC) with: linear PCM sampling; 11.025-KHz manda­
tory (22.01-KHz, or 44.1-KHz sampling rate optional); DMA or 
FIFO buffered transfer capability with interrupt on buffer full; 
microphone input. 

o Requirement: Internal synthesizer hardware with multivoice, 
multitimbral capabilities, six simultaneous melody notes plus 
two simultaneous percussive notes. 

o Requirement: Internal mixing capabilities to combine input 
from tiiree (recommended four) sources and present the output 
as a stereo, line-level audio signal at the back panel. The four 
sources are: CD Red Book, synthesizer, DAC (waveform), and 
an auxiliary input source (recommended but not required). 
Each input must have at least a 3-bit volume control (8 steps) 
with a logarithmic taper (4-bit or greater volume control is 
recommended). If all sources are sourced with negative lOdB 
(consumer line level: 1 milliwatt into 600 ohms = OdB) wid^out 
attenuation, the mixer will not clip and will output between 
OdB and -t-3dB. Individual audio source and master digital 
volume control registers and extra line-level audio sources are 
recommended. 

Video requirement: VGA-compatible display adapter, and a color 
VGA-compatible monitor; a basic multimedia PC users mode 
12Hz (640 X 480, 16 colors); and an enhanced configuration 
refierred to as VGA Plus is recommended with 640 x 480, 
256 colors. The recommended performance goal for VGA Plus 
adapters is to be able to bit 1, 4, and 8 bit-per-pixel device 
independent bit maps (DIBs) at 350K pixels/sec, given 100 per­
cent of tiie CPU, and at 140K pixels/sec, given 40 percent of the 
CPU. This recommendation applies to run-length encoded images 
and noneiKoded images. The recommended performance is 
needed to fully support high-performance applications such as 
synchronized audio-visual presentations. 

User input requirement: Standard 101-key IBM-style keyboard 
with standard DIN coimector or keyboard, which delivers identi­
cal functioiudity utilizing key-combiruitions. 

o Requirement Two-button mouse with bus or serial connector, 
witfi at least one additional communications port remaining 
free. 
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• I/O requirement: Standard 9-pin or 25-pin asynchronous serial 
port, programmable up to 9600 baud, switchable interrupt 
channel. 

• Requirement: Standard 25-pin bidirectional parallel port with 
interrupt capability. 

c3 Requirement: One musical instrument digital interface (MIDI) 
port with In, Out, and Thru; must have interrupt support for 
input and FIFO transfer. 

o Requirement: IBM-style analog or digital joystick port. 

• MFC system softwcire: The multimedia PC system software shall 
conform to the APIs, function, and performance described in the 
Microsoft V\^dows Software Development Kit Programmer's 
Reference, Volumes I and 11 (Version 3.0) and the Microsoft 
Multimedia Development Kit Programmer's Reference (Beta ver­
sion, published November 15, 1991 and due to be updated at the 
final release of the Multimedia Development Kit). 

Preconfigured Multimedia PC Suppliers 
Of the 13 MPC-compatible vendors building full-system multimedia 
computers, 9 are shipping product (Advanced Logic Research Inc., 
Cumulus Corporation, CompuAdd Corporation, NEC Technologies, 
NCR Corporation, OUvetti Advanced Technology Center, Philips 
Consimier Electronics Co., Tandy, and Zenith Data Systems). These 
systems are configured to meet the MFC specifications and start at 
about $2,0(X). Other vendors shipping multimedia products include 
Acer, Apple, Commodore, IBM, Leading Edge, NeXT, Silicon 
Graphics, and Sun. 

Multimedia Upgrade Kits 
According to the MFC Cotmdl, 11 vendors manufacturer upgrade 
kits, with the following vendors shipping: CompuAdd Corf>oration, 
Creative Labs, Headland Technologies, Media Resources, Media 
\^ ion, NEC, Tandy, and Turtle Beach Systems Inc. 

Dataquesfs Definition of Multimedia 
Multimedia, however, does not exist solely on IBM PCs and clones. 
A multimedia PC can take the shape of a workstation, an Amiga, 
or a Macintosh, as well as an Intel-based PC Therefore a multime­
dia machine includes a computer that integrates sound, animation, 
video, and photo-quality images with text and graphics. Dataquest 
defines a multimedia computer as a computer that includes the fol­
lowing capabilities: 

• CD-ROM drive 

• Sound capabilities (either inherent or an above-board add-in) 

• '\^deo capabilities (simple replay capabilities, not necessarily real 
time) 

• Speeikers 
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The minimum CPU configuration also must be a 386SX 16-MHz or 
a 68030, with 4MB of RAM, and at least 100MB of hard disk 
storage. 

This definition encompasses many different types of computers as 
well as vendors but is the basis for this report. If a PC (worksta­
tion) incorporates tiiese requirements, then we consider it a 
multimedia-enabled machine (MEM). 

Market Analysis 

M a r k e t Segmenta t ion 

Dataquest segments the multimedia hardware market in two layers. 
The first layer is by hardware platform and is segmented the fol­
lowing way: 

• Intel-based clones 

• Macintosh and PowerPCs 

• Workstations 

• Others (Commodore and Atari, among others) 

The second layer relates to the origin of the multimedia capabilities. 
Dataquest segments this layer in the following ways: 

• Complete multimedia systems (CMS) 

• Upgrade kits 

In accordance with tiiis segmentation, die multimedia hardware 
market comprises two layers, one that is platform-specific and one 
that indicates ttie origin of the machine's multimedia capabilities 
(CMS or upgrade kit). A CMS is a system that is sold as a MEM, 
Y/hiie an upgrade kit simply changes an existing PC to a MEM, 
usually by adding sound capabilities and a CD-ROM drive. In 
addition, MEM is simply the siunmation of CMS shipments plus 
upgrade kit shipments. 

Market Drivers 
As witfi any emerging market, key drivers bring tiie market into 
mainstream prominence. Dataquest has identified Hie following mar­
ket drivers to do just that for the multimedia market: 

• Sound capabilities 

• Upgrade kits 

• Declining ASPs for CD-ROMs and upgrade kits 

• Business application software 

• Standards 

Sound Capabilities 
The integration of sound onto the desktop is by far the most curi­
ous feature to the erul user at this time. Sound (hearing) is the 
easiest of the senses to integrate into a MEM (the sense of sight, 
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real-time video, and touch are still in an incubation period). If the 
end user had one feature to add to a system, sound would provide 
tiie largest bang for the buck. The mainstream market largely relies 
on the PC internal speaker for sound (beeps and buzzes). For a 
few hundred dollars retail, the end user can have stereo sound 
blaring through minispeakers attached to the PC. In addition, the 
end user does not have to spend $1,500 upgrading a current sys­
tem to integrate sound, because sound boards will work with older 
systems. As far as standards are concerned, the war has already 
been fought, with all mainstream boards boasting compatibility. 
Because sound integration is inexpensive, readily available, and 
compatible with older PCs as well as with other sound boards, 
Dataquest believes that it is a key driver in the acceptance of the 
multimedia market. In short, addition of soimd to a PC is aruilo-
gous to hearing for the first time. 

Once sound has been integrated to the PC, it can be creatively 
added to applications to provide punch to a presentation, guidance 
to a computer-based training (CBT) end user, or simple entertain­
ment. A plethora of software packages supporting sound are avail­
able: \^^dows, MediaBlitz, and Action, as well as nearly all games. 
Not only is sound an output of the PC, but it can be an input as 
well. Today's sound boards accept sound through a microphone, 
and can be manipulated and attached as a sound clip to a presen­
tation, or training session to help personalize the application. Just 
as there is a market for professional database application program­
mers, there will be a nuirket for sound engineers and application 
programmers. 

However, a few inhibitors must be addressed before soimd capabili­
ties reside on corporate desktops. First, even though soimd-enabled 
applications exist, the market needs more mainstream applications 
to embrace soimd capabilities. In corporate America, where presen­
tations are king, there is a need to present more than simple bar 
graphs and charts. The integration of sound capabilities into presen­
tation applications will help spur the market. Also, too much sound 
(noise pollution) can be disturbing to people in surrounding cubi­
cles or offices. The infrastructure of toda/s corporate offices is not 
designed to allow every desktop to have a sound-enabled PC. 
Headphones can be used instead of speakers, but do people really 
like to wear headphones? 

Upgrade Kits 
Upgrade kits offer the end user an alternative to scrapping previ­
ous investment to obtain a MEM. Dataquest views upgrade kits as 
key drivers because they are an inexpei\sive alternative to purchase 
of a CMS and because diey give the user sound capabUities 
(another key driver). Upgrade kits include a CD-ROM drive and 
sound board, and most include speakers, microphone, and multi­
media software on CD. The key to these kits are the CD-ROM 
drive, sound board, and bundled software. These elements allow 
d\e end user to experience multimedia computing instantly. 
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Upgrade kit manufacturers know that their potential market is com­
parable to the installed base of computers, plain and simple. They 
also know that it is not practical to target the entire installed base. 
So, these vendors target tiie most likely candidates, that is, corpora­
tions doing CBT, the government, schools, and the home market. 
This happens to be the same target market of most CMS manufac­
turers. With such a large potential market, why do kit manufac­
turers choose to compete with CMS vendors? Because they can! 
Price is the single most important issue in buying a commodity 
product. Multimedia technologies have not yet reached a com­
modity level <md until they do, prices for a CMS will be out of 
reach of most potential buyers. This gives upgrade kit manufac­
turers the upper hand in tiie market for the next two years. Data-
quest expects PCs witii built-in multimedia features to become 
prevalent in the marketplace in 1994. CMS also will command 
nearly 60 percent of ttie year's MEM shipments by 1994, a figure 
expected to increase to nearly 80 percent by 1996. 

Upgrade kits provide a quick fix to multimedia needs. The user 
does not have to invest in a new desktop system, but simply has 
to install a CD-ROM drive, a soimd board, and a few drivers. 
However, eventually the user will have to upgrade the system. No 
matter what the processor type, it will become outdated by more 
powerful processors. Dataquest expects this transfer to begin taking 
place during 1994 and to continue through 1996. 

Declining ASPs 
Market acceptance for new technologies depends primarily on the 
price point for the new technology. In order for multimedia to be 
affordable for the masses, the ASPs for CD-ROM drives, upgrade 
kits, and standalone sound boards must continue to fall. 

With the aggressive price wars occurring in the PC arena, CMS 
vendors must be able to justify a stabilization in price because they 
cannot compete on ever-declining system prices. A vendor that can 
offer a CD-ROM drive and/or sound board as standard equipment 
without having to raise d\e PC price will have reached the mass 
market acceptance price point. As otiier vendors continue to 
compete on price and dimiiushing margins, CMS vendors will be 
able to maintain h i g ^ prices wfdle competing on added value 
(CD-ROM drive and/or sound board). Vofidors will only be able to 
do so when CD-ROM drives have dropped enough in price to 
allow the CMS vendors to swallow the cost in the pricing of their 
machines. 

Upgrade kit vendors must be sensitive to tiie declining ASPs of the 
CMS to remain a viable alternative. If CMS ASPs drop to where 
the buyer contemplates the purchase of a CMS or an upgrade kit, 
then upgrade kit vendors and ttie market will be in deep trouble. 
The market looks at upgrade kits as simple products (it views PCs 
as information systems) and in doing so is extremely price sensi­
tive. By actively seeking to decrease ASPs, ttiese vendors can actu­
ally prolong the life cycle of dieir product and market by offering 
an inexpensive route into multimedia. The two key components of 
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upgrade kits (CD-ROMS and sound boards) must also continue to 
drop ASPs in order to allow upgrade kit vendors to compete. If 
CD-ROM drive and sound board manufacturers refuse to drop 
ASPs, CMS vendors will be in a better position to succeed because 
they can hide cost more easily tiian can upgrade kit manufacturers. 

Business Application Software 
The emergence of multimedia business application software will 
spur acceptance and define the needs of multimedia in corporations. 
With product development cycles of 18 months and longer, we can 
expect to see first-generation multiniedia applications becoming 
available by year's end and continue through the end of 1993, 
when some second-generation product will become available. All 
software vendors hope for the "Windows" phenomenon (10 million 
copies shipped in one-and-a-half years) to take place and generate 
excitement in the multimedia market. Presentation, communications, 
word processing, and spreadsheets packages are all candidates for 
multimedia enhancements. Applications in these categories will 
generate excitement and stress the need for these applications to 
the laige corporate buyers. 

Standards 
Standards are an important part of any new up-and-coming tech­
nology. Standards give vendors sometiiing to design to and tend to 
legitimize the market The MPC Council has laid down the law as 
far as Intel-based multimedia qualifiers are concerned. Therefore, 
Intel-based PC vendors are now able to produce a machine and call 
it multimedia-enabled because they have a definition to design to. 
There is a legitimate market for Intel-based MEMs. 

What about tfie Macintosh? Does it have to run System 7? Does it 
have to run QuickTime? What about the proposed video standards? 
Which ones will prevail? What about workstations? There is lots of 
confusion. Vendors face perplexing questions that could cost them 
millions of dollars if they support the wrcmg proposed standard. 
Dataquest believes that tiie market will gain support from vendors 
and end users once the staitdards issues near resolution. It is 
because standards remove much of tfie confusion in the marketplace 
that Dataquest believes standards will be a market driver. 

Market Size 
Dataquest expects the MEM market to reach 1.0 million shipments 
in 1992, collecting $13 billion in factory revenue. The market is 
expected to grow at a 48 percent compound aimual growth rate 
(CAGR) from 1992 to 1996, reaching nearly 4.8 million MEM ship­
ments and generating $6 billion in 19%. Figures 5-1 and 5-2 show 
the shipment and factory revenue forecast for MEM tiirougli 1996. 

Dataquest expects shipments of CMS to start at a relatively slow 
rate but to pick up dramatically during tfie latter part of 1993 and 
continue strong throughout the forecast period. Overall CMS ship­
ments are expected to be 325/XX) in 1992 arul to grow at a CAGR 
of 85 percent, reaching 3.8 million by the esvi of the forecast period 
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Figure 5-1 
Worldwide Shipments of MEMs 
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Figure 5-2 
Worldwide Factory Revenue of MEMs 
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(1996). In terms of factory revenue, Dataquest expects the CMS 
market to collect slightly more than $1 billion in 1992 while grow­
ing at a 52 percent CAGR and generating about $5.6 billion in 
1996. 

The upgrade kit market is expected to ship 675,000 units and 
generate $268 million in factory revenue in 1992. Dataquest expects 
market shipments to grow at a nearly 10 percent CAGR through 
1996. Factory revenue, on the other hand, will feel the effect of 
intense competition and will actually experience a stagnant CAGR. 
Dataquest expects the upgrade kit market to ship 982,000 kits and 
generate $268 million in factory revenue in 1996. The upgrade kit 
market will peak in 1994, shipping 1.3 million units and collecting 
$436 million in revenue. After 1994, this market will experience a 
gradual decline because of the expanding presence of CMS. 

Intel-Based Platform 
The largest segment of the market is and will be the Intel-based 
clones. Participants include NCR, Leading Edge, and Tandy. Data-
quest expects the Intel-based clones to control about 75 percent of 
the market in 1992, shipping 750,000 units. They will ship nearly 
35 million imits by 1996, controlling 72 percent of the market. 
Dataquest expects this market to generate $465 million in factory 
revenue in 1992, expanding to $2.9 billion in 1996, growing at a 
59 percent CAGR. 

The Intel-based CMS shipments are expected to post a 104 percent 
CAGR throughout the forecast period. Dataquest expects 150,000 
shipments into this market in 1992, growing to 2.6 million ship­
ments in 1996. Factory revenue for tihe Intel-based CMS will 
approach $225 million in 1992, expected to grow at an 87 percent 
CAGR througji 1996, posting $2.7 billion in revenue (see Figures 5-3 
and 5-4). 

The upgrade kit market for Intel-based MEMs is a window 
of opportunity diat will slowly close. Dataquest estimates that 
80 percent of ttie Intel-based MEM market shipments will be 
upgrade kits (600,000) in 1992, with only 25 percent being upgrade 
kits in 1996 (864,000). Althou^ these figures suggest room enough 
for a couple of top vendors, ultimately the market as we know it 
will stagnate under the pressure of the CMS. 

Macintosh/PowerPC 
Dataquest expects 150,000 multimedia-enabled Macintoshes to ship 
in 1992, generating slightly more than $204 million in revalue. The 
Macintosh platform is expected to have a 48 percCTit CAGR in ^ p -
ments and a 44 percent CAGR in factory revenue. Shipments for 
1996 are forecast to reach 720,000 and generate nearly $884 million 
in factory revenue. 

The CMS market for Macintoshes is expected to ship 112^00 units 
in 1992 and nearly 670fiO0 in 1996, posting a CAGR of 56 percent. 
Dataquest expects ttus market to record $191 million in revenue in 
1992 and grow at a 46 percent CAGR while posting factory 
revenue of $870 million in 1996 (see Figures 5-5 and 5-6). 
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Figure 5-3 
Worldwide Shipments of Intel-Based MEMs 
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Figure 5-4 
Worldwide Factory Revenue of Intel-Based MEMs 
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Figure 5-5 
Worldwide Shipments of Macintosh/PowerPC MEMs 
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Figure 5-6 
Worldwide Factory Revenue of Macintosh/PowerPC MEMs 
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The upgrade kit will find tfiis market to be a fairly hostile 
environment. Dataquest expects shipments to post the lowest CAGR 
{^71 percent) of all platforms, starting with 37,500 shipments in 1992 
and culminating with 50,400 shipments in 1996. Because of the 
inherent multimedia qualities of the Macintosh, users will be hesi­
tant to purchase an upgrade. In fact, many users think of their 
Macintosh as MEM already, even though they do not meet all the 
stated CTiteria. Dataquest expects factory revenue to show virtually 
zero growth over the forecast period, starting with $13.1 million in 
1992 and ending with $13.1 million in 1996. Revenue will take a 
beating in this platform because of immense competition for a piece 
of a small pie. Dataquest estimates that 75 percent of Macintosh 
MEM shipments will be CMS in 1992, and expects this figure to 
increase to 93 percent by 1996. The parallels can be drawn between 
the Intel-based market and the Macintosh market. However, the 
effects will be more serious in the latter. 

Workstations 
Dataquest expects a total of 50,000 MEMs to ship in 1992, increas­
ing to 384,000 in 1996, posting a CAGR of 66 percent. Factory 
revenue is expected to have a CAGR of 32 percent, growing from 
$620 miUion in 1992 to $1.9 billion in 1996. 

Because of the workstation's inherent capabilities, Dataquest expects 
the CMS portion of the workstation market to be 85 percent of the 
total MEMs shipped in 1992. This figures to be 42,500 units in 
1992, growing to 364,000 in 1996 at a CAGR of 76 percent. In 1996, 
nearly 95 percent of the total MEMs shipped in this category will 
be CMS. Factory revenue is expected to grow from $616 million in 
1992 to about $1.89 billion in 1996 at a CAGR of 33 percent (see 
Figures 5-7 and 5-8). Dediiung ASPs (negative 23 percent CAGR 
over the forecast period) are expected to force workstation vendors 
to di^rentiate their products to be competitive. With most multi­
media components iiOierent in the workstation, adding the missing 
components is an easy and inexper\sive way to differentiate. 

The upgrade kit market for the workstation is more anemic than 
tfie same market for the Macintosh. Again, because of the inherent 
multimedia features found in most workstations, Dataquest believes 
that the upgrade market will be oiJy 7,500 imits in 1992, growing 
to 19,200 in 1996 at a CAGR of 26 percent. Factory revenue for 
this market is expected to be $3.8 million in 1992 and to approach 
$7.4 million in 1996, growing at a CAGR of 18 percent. 

Other Platforms 
Other platforms include Commodore and Atari as well as other 
proprietary platforms. Dataquest believes that this market will sus­
tain 50,000 MEM shipments in 1992, growing to 240,000 in 1996 at 
a CAGR of 48 percent. Factory revenue is expected to be $37 mil­
lion in 1992 and to approach $177 million in 1996, while posting a 
47 percent CAGR. Because these platforms have traditional strong­
holds in Europe, Dataquest believes that they will continue their 
focus on the European market. 
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Figure 5-7 
Worldwide Shipments of Workstation MEMs 
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Figure 5-8 
Worldwide Factory Revenue of Workstation MEMs 
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Dataquest expects that 30,000 upgrade kits will be sold into this 
market in 1992. This figure will grow to 48,000 in 1996, posting a 
13 percent CAGR over the forecast period. The upgrade kit for this 
market is expected to peak in 1993 (84,000), however. The upgrade 
kit market as a percentage of the MEM market (for this category) 
is expected to fall from 60 percent in 1992 to less than 20 percent 
in 1996. In order to stay competitive with the Intel-based market, 
these platforms will move at a faster pace to bring inherent multi­
media features to their offerings. Factory revenue for this market is 
expected to be $113 million in 1992 and to grow to $14.2 million 
in 1996, down from a high of $30 million in 1993. Factory revenue 
is expected to grow at a CAGR of nearly 6 percent over the fore­
cast period. Figures 5-9 and 5-10 show MEM forecasts for ship­
ments and factory revenue for other platforms. 

CMS versus Upgrade Kits 
Dataquest expects competitive pressures to force vendors to bring 
multimedia features to their offerings. Because PCs largely are a 
commodity, vendors will be pressed to add value to their systems. 
Because of their inexpensive average selling prices, sound cards will 
infiltrate the PC market as a standard component. End users will 
no longer have to purchase these cards separately because PC ven­
dors will include them in the overall package. Speakers and micro­
phones will also allow PC vendors to maintain tiieir price by claim­
ing added value to the end user. This is a difficult thing to do in 
ttie middle of a price war, but it will initially give vendors a 

Figure 5-9 
Worldwide Shipments of Other MEMs 
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Figure 5-10 
Worldwide Factory Revenue of Other MEMs 
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competitive edge. Will CD-ROMs follow? With declining ASPs, the 
only thing holding that market back is production capacity. Major 
PC vendors will be scrambling to sign OEM deals witf\ CI5-ROM 
vendors in the next two years. 

With everything moving into the PC, where does this leave tiie 
upgrade kit market? The future in this market will lie in two areas, 
audio and video. Audio will most likely involve chip upgrades that 
lie resident on the modierboard. Digital video, however, is stiU in 
its infancy and will initially involve above-boeird add-ii\s. EHgital 
video upgrade kits wiU sustain this market. Figure 5-11 shows the 
forecast of CMS versus upgrade kits. 

Issues and Trends 
Publicity surrounding multimedia has been vmU documented and has 
^nerated excitement ttom iKith the developer and end-user communi­
ties. As is the case with any snerging technology, it is imperative that 
the players in the market understand what they hope to accomplish 
with this technology. We have identified specific issues and trends that 
will impact the development of the multtmedia hardware computing 
industry, which are described in the following sections-
Standards 
Conformance to standards is vital in the miiltimedia hardware 
arena. We have already seen tfte advantages of creating baseline 
multimedia hardware specifications in the PC industry. Independent 

SAWW-COR-FR-0201 el992 Dataquest hoxporalBd November 16,1992 



5-18 Semiconductor Application Markets Worldwide 

Figure 5-11 
Worldwide Shipments of CMS versus Upgrade Kits 
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software developers (ISVs) know ttiat a multimedia software appli­
cation they have created will work on any PC with the MPC logo. 
With the disparate technologies involved in multimedia, it is impor­
tant that each so-called multimedia PC truly be capable of running 
multimedia applications. This can only be accomplished by certify­
ing that the hardware is multimedia-capable. To its credit, the MPC 
Covincil has done an admirable job of promoting the MPC standard 
and bringing MPC vendors togedier to discuss issues regarding this 
burgeoning industry. 

On tfie otiier haiui, we have not seen the same cooperation among 
workstation vendors. No formal standards body governs multimedia 
workstation vendors. Therefore, no baseline multimedia hardware 
specification is in place, which means that althougtt some vendors 
may promote their systems as "multimedia-ready," add-on compo­
nents are required to maximize the systems' multimedia potential. 
We believe that workstation vendors must come together to create a 
council similar to ftie MPC Council whereby baseline multimedia 
workstation hardware spedficatioiis can be set. 

We anticipate continued membership growth both domestically and 
internationally for the MPC Council, and believe diat, in order to 
legitimize the workstaticm as a viable multimedia tool, the par­
ticipating multimedia workstation vendors should cooperate toward 
creating a multimedia hardware standard. 
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Platforms 
The three main platforms for multimedia hardware computing are 
PCs, Macintoshes, and workstations. The MPC Council has deter­
mined a minimum standard of an Intel-based PC running in an 
MS-DOS/Windows environment as the configuration. With the sta­
bility of the specification and addition of members to the council, 
the MPC standard should continue to grow in popularity. 

IBM has developed its own UltiMedia platform as an alternative to 
the MPC standard. Whether IBM plans to join tiie MPC Council 
remains to be seen. For this to occur, the MPC Council would have 
to offer an alternative system software choice, OS/2 2.0, in its 
specifications. There has been speculation that the MPC Council 
would consider adding OS/2 to the specification, but IBM will con­
tinue to grow its installed base of UltiMedia supporters until that 
happens. IBM has intimated tfiat it plans to implement the 
UltiMedia platform across its entire product line, in which case it 
would probably choose to remain independent of the MPC Council. 

Although we include tiie Macintosh as a multimedia computing 
platform, it never met our definition of a multimedia-capable PC. 
We may have been swayed by the built-in sound and graphics 
capabilities of the original Mac and convinced that what we had 
before us was a multimedia machine. The first multimedia-ready 
Macintoshes actually were introduced in September 1992 and will 
include built-in CD-ROM drives. With the availability of the Quick­
Time multimedia tool set for System 7, Apple will be fully 
equipped to take on offerings from IBM and the MPC. 

There is also an opportunity for Apple to compete with workstation 
players Sun and Silicon Graphics, with its Mac Quadra 950. The 
main obstacle lies in processing speed. Although both Sun and SGI 
use the faster RISC processor, the Quadra relies on tiie Motorola 
68040 chip. Apple can greatly increase its multimedia presence and 
processing speed by incorporating RISC technology into its Quadra 
systems. 

The workstation platform provides advantages over tiie PC platform 
in system performance and networking capabilities, as well as in 
inherent features such as graphics and video enhancements. This 
platform seems to be an ideal vehicle to exploit its various multi­
media components (audio, video, graphics, animation, cmd text). The 
UNIX platforms offered by Sun, Silicon Graphics, and NeXT, the 
tiuee predominant multiiradia workstation manufacturers, offer a 
wide range of multimedia possibilities. 

Sun believes that its networking capabilities differentiate itself from 
the other platforms, enabling workgroup multimedia applications to 
flourish on the desktop. Also, as the leading workstation manufac­
turer, it has the advantage of introducing multimedia applications 
to a substcuitial installed base. Multimedia software developers have 
clustered around the Sim platform and have provided a variety of 
sophisticated authoring and presentation tools for SPARCstation 
users. 
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Silicon Graphics provides a platform geared towrard scientists and 
engineers requiring high-end visual computing. Multimedia is the 
perfect vehicle to present 3-D modeling, imaging, rendering, and 
animation. Witii the amount of multimedia applications development 
into these graphics-intensive areas, SGI has keenly carved a niche 
for itself. The SGI platform is superior to any other platform (PC 
or workstation), when it comes to visual computing. 

Like the Apple Quadra 950, the systems from NeXT operate on the 
Motorola 68040 processor NeXT will have to switch to tiie faster 
RISC processor to effectively compete with Sun and SGI, especially 
in the power-hungry world of multimedia. The lack of applications 
for NeXT systems in large part are because of the platform's small 
installed base. Although the company is focusing its efforts on 
increasing its installed base, it must retain its presence as a viable 
multimedia platform, because NeXT has designed a line of systems 
configured to work as multimedia machines. 

Environment 
The MFC Coundl's selection of Windows as its system software 
requirement was a triumph for Microsoft. Although the Level 1 
specification is viewed as a baseline standard, users may be able 
to migrate to Windows NT, Microsoft's next-generation operating 
environment, when it becomes available. It would be a natural 
progression for those users already knowledgeable and comfortable 
with Wmdows. However, users looking for a preemptive multitask­
ing operating system with multimedia capabilities will tind that 
OS/2 2.0 more than fulfills their multimedia needs. 

Both IBM and Apple have continued multimedia activities using 
ttieir own respective operating systems. Ironically, a joint venture of 
the two con^anies, Taligent, was created in late 1991 to develop 
system software. Taligent plans to position die PowerOpen, when 
introduced, as a formidable operating system to run multimedia. 
An interesting possibility is ttie acceptance of PowerOpen at the 
expense of OS/2 2.0 and System 7 with QuickTime. 

The difficulty in establishing multimedia standards in the worksta­
tion industry stems in part from die amount of proprietary operat­
ing s)^tems available. It would be difficult for the workstation ven­
dors to settle on one operating system, because each vendor has 
designed its respective operating system to maximize the potential 
of its own machine. To solve this issue, workstation vendors could 
develop a hybrid operating system that aggregates the features of 
the various proprietary environments and designate that as the 
workstation operating system standard. 

Technology 
Ihe driving forces bdiind multimedia computing are and will con­
tinue to be advancements in technology. We have already seen this 
evolutionary process in the traditional PC and workstation arenas. 
Ihe disparate technologies developed and implemented in these sys­
tems over the past decade were tiie building blocks for multimedia 
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computing. If past events are any indication, tiie industry has only 
scratched the surface of multimedia. Indeed, multimedia computing 
is at the infjint stage. As end users become more sophisticated in 
using their multimedia systems, vendors will have to keep pace by 
introducing new technologies to meet their needs. Thus, tiie evolu­
tionary process continues, but on a higher level. In this section we 
discuss a few technologies tiiat will have an impact on tiie future 
of multimedia computing. 

Sharing of information in a networked environment has resulted in 
tremendous efficiencies in the workplace. From a multimedia stand­
point, networking will further enhance the way we can commimi-
cate on the desktop. Though a percentage of multimedia PCs are 
standalone systems, anticipated penetration of multimedia PCs in 
the corporate environment will require that tiiese systems be linked. 
It v«ll take a robust PC network to haivile the demands of multi­
media applications. The MPC Council might consider setting mini­
mum networking requirements for all MPC<ompliant systems. 

Recently, attention has been drawn to object-oriented programming 
(OOP). The growth of multimedia will depend on the availability 
of software applications. OOP represents ttie future of software 
development. OOP is designed to simplify the writing of complex 
computer software, which is accomplished by combining "objects" 
to create a fully written software application. Each object, with its 
specific instructions, can be thought of as a building block. Software 
programs would be "built" from these objects, which could be 
quickly upgraded by simply adding new objects. The advantage of 
OOP over conventional software programming is the speed at 
which software applications can be created. Multimedia software 
vendors could dramatically increase the number of available appli­
cations by implementing tine OOP philosophy. 

Multimedia affords the possibility of creating derivatives of existing 
technologies, such as electrortic mail. We are all femiliar with send­
ing and receiving messages. An enhancement would be to have a 
window on the computer screen containing the image of the 
individual verbalizing the message. Though this scerurio has not 
yet been perfected, work in the field of video compression holds 
promise. There are issues regarding the ability to send the informa­
tion ttuough Integrated Services Digital Network (ISDN) lines and 
networks. When Qiese issues are resolved, video mail, as well as 
related technologies such as desktop video conferoicing, will 
enhance the communications experience. 

Vendor Profiles 
This section contains vendor profiles on ttte following key vendors 
participating in the multimedia markefc 

• The Acer Group 

• Apple Computer 

• Commodore Business Machines 

• Fujitsu Limited 
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• IBM Corporation 

• Leading Edge Products Inc. 

• NCR Corporation 

• NeXT Computer Inc. 

• Silicon Graphics Inc. 

• Sun Microsystems Inc. 

• Tcindy Corporation 

The Acer Group 

Corporate Statistics 

Headquarters Location Taipei, Taiwan 
President, The Acer Group Stan Shih 
Chairman and CEO, Acer America Stan Shih 
President and CCX), Acer America Ronald Chwang 
Founded 1976 
Fiscal 1991 Revenue About $1 billion 
Number of Employees 5,200 

Overview 
Founded in 1976, The Acer Group is recognized as one of the 
largest microcomputer manufacturers and a significant worldwide 
OEM supplier. Acer America Corporation, a subsidiary located in 
San Jose, California, is responsible for engineering, R&D, nnanufac-
turing, and marketing operations in the United States and Canada. 
The Acer Group acquired Altos Computer Systems in 1990 and 
now manufactures three computer brands: the Acer line of business 
PCs, tiie ACROS line of consimier PCs, and the Altos line of net­
worked UNIX systems for the business environment. Acer's multi­
media system, the Personal Activity Center (PAC), is targeted to 
botti the business and home/education markets uruler the names 
the AcerPAC 150 and ACROS 380, respectively. 

Financials and Market Position 
The Acer Group's 1991 revenue approached $1 billion, distributed 
nearly equally among tt\e North American, European, and Asian 
regions. Dataquest estimates that 1992 revenue for tiie PAC, 
introduced in May 1992, will be about $15 million. 

Strategy 
Acer has taken a bold approach in ttie distribution and marketing 
of its PAC. From a distribution standpoint, Acer has chosen a dual-
channel approach, offering the identical product under both the 
Acer aiul ACROS product line chaimeb. The AcerPAC 150, targeted 
toward the corporate market, will be sold throu^ authorized 
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ACER dealers, distributors, and VARs such as ComputerLand and 
MicroAge. The ACROS 380, aimed at consumers in the home and 
education market, will be distributed through consumer electronics 
outlets, computer superstores, and office supply superstores includ­
ing Circuit City, Best Buy, BizMart, ComputerLand Express, and 
Staples. The company believes that this dual-channel philosophy 
will demonstrate its belief in the versatility of the PAC in both the 
business and home/education environments. 

In positioning the AcerPAC as a single, integrated system Ihat com­
prises individual technology developments over the past few years, 
the company created a hybrid product that merges ihe features of a 
desktop PC and consumer electronics. Acer believes that the distinc­
tive characteristics of the AcerPAC will meet the broad needs of the 
product's intended target markets. 

In the medium-size- to large-business environment, Acer has tar­
geted four main areas for the AcerPAC 150: telemarketing, sales, 
and customer service departments; executives; administrative assis­
tants; and human resources. For small businesses, the integrated 
AcerPAC requires less desk space, while the online tutorials allow 
for the efficient use of resources. Firudly, tiie home and education 
markets will benefit from the preloaded software that includes 
office applications and reference guides. 

Acer has identified the retail, legal, medical, and manufacturing 
industries as vertical markets ttiat may benefit from tive graphic, 
audio, facsimile, and data storage capabilities of the PAC. Acer also 
plans to work with value-added resellers to develop applications 
into each of these industries that can best maximize the AcerPAC's 
varied functions. 

Products 
The Acer PAC is a 386SX-based, 20-MHz PC fliat comes witii 4MB 
of RAM and a 130MB hard disk drive. It features a variety of 
consumer-electronic devices integrated into the system, including a 
CD-ROM drive, speaker phone, telephone answering device (TAD), 
fax/data modem, AM/FM receiver, audio mixer, and alarm dock. 
Software bundled witii the AcerPAC includes MS-EXDS 5.0, 
Microsoft Windows 3.0 witfi Multimedia Exterwions (Acer will pro­
vide upgrades to 3.1 upon availability of the extensions), Microsoft 
Works for Wmdows (Multimedia Edition), Microsoft Bookshelf, 
Prodigy, and Delrirui's WinFAX for sending and receiving facsimiles. 

Acer plans to introduce an enhanced version of the original Acer­
PAC later this year, geared toward the business user, which will 
possess greater processing power and expandability. Beyond tius 
year, next-generation PACs will also incorporate still imaging and 
full-motion video, as multimedia software becomes available. 
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Dataquest Perspective 
With the introduction of the PAC, Acer has shown the viability of 
harnessing existing consumer-electronics features and integrating 
these disparate technologies into a cohesive PC package. The com­
pany has focused its attention on the system's ease of use and has 
downplayed issues concerning processing speed and upgradability. 
Though the system conforms to the MPC's hardware specification, 
Acer chose not to incorporate its "Chip-Up" teclinology in the 
AcerPAC. (Chip-Up refers to tiie ability of the customer to remove 
tiie existing processor and replace it with the next-generation chip. 
For the corporate environment, this may be an important point to 
consider before purchasing this system.) 

From a multimedia perspective, tiie built-in audio functions, includ­
ing a connector for an optional E-mu audio board that can enhance 
stereo sound to professional quality sound, are sufficient. Acer 
expects to incorporate digital sound in its next-generation Acer-
PACs. As mentioned earlier, Acer acknowledges that still imaging 
and full-motion video is not yet possible on tiie AcerPAC. In this 
regard, the system is not yet configured to perform complete 
multimedia presentations. 

We expect the AcerPAC to thrive in the home and education 
environments. The cost of purchasing the individual components 
separately would far exceed the price of the AcerPAC. Again, the 
advantage of having these components and software integrated into 
a single system is quite appealing, and the current offerings on tiie 
AcerPAC more than exceed the needs of students, small business, 
and honve users. 

For tiie corporate environment, the limited multimedia capabilities, 
coupled with ttie inability to upgrade, may create nominal appeal 
in die marketplace. Though Dataquest views the AcerPAC as a 
desirable solution for telemarketing, sales, customer service, or train­
ing, die current system also has limited networking capabilities, 
other than its standard PC networking function. Networking is a 
prerequisite in the corporate arena, an advantage that multimedia 
workstation vendors can exploit in a client/server environment. If 
Acer can deliver on its promise of increased multimedia capabilities 
on its future PACs and if it can improve its networking capabilities, 
then we anticipate greater acceptance in the corporate market 
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Apple Computer 

Corporate Statistics 

Headquarters Location Cupertino, California 
Chairman and CEO John ScuUey 
President Michael H. Spindler 
Founded 1977 
Fiscal 1991 Revenue $6.3 billion 
Number of Employees 14,432 

Overview 
Apple Computer offers a wide range of personal computing 
products including PCs, related software, and peripheral and com­
munications products. Its premier product line, the Macintosh, 
includes a broad range of product offerings. This family includes 
the Macintosh Qassic, Macintosh LC, Macintosh II line, and the 
Quadra line. Apple plans to bring the Macintosh n and the Quadra 
product lines into multimedia prominence. 

Apple has long been a leader in the education market, both in the 
United States and elsewhere. Dataquest exjjects Apple to continue 
to inundate tiie educational market with its hardware and software. 

Strategy 
As mentioned earlier, Apple is pushing the Macintosh n aiul 
Quadra lines, coupled with System 7 and QuickTune, into multi­
media forefront The low-end Macintosh Ilsi is configured with a 
20-MHz 68030 CPU and 2MB of RAM, while the high-end Macin­
tosh nfx comes standard with a 40-MHz 68030 and 4M6 of RAM. 
The various Macintosh n and Quadra product specifications are 
shown in Table 5-1. 

None of these machines comes standard with a CD-ROM drive; 
however, one can be purchased as an option. The product strategy 
with these machines is to push the sound and graphic featiues of a 
multimedia machine. All Macintosh machines come with inherent 
sound capabilities as well as animation creation and playback capa­
bilities with System 7 and QuickTune. These systems allow the end 
user to be "wowed" by the combination of soimd and vision that 
can be easily created and manipulated. 

Apple recently announced a special, promotional multimedia bundle 
offering for Kindergarten through 12tii grade and higgler education 
customers who purchase any hard disk-equipped Quadra 700 or 
950 system. The bundle includes the following: 

• SuperMac Tech VideoSpigot NuBus Card 

• Adobe Systems' Adobe Premiere 

• Aldus Corporation's Aldus Persuasion 

• QuickTune Content Collection 
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Table 5-1 
Apple Macintosh II, Quadra, and Performa Product 
Configurations 

Product 

Macintosh Ilsi 

Macintosh Ilci 

Macintosh Ilfx 

Macintosh 
Performa 600 CX> 

Macintosh Ilvi 
Macintosh IIvx 

Quadra 700 

Quadra 900 
Quadra 950 

CPU 

68030-20 MHz 

68030-25 MHz 

6803040 MHz 

68030-32 MHz 

68030-16 MHz 
68030-32 MHz 

68040-25 MHz 

68040-25 MHz 
68040-33 MHz 

RAM 
(MB) 

2 to 17 

4 to 32 

4 to 32 

5 to 68 

4 to 68 
4 to 68 

4 to 20 
4 to 64 
8 to 64 

Hard Drive* 
(MB) 

40 or 80 

40 or 80 

80 or 160 

160 
40/80/160 

80/160/230/400 

80/160/400 

160/400 
230/400 

'All systems can be purchased without a hard drive. 
Source: Apple Computer Inc. 

It is certainly an impressive grouping of video graphics software, 
but nonetheless a hungry group in terms of system resources. The 
QuickTime Content Collection alone requires 40MB of disk space. 
Apple has never t>een one to follow traditional lines. Maybe the 
company would profit by offering the CD-ROM as standard equip­
ment, as odier multimedia vendors do. At least the end user would 
benefit. 

Althou^ CD-ROMs are not at the forefront of Apple's strategy, 
it is an important part of its multimedia strategy. Apple first 
embraced CD-ROM support in early 1988, announcing the 
AppleCD-SC. The AppleCD-SC stores more than 550MB with an 
access time of SOOms and a 150 KB/sec data transfer rate. Apple 
must succeed in this area if it is to take hold of tfie multimedia 
market. WiQi the introductions of tiie Macintosh Performa 600 CD 
in September 1992 and the Macintosh Uvi and IIvx models the 
following montii, tiie company has firudly introduced systems 
incorporating a CD-ROM drive. 

Datatjuest Perspective 
Dataquest believes that Apple, from a multimedia hardware stand­
point, has the most to lose in die multimedia market. Althou^ its 
products enjoy a renowned sense of multimedia-capable machines to 
many, Dataquest has idoitified issues of concern: the size of hard 
drives and application/platform dependency. 

Although the Quadra 950 offers sizable hard drives, it also has a 
price tag to match. Because Apple does not offer a CD-ROM as 
standard equipment, the size of the hard drive becomes extremely 
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important. For the high-volume Macintosh lis, 160MB is the maxi­
mum storage capacity. If Apple really wants people to create ani­
mation and sound clips widi its machines, two tilings must occur. 
Apple must supply larger hard drives as a purchase option or 
decrease tiie prices on the Quadra series. Secondly, multimedia 
applications ported to the Macintosh usually have no counterpart 
on tiie DOS/Windows side. It has taken nearly a decade for soft­
ware vendors to port applications to various platforms. The indus­
try cannot wait another 10 years for multimedia applications to 
become cross-platform. Apple is working on this issue by develop­
ing a QuickTime for Wmdows. Kaleida will undoubtedly address 
tills issue in its development process. Corporate America, a large 
multimedia adopter, will focus on this issue as purchasing criteria. 
Applications must be independent of the platform they reside on 
smd allow for seamless interoperability. 

All in all, Apple has a large head start on the rest of the industry. 
Apple has been into sound and video integration for nearly eigjit 
years. The company's system software is multimedia aware and 
is simply an easier to use and more stable environment than 
Wmdows on DOS. Apple users have integrated these capabilities 
into tiieir daily grind and, in essence, lead the formation and iden­
tification of the multimedia market. 

Commodore Business Machines 

Corporate Statistics 

Headquarters Location West Chester, Pennsylvania 
President James Diorme 
Founded 1959 
Fiscal 1991 Revenue $797 million 
Number of Employees 800 

Overview 

Commodore Business Machines Inc., based in West Chester, Pennsyl­
vania, is tiie U.S. subsidiary of Commodore International. The com­
pany manufactures and markets a line of computers and peripherals 
for the business, education, government, and consumer markets. It 
entered the multimedia market when it designed the Amiga com­
puter in 1985. Since tiien. Commodore has developed multimedia 
products including CDTV, Amiga 3000, and die AinigaVision 
autiioring system. 

Commodore defines multimedia as "a method of designing and 
integrating computer technologies on a single platform tiiat enables 
the end user to input, create, maiupulate and output text, graphics, 
and audio and video, utilizing a single user interface." 

Strategy 
In tiie past. Commodore competed on price, and its strategy for the 
Amiga multimedia series is based along these lines. In March 1992, 
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Commodore announced special promotional pricing to its dealers, 
Because of the success of this strategy. Commodore elected to per­
manently adopt the lower prices by establishing new dealer and 
manufacturer's suggested retail pricing (MSRP). 

Commodore's multimedia campaign is focused on the professional 
multimedia user involved in video graphics, dynamic presentations, 
interactive training, or point-of-information kiosks. 

Commodore's Amiga product configurations are shown in Table 5-2. 

Dataquest Perspective 
If Commodore is competing on price, then the MSRPs do not show 
it. In fact, the prices are well above market MSRPs for similarly 
configured machines. Dataquest takes issue with two of Commo­
dore's claims. The first issue involves the company's offerings in 
the multimedia market, and the second inivolves its pricing. 

Although the Amiga 3000T series certainly offers the end user 
enough raw computing power, it does not offer a CD-ROM as 
standard equipment. According to Dataquest and the MPC Council, 
all multimedia-enabled machines must have a CD-ROM drive. The 
200MB hard drive and 5MB of RAM coupled with the processor 
allow the user to create complex multimedia applications. But 
without a CD-ROM drive, the user has no way of storing vast 
amounts (640MB) of audio and video dips. Also, without a 
CD-ROM drive, the user cannot access the ever-growing amount 
of CD titles available. 

The Amiga 2000 and 3000 25-50, on the other hand, do not give 
the user enough power to create and manipulate multimedia data 
types or applications, even tiioug^ Commodore's target market is 
the professional user. As stated earlier, for all practical purposes, a 
system really requires 200MB storage, a CD-ROM drive, arud at 
least 4M6 of RAM. 

Commodore's pricing strategy certainly is aimed at the professional 
market. The problem is that its products are not properly aligned. 
The profiessional video market requires greater processor power 
than the 2000 can fiimish, as well as much greater storage capacity 
than any of the machines can deliver as standard equipmait. Com­
modore simply has professional prices for low-end machines. 
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Table 5-2 
Commodore Amiga Product Specifications 

Product 
Amiga 2000 

Amiga 3000 25-50 

Amiga 3000T 25/200 

Amiga 3000T 040/200 

Processor 
68030 

68030 

68030 
68040 

Hard Drive 
(MB) 

100 

50 

200 

200 

RAM 
(MB) 

5 

2 

5 

5 

Monitor 

1084S 

1950 or 1960 VGA 

1950 or 1960 VGA 
1950 or 1960 VGA 

Perip 

A307 
(150 

A238 

Sourod: Commodore Business Machines 
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Fujitsu Limited 
Dataquest includes in this discussion a company whose multimedia 
PC sells in Japan: Fujitsu's FM Tovms. The following information 
on the FM Towns was provided by the FM Towns Support Center 
(FTSC), located in San Francisco, which serves as a liaison between 
Fujitsu Limited in Japan and ISVs from the United States and 
Europe that are creating software and applications specifically for 
FM Towns. 

The original FM Towns was formally introduced at Microsoft's 
Fourth Annual CD-ROM Conference in March 1989. At tiie time, it 
was the first PC with a built-in CD-ROM drive. As of March 1992, 
sales of the FM Towns exceeded 200,000 units. One Fujitsu objective 
at the conference was to recruit third-party developers to create 
multimedia applications for the FM Towns. Shortly afterward, FTSC 
was formed to undertake those responsibilities. 

Because FM Towns was introduced before the MPC standards were 
set, minor differences are apparent. Therefore, it is not MPC-
compliant. There are issues regarding whetfier Fujitsu should con­
vert its system to full MPC compliance, including tfie cost of con­
version and the availability of MPC software in Japan. Currently, 
95 percent of MPC software runs on FM Towns, so there seems 
to be no need to modify the hardware. As a member of the board 
of directors of the MPC Council, Fujitsu supports the concept of 
defiiung a base multimedia standard. In fact, Fujitsu has plans to 
introduce a similar product for tiie US. market, which it says will 
exceed the current Level 1-compliance measures. 

In November 1991, Fujitsu introduced the FM Towns II product 
line, comprising six models imder the UX and CX families. Each 
model comes standard with a 386SX 16-MHz processor, 2MB 
memory, and a built-in CD-ROM drive. The differences between tiie 
UX aiul CX models are tf\e memory expansion capabilities and tiie 
hard disk drive availability on two of the CX models, as follows: 

• FM Towns n Model UX/10—One 35-inch flexible disk drive 
(FDD) 

• FM Towns n Model UX/20—Two 35-inch FDDs 

• FM Towns n Model CX/10—One 35-inch FDD 

• FM Towns n Model CX/20—Two 35-inch FDDs 

• FM Towns n Model CX/40—Two 35-inch FDDs, 40MB hard disk 
drive (HDD) 

• FM Towns H Model CX/lOO-Two 35-inch FDDs, 100MB HDD 

Ottter notes about FM Towns include the following: 

• As of March 1992, more tiian 500 FM Towns titles were avail­
able. Of that total, 60 percent were consimter titles, 30 percent 
were educational titles, and 10 percent were corporate titles. 
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• Microsoft Windows 3.0 with Multimedia Extensions runs on FM 
Towns. Fujitsu shipped MME for Towns in April 1992. More tlian 
100 Windows 3.0 titles run on Towns. 

• Video display is possible with the use of the Fujitsu Video 
Processor Card. 

• The new FM Towns II models support Novell NetWare 386 
V.3.1/J. A DSLink Network Gird is required to become a Novell 
network client. The card is available from Fujitsu. 

Dataquest Perspective 
Dataquest believes tlwt the new FM Towns II models will be as 
successful in the marketplace as their predecessor. The only sugges­
tion for Fujitsu would be to increase the processing power in its 
new systems, which use the 386SX 16-MHz chip, because multi­
media applications require robust processing capabilities. 

The success of the original FM Towns shows the global desire for 
multimedia. As one of the few international members of flie MFC 
Council, Fujitsu can promote the MFC standard to the otiier PC 
vendors in Japan, who may consider developing multimedia 
systems. 

International Business Machines 

Corporate Statistics 

Headquarters Location Armonk, New York 
Chairman of ttie Board John Akers 
President Jack Kuehler 
Founded 1911 
Fiscal 1991 Revenue (ended 12/31/91) $64.8 billion 
Number of Employees About 330,000 

Overview 
The Computing-Tabulating-Recording Company was foimded in 
1911. After merging with Intematioiuil Business Machines Corpora­
tion in 1924, the company chose to retain ttie IBM name. The com­
pany is acknowledged as the world's largest con^uter systen\s ven­
dor. IBM formally entered the multimedia market in June 1990 with 
creation of the Multimedia and Education Division, naming Lude 
Fjeldstad as vice president and general manager of the Multimedia 
Division, and Michael Braun as assistant general manager. The 
division introduced the PS/2 UltiMedia M57 SLC, its first desktop 
multimedia system, in October 1991 and began shipping in 
March 1992. 

Financials and Market Position 
IBM ended 1991 with an estimated $64.8 billion in revenue. Data-
quest estimates 1992 sales of its PS/2 UltiMedia M57 SLC and 
multimedia hardware options to exceed $150 million. 
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Strategy 
Though IBM did not formally launch its multimedia division imtil 
1990, its pioneering efforts in the field of multimedia technology 
indicated desire to search for ways to allow individuals to learn 
more effectively. People retain about 20 percent of what they see or 
hear; 40 percent of what they see and hear, and 75 percent of what 
they see, hear, and do. IBM recognized a need to develop a system 
to satisfy these senses. An experimental version of an interactive 
system, comprising a desktop computer (the predecessor to tiie IBM 
PC), a videotape player, and OEM touch-technology equipment was 
developed in 1980 and demonstrated as a tool for sales training 
and educational instruction. 

Over the next few years, IBM's commitment to streamlining sales 
training and education costs resulted in discovery of new technolo­
gies as next-generation interactive developmental projects were 
undertaken. Projects such as "Msion" introduced the videodisk as a 
superior alternative to flie videotape player, and the InfoVNTmdow 
Touch Display incorporated stereo sound, touch, motion video, 
graphics, and text. 

The progressive advances that IBM made with its various develop­
mental projects led to what IBM calls "UltiMedia," the "ultimate in 
media," because it blends the traditional mediums of sound, motion 
video, photo-like imaging, graphics, text, and sound into a unified 
system. IBM's UltiMedia vision centers around the ability to deliver 
all forms of information to individuals by what the user requires, 
anytime and anywhere. To accomplish ttiis, IBM outlined three pro­
visions for ttie UltiMedia platform: the most natural user interface, 
the integration of hardware and software products into existing 
infrastructures, and the bluest possible product quality. 

IBM's vision of multimedia indicates its desire to provide UltiMedia 
solutions to its entire instaUed base, ranging from its desktop PS/2 
users to its mainhame ES/9000 customers. The company's plan to 
implement multimedia solutiorts across all product segments is a 
long-term imdertaking, althoug î IBM has already demonstrated 
through history its commitment to provide integrated solutions to 
various environments, including education and business. 

Products 
The PS/2 UltiMedia Model M57 SLC is IBM's first integrated 
multimedia-hardware offering. The company set minimum hardware 
specifications not only for its maiden product, but also for its 
future UltiMedia systems. These specifications include a 386SLC 
20-MHz microprocessor, 4MB memory, a CD-ROM/XA drive, a 
160MB hard disk drive, a 35-inch 2.88MB floppy disk drive, XGA 
graphics capability, a CD-quality audio subsystem, and microphone. 
The company's most recent operating system, OS/2 2.0 with 
Multimedia Presentation Manager/2, is also required, which sup­
ports boti\ DOS and Wmdows appIicatioi\s. The operating system 
is preloaded on the CD-ROM. 
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Prepackaged multimedia applications from both IBM and a variety 
of ISVs, along with multimedia authoring tools, allow the user to 
build custom multimedia applications. IBM has also made available 
a team of UltiMedia Business Partners to work with end users in 
developing custom multimedia applications for their company. 

A variety of UltiMedia options for the PS/2 M57 SLC from IBM 
include the following: 

• Touch display (Model 8516): Touch screen that does not use 
overlays. 

• M-Motion Video Adapter/A: Allows for full-motion video 
adapting. 

• PS/2 TV: Television timer ihat allows for monitoring audio/video 
from a variety of sources, including cable TV, videodisk, VCR, or 
closed-circuit camera. 

• ActionMedia II adapters: Compression of full-motion video and 
stored in a digital format. 

• PS/2 3.5-inch rewritable optical drive: Available in both internal 
or external versions. 

In late September, IBM introduced four new UltiMedia models: 

• PS/2 UltiMedia M57 486 SLC2 

• PS/2 UltiMedia DV M57 486SLC2 

• PS/2 UltiMedia M77 486 

• PS/2 UltiMedia M77 486 DX2 

These models come standard with 8M6 RAM and 212MB hard 
drives, and wiU be available by the end of the year. 

Dataquest Perspective 
In early September 1992, the IBM Personal Computer Company 
was created in order to reverse IBM's market share slide. This has 
resulted in a slew of new product introductions, including the four 
new UltiMedia systems. More importantly, the price of the original 
UltiMedia M57SLC was reduced from $5,995 to $3,355. The new 
independent subsidiary can now be price-competitive with its 
multimedia systems. 

IBM has chosen to create its own multimedia hardware and soft­
ware specifications, instead of those set by ttie MPC Council, and 
die reason is simple: OS/2 2.0 versus Windows 3.1. At tius point, 
there is no indication that tiie MPC Council would consider adding 
an alternative operating environment to its specification. The signifi­
cant installed base of Windows 3.0 and 3.1 users, coupled with the 
increasing number of vendors creating MPC-compliant systems, indi­
cates tiie popularity of ^^^dows. Though it was a bold move for 
IBM to set its own multimedia standards, it was predictable. It had 
no choice but to support its proprietary operating system. 
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The success of \he PS/2 UltiMedia M57 SLC will depend on 
whether the end user views the UltiMedia PC as a viable alterna­
tive to any of the multimedia PCs available. The differentiation lies 
in tiie operating environments. There will always be OS/2 and 
Wmdows loyalists, and IBM certainly anticipates a percentage of 
UltiMedia PC sales because of the loyalty factor. The question is 
whether IBM can persuade nonloyalists to forgo purchasing an 
MPC in favor of an UltiMedia PC. 

Leading Edge Products Inc. 

Corporate Statistics 

Headquarters Location Westborough, Massachusetts 
President and CEO Albert J. Agbay 
Founded 1980 
Fiscal 1991 Revenue $109.3 million 
Number of Employees 75 

Overpiew 
Founded in 1980, Leading Edge is a wholly owned subsidiary of 
Daewoo Telecom Company Ltd., part of Korea's $22 billion Daewoo 
Group. Leading Edge helped establish the PC "clone" market for 
IBM PCs witii the introduction of ti»e Model D PC in 1984. Since 
then, the company has installed nearly 1 million systems world­
wide. Leading Edge sells desktop, laptop, and notebook computers 
as well as monitors. 

Strategy 
Leading Edge's product strategy focuses on competitive pricing 
v^ule supplying channel members witi\ respectable margins. Its 
direction will focus on strengttioung boti\ its portable and desktop 
product lines Ihrou^ feature enhancements to existing products, 
and introduction of evolutiortary new products, such as color note­
books and multimedia systems. Leading Edge will continue to focus 
on developing high-end products, including fuUy modular and 
upgradable systems. It will also continue to offer a complete line of 
peripheral products, including monitors, mice, and modems. 

Leading Edge employs a controlled-distribution system to reach its 
customers. It controls and monitors the number of distributors, thus 
allowing ttte distributors to sustain proper margins and territories 
for each distributor. By using distributors as its primary distribution 
vehicle. Leading Edge takes advantage of the distributors' inherent 
efficiencies, which include timely product shipments, variety of 
products offerings, technical assistance, financing, and competitive 
prices to resellers. Leading Edge authorized resellers then add 
value-added benefits of software, custonuzation, service, training, 
and proximity. 
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Through its controlled distribution plan. Leading Edge has forged 
alliances with the following distributors, as well as others: 

• Almo EHstributing Company 

• CAM/PRC 

• Daistek 

• Distribution Plus 

• Futureware Distribution 

• Ingram Micro 

• Tech Data Corporation 

Leading Edge also provides extensive support and service both 
directly to tf\e end user and through the channel. The program is 
designed to support Leading Edge's distribution strategy, by 
instituting a series of service programs for the channel as well as 
for end users. The company's program for distributors/resellers 
includes uiUimited toll-free technical support, technical product 
training, warranty reimbursement, and 24-hour warranty exchange 
for parts. In addition. Leading Edge has made investment in 
reseller certification programs and traiiung seminars. 

The end user can call upon the resellers for service and support or 
the company itself for product support and service. It also offers an 
innovative warranty program that allows the end user to choose 
among various programs ranging from simple parts and labor to 
on-site contracts. 

Products 
Leading Edge has nine multimedia systems powered by the Intel 
386SX microprocessor (16 or 20 MHz), 386DX 33-MH2, and 486SX 
20-MHz processors. The models include the Multimedia SX-20 Plus 
series, the Multimedia SX-20c series, the Multimedia-Mini Tower 
DX/33 series, and the Multimedia 486/SX-20 series. Prices range 
from $1,799 to $3,300, de{>ending on tfie configuration. The possible 
configurations are listed in Table 5-3. 

Dataquest Perspective 
Leading Edge is a company that is well suited for the done mar­
ket; its distribution system is well established and responsive, its 
service and support functions properly, and its products are priced 
to compete in this commodity market However, the multimedia 
hardware market is for from a commodity at ttiis time. Dataquest 
takes two important issues with Leading Edge's offerings in ihe 
multimedia market sheer computer power and unsuitable 
configurations. 

Multimedia applications performed on a 386SX 16- or 20-MHz 
machine are impractical and a bit uncomfortable. Applications run 
at a dogged pace, providing for inconsistent audio and video. Even 
ttie 386DX 33-MHz option will still fed a bit awkward when run­
ning graphics-intensive operating envirorunents and multimedia 
applications. Supping a "multimedia" machine with only 2MB of 
RAM stand<urd should be a crime witii a mandatory jail sentence. 
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Table 5-3 
Leading Edge Product Configurations 

Feature 

CPU 

RAM 

Floppy Drive(s) 

Hard E)rive(s) 
Video 

Storage Bays 

Slots 
Ports 
CD-ROM 

Software 
Peripherals 

(Optional) 
CD Titles 

(Optional) 

Warranty 

Specification 

Intel 386SX 16- or 20-MHz 
Intel 386DX 33-MHz 
Intel 486SX 20-MHz 

1MB, total of 16MB 

1.2MB and/or 1.44MB 

44/84/130MB, 213MB 
800 X 600/16 colors, 256KB video memory 

Four bays 
Four 16-bit slots 
One parallel, two serial, and one MS-BUS mouse 

Internal CD-ROM drive 

MS-DOS 5.0, Viruscan 
Mouse, headphones, stereo speakers, and sound 

card 
Illustrated Encyclof)edia, Interactive Storytime, 

Microsoft Works for Windows and Bookshelf 
for Wmdows, Tune Table of History, Family 
Education CoUection 

6-montii on-site or 20-month carry-in 
Souroe: Leading Edge Products Inc. 

In fact, most applications will not even load unless there is 4MB of 
RAM. For all practical purposes, Windows will not run witti less 
ttian 4M6. 

If tiie end user is using the machine for everyday work such as 
word processing, spreadsheet, and database work, as well as creat­
ing multimedia presentations (not an urtlikely scenario), a 130MB 
hard drive will not be suitable. With a 213M6 hard drive in its 
repertoire. Leading Edge has chosen to configure it to one of the 
Mini-Tower DX/33 series. Video (moving or still pictures) off a 
CD-ROM library can be edited, but it cannot be loaded back onto 
the CD. These video files have massive storage requirements, even 
for the smallest still picture. In aU likelihood, users will need a 
minimum of 200M6 or more simply to load the programs, data 
files, video files, and audio files. 

Although it is true that the early bird gets tt\e worm, it is also 
true that sometimes ttie early worm gets eaten. In this case. Lead­
ing Edge may be ttie early worm. Although it was one of ttie first 
to market multimedia PCs, it has little in the way of standard 
equipment configurations to offer the end user. Dataquest believes 
that Leading Edge should bite the bullet on some of its options 
and offer a true multimedia system, one with enough disk space, 
RAM, and CPU power to execute the snappy multimedia applica­
tions now available. In the near future, mulhmedia appUcations will 
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require 8MB of RAM and 20MB or more of disk space, and witii 
Leading Edge's current configurations, the end user is left in the 
cold. 

NCR 

Corporate Statistics 

Headquarters Location Dayton, Ohio 
Chairman and CEO Gilbert P. Williamson 
President R. Elton White 
Founded 1884 
Fiscal 1991 Revenue $63 Billion 
Number of Employees 55,000 

Overview 
NCR, the Networked Computing Resource of AT&T, was founded 
in 1884 by John H. Patterson as National Cash Register. The com­
pany was acquired by AT&T in 1991. NCR develops, manufactures, 
markets, supports, and services enterptisewide information systems 
for worldwide markets. 

NCR has long been a supplier to large enterprises and rwjw is 
throwing its hat in the ring as a supplier of multimedia systems to 
large businesses. In fact, the company largely is ignoring the home 
multimedia market and focusing on its core business. According to 
Assistant Vice President Neil Whittington, "For business users today, 
we are delivering a combination of crisp graphics, stereo audio, and 
full-motion, digital-video capabilities Ihat will capture the interest of 
busiiiess trainees in an interactive way." 

Strategy 
NCR's System 3000 Model 3331 Multimedia Learning Station is the 
company's first offering to the multimedia market The NCR learn­
ing station will be used as an online business training and educa­
tion system for targe NCR customers that train new employees 
frequendy. The company is placing heavy emphasis on computer-
based training (CBT) arid is positioning its product to take advan­
tage of this growing market. 

Mr. Whittington says tliat NCR's intent was "to create a business 
tool that is more econonucal than traditional dassroom-based train­
ing, and can be used at any time and in almost any location. By 
creating eun interactive course, a trainer can replicate a traiiung 
course throughout many branch offices, and it will be useful for a 
long time to come." 

Key features include ttie following: 

• Intel's 486SX and 486DX nucroprocessors 

• Full-motion digital video 
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• CD-quality audio provided by MediaVision's integrated 16-bit 
digital audio technology, which allows users to create and alter 
sounds using industry standard MIDI or wave form audio, or 
play consumer musical compact discs through the system 

• 256-coIor graphics chip with 1024 x 768 resolution 

Otiier key features include Fluent Inc.'s software digital video play­
back, AimTech's IconAuthor runtime module, DVl software play­
back, CD-ROM (witii SCSI adapter) drive with MS-DOS 5.0 and 
Windows 3.1, one serial and one parallel port, and a Yamaha 
20-voice stereo synthesizer. 

NCR expects to deliver this product starting in August 1992 with a 
price of $5,300. The NCR 3331 Multimedia Learning Station will be 
marketed through NCR's direct and indirect sales channels, includ­
ing VARs, distributors, OEMs, dealers, and systems integrators. 

Dataquest Perspective 
NCR has coupled a concise marketing strategy witii proper product 
positioning to tcike full advantage of an emerging market. The 
Multimedia Learning Station is packed with multimedia features 
and the needed processing power to really make a splash in the 
pool of multimedia. Dataquest expects tiie NCR 3331 Multimedia 
Learning Station to be successful for two reasons: The company has 
a focused product strategy for the 3331, and the 3331 comes with 
the necessary hardware. 

NCR has successfully identified an area in \\iiich it can use its 
strengtii to provide enterprising hardware and software solutions, 
while simultaneously employing multimedia technologies to enter 
the CBT market. NCR is not pursuing the home market because it 
does not know anytiiing about the home market The company 
chose to focus its efforts in an area in which it can make a 
difference—a souiul business strategy. The 3331 is priced accord­
ingly for its taiget market and will be sold through already existing 
and proven channels. The 3331 was originally designed as a CBT 
macidne for large corporations. 

Hardware requirements for CBT are demaiuling because of video 
and audio requirements. NCR is using ti\e most current technolo­
gies to provide its users with the best possible product. The com­
pany has aligned itself with Fluent Inc. and AimTech to strategi­
cally take advantage of these companies' expertise in the multi­
media-software solutions market Fluent provides the 3331 with the 
ability to play back digital video. AimTech's IconAutiior allows end 
users to develop in-house multimedia applications. 

Dataquest expects NCR to do quite well in tiie CBT market by 
exploiting its expertise and technology. The concise marketing 
strategy combined with a product specifically designed for that 
market will allow NCR to build an early reputation as a corporate 
multimedia supplier for ttte CBT market 
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NeXT Computer Inc. 

Corporate Statistics 

Headquarters Location Redwood City, California 
Chairman and CEO Steven P. Jobs 
President and COO Peter Van Cuylenburg 
Founded 1985 
Fiscal 1991 Revenue $108 million 
Number of Employees 570 

Overview 
NeXT Computer Inc. designs, manufactures, and markets worksta­
tions based upon the proprietary NeXTStep object-oriented operating 
system. NeXT markets its computers to medium-size and large 
organizations to develop mission-critical custom applications as well 
as to nm a suite of productivity applications. More than 80 percent 
of customers that purchase NeXT systems are from the business and 
government sectors, with the balance of sales going into higher-
education institutions. Customers in the business arena may obtain 
NeXT systems from independent dealers, VARs, or directly from the 
company, while government customers may utilize federal systems 
integrators, the General Services Administration (GSA) list, or NeXT 
to purchase a system. Finally, NeXT uses a campus reseller network 
comprising on-campus computer dealers and university bookstores 
to target the higher-education environment 

Products 
NeXT offers five object-oriented workstations for the corporate, 
goverrunent, and higher-education environments: the original NeXT­
cube, NeXTcube Turbo, NeXTstation Turbo, NeXTstation Turbo Color, 
and NeXTdimension, a board tiiat is available separately or can be 
preinstalled on a NeXTcube. A comparison of tt\e various worksta­
tions is shown in Table 5-4. 

From a hardware perspective, NeXT has created systems witii inher­
ent multimedia capabilities. Motorola's 56001 digital signal process­
ing (DSP) chip, built-in microphone, and audio circuitry are stan­
dard features in every NeXT computer. Developers can take 
advantage of these built-in features to incorporate voice, CD-quality 
sound, and music into their multimedia applications. 

Video capabilities are greatly enhanced with tiie introduction of 
NeXTdimension, a board that goes into a NeXTcube. Thou^ the 
NeXTStep operating system supports video objects, the addition of 
the Ne)Crdimension board, which utilizes an fritel i860 33-MHz 
RISC processor, provides the versatility to create full-fledged multi­
media programs. The robust RISC processor allows for accelerated 
graphics and full-color imaging, while the video input arul output 
capabilities allow the user to connect the board to a choice of 
video sources, such as a laser disk player, video camera, or 
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Table 5-4 
NeXT Product Configurations 

Processor 

Sound Qiip 

Sound I/O 

RAM (MB) 

Display 

Slots 

Ports 

Floppy Drive 
(MB) 

Hard Drive 
(MB) 

Color 

Processor 

Sound Qiip 
Sound I/O 
RAM (MB) 
Display 
Slots 
Ports 

Floppy Drive 
(MB) 

Hard Drive 
(MB) 

Color 

NeXTcube Turbo 
33-MHz Motorola 68040 

Motorola 56001 DSP 

Built-in sound I/O 

16 
17 b /w Megapixel 

3 NeXTbus slots 

SCSI, RS-423 serial (2), 
DSP I/O, display, laser 
printer, twisted and 
twin 

Etiiemet 

NeXT 2.88 

400 

Monochrome 
NeXTstation Turbo Color 
33-MHz Motorola 68040 

Motorola 56001 DSP 
External sound box 
16 
17 Megapixel Color 
-

SCSI, RS-423 serial (2), 
DSP I/O, display, laser 
printer, twisted and 
twin 

Ethernet 
NeXT 2.88 

250 

16-bit color 

NeXTstation Tiu-bo 
33-MHz Motorola 68040 

Motorola 56001 DSP 

Built-in sound I/O 

8 
17 b /w Megapixel 

-

SCSI, RS-423 serial (2), 
DSP I/O, display, 
laser printer, twisted 
and twin 

Ethernet 

NeXT 2.88 

250 

Monochrome 
NeXTdimension 

33-MHz Motorola 68040 

Motorola 56001 DSP 
Extenuil sound box 

32 
17 Megapixel Color 
3 NeXTbus slots 
SCSI, R&423 serial (2), 

DSP I/O, display, 
laser printer, twisted 
and twin 

Ediemet 
NeXT 2.88 

400 

32-bit color 
Souree: N«XT Computar Inc., Nsw M«dia 

videocassette recorder (VCR). Concurrently, incoming video images 
can be displayed in a window to provide tiie user with a complete 
visual experience. 

The object-oriented capabilities of NeXT's workstations differentiate 
these systems from ottier multimedia systems available. The NeXT­
Step object-oriented operating envirorunent allows for custom 
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applications to be developed much faster than traditional software 
applications. Features of the recently released NeXTStep 3.0 include 
the following bundling of various object kits: 

• Database Kit (DBKit): Applies object-oriented capabilities to data­
base application development, and provides a single interface to 
SQL databases from multiple vendors. 

• 3-D Graphics Kit (3DKit): Allows for integration of 3-D graphics 
into existing NeXTStep applications, based on Pixar's Render Man 
standard for 3-D graphics. 

• Distributed Objects: Enables messaging between objects within a 
NeXTStep application to messaging between different applications 
and across networks. 

• Object Links: Based on Distributed Objects, a multimedia 
hyperlinking system that allows documents to share dynamic 
information. 

Strategy 
NeXT underwent a company reorganization during March 1992 
that resulted in a commitment toward strengthening its position in 
the business and financial communities. In contrast to otiier work­
station vendors whose products are designed for the technical 
environment such as science and engineering, NeXT states that its 
workstations are structured for mainstream business and profes­
sional environment, yet have the same capabilities of similar techni­
cal workstations. 

The company plans to utilize tiie flexibility of its NeXTStep operat­
ing s)^tem to quickly develop custom applications for these two 
environments. The ability to leverage objects created for one appli­
cation for reuse in other applications will allow software developers 
to bring products to market quicker. NeXT is also hopeful that its 
own customers will continue developing custom applications for 
their own organizations. 

In concert witt\ its business/professional focus, NeXT is promoting 
its systems as tools to create mission-critical applications. The com­
pany believes that these applications are vital in tiie corporate 
arena, especially in the financial market. Mission-critical applications 
include online transaction processing (OLTP) applications used by 
financial brokers. (OLTP is a message- or transaction-driven process 
that includes predefined structured changes, including updates, 
additions, and deletions to common databases shared by multiple 
users.) Similarly, the bai^dng industry would benefit from a system 
diat would provide quick retrieval of customer account information. 
By further penetrating these industries, NeXT is boldly encroaching 
an area once reserved only for midrange- and mainframe-computing 
environments. 

Dataquest Perspective 
Ever since Steve Jobs launched NeXT in 1985, the industry has 
waited to see whether he can replicate the success he had witii 
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Apple Computer. Though it would be unfair to judge NeXT based 
on tfie phenomenal growth at Apple during its first few years, it 
is fair to say that tiie company's inability to substantially grow its 
installed base forced NeXT to rethink its business plan. Although it 
is commendable that NeXT is now focusing its efforts in the busi­
ness and professional environments, it may be doing so at the 
expense of promoting its multimedia efforts. 

As is the case with the entire multimedia market, there is a lack of 
multimedia applications for NeXT's proprietary platform. Coupled 
with management's decision to alter its business strategy, multi­
media developers may not be inclined to create applications for 
NeXT systems. This would be unfortimate, because the NeXT plat­
form is as close to multimedia-capable as any machine on the 
market. NeXT must continue forging relationships with these 
developers. If NeXT does not have tiie variety and amount of 
applications to compete with other workstation manufacturers, it 
will squander an excellent opportunity to exploit its inherent 
multimedia features. 

There is nothing wrong with marketing the NeXT systems as cor­
porate solutions. The concern is whether the company will have the 
resources and/or commitment in the near term to furthering its 
multimedia efforts. NeXT must be wary of alienating itself from the 
multimedia market during its transition. If it can avoid this, it can 
effectively position itself as a viable multimedia computing platform 
in die corporate environment. 

Silicon Graphics Inc. 

Corporate Statistics 

Headquarters Location Mountain 'N êw, California 

Chairman of die Board James H. Clark 
President and CEO Edward McCracken 
Founded 1982 

Fiscal 1991 Revenue (ended 6/30/91) $550 million 

Fiscal 1992 Revenue (ended 6/30/92) $867 miUion 

Number of Employees 3,500 

Overview 
Formed in 1982, Silicon Graphics Inc. (SGI) is a pioneer in visual 
computing systems. The company designs and manufactures work­
stations targeted to scientists, engineers, and other professionals 
who require the development, analysis, and simulation of objects in 
a three-dimensional (3-D) environment. The primary industries ttiat 
Silicon Graphics teu'gets include visual simulation, manufacturing, 
science and research, and graphic arts and animation. In 1991, 
Silicon Graphics introduced tiie IRIS Indigo workstation, which the 
company is positioning as its multimedia-capable hardware product 
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The Indigo product line comprises four models, ranging from an 
entry-level system to an advanced desktop graphics offering. 

Financials and Market Position 
Silicon Graphics' fiscal 1992 revenue totaled about $867 million. 
Sales of its IRIS Indigo workstation, introduced during ttie third 
quarter of 1991, were about $30 million. 

Strategy 
Silicon Graphics realizes that its customers are searching for new 
and more expressive methods to communicate their idecis, and 
understands that multimedia is the vehicle to provide tiiese next-
generation communications solutions. Further, tiie company 
acknowledges that multimedia technology is a natural progression 
for its workstations. 

Digital media, described as a core technology available on SGI sys­
tems, is the term that SGI gave to what it believes is an evolution­
ary advance in computers. Digital media-capable workstations allow 
users the simultaneous access to 3-D graphics, audio, video, still 
images, animation, and text SGI hopes to refine its digital media 
process over the next few years, and to replicate the success it has 
had in developing workstations capable of advanced 3-D graphics. 
To that end, SGI recently announced a digital media solutions 
envirorunent, comprising SGI audio/video hardware, programming 
libraries, end-user tools, and third-party hardware/software 
products. 

Silicon Graphics differentiated itself from other workstation vendors 
in its approach to multimedia system design. Whereas conventional 
workstations must be supplemented with add-on components to 
achieve true multimedia capability, SGI took a total integration 
approach. This meai\s that the ability to utilize all forms of digital 
media is already built into the machine, making tiie system 
multimedia-ready out of the box. 

Regarding the distribution strategy for the IRIS Indigo, SGI plans to 
use the same channels as it has for its other IRIS workstations, 
including a direct sales force, VARs, authorized dealers, and OEMs. 
Additionally, the Indigo may be purchased tturoug^ SGI's new 
direct marketing division, SGI Ej^ress. 

Products 
The introduction of the IRIS Indigo workstation sigiuds SUicon 
Graphics' entry into the multimedia market and serves as a model, 
because SGI plans to eventually implement digital media in a total-
integration approach across its entire product line. Targeted toward 
professionals in the fields of molecular modeling, architecture, 
computer-generated special effects and animation, computational 
fluid dynamics, medicine, mechanical engineering, and digital media 
software development, the IRIS Indigo's 3-D graphics, video, still 
iitiaging, animation, and audio capabilities make it possible for 
iiese individuals to have their work presented in an innovative 
fashion. 
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Powered by a 33-MHz RISC CPU, the IRIS Indigo incorporates 2-D 
and 3-D graphics with real-time audio and video capabilities. The 
digital audio tape (DAT) quality audio is integrated on ttie mother­
board, while the graphics subsystem supports a video bus. An 
optional full-motion video board, IndigoVideo, allows the user to 
capture, store, and manipulate images from either a videotape, 
video camera, 24-bit still frame image, or laser disk player. The 
board plugs into the Indigo's graphics board via the system bus. 

More than 20 third-party hardware and software applications are 
available for the IRB Indigo, with a majority of the applications 
designed to take advantage of the Indigo's digital media capabili­
ties. Examples of multimedia applications include the following: 

• Showcase: A drawing and presentation package that integrates 
audio, video, text, 3-D objects, images, and pattems. 

• Media Mosaic: Allows for full-motion performance with the 
ability to grab video frames, create movies, and save to disk. 

• Media Mosaic-Audio: Accomplishes push-button capture, creation, 
and sound editing; takes advantage of built-in microphone and 
five audio ports. 

• Digital Media Developers Kit: Allows the user to develop custom 
applications and includes sample source code; contains seven 
library modules (Audio Library, Audio File Library, CD-ROM 
Audio Library, DAT Library, MIDI Library, IndigoVideo Library, 
and Compression). 

Dataquest Perspective 
Silicon Graphics should be acknowledged for adopting the total-
integration concept into the IRIS Indigo. Again, though no mini-
mimi multimedia standards are in place for workstation manufac­
turers, SQ has taken the end user into consideration by creating 
a multimedia-capable system diiectiy from the factory. The 
IndigoVideo board is tiie oitly significant option not included widi 
the system. SGI mig|it consider offering die board standard with 
ttie other IRIS workstations that the company plans to make digital 
media-capable. 

We believe tiiat Silicon Graphics can take a more active role in 
working with multimedia standards orgaiuzations in creating a 
multimedia platform for workstation vendors. The IRIS Indigo 
shows SGI's innovative approach to multimedia, and Dataquest 
believes tiuit the workstation industry would benefit tremendously 
from the thoug^its, insights, and suggestions from Silicon Graphics. 
With its reputation as a technology leader, SGI can take a leader­
ship position in working with the standards organizations to forge 
an effective multimedia platform. 
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Sun Microsystems Inc 

Corporate Statistics 

Headquarters Location Moimtain View, California 
Chairman, President, and CEO Scott McNealy 
Founded 1982 

Fiscal 1991 Revenue (ended 6/30/91) $3.2 billion 
Fiscal 1992 Revenue (ended 6/30/92) $3.6 billion 
Number of Employees 12,800 

Overview 
Sun Microsystems, formed in 1982, has established itself as a lead­
ing client/server computing systems vendor. Its products include 
workstations, servers, networking products, system software, and 
otfier products utilizing the UNIX operating system. Subsidiaries 
have been developed to handle specific areas of product develop­
ment. For example. Sun Microsystems Computer Corporation is 
responsible for hardware design, development, and manufacturing, 
Sun's SPARCstation line of workstations are multimedia-ready, and 
its newest product, the SPARCstation 10, is the first workstation 
with built-in ISDN capabilities, which allows for ttie merging of 
computer and telephone functions. 

Financials and Market Position 
Sun's fiscal 1992 revenue totaled about $3.6 billion. We estimate 
that about 10 percent of Sim's total 1991 shipments of workstations 
were configured to run multimedia applications. We expect tt\at 
percentage to increase in 1992 because of the SPARCstation 10 
introduction. 

Strategy 
Stm's vision of multimedia revolves around the concept of col­
laborative multimedia, defined by Sun as tiie combination of 
multimedia with desktop systems and networking to enable power­
ful communication systems for groups of people working in teams. 
This concept further reinforces its commitment to client/server com­
puting. Sun acknowledges that multimedia may be perceived by 
many as a method for individual productivity gains on a PC, but it 
strongly believes that, througjt collaborative computing, far greater 
productivity gains may be realized through distributed multimedia 
applications in a client/server environment. 

The company outlines the following four advantages that it believes 
differentiate the client/server environment from the PC platform 
when running multimedia applications: 

• High-speed networking for quick data transfer within and among 
networks is possible. 

• Higt» performance is provided to attack compute-intensive 
applications. 
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• When necessary to access information simultaneously, the client/ 
server's multitasking capabilities allow for convenient and timely 
access. 

• The open systems approach allows for workgroup flexibility, giv­
ing users the ability to utilize a range of hardware and software 
products as needed. 

Sun has established a three-point multimedia strategy that involves 
delivering multimedia-ready workstations, providing an open 
development environment, and forming key strategic partnerships. 

The entire line of Sun SPARCstations are multimedia-ready systems. 
They have incorporated voice-quality audio since their introduction 
in 1989, and they also support high-resolution color graphics, large-
screen displays, and a CD-ROM interface. Sun plans to increase the 
level of bundled multimedia support it offers in its future systems. 
There are more ttian 100 current multimedia-related third-party 
applications, encompassing products in tiie following areas: image 
manipulation and animation, audio and speech recognition, ISDN 
and fax, multimedia presentations, and video hardware/software. 

Sun has made an effort to create a multimedia platform, based on 
industry standards, that will provide a unified multimedia program­
ming interface for open systems developers. To that end. Sun is 
active in organizations including the Interactive Multimedia Associa­
tion (IMA), which focuses on cross-platform multimedia standards. 
Areas that Sun is tracking for cross-platform interoperability include 
video, video and audio compression, communication, fax, CD-ROM, 
and graphics/imaging. 

The company's belief in an open development environment for 
multimedia is an extension of its corporate philosophy toward open 
systems. 

Cooperation among industry players is vital to tiie growtii of 
multimedia, and Sun recognizes the need to cultivate various key 
strategic partnerships between hardware/software developers to for­
mulate complete multimedia solutions and customers that can pro­
vide feedback by identifying requirements for a multimedia solu­
tions package. Again, technology partnerships are critical, as Sim 
and its partners work on cross-platform development and standards 
efforts. 

Products 
Sun's entire line of SPARCstation workstatiorw are considered 
multimedia-ready systems. To make Sun fully equipped for 
multimedia, end users can choose from more tiian 100 Sun and 
third-party multimedia hardware and software applications. For our 
report, we focus on the SPARCstation 10, the first workstation witti 
built-in ISDN capabilities. ISDN availability is especially important 
in a networked, multimedia envirorunent. 
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ISDN allows for the ability to send high-quality data, audio, still 
images, and full-motion video over digital phone lines. When ISDN 
becomes available worldwide (it is widely available in Europe and 
Japan), the implications will be tremendous, because a global wide-
area network will be created in which multimedia communication 
may be shared over existing telephone lines. To enhance the audio 
capability of ISDN technology. Sun has provided CD-quality (16-bit) 
audio and a microphone as standard features on its SPARCstation 
10 product fanuly. 

The SPARCstation 10 product family is Sim's high-end version of 
tile SPARCstation desktop product line, which includes the entry-
level SPARCstation ELC, SPARCstation IPC, SPARCstation IPX, and 
SPARCstation 2. It is the first workstation to include multiprocess­
ing capabilities, and its modular design allows for customer-
installable CPU upgradability. The end user can pull the SPARC 
module out of the motherboard and replace it with faster, next-
generation CPUs. Multiprocessing systems allow for higher perfor­
mance because more than one processor is used to execute multiple 
applications simultaneously, which is an advantage when running 
power-hungry applications such as multimedia. 

All SPARCstation 10 models come bundled with OpenWindows V3 
multimedia mail tool software, applications geared toward address­
ing collaborative work and multimedia commimication. Multimedia 
applications include: XIL, an API that provides software and hard­
ware developers with an interface to develop imaging and full-
motion video products; VideoPix, a still-frame video capture board 
that allows users to capture and share video images across a net­
work; and ShowMe, a computer conferoicing software product that 
allows for graphics, images, and text to be shared on ttie network. 

Sun has targeted the SPARCstation 10 toward "power users" in die 
commercial and technical markets, including computer-aided soft­
ware engineering (CASE), electronic design automation (EDA), and 
mechanical computer-aided design (MCAD). Service workers in the 
financial services and insurance industries may also use the multi­
media aspects of die SPARCstation 10. 

Sun recently announced a multimedia training course entitled Sun-
Tutor: OpenWindows Enviroiunent for Users. I>esigned for new 
users of Sun workstations, SunTutor combines audio, video, text, 
graphics, and simulation to create an interactive training environ­
ment in which first-time Sun users can become familiar widt their 
system. The self-paced course is an alternative to traditional class­
room training and affords the user an opportunity to experience 
multimedia firsthand. 

Dataquest Perspective 
Unlike with PCs, there are no explicitly stated multimedia worksta­
tion specification standards. Until similar standards are set, worksta­
tion vendors can market their systems as "multimedia-ready," as 
Sun has done with its SPARCstations, which implies that third-party 
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options such as a CD-ROM drive are necessary to make these sys­
tems multimedia-capable. By Dataquest's definition, we do not con­
sider Sun's SPARCstation product line to be true multimedia 
machines. Instead, we refer to tiie systems as multimedia-ready, 
which means ti\at additional features are necessary to achieve what 
we consider to be a multimedia configuration. 

For its part. Sun is attempting through its involvement with IMA 
to forge an industry-standard multimedia workstation platform 
based on its philosophy of client/server computing in an open sys­
tems environment. Dataquest believes that the market will define 
the standards for a multimedia platform, and Sun to its credit has 
created strategic partnerships with its customers to identify platform 
and standards requirements. 

Sun should also be commended for including built-in ISDN capabil­
ities with its SPARCstation 10. ISDN's ability to digitally transmit 
audio, video, data, and text over existing telephone networks will 
soon make it the vehicle for multimedia communication. Coupled 
with the multiprocessing and upgradability features of the SPARC­
station 10, Sun has created a desirable multimedia workstation. 

Sun's concept of collaborative multimedia is consistent with its 
client/server computing philosophy. The collaborative tools available 
to employees have changed the way tiiey work and, more impor­
tantly, they now work more efficiently. Because of Sun's success in 
providing networked computing solutions in the corporate environ­
ment, we believe that it can integrate its collaborative multimedia 
platform into the client/server computing arena. 

Tandy Corporation 

Corporate Statistics 

Headquarters Location Fort Worth, Texas 
Chairman and CEO John V. Roach 
Founded 1919 
Fiscal 1991 Revenue (ended 6/30/91) $4.56 billion 
Fiscal 1992 Revenue (ended 6/30/92) $4.68 billion 
Number of Employees 40/XX) 

Overview 
Tandy Corporation, founded in 1919, is a leading manufecturer 
of various consumer electronics items, including audio, video, 
telephony, and magnetic media products, as well as PCs. The 
company is also ttie largest coi\sumer electronics and PC retailer 
in the United States, operating more than 7^00 stores and dealer/ 
franchise outlets imder ttie names Radio Shack, McDuff Electronics, 
VideoConcepts, The Edge in Electronics, and Computer City 
SupeiCenter. 
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Tandy is considered one of the pioneers in multimedia computing. 
In 1988, it held initial discussions with Microsoft to chart the pa&i 
for multimedia technology in PCs. Over the next two years, 
engineers from both compiinies were assigned the task of develop­
ing the minimum multimedia hardware specifications, which 
evolved to become the MFC hardware specification, announced in 
November 1990. As a founding member of the MFC Council, Tandy 
is acknowledged as the first company to introduce a fully 
integrated line of multimedia PCs. 

Financials and Market Position 
Tandy's overall revenue for 1991 totaled about $4.6 billion. Of this 
total, Dataquest estimates that 1991 sales of its first-generation 
multimedia PCs totaled about $28.2 million, based on about 
9,100 unit shipments worldwide. 

Strategy 
Tandy believes that multimedia personal computing is a natural 
evolution of the PC and that end users are justified in demanding 
more features from their systems, including stereo sound, photo­
realistic images, and CD-ROM mass storage. Before the term 
"multimedia computing" became an industry buzzword, Tandy was 
already at work incorporating multimedia-type features into its PCs. 
For instance, it introduced the Tandy 1000 TL in 1987, tiie indus­
try's first PC with built-in digital sound and playback capabilities. 
This example shows Tandy's ability to anticipate end-user needs 
and fulfill their demands. Also, witii its expertise in the consimier 
electronics industry, Tandy recognized early on the potential of 
incorporating audio and video capabilities into its systems. 

By opening a technology center dedicated to multimedia shortly 
before announcing its first line of multimedia PCs, Tandy reiterated 
its commitment to providing the lesouices necessary to support this 
new industry. The cMiter, comprising multimedia training, applica­
tion development, and the evaluation of new multimedia technolo­
gies and products, provides a solid foundation for ISVs to create a 
variety of multimedia applications while experimenting with the 
latest in multimedia hardware. 

Extending tiiis philosophy, Tandy distributed its first multimedia 
PCs to ISVs, as well as to publishers and selected Radio 9iack bus­
iness and education customers, before shipping in volume to its 
more than 7,000 Radio Shack Computer Centers and Radio Shack 
technology stores and dealers. Tandy understands tiie importance of 
software development to multimedia and will continue to work 
closely with the ISVs. 

Products 
Tandy's first line of fully configured multimedia PCs, introduced in 
May 1991, comprises five systems, each standard with a 35-inch 
floppy disk drive, 512K video memory for VGA Plus graphics, 
CD-ROM, and a multimedia expansion adapter with audio circuitry 
and CD-ROM interface. Preirutalled on the systems' hard drive are 
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MS-DOS 5.0 and Microsoft Windows' 3.0 graphical environment 
plus Multimedia Extensions 1.0. System models and configurations 
are as follows: 

• 2500 SX Multimedia: 386SX/16-MHz, 2MB memory, 40MB HDD 

• 2500 SX/20 Multimedia: 386SX/20-MHz, 4MB memory, 52MB 
HDD 

• 4016 DX Multimedia: 386/16-MHz, 4MB memory, 52MB HDD 

• 4025 LX Multimedia: 386/25-MHz, 4MB memory 105MB HDD 

• 4033 LX Multimedia: 386/33-MHz, 4MB memory 105MB HDD 

Tandy also introduced two upgrade kit versions, one with an inter­
nal CD-ROM and one with external. Each kit contains a CD-ROM 
drive, multimedia expansion adapter with audio circuitry and 
CD-ROM interface, and Microsoft Wmdows 3.0 plus Multimedia 
Extensions. Radio Shack also has made the internal CD-ROM drive 
available separately. The data transferability of the CD-ROM enables 
tfie ability to run multimedia graphics and hig^i-fidelity audio. 

The company's next generation of multimedia systems, introduced 
at COMDEX/Spring '92, reflects the natural progression of multi­
media technology. The four additional models feature an enhanced 
video chip, designed by Tandy, with the ability to display up to 
16 million colors on standard VGA monitors, and an audio board 
tiiat provides true 16-bit digital stereo soimd and allows for the 
mixing of various audio sources. Because the audio board includes 
ttie CD-ROM interface, only one expansion slot is required. These 
models come standard with 4MB system memory, 512K video 
memory, a CD-ROM drive, and both MS-DOS 5.0 and Windows 3.0 
plus Multimedia Extensions. System models and configurations are 
as follows: 

• 2500 SX/25 Multimedia: 386SX/25-MHz, 85MB HDD 

• 4825 SX Multimedia: 486SX/25-MHz, 120MB HDD 

• 4850 EP Multimedia: 486DX2/50-MHz, 120MB HDD 

• 4833 LX/T Multimedia: 486DX/33-MHz, 120MB HDD 

Tandy refers to these four sjrstems as its Version 1.1 multimedia 
PCs. As with tiie original systems, upgrade kits are available. These 
newer kits are compatible with Version 1.1 specifications. We should 
note tiiat these specifications are set by Tandy and are independent 
of the specifications set by ttie MPC Council. 

The latest system offered by Tandy, the Sensation, is targeted at 
home, education, home-office, and small business environments. It 
offers a 486SX/25-MHz processor, 4MB system memory, a 107MB 
hard disk drive, a 35-inch floppy disk drive, a CD-ROM drive, a 
built-in modem (2400-bps with voice-mail capabilities, 4800 baud fox 
traitsmission), MPC sound on tiie main logic board with FM syn­
thesizer, MS-DOS 5.0, Microsoft Wmdows 3.1, Microsoft Works for 
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Windows, and Microsoft Bookshelf for Windows. The system also 
comes standard with three oidine services, including Prodigy, 
America Online, and The Sierra Network. An optional feature is 
the PC/TV add-in board, which transforms the Sensation into a 
122-chaimel, cable-ready tuner. Setting this system apart from other 
Tandy multimedia systems is incorporation of new WinMate 
organizer for Windows, comprising the following eight categories 
that may be opened by direct selection or by having a digitized 
voice describe the contents: 

• In the Know: Accesses Microsoft Bookshelf for Windows. 

• In Touch: Features Teleminder (telephone answering system) and 
Message Center (plays back messages in text or voice format). 

• In the Bank: Accesses Microsoft Works for Windows tools, includ­
ing financial 

• In Control: Home inventory application for personal property. 

• In Charge: Performs personal management functions (for example, 
scheduler and adendar). 

• In Play: Learning games for children (teaching the alphabet, 
typing, math). 

• In Print: Accommodates printing of banners, cards, signs, and 
name tags. 

• Inside: Accesses standard \^ndows toob such as Control Panel, 
Paintbrush, and File Manager. 

Dataquest Perspective 
It is natural that Tandy would have a strong interest in mtiltimedia. 
As both a leading consumer electronics and PC manufecturer, the 
company realized that it can leverage its technology expertise from 
its consumer electronics divisions and incorporate those features into 
its PCs. Furthermore, it can take advantage of its tremendous ret<iil 
presence to distribute its multimedia systems. Besides its flagship 
Radio Shack chain, the recent launching of both the Computer Qty 
SuperCenters and Incredible Universe stores will aid in promoting 
its multimedia systems. 

With a multimedia PC "infrastructure" in place, Tandy took the 
initiative by working with Microsoft to set the groundwork for 
multimedia hardware standards, while continuing to enhance its 
PCs with multimedia-typ>e features. As an active, founding member 
of the MPC Council, Tandy has taken a leadership role in promot­
ing multimedia computing. More importantly, it has the capital, 
technology, and distribution structure to effectively market its 
multimedia systems. Tandy has made tremendous contributions to 
multimedia, and its pioneering efforts should not be overlooked. 
Dataquest looks for Tandy to continue furthering its multimedia 
activities from both a company and industrywide point of view. 
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Dataquest Perspective 

Opportunities for Success 
Dataquest views the multimedia hardware market as the next great 
frontier for the PC and for upgrade kit vendors. Dataquest has 
identified the following areas as opportunities for success in the 
multimedia market: 

• Digital video 

• Networking 

• Multimedia-specific distributors/need-specific design 

Digital Video 
Digital video capabilities will be tiie next sound board. Multimedia 
computing encompasses sound and video. Audio is only one of the 
two most compelling elements of multimedia. Video, the second ele­
ment, is a bit more complex than sound for two main reasons: a 
video clip requires an extreme amount of space to store, and the 
nature of Hxe data is much more complex than that of the most 
complex audio clip. Herein lies the opportunity: produce a digital 
video chip/board that allows the user to compress the image or 
video into a format easily stored and retrievable. However, die 
chip/board must not lose the robustness of the image in the com­
pression process. 

MPEG and JPEG compression are two proposed standards that the 
industry is insp>ecting. The sooner a standard can be established, 
the sooner more board manufacturers am enter the business. The 
size of the market is so small that vendors are specialized to the 
markets they want to target The overall market needs an inexpen­
sive general board that permits tiie end user die ability to integrate 
video into everyday applications. Once ttie digital video nuurket is 
expanded, the multimedia market will have another leg to stand 
on. 

Networking 
The ability to network computers and, in a sense, people, is 
integral in today's busii\ess envirorunent. Systems witii multiinedia 
capabilities are no exception. The ability to transfer rich data ty|)es 
(audio and video integrated with text) will be in h i ^ demand. 

One of the ntost anticipated uses of multimedia computing is video 
nuul, vM-dn. initially will be used much the same as e-mail, except 
ttiat a digital video/audiotaped message will be sent to tiie address 
chosen. Today's networking systems are not set up to receive such 
massive files, nor can they transport diem in a timely fashion. The 
ability to conununicate through the computer has been an end-user 
demand from the begiiming. 

Another application cm the horizon is video telecortferencing 
duough die desktop, which would enable the ability to communi­
cate between work groups in two different locations and the ability 
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to view and interactively change an IC circuit designed between 
these two work groups. Dataquest views multimedia networking 
as an opportimity (see Chapter 7 of this report, "Multimedia 
Telecommunicatior\s"). 

Multimedia Distributors/Need-Specific Design 

As with any new product or market segment, the problem of 
getting the product to the people who want it must be faced. 
Dataquest believes that there is an opportimity for multimedia 
distributors or integrators. Today's MEM, for the most part, are 
kluge machines. That is, they have been taken off an existing 
assembly line and given multimedia capabilities. They have not 
been designed from the ground up for a specific task. An exception 
would be NCR's Model 3331, which is designed for the CBT 
market. 

Dataquest believes that there is a need for systems integration in 
the multimedia arena. For the most part, systems today are simply 
generic multimedia machines built for a market that has not really 
been defined or segmented. The multimedia needs for schools are 
certainly different from those of a Fortune 500 company looking for 
a CBT system. Why should either have to sacrifice for the other? 
Systems integrators will determine the needs of a client and piece 
togettier a system that will meet those specific needs. In essence, 
the systems integrators will be able to segment the marketplace by 
specific needs and address those needs. 

Vendors hoping to compete in the multimedia market will soon 
realize that there is no such thing as generic multimedia needs. 
Vendors will either profit from selling on an OEM basis to systems 
integrators or they will follow ttie patti of NCR, by designing a 
systems to meet ttie needs of various segments of ttte market. IBM 
would not try to sell one of its Olympic Kiosks to a Forttme 500 
company, so end users should not be forced to buy something that 
does not meet their needs. Dataquest expects of>eration-specific sys­
tems to be developed over the next 12 mondis to meet the needs 
of tiie various segments of the multimedia nuirket. 

Barriers to Success 
Despite advancement in multimedia technologies, tiiere are road­
blocks tiut may inhibit acceptance of multimedia as a viable com­
puting envirorunent Dataquest has identified a few of these barriers 
to success in multimedia computing, as foUows: 

• Acceptance of new technology 

• Lack of multimedia applications 

• Production capacity of CD-ROM drives 

• Lack of perceived need 

• Cost 

• Budget cuts in education 
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Acceptance of New Technology 
Human nature makes us reluctant to change. Multimedia hardware 
vendors will have to take into consideration the reluctance to 
accept multimedia as a viable computing environment when mar­
keting their products. As with any new technology, it will take 
time for ttie market to accept and become comfortable with multi­
media computing. The multitude of features can be intimidating to 
new multimedia systems users. Most hardware vendors provide 
online tutorials to familiarize these users, but as the market grows 
and corporations begin implementing these systems, formal class­
room training sessions may be necessary to speed the learning 
curve. The success of multimedia will in part depend on how 
quickly the market can adapt to multimedia computing. 

Lack of Multimedia Applications 
A major factor in the relative success or failure of a hardware 
product historically is in availability of software. Multimedia hard­
ware vendors are aware of tiiis and have been working with ISVs 
to ensure that a variety of multimedia solutions will be developed. 
But despite their efforts, there are a lack of multimedia applications 
at present, especially for business use. Though Dataquest expects 
the growth of multimedia applications for business to occur within 
the next 12 to 18 months, the lack of applications prevents corpora­
tions from investing in multimedia hardware. This lag in software 
availability represents lost revenue opportunities for hardware 
vendors tiiat have already invested substantial time and effort in 
getting their products to market. 

Production Capacity of CD-ROM Drives 
Just as ti\e lack of multimedia applications has tempered market 
growth, availability of CD-ROM drives will play a major role in 
determining multimedia's market potential. Demand for CD-ROM 
drives has increased tremendously, and CD-ROM manufacturers 
have been hard-pressed to meet these demand reqiiirements. And, 
with tiie multimedia market poised to take off as more applications 
become available, even more pressure will be placed on ttiese 
manufacturers. Unmet demand requirements will be detrimental to 
both the multimedia hardware and upgrade kit manufacturers. 
Though designated production capacity is a barrier, it may be an 
opportunity for new CD-ROM drive manufacturers to enter tite 
market. The fear is that ttiese "dorte" drive manufacturers may 
flood the market wittt low-cost, tttough inferior products, much as 
done PC manufacturers did diiring their initial shipments in the 
early aiul mid-1980s. It is hoped that die current drive manufac­
turers will be able to maintain production schedules while produc­
ing top-quality CD-ROM drives. 

Lack of Perceived Need 
Dramatic new technologies offered through multimedia should 
appeal to a majority of ttie market, ti\oug^ a certain percentage 
vrill question die need for such an enviroiunent Some will argue 
diat die business enviroiunent has gotten along tine without 
multimedia. The features are exotic, but are diey necessary? And 
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why invest in a technology that exceeds the computing require­
ments of a given company? The only way to cornbat these issues is 
to demonstrate the value-added features that multimedia can bring 
to the desktop. This lack of perceived need relates to the accep­
tance of new technology. Once users are properly trained and have 
reached a comfort level with multimedia, the system may be per­
ceived as a need. 

Cost 
Much attention has been focused on the cost of multimedia systems 
because of the price wars in the PC industry. While traditiorwl PC 
and workstation vendors have engaged in price cutting, some anti­
cipate the same to occur with multimedia systems. This simply will 
not happen at present. From a basic economic standpoint, the 
multimedia vendors are bound by the component vendors' costs, 
especially CD-ROM drive manufacturers. It would be impossible for 
tiiem to lower their system prices unless their component costs are 
reduced. Unlike traditional systems vendors, multimedia hardware 
vendors are bound by a rigid cost structure and at the same time 
attempt to establish a price that will attract a market for tiiis new 
technology. The price premium that multimedia systems vendors 
must charge may be an initial barrier. But if they can commimicate 
tiie value-added message to the corporate, home, and education 
environments, they can effectively differentiate their products from 
traditiorutl PCs, which essentially have become commodity items. 

Budget Cuts in Education 
We have already witnessed the benefits of traditional computers in 
education over the past decade, especially in ihe K-12 grade levels. 
Interactive, multisensory multimedia computers could have substan­
tial impact in the classroom. This vision, however, may never be 
fully realized because budget cuts have plagued the educational 
system for the past few years. 

A greater effort must be made toward integrating computers into 
the national curriculum. Education officials and teachers can work 
with software developers to create a greater variety of education-
specific applications. Also, multimedia systems vendors can take a 
bottom-up approach to system design by creating systems specifi­
cally for the classroom. Ihe systems vendors and software 
developers will work from dieir end to design products for this 
market, but tiiey will need assistance from the market itself. It is 
vital that education officials do \^^t they can, in lig^t of ttas 
difficult situation, to continue allocating resources for computers, 
specifically to multimedia systems. These systems will not only 
enhance tt\e education experience, but more importantly will pre­
pare students for occupations that are increasingly becoming 
computer-dependent. 

SAWW-COR-FR-9201 61992 Dataquest hcocporated NowemtKr 16,1992 



5-56 Semiconductor Application Markets Worldwide 

Upgrade Kits and Boards 
This section is a self-contained discussion of the markets for computer 
digital video and sound boards, as well as an overview of multimedia 
upgrade kits. 

Definitions 
Multimedia enhancement products for PC and workstation platforms 
can come in a variety of forms. In this section we will examine 
add-in boards and upgrade kits. CD-ROMs, a major element of 
multimedia upgrading, are covered in Chapter 6 of tiiis report, 
"Multimedia Storage Requirements." 

Sound and Video Boards 
Sound and video boards are add-in boards for PCs and work­
stations that expand the platform's sensory capabilities. Sound 
boards provide the input, output, and processing capability for 
voice, sounds, music, and MIDI (encoded music). They also provide 
tfie necessary interfaces to microphones, speakers, and recording 
and playback devices such as CD-ROM or CD-audio, and musical 
instruments (via the MIDI connection). 

Video boards allow platforms to process motion video and still 
images, and provide the necessary interfaces to video sources and 
storage (for example, VCR tape, TV signals, camcorders, and 
CD-ROM) and to the platform's display subsystem. 

These boards can be marketed as part of upgrade kits, and sold to 
platform OEMs for incorporation into multimedia systems, VARs, or 
directiy to die public. 

Upgrade Kits 
Upgrade kits represent bundled elements used to upgrade platforms 
to perform multimedia tasks including tiie boards mentioned earlier, 
multimedia software, and CD-ROM drives. In this aiudysis. Data-
quest only counts upgrade kits tiiat have a CD-ROM and a sound 
board as a minimum configuration. These upgrade kits are pack­
aged by OEMs and VARs, and are sold prindpaUy through tiie 
various retail chaimels. 

Market Drivers and Dynamics 
Aftermarket and point-of-sale pimiiases are the volume channel of 
upgrade kits and add-in boards. The fierce battle to cut prices to 
secure market share is keeping most con^uter vendors busy watch­
ing margins and away from immediate incorporation of multimedia 
features in their products. As a direct effect of sj^tems being 
cheaper, tt\ere is an opportunity to sell upgrade kits or tiieir ele­
ments. This is expected to continue to be ttie case for the next two 
to three years, until multimedia features become embedded in more 
platforms and as staiulards settle out. 
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Digital Video: Can Be Seen 

Digital video and witii video conferencing are the most challenging 
aspects of computer multimedia. The challenge comes from the 
combined criteria of achieving acceptable quality at a reasor\able 
price. There is little doubt that tiie hardware designers will hit 
these targets in the near future. The only question is when and 
how users will employ video capability in computing applications. 

Figure 5-12 presents one scenario as to how and when digital video 
will be applied in various markets. Early adopters of computer-
based image and video marupulation include TV and movie studios, 
advertising agencies/service bureaus, and publishers, all of whom 
have immediate need to convert video to a digital form for editing. 
The next wave of users includes the more sophisticated corporate 
users such as market communications specialists and training 
departments. We also expect scientific, engineering, and design 
teams to expand graphic-based visualization into video-based. 
Kiosks, or interactive computer platform-based booths, used for con­
sumer information are also evolving into big users of digital video. 

The third wave of digital video deployment comprises those appli­
cations that are the most cost-sensitive and require the longest time 
to develop compelling application and title software for. In this 
category fall mainstream office desktop and education markets. 

Figure 5-12 
Computer Digital Video Application Trend 
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Source: Dataquest (November 1992) G2001217 
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Video Technology Migration 
EHgital video technology is changing dramatically. It has to in order 
to be employed in out-year applications noted in Figure 5-12. Digi­
tal video add-in boards come in a spectrum of prices and varieties 
ranging from frame grabbers to full motion with compression capa­
bility. Many features can also be achieved through interconnected 
daughter cards. Key features of digital video boards include the 
following: 

• TV tuner: NTSC (United States and Japan), PAL (Europe), and 
SECAM (Europe), cable-compatible versions. 

• Video I / O formats: Composite (standard video signal with 
chromiance and luminance signals combined), S-video (for 
example, laser disk and Hi8), broadcast, and VHS. 

• Digitization: Conversion of standard analog video signals such as 
NTSC to YUV color space for computerized manipulation and 
subsequently conversion to RGB for display on the computer 
monitor (a basic requirement of digital video). 

• Resolution and color: Usually traded off against each other, with 
VGA modes the most supported for IBM compatibles; scalability 
to different resolutions or window sizes; ultimate capability is 
full-screen, 24-bit color, at full motion (30 frames per second). 

• Capture: Concerns buffering and storage of an image or a series 
of images tiut comprise a motion video; genlock is a feature that 
concerns the synchroiiization of disparate video sources. 

• Special effects: Features such as haidware-bcised panning, crop­
ping, scaling, chromakeying, filtering, color-brightness control, and 
zooming. 

• Editing: Usually a multicard set witt\ hig^-end features such as 
A / 6 roll (for transitions), edit decision list (EDL) management, 
and SMFTE time-code management; these systems run specialized 
software and run $2,000 to $15XXX); companies such as Digital 
F / X (Apple), Matrox (IBM), and Paltex (IBM) provide desktop 
editing systems. 

• File formats: Ability to work with different industry standard 
image file formats such as PICT, TIFF, or TARGA. 

• Software support: Ability to work under popular operating 
environments such as Apple's QuickTune, Microsoft's AVI, or 
IBM's O S / 2 2.0 Multimedia Presentation Maruiger, and with 
authoring packages. 

• Sound support: On-board mono or stereo sound input/output, 
DSP, anr^Iification, and synchronization with video. 

• Compression: Hardware acceleration of standards such as JPEG, 
MPEG, Quicklime, and AVI compression and decompression. 

• Graphics support: Overlay (text and graphics) and windowing 
operation. 

• Odier features: SCSI host adapter for CD-ROM interface. 
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The Video Future 
Figure 5-13 shows an evolutionary scenario of performance and 
price. Basic capture, display, overlay, editing, and storage are 
available today in products such as SuperMac's Video Spigot and 
Creative Labs' Video Blaster for a street price of about $400. High-
end fimctionality including hardware compression acceleration is 
available for about $2,500 from comparues such as Intel/IBM with 
their Action Media II. As for compression or\ly. Storm Technologies' 
StormCard provides QuickTime (works with Video Spigot) compres­
sion functionality ($999). 

The future will witness current low-end functionality moving into 
an even more affordable price range for mass appeal with prices 
reaching as low as $200 per board by 1996. We predict by that 
time frame boards with hardware compression could be about $300 
by tfien as mass-produced compression accelerator chips enable a 
larger market. For a discussion of the involved digitization and 
compression technology, refer to Qiapter 3, "Semiconductor Technol­
ogies and Opportunities in Multimedia." 

Video OEMs 
The list of companies providing digital video boards is long and 
the market fragmented. In many cases the companies already partic­
ipate in the graphics board business and have extended their offer­
ings into video and imaging as well. Some alliances are beginning 
to happen: RasterOps plans to acquire Truevision, IBM works with 

Figure 5-13 
Computer Digital Video Technology Trend 
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Intel (DVI, Action Media) and Video Logic, and Cardinal Technolo­
gies works with Fuji. Truevision is estimated to have about 20 per­
cent of the 1992 market in revenue, and SuperMac about 8 percent. 
Video Logic, New Media Graphics, IBM/Intel, and Creative Labs 
each have 5 percent. The rest of the OEMs are expected to have 
less liian $10 million in revenue. Table 5-5 lists leading OEMs cind 
their offerings. 

Many other companies are involved in digital video, including a 
growing contingent from the Asia/Pacific region, as follows: 

• A.W. & Associates: Long Beach, California 

• Avid: Burlington, Massachusetts 

• Canon: Tokyo, Japan 

• DesignTech: San Jose, Califomia 

• Digital F/X: Mountain View, Califomia 

• E-Machines: Beaverton, Oregon 

• lEV International: Salt Lake City, Utah 

• Genoa Systems: San Jose, Califomia 

• Kingston Technology: Taipei, Taiwan 

• Magni Systems: Beaverton, Oregon 

• New Media Graphics: Billerica, Massachusetts 

• NewTek: Topeka, Kansas 

• Newer Technology: Wichita, Kansas 

• Optibase: Canoga Park, Califomia 

• Radius: San Jose, Califomia 

• Rapid Technology: Amherst, New York 

• ^^ionetics: Taipei, Taiwan 

• 50/50 Micro Electronics: Simnj^ale, Califomia 

Computer Digital Video Forecast 
Figures 5-14 and 5-15 present Dataquest's forecast for digital video 
boards of all varieties. As usage expands into ttie broader markets, 
volume economics will develop and prices will come down substan­
tially. We expect worldwide shipments to reach 1 million units dur­
ing 1994. The outer years will see a blending of a growing percen­
tage of compression-enabled boards, accounting for half of aU 
boards by 1994. We furtt\er estimate that 20 percent of the com­
puter digital video market will be a subsystem on the motherboard 
by 1996. 

North America accoxmts for 75 percent of the market; that figure 
should drop to 55 percent by 1996 as Europe grows to 30 percent 
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Table 5-5 
Examples of Computer Digital Video Offerings 

Company 
Cardinal 

Technologies 

CompuAdd 

Creative Labs 

Digital Vision 

Dolch Computer 
Systems 

Fluent Machines 
Hauppauge 

Computer Works 
IBM 

Intel 

Mass Microsystems 

Matrox Video 
Products 

New Video 
NeXT 

RasterOps 

Storm Technologies 

Sun Micros)rstems 

SuperMac 
Technology 

Truevision 

Video Logic 

Location 

Lancaster, PA 

Austin, TX 

Milpitas, CA 

Singapore 
Dedham, MA 

Milpitas, CA 

Framingham, MA 
Hauppauge, NY 

Atlanta, GA 

Princeton, NJ 

Sunnyvale, CA 

Quebec, Canada 

Santa Monica, CA 
Redwood City, CA 

Santa Oara, CA 
Mountain View, CA 

Mountain View, CA 

Stmnyvale, CA 

Indianapolis, IN 

Cambridge, MA, 

London, United 
Kingdom 

Key Products 

SNAPplus, 
COMPIX, 

SOUNDvision (IBM) 
TV/Video Board 

aBM) 

Video Blaster ($499 
Ust) 

aBM) 
TelevEyes, 

ComputerEyes 

JPEG-VIPER 

Fluency (IBM) 

Win/TV Series 
($495 Ust) (IBM) 

M-Motion/Action 
Media n/PS/2 TV 

Action Media n 
(IBM) 

Quicklmage 24 
(Apple) 

Marvel (IBM) 

EyeQ (Apple) 
NeXTDin\ension 

(NeXT) 

24XLT(S)V (Apple) 
StormCard ($999) 

(Apple) 
VideoPbc 

(SPARCstation) 

VideoSpigot ($349 
retail) (Apple) 

Bravado ($1,295), 
TAKGA+ MCA 
(IBM) 

DVA-4000, Mediator, 
Rapier-24, 

MediaSpace (IBM, 
Apple) 

Source: Dataquest (November 1992) 
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Figure 5-14 
Worldwide Computer Digital Video* Market Forecast (Factory Revenue) 
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Figure 5-15 
Worldwide Computer Digital Video* Market Forecast (Units and Factory ASP) 
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and Japan to 10 percent. Sales charmels for digital video boards are 
expected be split among distribution, retail (stores and catalogs), 
and OEM. 

Dataquest Perspective on Digital Video 
We are optimistically realistic about the prospects for the use of 
digital video on computer platforms. The twin factors of software 
availability and dropping hardware prices will help stimulate 
demand. The early adopters such as publishers are indoctrinated 
already; next come tiie training and design visualization markets. 
The vast bulk of tiie market will not be available until later in the 
decade, when desktop use develops. 

Software-driven decompression standards as supported by the major 
OS vendors will help jump-start usage as the magnetic disk drive 
becomes a convenient storage mechanism for content creators. Hard­
ware compression acceleration is expected have a bigger presence 
during the next year, following a market scenario much as floating 
point and graphics controllers did. We expect board vendors to 
start consolidating with those with better alliances in order to 
survive. Existing graphics board houses stand a good chance of 
being among the chosen as graphics functions merge with video 
functionality. 

Sound Boards: Boom 
In the quest to upgrade computer platforms, sound is proving to 
be ttie most desirable sensory feature. Sound boards' first big draw 
over the past year was to enhance the home PC-based for enter­
tainment and musical composition. Now mainstream desktop appli­
cations are tapping into the wave as well (see Figure 5-16). 

Software such as Lotus 1-2-3 is turning to sound to help users 
learn. With softwzue such as V\^dows' object linking and embed­
ding (OLE), sound can be embedded in applications and files and 
played with a click of an icon. Designers are even talking about 
the concept of a sound user interface to complement the successful 
graphical user interface. Our surveys indicate that the demand for 
sound is so pervasive, functionality is rapidly heading for mother­
board incorporation. 

Sound Technology Migration 
Chapter 3 discusses most of the technology trends with sound. 
Figure 5-17 summarizes some of them. Ei^t-bit technology today 
is represented by the original Sound Blaster from Creative Labs, 
or what is foimd in a Macintosh computer. In two to three years, 
CD-quality 16-bit sound with more sophisticated sampled-MIDI 
synthesis will be available at about the same price point as 8 bit 
FM-synthesis capability today. The market is starting to witness 
several variations of offerings as products are combined with graph­
ics and portable versions emerge. Media Vision, with its portable 
AudioPort ($199), has been joined by Video Associate Labs and 
VocalTec in offering versions targeted for use by the portable 
computer user, attaching to ttie parallel port and providing audio 
I/O and synthesis. 
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Figure 5-16 
ComputerSound Application Trend i 
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Figure 5-17 
Computer Sound Technology Trend 
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MIDI 
MIDI, a digital protocol that allows musical instruments to commu-
rucate with each other and to computers, is moving from the 
recording studio to the home jmd office. At compression ratios of 
400:1 over regular digital audio, MIDI can manage 16 different 
channels or instruments simultaneously. A MIDI file is essentially a 
musical composition in computerized format. Key data such as 
notes, force of the notes, pitch movement (bend), and type of 
instrument can be encoded. 

With a MIDI file (sequence), information from a computer con­
trolled synthesizer can emulate an entire orchestra. Synthesis can be 
accomplished in nnany ways. The four-operator OPL-3 standard 
from Yamaha, which can generate 20 voices (combination of instru­
ments and rhythms), is the most widely used in low-end applica­
tions (for example, the MFC 1.0 specification). The use of sampled 
sound synthesis is migrating from professional MIDI systems to 
nuiinstream usage. This latter technique entails mixing actual 
recorded sound elements from instruments stored in ROM chips. 

General MIDI is a common subset of MIDI implementations and 
prescribes the designations for instrument program locations (patch­
es). Another de facto standard concerns sound boards from Geative 
Labs and Media Vision, which have special software drivers that 
standardize patch assignments. 

Software that captures, edits, and plays MIDI-based compositions 
from the computer are called sequencers. Midisoft's Midisoft Studio 
for Windows ($249 list) is an example of one such sequencer. 

Sound Board Players 

The computer soimd board market was laimched into its current 
state by Creative Labs and AdLib. AdLib has had some recent 
financial trouble, but Creative Labs has shipped well over 1 million 
boards, bringing improved computer sound aiul MIDI capability to 
IBM-compatible PC owners. We estimate that Creative Labs wiU 
have about 50 percent of the computer sound board market in 
revenue in 1992, followed by Media Vision witii 30 percent. Roland, 
IBM, Turtle Beach, and ATI will split another 10 percent. Leading 
sound board OEMs are noted in Table 5-6. 

Odier sound board compaiues include VocalTec, Video Associates, 
Zoltrix, and Digitan Systems. Companies that make full-scale MIDI 
syntiiesizer boxes include Akai, Casio, E-mu, Ensoniq, Korg, 
Kurzweil, Peavey, Roland, and Studer. 

Sound Board Forecast 

The outlook for sound boards is bright, as many application soft­
ware providers support sound. As it moves from exclusively the 
home-game/music envirorunent to the school, office, and various 
vertical applications such as musicians and information kiosks, the 
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Table 5-6 
Leading Sound Board OEMs 

Company 
AdUb 
ATI Technologies 

Cardinal Technologies 

Creative Labs 

Digidesign 

E-mu System 
IBM 
Media Vision 

Roland 
RIM 

Spectral Synthesis 

Sunrize Industries 
Turtle Beach 

Location 
Quebec, Canada 
Scarborough, 

Ontario 
Lancaster, PA 

Milpitas, CA 
Singapore 

Menlo Park, CA 

Scotts Valley, CA 
Atlanta, GA 
Fremont, CA 

Los Angeles, CA 
Irwindale, CA 

Woodinville, WA 

Campbell, CA 
York, PA 

Key Products 
Gold 
VGA & Stereo F/X 

($149-299) (IBM) 
Soundvision ($399) 

(IBM) 
Sound Blaster 

(Pro/16), MIDI 
Blaster ($99-349) 
(IBM) 

Sound Tools 11 ($3,500, 
Audio Media II 
($1,300) (Apple) 

Sound Engine 
M-audio (IBM) 
Pro Audio Spectrum 

(Plus), Thunderboard, 
The Audioport (IBM) 

SCC-1 
AudioMaster ($299) 

(IBM) 
The Digital Studio 

(IBM) 
AD1012 (IBM) 
MultiSound ($999) 

(IBM) 
Source: Dataquest (November 1992) 

annual volume is expected to approach 7 million units by 1996 (see 
Figures 5-18 and 5-19). An increasing percentage of the boards are 
being bundled into S3rstems by rc and upgrade kit marketers. 
Retail stores and catalogs are the predominant channels for sound 
boards. This is expected to shift somewhat to the VAR, OEM, and 
distribution channeb as upgrade kits and bundled sjrstems become 
more popular. 

We further expect the factory ASP to stay flat as increased func­
tionality is brought on at the same price point. We expect 16-bit 
capability to grow to 90 percent of the market by 1996 and sam­
pled soimd (or equivalent quality) to comprise two-thirds of the 
market by then, hi the latter part of this decade, the sotmd board 
market will flatten and drop as sjrstems embedded with soimd 
become dominant 
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Figure 5-18 
Worldwide Computer Sound Board Market Forecast (Factory Revenue) 
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Source: Dataquest (November 1992) Q2Dai223 

Figure 5-19 
Worldwide Computer Sound Board Market Forecast (Units and Factory ASP) 
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Dataquest Perspective on Sound Boards 
Enhancing the PC and workstation with sound undoubtedly is a 
ready opportimity to be taken advantage of as users become con­
vinced of die need and software rolls out. We do not believe that 
users will sit at their PCs to listen to stereo, but there are plenty 
of other uses where it will aid in productivity and user-friendliness. 
Although eventually nearly every new computer platform will have 
sound capability embedded, there remains a large number of 
installed systems globally in home, education, and traiiung markets 
that will need aftermarket boards. 

Although little stereo and 16-bit sound software exists today, these 
higher-end boards market better. We believe that the transition to 
sampled synthesis of music will happen quickly as several new 
semiconductor chip sets hit the market, helping drive prices down, 
The only limiting factor will be development of software driver 
standards for this higjier level of performance. 

Upgrade Kit Trends 
The strategy to upgrade kits to add multimedia features to installed 
or new PCs through retail markets is apparently successful in part 
because of the recent steep price cuts by PC vendors, leaving 
budget for upgrading. With a mirumum of a CD-ROM (internal or 
external) and a sound board, upgrade kits can include various com­
binations of the following: 

• CD-ROM (of the various varieties) and optional host adapter 
board 

• Soimd board capable of capturing and outputting sound, includ­
ing a digital form of music known as MIDI 

• MIDI connector cables and sequencing software 

• Digital video add-in board (of various varieties) 

• Autiioring software for creating multintedia material 

• Game, reference, and educational CD-ROM tities 

• Multimedia systems software (for example. Multimedia Extensions 
for Wmdows) 

• Scaimer (flatf>ed, handheld) 

• Microphone 

• Speakers 

Variability in the core constituents of upgrade kits rievolves around 
the performance class of the CD-ROM (280ms through 850ms), the 
type of sound board (6 bit or 16 bit, FM or sampled), and the 
bundled titles. Low-performance upgrade kits can run as low as 
$550 retail, witii the "average" running from $900 to $1,000. One 
interesting twist is Creative Labs' avoidance of a SCSI interface to 
the CD-ROM, taking some of the cost out. Creative's Sound Blaster 
Pro card provides a non-SCSI interface directiy on it. Media 
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Vision's Pro AudioSpectrum (Plus) is the most widely adopted 
sound board by the upgrade kit providers, probably because of its 
16-bit capability. 

Upgrade Kit Multimedia Software 
The software titles that go along with these kits can vary widely, 
but the following—^which comes witii Media Vision's Pro 16 
Multimedia System—exemplify what is available with a sophisti­
cated kit: 

• Microsoft Windows 3.1 with Multimedia Extensions 1.0 

• Lotus 1-2-3 with SmartHelp 

• Compton's Multimedia Encyclopaedia 

• King's Quest V (stereo adventure game) 

• MacroMind Action! (multimedia presentations) 

• Stereo Studio F/X (soimd editor) 

• TrakBlaster Pro (a four-track studio) 

• Nautilus Multimedia CD (multimedia magazine) 

• SP Spectrum (MIDI sequencer) 

• Pro Speech (text-to-speech synthesizer) 

• Control Panel (software controlled mixer) 

• Audio Mate (DOS-based audio application) 

• Music and soimd effect library 

Upgrade Kits of the Future 
Current upgrade kits are a good value for the buyer. The sum of 
the individual components can easily exceed the packaged price by 
two to three times. We expect packagers will tier their offerings 
perhaps at the $500, $1,000, and $1,500 price points to appeal to 
different budgets. Packages will also differentiate diemselves on the 
CD-ROM titles because they target versions at markets such as 
home education/entertaiiunent, schools, and ttie home office. The 
low end will offer the basic hardware (with slower drives), multi­
media systems software, and peihaps one or two titles such as a 
presentation package and information reference. 

Upgrade Kit Players 
The dominant packagers and marketers of upgrade kits are tf\ose 
associated with the MPC effort, which is becoming a recognizable 
specification for the IBM-compatible market It also is the specifica­
tion most broadly supported by the ISVs. Key kit players include 
sound board makers such as Creative Labs and Media Vision, 
CD-ROM drive makers such as NEC, and PC done makers such 
as CompuAdd and Samsung (see Table 5-7). We can expect non-
manufacturing channel value-adders to become involved. Computer 
superstores and catalog houses are examples. 
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Table 5-7 
Selected Upgrade Kit Providers 

Company 

CompuAdd 

Creative Labs 

Media Resources 

NEC 

Samsung 

Swan Technology 

Tandy 

Turtle Beach 

Key Products (Sound Board Used) 

Multimedia Upgrade Kit (Sound Blaster Pro) 

Sound Blaster Multimedia Upgrade Kit (Pro) 

MK A/B (Pro Audio Spectrum, SCC-1) 

Multimedia Upgrade Kit (Pro Audio Spectrum) 

MediaWizard (Media Master) 

Swan Multimedia Update Kit (Sound Blaster 
Pro) 

Multimedia Upgrade Kit (Sound Blaster Pro) 

MultiSound Multimedia Upgrade Kit 
(MultiSound) 

Source: MPC World, Dataquest (November 1992) 

Upgrade Kit Market Forecast 
Figures 5-20 and 5-21 present Dataquesfs worldwide forecast for 
upgrade kits. As a minimum, an upgrade kit contciins a CD-ROM 
drive (reader) and sound board in this forecast. We estimate that 
1992 factory revenue will be $268 million, based on 675,000 units 
shipi>ed and a factory ASP of $397. We believe that the market will 
continue ramping ttuough 1994, when it will begin to decline to 
ttie submillion-imit level because of tfie entry of a variety of con-
sim\er targeted and MPC PCs that will embed CD-ROM drives and 
sound functionality. 

The principal initial markets for upgrade kits are the Scune as those 
we have identified elsewhere in this report ttie home market, 
schools, aiul corporate market communication and training. We 
estimate that 60 percent of tiie market is in North America, with 
30 percent in Europe, and 6 percent in Japan. This mix should shift 
to about 45 percent North America, 35 percent Europe, 10 percent 
Japan, aitd 10 percent ROW by 1994. Retail stores and catalogs will 
be tiie principal channels for upgrade kits. 

Dataquest Perspective on the Multimedia Upgrade Kits 
Upgrade kits should have a substantial market window of opportu­
nity over the next two to three years. The installed base of home 
and office 386-based machines is large, and our projections are 
modest in comparison. As stated earlier, we believe that die kits 
will be targeted at certain user markets, with performance and soft­
ware selection l>eing the difference. 

Perhaps the most interesting story will be the diversity of kit 
providers tttat will spring up. However, if they want to use tiie 
MPC logo, the fees wiU be steep, which will limit some interlopers. 
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Figure 5-20 
Worldwide Multimedia Upgrade Kit* Market Forecast (Factory Revenue) 
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Figure 5-21 
Worldwide Multimedia Upgrade Kit* Market Forecast (Units and Factory ASF) 
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Key Vendor Profiles 

Creative Technology Ltd. (Also Known As Creative 
Labs Inc.) (U.S. Subsidiary) 

Corporate Statistics 

Headquarters Location Singapore 
Qiairman Sim Wong Hoo 
Founded 1981 
1991 Revenue $60.7 million (nine months ended 

March 1992) 
Number of Employees 486 

Overview 
Creative Technology is tiie leader in IBM-compatible PC add-in 
sound boards, based on the success of its Sound Blaster products. It 
has diversified into multimedia upgrade kits for PCs and digital 
video boards. The company is a member of MPC and continues to 
work closely with Microsoft and others on future multimedia 
specifications. 

The company recently went public, selling 4.8 million shares world­
wide. In the United States, tiie stock is traded on NASDAQ under 
the ticker "CREAF." The current trading price is $12. 

The company recently purchased, for $1.75 million, the rights to 
E-mu Systems' SoundEngine chips aiul sound library to create new 
products. It designs and manufactures its products in Singapore and 
distributes them worldwide. 

Financials and Market Position 
According to Creative's prospectus, it is en route to $100 million in 
calendar-year 1992 sales. Given the stroigtti of the fourth quarter 
(for Christmas) for home PC upgrade products, 20 or 30 percent 
more ttxan tfiat total is possible. The company had a net income of 
$6.5 million and a 23 percent after-tax margin for tiie latest quarter 
reported in March 1992. Nordi America accotmted for 56 percent of 
its recent sales; 27 percent were in Europe, and 17 percent in Rest 
of World. 

Dataquest estimates ttutt the company will have about half the 1992 
soimd add-in board market, whidh is down from an estimated 
80 percent share in 1991. The prime competitor has become Media 
Vision, with others gaining strength as well. Creative Labs and 
Media 'N ŝion are suing each other, with Creative claiming encroach­
ment on its Sound Blaster technology and Media Vision claiming 
uiUawful competitive practices. 

The company also has a coleadership position in the MPC upgrade 
kit business, as brand name recognition aids pull-through- It has 
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a solid second-tier position in the digital video business with its 
Video Blaster product, which delivers substantial performance for a 
$495 retail list price. 

The company has announced OEM relationships with Packard Bell, 
Tandon, Philips, Tandy, and Wang. In April it announced the sign­
ing of Egghead Discount Software as a major distributor. 

Products 

Creative offers a variety of sound, video, and multimedia upgrade 
products. 

Sound Products. The company's sound products are as follows: 

• Sound Blaster: Audio sampling and playback, FM music syn­
thesizer, MIDI interface, game port and software ($149 list). 

• Sound Blaster Pro Basic: Similar to Sound Blaster but includes 
stereo and a CD-ROM interface ($229). 

• Sound Blaster Pro: Same as Basic but includes MIDI Kit 
(sequencer and cables) ($299). 

• Sound Blaster 16: 16-bit Sound Blaster-compatible, vnUx four-
operator FM Sjmthesis and 44.1-MHz sampling ($349 not yet 
released). 

• Soimd Blaster: Software and manual for sound/music drivers and 
Developer Kit technical information ($99). 

• MIDI Kit: Sequencer software jind cabling ($79). 

• MIDI Blaster: Hig^-performance board tiiat features PCM wave-
sampled sounds; capable of 128 soxmds, 33 effects, and 55 drums. 
Roland Sound Canvas-compatible. Includes MIDI software and 
titles ($499, not yet released). 

Wdeo Products. The company's video product is as follows: 

• \^deo Blaster: Video capture, overlay, and display subsystem with 
multimedia and JPEG compression software ($495). 

Upgrade Products. The company's upgrade products are as follows: 

• Multimedia Upgrade: CD-ROM drive, Sound Blaster Pro, MIDI 
Kit, Windows 3.1, and various CD-ROM titles ($799). 

• Creative Multimedia: Same as previous but excludes sound board 
($549) Upgrade Kit 

• Multimedia Starter Kit: Same as full kit but excludes MIDI kit 
and some CD-ROM titles ($650). 

Strategy 
Creative is diversifying rapidly from its Sound Blaster roots, trying 
to capture all aspects of multimedia growtti. It rolls out its new 
products in 16-bit soimd, digital video, and MIDI witti a goal of 
cost sensitivity in mind. The company has plentiful profits and a 
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cash infusion from the public offering to continue filling product 
line holes and extend the price/performance envelope. Sampled 
sound products from the recent E-mu deal reflect one direction for 
the company. 

Creative is struggling to retain the control over the de facto 
standard (drivers) that software and titles are written for. The 
proprietary interface (not SCSI) to the Matsushita CD-ROM drives 
could keep those customers that invested in the drive primed for 
future board products. 

The company will continue leveraging its brand name recognition 
and position as the leading sound board manufacturer to gain a 
larger share of the upgrade kit business. 

Dataquest Perspective 
The company has a severe challenge as success catches up with it. 
The early market leader often gets arrows in the back, but Creative 
Technologies just might succeed as a major multimedia player The 
balance and cost-effectivity of recent offerings suggest that the com­
pany is using its cash wisely. Its brand name recognition should 
help it maintain a distance from other players in the retail chan­
nels. If the company can succeed in bringing to market sub-$4(X) 
sampled soimd capability, it might continue leading the pack for 
some time. 

Media Vision Inc. 

Corporate Statistics 

Headquarters Location Fremont, California 
President/CEO Paul Jain 
Founded 1990 
1991 Revenue $8.5 million 
Number of Employees 60 

Overview 
Media \ ^ i o n provides multimedia enhancement products to the PC 
marketplace. It was founded with funding from Brentwood Associ­
ates, Advanced Technology Ventures, Phoenix Partners, Nazem and 
Company, 3i Ventures, and Qrrus Logic. To date it has specialized 
in sound and upgrade kits areas. It contracts out its manufacturing. 

The company has an alliance witit Cirrus Logic to design and sell 
soimd chip sets. It is also working with Stanford University's 
Center of Computer Research in Music and Acoustics on new audio 
technology. It also is a member of the MPC Council. The company 
aimounced tfiat several software vendors, including WordPerfect and 
Broderbund, are writing Pro Audio S{>ectrum-compatible applications 
and titles. 
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Financials and Market Position 
The company is private, and thus not much financial detail is avail­
able. Media Vision estimates that it could grow its revenue by 
10 times in 1992. Dataquest estimates tiiat it could capture as much 
as 30 percent of the PC sound board business in 1992. The com­
pany is also among the market leaders in upgrade subsystems and 
kits and is estimated to have a $10 million dollar sound chip set 
business in 1992. 

Products 
The company offers a range of products specializing in audio and 
upgrade kits and systems, as follows: 

• Audioport, a credit card-size "sound board" that attaches to the 
parallel port of a portable or desktop PC and has audio process­
ing, synthesis, and a speaker ($199 list). 

• CDPC, a multimedia subsystem that attaches to PCs and includes 
a CD-ROM drive, sound boards, stereo speakers, and multimedia 
software ($1,295). 

• Pro 16 Multimedia, an upgrade kit with Pro Audio Spectrum/16 
sound system board, a 280ms NEC CD-ROM drive, and several 
multimedia titles. 

• MPC Upgrade Kit, witti a Sony CDU 535 CD-ROM drive. Pro 
AudioSpectrum Plus sound board, Windows 3.1 software, and 
various multimedia titles ($1,199). 

• Pro Audio Spectrum, with 8- and 16-bit CD-quality (44.1-MHz 
sampling), Plus/16 OPL-3 synthesis, MIDI I/F, software, and 
drivers ($279/$349). 

• Thunder Board, which includes a Wmdows version, 8 bits, and 
Soimd Blaster compatibility ($169/$179). 

• Thunder and a combined Thunderboard, witii 24-bit color and 
Lightning VGA graphics ($349). 

• MIDI Mate and MIDI connections. 

Strategy 
Media Vision has been successful at grabbing a big piece of tine 
sound market in a short time. Offering a cost-effective 16-bit solu­
tion has helped it gain retail shelf space aiui a chance to land good 
OEM and upgrade packaging deals. Innovations with the Audioport 
and CDPC have also helped differentiate the company. The alliance 
with Cirrus Logic on chips allows Media Vision to integrate state-
of-the-chip-based technology without having to foot the bill entirely 
on its own. 

We expect the company to move into higher-fidelity sound products 
and possibly even to video after Microsoft's AVI strategy is 
unveiled. Because of the graphics background of the founders, we 
also expect more integrated graphics products. 
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Dataquest Perspective 
Media Vision basically has tiie same challenge as Creative Technol- fl 
ogy: staying on the bucking bronco of an infant high-growth mar-
ket. There is probably room for both companies, and more. The 
move to open their standard for software compatibility is good; 
perhaps it can get an edge on name-brand recognition as compati­
ble titles follow. 

The company has a strong mind-share v«tii fellow upgrade kit 
vendors because of its entrenched 16-bit recognition. This will aid it 
in keeping developers and allies on board. The relationship with 
Qrrus Logic is like having an in-house chip group, and tiiis should 
allow Media Vision to stay ahead with state-of-the-art, cost-effective 
technology. 

i 

i 
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Chapter 6 
Multimedia Storage Requirements ^ ^ ^ 

Introduction 
Multimedia computing is coming of age in the 1990s. But the industry 
is still struggling with a definition: What is multimedia? An ancient 
Chinese tale best describes the situation. Four blind people are touch­
ing an elephant trying to decide what it is. The one touching the nose 
says it is a snake, the one touching tiie leg reports it is a pole. 
Another person touching the body tiiought it was a wall. The person 
touching the ear thought it wcis just a fan. Of course, the name of that 
elephant is multimedia. Indeed, multimedia means different things to 
different people, depending on in which industry they are. 

In the previous chapters, Dataquest defined multimedia computing. In 
doing so, Dataquest observed that there are many standards and plat­
forms. The computer companies are using multimedia to enhance the 
particular computer architecture or format they are selling. Perhaps a 
more plausible approach is to consider the minimum requirement for 
multimedia software—and then thirtk about necessary CPU and other 
hardware. This "basic" machine approach could enable the industry to 
produce a common format, which will, in turn, accelerate the market 
growth. 

In this chapter, Dataquest takes this "basic" machine approach to 
multimedia storage requirements. The chapter presents an analysis of 
the multimedia software programs and their requirements for storage 
and reviews the various storage components that comprise multimedia 
computer storage, with a focus on CD-ROM technology as a distribu­
tion medium. Dataquest will also discuss factors that will cause the 
market to grow, provide an analysis of the size of the market with 
five-year growth forecasts, and profile the leading CD-ROM drive 
manufocturers and title development software companies. 

Definition of Storage Devices 

Rigid Disk Drives 
The rigid disk drives (RDDs) reviewed in tiiis section store digital 
data on platters with magnetically sensitive recording surfaces. 
These platters are fixed and nonremovable. The disk media sub­
strates are nonflexible and can be made of aluminum, plastic, glass, 
or other rigid material. 
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Units are defined as single spindles. In the case of large (8- to 
14-inch) drives, spindles are calculated as equivalent-capacity IBM 
spindles. Disk drives with multiple actuators are counted as single 
spindles and placed in the diameter category of their external form 
factor 

Dataquest defines the fixed media RDD market according to the 
following segmentation scheme: 

• The total RDDs 

o 1.8-inch RDDs 

o 2.5-inch RDDs 

a 3.5-inch RDDs 

o 5.25-inch RDDs 

o 8- to 10-inch RDDs 

o 14-inch RDDs 

Dataquest further segments the RDD market by the following eight 
capacity categories: 

• 30M6 or less 

• 31MB diroug^ 60MB 

• 61MB throu^ 100MB 

• 101MB through 200MB 

• 201MB tiuoug^ 500MB 

• 501MB tiuoug^ 1GB 

• 1GB tiuoug^ 2GB 

• More than 2GB 

Flexible Disk Drives 
This product is a drive that houses a removable flexible diskette 
make of a 3-millimeter poljrester substrate coated witti gamma ferric 
oxide particles dispersed in an epoxy binder and encased in a vinyl 
jacket 

Dataquest defines the flexible disk drive (FDD) market according to 
ttie following segmentation scheme: 

• Total FDDs 

o 3.5-inch FDDs witii the following formatted capacity ranges: 

- 720KB 

• 1.44MB 

• 2.88MB 

• More dian 2.88 MB 
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o 5.25-inch FDDs with the following formatted capacity ranges: 

- 360KB 

- 1.2MB 

Tape Drives 
A class of computer backup devices that uses reel-to-reel, cartridge, 
or cassette tapes as media. 

Optical Disk Drives 
A data storage device that uses laser technology. Types of optical 
storage include compact disc read-only memory (CD-ROM), 
CD-Recordable, write-once/read-many (WORM), and erasable optical 
disk drives. 

Role of Mass Storage in Multimedia Computing 
Multimedia computing can be simplified and examined in three parts 
for tiie purpose of this study. These three parts are media, technolo­
gies, and products, as shown in Figure 6-1. Media includes text, audio, 
and visual. Technologies that make multimedia possible include optical 
mass storage and faster computer platforms at reasonable prices. The 
resulting products include training and courseware, presentations, 
information kiosk systems, recreational programs such as games, refer­
ences, and online tutorials and help systems for using software appli­
cations and multimedia-enabled business applications. 

Figure 6-1 
Key Multimedia Elements 

Media Enabling Technology Products 

Video notebooks 

Video editing 

Tours 

Simulations 

Games 

Training and coursework 

Presentations 

Kiosk systems 

Promotional materials 

Lecture aids 

Source: Dataquest (November 1992) Gzooisoa 
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Delivering true multimedia such as graphics, soimd, and especially 
video, requires large amounts of mass storage. For example, one still 
color picture occupies 20MB of memory without compression. Storage 
of 72 minutes of full-frame, full-motion video using MPEG-1 compres­
sion requires the full 680MB capacity of a CD-ROM. 

i 
Dataquest represents the multimedia software layers and requirements 
for various storage medium in Figure 6-2. Dataquest believes that 
multimedia computing represents additional opportunities for all types 
of storage devices. 

Most of the desktop computer installed base has less than 100MB of 
RDD capacity. Figure 6-3 shows the projected RDD capacity in PCs. 

For desktop computers, the average RDD capacities are projected to be 
120MB this year, growing to 425MB in 1996. It is apparent that sub­
stantial multimedia programs, especially high-end multimedia, require 

Figure 6-2 
Multimedia Software Layers and Requirements for Storage 
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Source: Dataquest (November 1992) G2«>ieio 
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Figure 6-3 
History and Forecast of Average RDD Capacity in PCs: 1991 to 1996 

Average Capacities in MB 
2,000 

1991 1992 1993 1994 1995 1996 

Source: Dataquest (November 1992) G2001811 

mass storage beyond the capacity of user's available desktop hard 
disk space. As Dataquest projects in Figure 6-3, the average size of 
hard disks purchased for new PCs has been, and will be, growing 
rapidly. This makes it feasible to store small to moderate amounts of 
graphics and low- to mediimi-quality souiui along with existing appli­
cations, but storage of all but short clips of low-resolution video 
remains impractical. Multimedia programs with substantial content 
will continue to exceed the available capacity of user's hard disks for 
several more years. 

An alternative is to store material on a LAN server, instead of an 
individual's hard disk. This can sometimes help because the capacity 
of the server tends to be larger than an individual's hard disk. 
However, transfer of material over the network is problematic because 
of the h i ^ bandwidth required. 

Use of multimedia files on hard disks and servers is also limited by 
the number of floppy disks users are willing to load. The means of 
loading a hard disk are a problem, as well as the amoimt of available 
storage. Even if 100M6 of hard disk space were available, the user 
would need to load 70 high-density (1.44M6) floppy disks, which 
would take much time and effort. Other hi^-capacity methods for 
loading drives, such as streaming tape and digi^ audio tape (DAT), 
are available but only at a few sites. By 1994, Dataquest projects diat 
64 percent of 3.5-inch floppy disk drives shipped with PCs will be 
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2.88MB rather than 1.44MB. This doubled capacity will accelerate dis­
tribution of still images and audio but will still be too small for video 
programs. 

Cost is also a consideration. Table 6-1 compares the cost per megabyte 
among the removable mass-storage devices. 

Among the removable storage devices, CD-ROM drives have the best 
attributes to be the distribution medium of choice for multimedia com­
puting. Because CD-ROM is not rewritable, Dataquest believes that 
CD-ROM should be classified as a publishing medium rather tiian a 
storage device. CD-ROM technology is appropriate for distributing 
large volumes of information as required by multimedia applications. 
The RDD will continue its dominant position as the primary storage 
of multimedia-enabled desktop computers. 

In Dataquest's opinion, a typical multimedia-ready computer with 
reasonable performance should have 4MB of RAM, a 100MB h<ud 
disk, a 1.44MB 3.5-inch floppy drive, and a CD-ROM drive. The 
CD-ROM drive should have a transfer rate of at least 150 KB/sec, the 
ability to play CD audio, and an average access time of less tiian 
400ms. 

CD-ROM: The Distribution Medium of Clioice 
for Multimedia 
CD-ROM is a technology for distribution and retrieval of digital infor­
mation on optical disks played on CD-ROM drives attached to a 
workstation, PC, or Macintosh or placed on a CD-ROM server and 
accessed over a LAN. 

CD-ROM has a storage capacity of 680MB, and the media is remova­
ble. Replication costs in quantity are about $1.2 to $150 per disk, plus 
setup costs (prices range from $1^00 to $2,000). It is the one area 
wdieie a single, dear, official, and de facto market standard is already 
in place. 

High capacity at significantly lower costs than other distribution alter­
natives is often cited as the major advantage of CD-ROM in tfie con­
text of multimedia. One CD-ROM disk can hold up to tiie following 
amounts of information: 

• 250,000 pages of text, if delivered on paper 

• 12,000 images 

• 50,000 computer pages of data 

However, the low cost of the media and distribution for CD-ROM and 
its large capacity are only the beginning of the story. CD-ROM tech­
nology has many additional advantages such as the following: perma­
nence of media and data; raruiom access of data; low data error rates; 
well-established standards for formats; compatibility with PCs and 
LANs; superior searching, sorting, and retrieval capabilities; digital 
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Table 6-1 
Cost Comparison among the Removable Mass Storage Devices 

Rewritable 
Optical 
Write-Once 
Optical 
CD-ROM 

Flexible Disk P^c^ 

Magnetic Removable 
Disk Drive 

Form Factor 
(Inches) 

3.5 
5.25 
5.25 
12.0 
4.72 

35 
5.25 

5.25 

Capacity 
(MB) 

128 
650 
940 

6,500 
640 

1.44 
1.2 

88 

Average 
Access 

Time (ms) 
38 
37 
90 

400 
380 

94 
91 

2932 

Data 
Transfer Rate 

(KB/sec) 
900 
600 
690 
600 
300 

60 
60 

U50 

End-User 
Drive 

Price ($) 
1,200 

3,000 

2,800 

15,550 

300 

47 
57 

• 575 

Soupoa: Dataquest (NovamtMr 1992) 
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media capable of delivering text, data, graphics, sound, and video; 
and, last but not least, a rapidly growing installed base. These charac­
teristics make CD-ROM drives an ideal publishing medium for 
multimedia applications. Actually, CD-ROM drives are often associated 
with multimedia as one of the key enabling technologies. 

For the above reasons, CD-ROM has emerged as the medium of choice 
for distributing multimedia titles. 

However, because CD-ROM disks are read-only and are usually 
manufactured in volume in large plants, CD-ROM is more suitable for 
distributing many copies of a given large program than for one-of-a-
kind or low-volume programs. For prototyping and low-volume 
programs, CD-Recordable came into play as a natural extension to 
CD-ROM technology 

CD-ROM Technology Trends 
To discuss CD-ROM technology trends, a quick review of CD-ROM 
technology is necessary. 

A Brief History of CD-ROM Technology 
CD-ROM technology has its roots in ttte higlily successful audio 
technology, which has largely displaced the venerable phonograph 
record. The key driving force behind CD technology has been 
N.V. Philips in the Netherlands. Philips initiated research projects in 
1969 to investigate and develop optical disk recording techniques 
for video, audio, and text/data. By 1973, Philips-Polygram had 
produced the first laser-read disks. In 1978, Philips defined the 
compact disc (digital audio) in a document tiiat became known as 
the Red Book. 

The first working model was shown to the press in 1979; at ttie 
same time, a cooperative agreement was signed with Sony Corpora­
tion of America Inc. By 1980, the CD standard was accepted by the 
Japanese Digital Audio Disc committee, and licenses were offered to 
other companies. The enormous success of audio CD was followed 
by the introduction of the CD-ROM in 1984, defined in a new 
Philips document called the Yellow Book. 

Hitachi Ltd., Philips, and Sony began shipping CD-ROM drives in 
1985. In late 1986, Philips followed up with its Green Book, defin­
ing its CD-Interactive sjrstem, which began shipping in mid-1991. 
Meanwhile Philips and Sony have collaborated on an Orange Book, 
which defines rewritable-CD technology. 

CD drives operating in mode 1 (CD-ROM) have an additional layer 
of error correction as compared witti drives operating in mode 2 
(audio CD). This error correction and the interface to the host are 
tiie only difference between the two CDs. Most recent CD-ROM 
models will operate in eittier mode and will have the appropriate 
I/O connections to do so. 
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CD-ROM Characteristics 

The CD-ROM Disk and its Replication 
The read-only disk is made with a process very similar to the 
manufecture of phonograph records. The disk manufacturer creates 
a glass master (with pits corresponding to the binary data) using a 
laser-cutting lad\e directed by data read from magnetic tape. The 
glass master is used to create a metal master, a metal mother, and 
tfien a metal stamper. Finally, the disks are replicated in clear poly-
carboiuite plastic by the tens of thousands, using an injection-mold­
ing process. Each disk is coated wifti an alimiiniun reflective layer 
and then coated with a protective layer of transparent resin and 
tested and labeled for shipment. Most media manufacturers are 
offering mastering and replicating services to the industry. 

Reading the Data 
The disk is read by a noncontact optical stylus (see Figures 6-4 and 
6-5) utilizing a gallium arsenide laser as a lig^t source and botti 

Figure 6-4 
Typical CD-ROM Optical Stylus Assembly 

Source: Philips Subsystems and Peripherals incorporated 
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Figure 6-5 
CD-ROM Read Method 

Note: The optical system receives low light levels from 
the pits (scattering) and high levels from the 
lands (reflecting). 

Source: Philips Subsystems and Peripherals incorporated 

tracking and focus servos to recover the data witiiout phj^ically 
touching the disk. Lig}it reflected by die surface pits and lands is 
directed back to two diode pairs in i\e optical sj^tem's assembly, 
wiiich detect both focus errors and radial tracking errors and enable 
the servo system to make position corrections (see Figures 6-6, 6-7, 
and 6-8). Positioning the optical assembly is done with a rotary 
actuator (see Figure 6-9) (Philips) or a flat linear motor (Sony). 

Physical Recording Format 
The data in the CD disk are stored as true digital data, unlike 
LaserVideo, which is an FM analog approach. Because the data are 
stored as binary information that the computer can recognize, it can 
manipvtlate and interact witii the data. The physical recording for­
mat is one in which any change of state signifies a binary one. 
That is, the change from a land to a pit signifies a biiuuy one, as 
does change from pit to land. No change of state during a cell 
time signifies a binary zero. Thus, the continuation of a pit or a 
land during a data cell time is interpreted as a binary zero. The 
direction of tiie inversion makes no difference—any inversion is a 
one (see Figures 6-10 and 6-11). 

Channel Code 
In the CE)-ROM mastering process, the 8-bit data code is converted 
into a 14-bit channel code by the use of a lookup table (see 
Figure 6-12). This code is known as 8-to-14 modulation (EFM). This 
14-bit sjonbol is chosen such that two Is in succession never occur. 
as this causes problems with the ability of ttie optical system to 
resolve tf\e very dose together changes of state on the disk. 
Therefore, the symbol always puts at least two Os between Is. 
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Figure 6-6 
The Principle of Focus Control 

Note: F(error) = (D1+D4)-|D2+D3) and hence F(error) = 0 when In focus: 
This focus error signal is negative when the distance between objective lens 
and reflective layer Is too great and positive when too small. It Is amplified 
and fed to a coil situated around the objective lens in the optical pickup 
unit (OPU). The current in the coil causes the objective lens to move in the 
relevant direction until the error signal is "0" and the beam is in focus. 

/v\ 
,7\\ 
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Source: Philips Subsystems and Peripherals Incorporated 

Conversely, too many Os in succession require a data channel low-
frequency response that gets down into the servo signal passband 
and could cause interaction problems. The number of Os is arbitrar­
ily run-length limited to 11. The resulting 14-bit symbol (3 + 11) 
avoids adjacent Is and runs of more than 11 Os—but contiguous 
symbols could have adjacent Is. Therefore, tiuee merging bits 
are inserted between 14-bit symbols to avoid ttiis situation (see 
Figure 6-13). A 27-bit synchronous pattern followed by 17-bit 
symbols representing control and display (17 = 1 17 bits), data 
(408 = 24 17 bits), and error correction (136 = 8 17 bits) result in 
a basic frame of 588 channel bits (see Figure 6-14). When tt\e 
CD-ROM reads tiie disk, it ignores the ttiree merge bits and trans­
lates the 14-bit channel code symbol back to an 8-bit data byte. 
Data are arranged in sectors, which consist of 98 frames. The 98 
frames multiplied by 24 bytes of user data yield 2,352 bytes per 
sector. Every sector begiiis with 12 bytes of synduonization fol­
lowed by 3 bytes of address information and a 1-byte mode indica­
tion. This leaves 2,336 bytes of user data in what is known as 
mode 2. In mode 1 operation, an additional layer of error correc­
tion consumes 288 bytes, leaving 2,048 bytes for user data. The 
8 bytes of error correction in the basic rnode 2 frame is called 
Cross Interleaved Reed-Solomon Code (CIRC). The CD-ROM has 
been designed to compensate for "burst" errors ttiat may arise due 
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Figure 6-7 
The Basic Servo System 
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Source: Philips Subsystems and Peripherals Incorporated 

to disk defects or contamirution and may extend over several 
frames. This is done by employing two Reed-Solonton codes that 
are interleaved to extend error correction over a number of adjacent 
frames. This is known as the CIRC. An example of the interleaving 
technique is shown in Figure 6-15. The 288 additional error correc­
tion bytes in mode 1 are called Error Detection And Correction 
(EDAC). Mode 2 is adequate for audio, but mode 1 is needed for 
data applications. There are 270J0QO sectors available on the disk for 
a 60-minute playing time, vMch yields 553MB of user storage. It is 
possible to extend tiie playing time to 74 minutes and 682MB, but 
this puts data on ttie outermost area of ti\e disc, vsiiich is the most 
error prone because of medianical magnification of spindle run-out, 
disk run-out, and clamping errors. 

Digital Sum Value 
The previously described criteria of no adjacent "Is" and a mini­
mum of two "Os" in succession could have been satisfied by two 
"merging" bits. The diird bit is to satisfy an additional criterion. 

This concerns ttie minimization of spectral power at low frequen­
cies, which represent electrical noise to the servo system. The basic 
requirement of the servo system is a low (ideally zero) DC signal 
content. This can only occur when the lengths of pits and lands 
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Figure 6-8 
Centering on the Track 
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Source: Philips Subsystems and Peripherals Incorporated 

along the track are eqxial. The digital siun value (DSV) rises 
linearly for periods of lands and falls for periods of pits (see 
Figure 6-16). 

To minimize tt\e DSV, a third bit is added to the two "merging" 
bits that are required for the minimal run-length constraint previ­
ously described. With the three bits—^"XMM"—both the merging 
requirement and the minimum DSV requirentent can be sat^fied. As 
shoen in Figure 6-16, "X" must be a "0" to satisfy the minimal nm 
length of two "Os" in succession. That leaves a choice of "000," or 
"010," or "001," all tiiree of which meet the merging requirement. 
The influence of each of these choices on the DSV clearly irtdicates 
that the best choice is "000." This choice is done automatically. At 
die modulation stage, ttte mastering sjrstem that produces the disks 
looks ahead and inakes tiie best choice of "merging" bits that the 
run-length cortstraints allow. 

Technical Limitations 
Despite the impressive amount of low-cost s tora^ available on 
CD-ROM, there are also some very real performance limitatiorts. 
The CD-ROM uses a cortstant linear velocity (CLV) spindle drive, 
which means that spindle speed changes ccmtinuously from inner 
diameter to outer diameter to keep bit density the same at all 
points on the spiral track (see Figure 6-17). Thus, it gets somewhat 
more storage capacity ttian a constant angular velocity (fixed 
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Figure 6-9 
Typical CD-ROM Construction i 
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Source: Philips Subsystems and Peripherals Incorporated 

spindle speed) would have achieved. The CLV equals 13 meters/ 
second. The CLV approach made sense in the original audio appli­
cation to achieve more playing time. In random-access data applica­
tions, however, it takes a very long time to change spindle speeds. 
Average radial access times are more than 300ms compared with 
85ms for stepper motor actuator Winchester drives and 12ms to 
30ms for voice coil actuator ^%ichester drives, which have the 
advantage of being constant angular velocity drives. Furthermore, 
CD-ROM rotational latency times are 60ms to 150ms, comparable 
with flexible disk drives at 83ms and 100ms, and the 83ms typical 
of VN^chesters. Thus, average access times are very slow when 
compared with magnetic storage devices. Data transfer rates at 
1.41 Mbps are closer to flexible disks (250 and 500 KB/sec) than to 
small Wmchesters at 5 Mbps. The CD-ROM transfer rate will not 
support full-motion video without data compression, but it will 
support animation. 

Another result of the CD audio background and ttte CLV approach 
to spindle speed is that addresses are expressed in units of 0 to 
58 minutes, 0 to 59 seconds, and 0 to 74 sectors. 
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Figure 6-10 
CD-ROM Disk Construction 
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Note: Data are impressed into the substrate as a 
series of pits of variable lengtli and are read 
by iaser through the transparent substrate. 

Source: Philips Subsystems and Peripherals Incorporated 

Future Trends 
CD-ROM drives will become faster. In the past three years, average 
access times for CD-ROM drives have dropped from nearly a 
1 second down to 300ms to 400ms. Most of the drives available 
today meet the MFC Marketing CouncU's specifications, ttiat is, 
they have average access times of less than 1 second. Based on 
users' feedback, a CD-ROM drive with less tiian 400ms of average 
access time is more desirable to run multimedia applications. 

The improvement in access time comes largely from shorter latency 
time and shorter time for feeding optical pickup to the data 
processing point. The key technology development work can be 
expected to center aroimd higji-speed, accuracy-control spindle 
motors to achieve hi^er rotational speed and hig}i-speed feeding 
mechanisms for high-speed transporting of optical pickup. 

We expect to see this development trend continue in the next two 
years. As the access time drops below 300ms, smooth, full-motion 
video applications for miiltimedia will become even more appealing 
to end users. 
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Figure 6-11 
CD-ROM Data Pattern 
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Source: Philips Subsystems and Peripherals Incorporated 

Figure 6-12 
Part of the 8-to-14 Code Conversion Table 
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Figure 6-13 
Data to Channel Code to Physical Disk Relationship 
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Figure 6-14 
CD-ROM Format Frame 
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Figure 6-15 
Interleaving 
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Significant improvement wiU also come in the form of increased 
throughput because of the use of hig^-speed, accuracy-control spin­
dle motors for hi^er rotational speed and new ASIcfs—^Digital 
Signal Processing (DSP)—to achieve higji-speed data processing. 
High-performance optical pickup with high-frequency respondent 
actuator and photodetector will also contribute to the increased data 
transfer rate. 

Some vendors employ faster motors to spin the disks at twice, or 
evai four times, the rate of audio CDs for nonaudio operations, as 
specified by CD-ROM standards. NEC, Sony, and Texel America 
have rolled out doubled throu^put drives. Toshiba is readying its 
double-speed drive for use in miiltimedia that it will launch with 
Apple Computer Inc. Pioneer is shipping samples of a "quadruple-
s p ^ " CD-ROM drive that can transfer data at 600 JCB/sec and 
has an average access time of 300ms. Volume shipment is planned 
for the beginning of 1993. 
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Figure 6-16 
Digital Sum Value 
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Figure 6-17 
Servo Control of Motor Speed to Ensure Constant Data 
Rate 
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The current double-speed CD-ROM drives may have the capability 
to handle MPEG-1 at a data transfer rate of 1.2 Mbps; but the 
quadruple-speed drives from Pioneer have the potential to handle 
MPEG-2, if its data transfer rate is specified between 4 and 
6 Mbps. 

DSP of 16 bits is standard today. Dataquest expects to see a migra­
tion to 32-bit DSP in the next two to three years as the average 
access time approaches 100ms, especially for intemal CD-ROM 
drives that are attached to tiie local bus in the high-performance 
PCs. Dataquest also expects to see more sophisticated areal correc­
tion schemes to accommodate the higher througliput of CD-ROM 
drives. 

For mission-critical applications, reliability is more important than 
speed. Reliability is often achieved by keeping dust off the disk. 
Dataquest expects new drives to have sealed and enclosed doors 
covering the caddy slots, lenses that are cleaned automatically each 
time tite disk is inserted, and fanless operation as a result of a 
more efficient power supply. 

In some applications, larger disk capacity is critical. Disk-mastering 
houses, such as Son)^s Electronic Publishing division, can put up to 
780MB on conventiorud CD-ROM disks. This is a good incremental 
capacity to the normal 680MB limit Larger capacity beyond that 
will need MPEG compression/decompression circuitry in the com­
puter. This will er̂ able 12GB of compressed data to be stored on 
International Standards Organization (ISO) 9660 disks. Compared 
witii software-only compression schemes, it will decompress data 
more rapidly, even for full-motion video, benefiting mtiltimedia 
applications. 

Looking beyond the next five years, commercicilly available, shorter-
wavelength laser will be able to increase the density of the disk 
more than the current red-light models. Surmounting this tiireshold 
may prove difficult because a new format iruiy be needed for going 
beyoiid the single spiral track design now specified by ISO 9660. 

Another important technology trend is miniaturization. The multi­
media market will open up initially through packaged media, for 
example, a self-contained CD-ROM device with attractive software. 
This does not have to be connected to a desktop computer. Sony's 
three-inch Data E>iscman is indicative of the advent of tiiis trend. 
NEC is also pioneering the use of smaU, lightweight, portable 
modeb for mobile workers. This technology trend will expand the 
CD-ROM drives market beyond desktop computing. 

Standards Issues 
CD-ROM's success in the market can be attributed to the early 
development of standards for the physical disks and file formats 
used to record them. This means that a CD-ROM disk can be used 
in any CD-ROM disc drive, regardless of the manufacturer. 

The Red Book, YeUow Book, and ISO 9660 are sufficient for 
describing data on CD-ROM disks. When the disks are to deliver 
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multimedia, including audio or video, a host of proposals for stan­
dardization are emerging. Examples include Compact-Disc Read­
only Memory Extended Architecture (CD-ROM XA), Compact-Disc 
Interactive (CD-I), CD-TV, and digital video interface (DVI). None of 
those proposals has gained wide acceptance. Formatting disks for 
multimedia today means selecting a format based on the immediate 
needs of the target customers. 

Dataquest believes that standardization is instrumental in the 
proliferation of multimedia computing. In this section, Dataquest 
will discuss the role and impact of various CD standards on 
multimedia computing. 

Compact Disc Read-Only Memory (CD-ROM) 
CD-ROM was codeveloped by N.V. Philips and Sony with tiie sanw 
constant linear velocity (CLV) spiral format as compact audio disks 
and some videodisks. The physical standards for CD audio disks 
and the standards for recording data on these disks are described 
in the Red Book and Yellow Book, respectively. The logical format­
ting of information on a CD-ROM disk is described in ISO 9660, 
which details the logical arrangement of data on a disk. 

Starting in 1991, the barriers to CD-ROM applications have fallen 
considerably. On the top of the list of barriers is the price of the 
CD-ROM drives and performance. We have seen the price decrease 
significantly in 1992. Some low-end drives can be purchased from 
retail outiets for less than $200, end-user price. This price decline 
will continue and act as an accelerator for the acceptance of CD 
technology. The costs of mastering and replication are coming down 
as well. Also, more powerful PCs are coming into the market at 
much lower prices. Finally, attractive multimedia software became 
available. According to MPC Marketing Council, more than 
75 multimedia software packages are available on CD-ROM, as of 
this writing. On the development side, retrieval software has been 
optimized for optical disks aiul made available for multiplatform 
and multilanguage distribution. 

CD-ROM XA 
Compact Disc Read-OrUy Memory Extended Architecture 
(CD-ROM XA) is an extension of the CD-ROM standard. It is billed 
as a hybrid of CD-ROM and CD-I and promoted by Sony aitd 
Microsoft As a spin-off technology from CD-I, CD-ROM XA 
employs some of the same features, such as the audio encoding 
techniques. The extension adds adaptive differential pulse code 
modulaticm audio to permit the interleaving of sound and video 
data to animation and soimd synchrcmization. CD-ROM XA is an 
essential component of Microsoft's plan for multimedia computing. 

Most CD-ROM drives sold in 1991 conformed to the original Sony/ 
Philips standard for CD-ROM, which lacks tiie capabUity for mixing 
audio for real-time playback with other data. A subsequent exten­
sion to the CD-ROM standard—CD-ROM XA—was initiated by 
Microsoft and Sony to add interleaved audio to the standard. The 
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standard allows compressed audio to be read and played from the 
disk, while other data is being read. The NdPC standard and IBM's 
M57 UltiMedia PC both use CD-ROM XA. CD-ROM XA is sup­
ported strongly by Sony, Philips, Microsoft, and Meridian Data. 

Dataquest believes that CD-ROM XA will prevail in multimedia 
markets for the following reasons: 

• Most users can immediately appreciate the added sound 
capability. 

• The price difference between the two is minimal. 

• The MFC standard recommends a CD-ROM XA drive as an 
option. 

• Many new titles include CD-ROM XA audio. 

• CD-ROM XA has sufficient support from leading vendors. 

CD-Interactive 
Compact Disc-Interactive (CD-I) is a CD format developed by 
N.V. Philips and Sony and s|7ecified in the Green Book. The stan-
daid describes an interactive format and playback mechanism. CD-I 
disks are a different format than ISO 9660. 

To establish CD-I as the standard for multimedia, the challenge to 
Philips is twofold. First, there is a software and hardware synergy 
effect. Second, there are consumer tastes. The first challenge can be 
answered by more evangelism among software developers to write 
more CD-I titles and lower prices to create a large user base and, 
hence, establish CD-I as the de facto standard for the interactive 
entertainment and professional market. Those two elements are 
interrelated. Software developers will not write CD-I software, 
unless there is a large installed base; while a large installed base 
will not become a reality, unless there is plenty of attractive soft­
ware. The consumer tastes can only be tested by time. 

CD-Recordable 
CD-Recordable (CD-R) is a write-once CD technology. The CD-R 
drive can record image, text, and sound once to a CD-R disk and 
the data can be accessed an unlimited number of times. Standardi­
zation is one of the strengths of CD-R. The recorded CD-R disks 
are compatible with CD-ROM, CD-I, Photo-CD, and CD-DA 
players—which means media interchangeability between CD-R 
drives and CD-ROM drives, regardless of the manufacturer. 

CD-R is governed by the Orange Book. ISO 9660 was specified for 
read-only and does not support incremental write and other CD-R 
features. Philips invited several companies to a meeting in Frank­
furt, Germany, in May 1990 and formed the Frankfurt Group. This 
group of companies has become the driving force for establishing 
the CD-R format specifications as an internationally accepted file 
format. Several companies then formed the Frankfurt Consortium, 
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which acts as the marketing arm for the Frankfurt Group. The 
objectives of the Frankfurt Consortium are threefold, as follows: 

• Promote CD-R as a standard for low-quantity multimedia 
publishing 

• Create end-user awareness 

• Position CD-R 

Because of the endorsement by the major CD vendors (such as 
Philips, Sony, Meridian Data, Ricoh, JVC, Digital Equipment Corp­
oration, the Eastman Kodak Company, Pioneer, Yainaha, and TEAC), 
Frankfurt's specifications are expected to be approved by ISO. 
Table 6-2 shows the comparison between ISO 9660 and Frankfurt 
Proposal. 

Philips believes that CD-R is another important, enabling technology 
for multimedia because it unleashes the power of CD-ROM publish­
ing to tine less-professional desktop users and enables small-quantity 
CD multimedia publishing. As a result, the availability of CD-R 
drives and disks will bring the proliferation of multimedia applica­
tions and stimulate the demand for multimedia computing. 
Dataquest tends to agree with this assessment. Indeed, CD-R can 
be one of the most important CD technologies in the coming year. 
Figure 6-18 shows Philips' view of how CD-R technology will assist 
the growth of the multimedia market. 

Market Analysis 

Market Segmentation 
From a storage market perspective, Dataquest segments multimedia 
hardware opportunities into duee basic categories: multimedia-ready 
computer, upgrade kits, and consumer systems and subsystems, as 
follows: 

• Computer platforms 

o IBM PC and PC compatibles 

o Macintoshes 

Table 6-2 
Comparison between ISO 9660 and Frankfurt Proposal 

Universal File Exchange Structure 
Single- or Multiple-Data Tracks 
Read Support 
tligh Performance 
Support New Operating Systems 
Write Support 

ISO 9660 
X 
X 
X 

X 

Frankfurt 
X 
X 
X 
X 

X 
Source: Philips Intsiactiva Media Systems 
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Figure 6-18 
Philip's View of CD-R Technology 
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o Workstations 

o Kiosks 

Multimedia upgrade kits 

o Entry-level {vn\h 8-bit sound card and low-performance 
CD-ROM drive plus two to four titles, retail priced at less 
than $500) 

o Midrange (16-bit SOUIKI card witti medium-performance 
CD-ROM drive plus more than four titles, retail priced at less 
than $900) 

a High end (16-bit sound card with hig^-performance CD-ROM 
drive plus more than 10 titles, retail priced at $1,000 or more) 

Consumer (see Chapter 3 for details) 

o Informatian and entertainment center 

a Interactive and on-demand systems 

o Specialized consumer products: karaoke and filmless photogra­
phy and viewing (that is, Photo-CD) 

o CD-ROM-enhanced video games 
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A multimedia upgrade kit contains everything a user needs to turn 
his or her current PC into a multimedia-enabled platform. At tiie 
center of the multimedia upgrade kit is a relatively high-perfor­
mance CD-ROM drive, a sound card, and bundled multimedia 
CD-ROM titles. Those users who have already bought a CD-ROM 
drive and want to upgrade to nm multimedia can buy an upgrade 
kit witiiout a CD-ROM drive. For example. Tiger Software Inc. in 
Coral Gables, Florida, offers a multimedia upgrade kit that includes 
Microsoft 3.1 Multimedia Extensions, Media Vision audio board, 
CD-ROM SCSI interface and speakers, and a CD-ROM caddy with 
room for 30 titles and 17 CD-ROM software packages. The whole 
package is retailed at $799. 

Market Opportunities 
As stated in Chapter 2, multimedia is a very compute-intensive, 
multifaceted application in a world of desktop devices that are im-
equipped to run it. Dataquest estimates that only 1 million out of 
approximately 124 million desktop PCs installed worldwide are 
equipped with the necessary processing power, memory, high-
resolution color displays, CD-ROM drives, sound systems, and 
video and audio adapter cards required to run multimedia applica­
tions efficiently. 

Technical workstations are much better suited from a raw process­
ing power point of view to run multimedia, except tiiat most still 
lack CD-ROM drives. For example, Dataquest estimates 1 out of 
20 Sun workstations has a CD-ROM attached. Sun is the leading 
vendor in the workstation market, holding about 345 percent of ttie 
total 1991 workstation market share. 

But the total workstation market represents less tttan 1 percent of 
the total installed base of desktop devices (the installed base of 
technical workstations numbered approximately 15 million). This 
picture will definitely change on both ttie PC and workstation 
fronts over the decade as users upgrade desktop workstations 
through equipment replacement cydes, as multimedia PCs and 
upgrade kits become available at affordable prices, aitd as the 
boimdary between a PC and a workstation blurs. Today, tiie avail­
ability of multimedia desktop platforms is defiiutely an issue. 

The recent price war in tiie PC market will keep tiw PC vendors 
on their toes to look for new ways to enhance their products and 
add more value. Multimedia is definitely on their agenda to 
explore. Some major PC vendors have already introduced multi­
media-ready machines, including IBM, Tandy, and Acer. Dataquest 
believes that it will t<tke time for other PC va\dors to figure out 
what their multimedia machine should be. MeanwhUe, die 
multimedia market will initially take off in the upgrade kit seg­
ment. Therefore, CD-ROM drive vendors are better off focusing on 
the multimedia upgrade kit market for immediate market share 
expansion. 
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The driving force behind the multimedia upgrade kit market is 
threefold. First, based on our end-user buying behavior analysis, 
users will not throw away their current machines, they upgrade 
according to applications. Microsoft Windows is Ihe catalyst for 
migration to larger screens, and it is relatively painless and easy to 
upgrade to a large color monitor. Now, as more attractive multi-
rnedia software is becoming available at affordable prices, it is 
natural for users to add sound and CD-ROM drives to run diose 
applications. 

The availability of the multimedia upgrade kits is the second con­
tributing factor. Currently, more than 10 hardware vendors offer 
upgrade kits. The promotion activities of those vendors are generat­
ing awareness and stimulating interest. 

Lastly, opening up tiie reseller channel helps to penetrate into both 
horizontal and vertical markets. The primary distribution channel 
for multimedia upgrade kits are distributors, computer specialty 
stores, value-added resellers (VARs), and computer dealers. All 
major national and regional distributors are carrying upgrade kits 
including D&H, Ingram, Merisel, Tech Data, and Micro Uruted. The 
following list shows the number of authorized resellers that sell 
multimedia upgrade kits. Considering that vendors started shipping 
upgrade kits only at the beginning of 1992, it is remarkable how 
fast the resellers embraced the concept and invested in carrying the 
products. 

• Creative Labs has 1,500 resellers. 

• Media Vision has 2,350 resellers. 

• NEC Technology has 125 direct resellers. 

• Turtle Beach has 400 resellers. 

The reseller channel is very important in tiie multimedia upgrade 
kit business for several reasons. The early adopters are itKJstly 
home computer users and in the education sector because the 
bundled multimedia software is geared for those markets. Reseller 
channels are proven to be tfie most effective way to reach the 
higjily fragmented home and education markets. The kit manufac­
turers offer and maintain good margins for their resellers. In some 
cases, resellers can get a 30 percent margin on each multimedia 
upgrade kit they sell. 

Dataquest furdier classifies the multimedia upgrade kit suppliers 
into three types as follows: 

• CD-ROM manufacturers 

o Example: NEC, with CD Express and Multimedia Gallery 

• Sound board manufacturers 

o Example: Creative Labs, with Sound Blaster Multimedia 
Upgrade Kit 
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• Resellers 

o Example: TigerSoftware, with the Multimedia CD Bundle 

Dataquest expects more CD-ROM drive manufacturers to get into 
the upgrade kit business with different approaches. Some manufac­
turers will market under their own brand name, and some will 
bundle the products for tiieir resellers. But one thing is for sure: 
they will continue to lower the price of the CD-ROM drive and 
will bundle more software for different market segments. Dataquest 
projects that multimedia upgrade kits will evolve into tiiree seg­
ments in 1992. The entry-level and midrange with entertainment 
and education titles will target price-sensitive users. The high end 
will be bundled kits with presentation, business, and training titles 
for power users in the business environment. 

Market Forecast Assumptions 
Dataquest believes that CD-ROM is, and will, remain the de facto 
standard for mass replication and distribution of multimedia titles 
(applications). 

The average price paid by an end user for an add-on CD-ROM 
drive will decrease from $621 in 1991 to $255 in 1993 and tiien 
$120 in 1996. No other type of optical drive or removable storage 
device will approach CD-ROM's price performance ratio in the fore­
cast period. 

The factory average selling price (ASP) includes only the drive, 
excluding device-driver software and control card. Most of the 
CD-ROM drive manufacturers are, and will he, major Japanese 
companies that are shifting their drive manufacturing base offshore 
in search of lower costs of production both at the conq>onent and 
complete system level. 

The competition and economies of saile leveraged off ti\e CD-player 
manufacturing and volume shipments anticipated by major suppliers 
will continue to drive the price down. The price declines will act 
as a strong market accelerator. 

The CD-ROM drive products are segmented into low end, 
midrange, and hig^ end. More than tiuee-quarters of the total 
CD-ROM drives shipped in 1992 are estimated to be multimedia-
capable and purchased for running multimedia applications. The 
remaining CD-ROMs shipped will be used for low-end text-only 
applications (such as software distribution). However, Dataquest 
believes tiiat, by 1993, all CD-ROM drives will have the necessary 
performance to run multimedia applications. Users ate more likely 
to buy CD-ROM drives for running miiltiple applications, including 
text-only and multimedia. 

Because most of tite installed PCs or workstations equipped with 
CD-ROM drives can be upgraded to run multimedia witiiout buy­
ing a new Cl>ROM drive, Dataquest believes tiiat the total 
accumulative shipment is more representative of the multimedia-
capable hardware base. 
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CD-ROM networking will grow rapidly because of information 
and hardware cost savings. Major software vendors will offer 
CD-networking software to provide another alternative to multi­
media upgrade kits for individual users. This could positively 
impact the multimedia market in general and tiie business market 
segment in particular, by breaking d o w n the barriers of entry 
associated with the installation difficulties and high cost. But this 
market segment is still operating from a very small installed base. 
Dataquest estimates tiiat less tfian 4 percent of installed CD-ROM 
drives are currently connected on a network. 

CD-ROM XA will eventually replace CD-ROM for most applications 
because most users can immediately appreciate the added sound 
capability. Also, tiie price premium for CD-ROM XA, compared 
with standard CD-ROM drives, is low. Most important, many new 
titles include CD-ROM XA audio capability. 

Included in this forecast are drives embedded in CD-I and CD-TV 
players, but not drives for video games such as NEC's PC Engine. 
Sales of CD-ROM drives in consumer products such as CD-I will 
not reach high levels until after 1995. Except special multimedia PC 
models with built-in drives, most CD-ROM drives will be sold as a 
separate option until 1995. 

Sony and Philips are developing standards for CD-R with consider­
able industry support and participation. Dataquest expects more 
than six vendors to introduce CD-R products while the Orange 
Book is being finalized. With so many competing for a limited mar­
ket share, the factory ASP of CD-R will drop from $6,000 to $3,000 
in the next 18 months—and even more later. Affordable CD-R 
drives will be widely used by developers, both in-house and com­
mercial, in auttioring systems, and for certain low-volume projects, 
benefiting multimedia markets by creating more multimedia 
applications. 

Dataquest assumes that there will be no manufacturing constraints 
in producing CD-R. Currently, the demand seems to outstrip the 
supply. Dataquest projects that ttte situation is temporary, until 
sometime in 1993. Dataquest further assumes that tiiere will be no 
shortage of CD-R disks at reasonable prices. The factory ASP for 
CD-R drives includes the drive itself; whi le the end-user price 
includes premastering software, the controller, and the recording 
drive. 

The big uncertainty associated with this forecast is that additioiuil 
multimedia software will not come to market soon. Without attrac­
tive, reasonably priced software, few users will pay the additional 
cost of a multimedia PC or upgrade k i t 

Market Forecast 
Table 6-3 presents a forecast of CD-ROM drives shipped for 
multimedia applications. 

Table 6-4 presents a forecast for CD-R devices. 
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Table 6-3 
History and Forecast of Worldwide CD-ROM Drives 

New Shipments 
(Thousands of Units) 

Factory ASP ($) 

Factory Revenue {U.S.$M) 

End-User ASP ($) 

End-User Revenue {U.S.$M) 

Cummulattve Shipments 
(Thousands of Units) 

1990 

240 

248 

60 

745 

178.80 

527 

1991 

856 

207 

177 

621 

531.58 

1,383 

1992 

1,498 

145 

217 

435 

651.63 

2,881 

1993 

2,246 

102 

229 

255 

572.73 

5,127 

1994 

3,617 

80 

252 

199 

719.78 

8,744 

19 

4,2 

2 

1 

718 

12,9 

Source: Dataquest (Novenrit>er 1992) 
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Vendor Profiles 

Dataware Technologies Inc. 

Company Statistics 

Headquarters Location Cambridge, Massachusetts 
President and CEO Kurt Mueller 
Founded 1988 
Fiscal 1991 Revenue $5.85 million 
Number of Employees 90 
Number of Resellers 15 
Installed Base 230 
Number of Users 50,000 
Number of Titles Developed 350 

Overview 
Dataware Technologies Inc. and Reference Technology Inc. were 
merged in February 1992. The new merged company retained the 
name of Dataware Technologies Inc. and offers a full range of 
production and support for CD-ROM and multimedia customers 
worldwide. This includes services to convert, scan, and digitize all 
types of irtformation at the front end of tt\e process, all the way 
tfirough to shipping, supporting, aiul maintaining CD-ROM drives 
cmd software at the publishers' end-user sites. With combined 
resources, product line, and customer installed base, the company 
supports a wide range of CD-ROM and multimedia platforms 
including MS-DOS, MS-\̂ ^mdows, Macintosh, UNIX, OS/2, and 
CD-I, as well as various Japanese hardware platforms and operating 
systems. 

Financial 
Dataware is a private company owned by its employees, by 
venture capital firms such as Oxford Partners, Morgan Holland, 
Information Partners, and TVM, and by corporate investors such 
as R. R. Donnelley & Sons and Computer 2000 AG. 

Dataquest estimates that Dataware's revenue was $5.85 million in 
1991. Combined revenue for the merged company is estimated at 
$15 million for 1992. Dataquest further estimates that about 40 per­
cent of the compan/s sales revenue comes from its international 
sales. 

Strategy 
Dataware positions itself as the leading vendor to facilitate publish­
ers and corporate customers in moving their large databases to 
CD-ROM distribution mediuia Dataware focuses on diree markets: 
professional publishers such as McGraw-Hill, corporate users such 
as Kodak, and government agencies such as the US. Patent Office. 
Dataware clearly recognizes that ttie CD-ROM autiioring business is 
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not a shrink-wrapped one and formulated its strategy accordingly. 
Dataware has been relatively successful in penetrating into those 
target accounts, with a strong direct sales team of about 25 people. 

Because of the complexity and investment involved in developing 
OD-ROM titles. Dataware offers a complete range of products and 
consulting services and support. According to Dataware, services 
accounts for more tiian 50 percent of its total 1991 revenue. It 
also has broad geographic coverage including the United States, 
12 European countries, Australia, Canada, and Japan. Dataware 
claims that more tfian 350 CD-ROM titles have been developed 
with its authoring software and distributed in more than 90 coim-
tries. 

Dataware's current core business is conventional CD-ROM authoring 
tools (text+graphics+databases), which accounts for more than 
90 percent of its total revenue. In the future. Dataware envisions 
tiiat its market will expand further into multimedia by providing 
linkages between regular CD-ROM titles with multimedia playback 
schemes. 

To lower the entry cost of using CD-ROM technology as the infor­
mation distribution medium, Dataware is pursuing CD-R market 
opportunity. It has put together all the pieces necessary to unleash 
the power of making a CD-ROM disk available to tiie less-
experienced user for less ttian $20,000. Dataware's CD-R solution 
addresses some issues that have hampered users' wider acceptance 
of CD-ROM technology. The first one is that conventional CD-ROM 
is not suitable for distribution of information with quick turnaround 
time requirements. The second one is that producing low-volume 
CD-ROM replicas is not economic with conventional CD-ROM 
production. Wi^ CD-R technology, users can avoid mastering and 
turnaround time normally required in CD-ROM production and are 
able to make CD-ROM replicas in small quantities for prototype 
purposes. 

As an early supplier of this exdting, new, enabling technology solu­
tion, Dataware has a good chance to capture a substantial share of 
this emerging market 

Products 

Dataware offers a complete range of products, services, and support 
for CD-ROM and multimedia publishing. Its product offerings can 
be classified into five areas as follows: 

• Development and retrieval software 

o CD Autiior 

- CD Answer 

- Advanced Design Library 
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- HyperText 

- CD Answer HyperText 

- HyperText Design Library 

o ReferenceSet 

- Text Build 

- ReferenceSet Record Build 

- ReferenceSet Image Build 

o Text 

- Reference Book 

- Record Reference Book 

- Record Reference Book 

• Title Development Services Software and Hardware 

o Text and Data Conversion and Indexing 

o Information Capture 

o Project Consulting 

o Custom Development 

o Multimedia Development 

o The CD Record System 

• Premastering 

o ISO 9660 Formatting Software 

o Input Devices 

o Magnetic Disk Drives 

o Output and Backup Devices 

o CD-Recordable drive 

o Device drive 

0 Premastering software 

o Reference set 

• End-User Product Support 

o CD-ROM Drives and Maintenance 

o Customer Support and Services 

SAWW-COR-FR-g201 91992 Dabquest kxxxporalad Ncvemlier 16.1992 



6-34 Semiconductor Application Markets Worldwide 

• CD-ROM Preparation and Services 

o Premastering and Testing 

a Mastering and Distribution 

Currently, Dataware supports all the major hardware platforms and 
operating systems. In the future. Dataware plans to support OS-9 
(CD-I) in its standard retrieval engines and MS-VNTmdows in its 
standard user interfaces. The following shows the platforms and 
operating systems that Dataware supports: 

• Authoring tools 

o IBM PC and compatibles 

o VAX/VMS 

o Sun/UNIX 

• Standard retrieval engines 

o IBM PC 

o Macintosh 

o UNIX 

o MS-Wndows 

• Standard user interfaces 

a IBM PC 

o Macintosh 

• Custom user interfaces 

o IBM PC 

o MS-\^^dows 

o Macintosh 

a UNIX 

a OS-9 

Dataquest Perspective 
Dataware has gained a critical mass in flie CD-ROM authoring soft­
ware market. Being an early player and evangelist for the technol­
ogy in an emerging marke^lace. Dataware has set out to establish 
a strong corporate image as a software development partner. Its 
relationship with qiiality customers, who are in the business for the 
long run, has helpied the company to snowball new businesses. 
Dataquest is most impressed witi\ its marketing capability to get 
ttie products and services to customers. For example. Dataware con­
ducts regular technical seminars for potential publishers and cor­
porate users about CD-ROM technology and its benefits. These 
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technical seminars help the company get its message across to a 
well-focused group and generate quality leads for its direct sale 
force for potential businesses. 

For a small start-up company to be a pioneer in an emerging mar­
ket, securing sufficient financial resources is normally a challenge 
for the management team. Dataware seems to have enough financial 
backing to sustain it in the business. According to the company, 
Dataware is profitable. 

The challenge for Dataware in an emerging market lies in ti\e com­
pany's ability to correctly anticipate new markets and competitive 
developments, continually bring to the market enhanced products, 
and ensure customer satisfaction. 

Meridian Data I n c 

Company Statistics 

Headquarters Location Scotts Valley, California 
Chairman Frederick P. Meyer 
President and CEO Whitney G. Lynn 
Founded 1986 
Fiscal 1991 Revenue $10 million 
Number of Employees 58 

Overoiew 
As a pioneer in PC-based CD-ROM publishing and CD-ROM net­
working, Meridian Data has been a key catalyst behind the growing 
CD-ROM market. Since its inception in 1986, Meridian Data has 
been involved at the high levels of standards committees for 
CD-ROM, including tiie Higjh Sierra Committee, the Frankfurt 
Group, and the Frankfurt Consortium (which is die marketing 
arm for the Frar\kfurt Group). Meridian Data focuses on providing 
solutions for CD-ROM-based information management tools. Now, 
Meridian Data is poised to push CD-ROM and CD-R into the desk­
top network computing environment. 

Financial 
Meridian Data is a privately held company witti firumdal backing 
from institutional and industrial investors, such as Southern Califor-
lua Ventures, Oxford Partners, HMS Capital, Sears Pension Fund, 
and Third Milleiviium Ventures. In August 1991, Meridian Data 
finished its tfuid round of capitalization and raised $25 million. 

Dataquest estimates that Meridian Data's 1991 revenue was about 
$10 million from sales of its CD-ROM publishing equipment and 
software and CD Net software. Its 1992 revenue is estimated at 
$11 million. 
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Strategy 
Meridian Data is at a transition crossroads. The company has been 
successful penetrating the professional CD-ROM publishing market. 
According to the company. Meridian Data holds more than 80 per­
cent of the total CD-ROM publishing equipment market with an 
installed base of 500 units worldwide. Meridian Data believes that 
its professional CD-ROM publishing market is saturated, and little 
growth is anticipated. In search for a growing market. Meridian 
Data found CD-R and CD-ROM networking software a natural 
extension for its expertise. 

Meridian Data is a true believer in standardization. One of its 
strategies is to be very active in setting the standards in CD-ROM 
technology. It is heavily involved in the Frankfurt Group, which 
proposed the CD-R format specifications as an internationally 
accepted file format to ISO. 

On the marketing side. Meridian Data is repositioning itself as the 
CD networking company. The compjiny has teamed up with Philips 
and other CD-R drive companies to promote its NETSCRIBE as the 
software architecture to connect CD-R drives over computer net­
works. The combination of the NETSCRIBE and CD-R drives results 
in a solution—similar to a shared laser printer— t̂hat allows users to 
transparentiy print and retrieve information, except that the infor­
mation is earmarked for compact disk, not paper. 

Wi\h this solution. Meridian Data targets applications in the follow­
ing areas: 

• Network CD creation 

o Multimedia presentations 

o Imaging 

o COM replacement 

o LAN backup 

• Network CD retrieval 

o Online archive 

o Image management 

o Database access 

On the distribution side. Meridian Data first aims at OEMs and 
resellers that have vertical applications. 

Products 
Meridian Data offers products that cover all ttie processes necessary 
to deliver information on the CD-ROM medium. 
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These are CD development products, CD networking products, and 
CD NETSCRIBE, as shown below. 

• CD development products 

o Professional CD Publisher Software 

o Personal CD Publisher Software with support for CD-R 
recorders 

o CD Publisher and CD Professional 

a VR Publisher, VR Professional, VRX Professional 

o CD Master 

• CD networking products 

o Integrated hardware aiwi software systems . 

o CD Net Model 428 

o CD Net Model 314 

o CD Net Model 100 NC 

o Standalone software 

o CD Net Software 

o CD Net Software NetWare Loadable Module (NLM) Version 

• NETSCRIBE Software 

o NETSCRIBE is a software architecture connecting CD-R drives 
over computer network topologies such as Ethernet It includes 
an application program interface (API) that enables conunercial 
software developers and users to access powerful features 
unique to CD dirou^ their own programs. NETSCRIBE is 
licerised to OEMs and ISVs with a developer kit. 

• NETSCRIBE developer program 

o Developer documentation 

o Sample libraries 

o Technical support 

o Marketing support 

Dataquest Perspective 
People at Meridian Data are truly visionaries. Meridian w<is asking 
about multimedia long before it became such a hot buzzword. The 
company's early participation in tiie CD-ROM market is evidenced 
by its impressive history of iimovation, as shown in the following: 

• PC-based CD-ROM publishing in 1986 

• CD-ROM networking product in 1988 
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• CD-ROM recording system in 1989 

• Software architecture for networking CD-R drives in 1992 

Meridian Data's core business has been in CD-ROM publishing 
equipment, in which the company integrates hardware and software 
for tiie CD-ROM publishing professional. Meridian Data claims that 
it holds about 80 percent of that market and that 60 percent of 
CD-ROM applications have been developed on Meridian systems. 
Unfortunately, the professional CD-ROM publishing market has been 
saturated and will have little growth in equipment demand. Merid­
ian Data needs new products to sustain its position in the CD-ROM 
publishing market and bring itself to the next plateau for future 
growth. 

Apparently, Meridian Data has chosen to bet its horses on CD-R 
technology, with the NETSCRIBE software architecture. Its rationale 
is compelling. First, CD-R has been introduced with standards in 
place. Second, shared resources lower the cost per user and will 
help lower the cost barrier and expand the market, NETSCRIBE 
CD-R reads and writes all disk types, including CD ROM and 
multimedia disks; therefore, CD-R should have more appeal to a 
broader base of users. But, so far, tt\ere is no rush to buy those 
products. 

Then what is missing? First, CD-R drives and disks are not avail­
able in large quantities yet. Dataquest anticipates that, in the next 
18 months, the market will see some first-volume shipments of 
CD-R drives and disks. Second, one user making a CD-R disk cross 
the network will deprive other users on the network access to the 
drive. It seems logical to use a CD-R autochanger or library sub-
sjrstems. But those products are not available yet, eidier. Third, 
positioning NETSCRIBE combined with CD-R drives as backup 
solutions is not cost-effective compared wift\ alternative technologies 
such as tape. 

The real demand for NETSCRIBE CD-R perhaps comes first from 
ttie software developers in workgroups that develop multimedia 
applications either for internal use or for the commercial market. 
Those develo(>ers will appreciate ttie lower entry cost for making a 
protot)^ CD and the quicker time to market. 

Dataquest gauges ttie success of a company such as Meridian Data 
by three categories: its ability to get major OEM commitments; the 
size of its total installed base; and the number of software 
developers. If Meridian Data can successfully copy the business 
model of Adobe Systems Inc., Dataquest beUeves tfiat the company 
will carve out a nice niche for its products and secure a strong 
position in the emerging multimedia and CD-R market. 
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NEC Corporation 

Company Statistics 

Headquarters Location Tokyo, Japan 
Chairman Atsuyoshi Ouchi 
President and CEO Tadahiro Sekimoto 
Founded 1899 
Fiscal 1990 Revenue $25.6 billion 
Fiscal 1991 Revenue $27.5 billion 
Number of Employees 39,000 

Overview 
NEC started as a manufacturer and importer of telephones and 
telephone-switching equipment. It is now the world's largest maker 
of semiconductors for outside sale and Japan's leading producer of 
PCs for the domestic market. 

NEC's participation in the emerging multimedia market is in its 
CD-ROM programs and its active involvement with the MPC 
Marketing Council through NEC Technologies Inc.—a wholly owned 
subsidiary of NEC Corporation. 

Financial 
Dataquest estimates that NEC's 1991 sales revenue from its 
CD-ROM product line was about $40 million. NEC expects its sales 
revenue to grow by 120 percent in 1992. 

Strategy 
NEC views the emerging multimedia market as strategically impor­
tant for the long-term growtti of its computer business. NEC is the 
first company that offered tiie double-speed CD-ROM drive bimdled 
with softwjire, and NEC also sells upgrade kits to specifically 
address the need of multimedia computing requirements. NEC is 
also a driving force bdiind the MPC Marketing Council ttuoug^ its 
U.S. subsidiary, NEC Technologies, Inc. 

NEC trademarked its MultiSpin CD-ROM drive vriAi tiie hope tiiat 
users wUl identify the brand name witi\ the huge success of its 
MultiSync monitor product line. Because those two peripherals 
products are sold by similar chaimels, NEC dearly is leveraging the 
strength and name recognition it gained witii its monitor products 
by cross-selling. NEC has been very creative with its promotional 
programs as well. For example, in one of NEC's promotions, when 
buying an NEC monitor and graphics card, tite customer can get 
an NEC CDR-37 for free. 

NEC will focus on the multimedia consumer market by providing a 
full range of CD-ROM products and upgrade kits. At the entry 
level, NEC will introduce a multimedia package for less than $500, 
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and at the high end, a multimedia upgrade kit for less tiian $1,000. 
These multimedia kits will contain everything a consumer needs to 
turn a PC into a multimedia-capable platform. 

Products 
NEC Technologies Inc. recently introduced three new CD-ROM 
drives specifically designed for meeting the high-performance 
requirements of multimedia computing. The new products are 
CDR-74 (external), CDR-84 (internal), and CDR-37 (portable) 
CD-ROM readers. The highlights of the products include the 
following: 

• Use of MultiSpin technology, which enables the InterSect CDR-74 
and CDR-84 to spin at 300 KB/sec when retrieving text, graph­
ics, and video information 

• Quicker access time of 280ms for CDR-74 and CDR-84 

• A 64K cache memory 

• Improved reliability with a new protective double-dust door and 
easily upgradable socketed firmware 

• Smaller form factor—CDR-37 weighs 22 pounds and is MPC-
compliant, with an access time of 450ms and data transfer rate 
of 150 KB/sec 

• Multiplatform flexibility offered by NEC Interface Kits, which are 
bundled with the drives for XT/AT, Macintosh, PS/2 or parallel 
to SCSI platforms 

All three models are currently shipping and can be purchased 
individually or bundled with ottier NEC products such as NEC 
Multimedia Upgrade Kit and CD Gallery. All the drives come vnAx 
a two-year liinited warranty and are available througji NEC's 
authorized dealers. 

The suggested retail prices of NEC's new InterSect line of CD-ROM 
readers and Interface Kit buiulles are listed as follows: 

• InterSect CDR-74 external CD-ROM reader—$675 

• InterSect CDR-84 internal CD-ROM reader—$599 

• InterSect CDR-37 portable CD-ROM reader—$449 

• Optional battery pack for CDR-37—$99 

• InterSect CDR-37 witti XT/AT Interface Kit—$539 

• InterSect CDR-37 widi Mac Interface Kit—$485 

• InterSect CDR-37 witi\ PS/2 Interface Kit—$598 

• InterSect CDR-37 with parallel to SCSI—$559 

• InterSect CDR-74 wift XT/AT Interface Kit—$765 

• InterSect CDR-74 with Mac Interface Kit—$712 
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• Intersect CDR-74 with PS/2 hiterface Kit—$824 

• Intersect CDR-84 with XT/AT Interface Kit—$689 

• Intersect CDR-84 with PS/2 Interface Kit—$749 

NEC's new entry-level multimedia upgrade kit family is called 
CD Express. It includes CDR-25, CD Express-PC, and CD Express-
Mac. CDR-25 is an MPC-compliant, portable reader with 10 soft­
ware titles. Table 6-5 shows the entry-level product lineup. Both PC 
and Macintosh versions of CD Express come with self-amplified 
stereo speakers, XT/AT interface, and four C-cell batteries. 

NEC also has a high-end multimedia bimdle that is sold to the 
consumer market for $999. The Multimedia Gallery comes in two 
versions—PC and Macintosh. It contains an NEC CDR-74 CD-ROM 
reader with NEC SCSI/Audio board and cable for one-slot solution, 
self-amplified stereo speakers, stereo headphones, and four C-cell 
batteries. Both are bundled with six multimedia titles. 

Dataquest Perspective 
NEC is a serious cludlenger for Sony, which currently holds the 
No. 1 position in CD-ROM market shaie. NEC seems to be gaining 
on Sony with its emphasis on multimedia in the consumer market. 
First, NEC went into head-on competition with Sony's Laser Library 
by introducing the CD Gallery. The CD Gallery included seven 
software titles and comes in both PC and Macintosh versions. 
Laser Library comes with six titles and supports only PCs. ^ t h i n 
the first eight months of the introduction, NEC sold more than 
30/XX) imits of CD Gallery Dataquest believes that NEC's gain in 
the market is at the expense of Sony. Then, NEC announced its 
MultiSpin CE>-ROM drive and offered its installed base an enhance­
ment program to upgrade their old NEC drives to the new ones. 
NEC has teamed up with As3mnetrix Corporation to supply a 
Multimedia PC (MPC) Upgrade Kit targeted at the business market. 

Now, NEC has introduced two new bundles, which again target the 
consumer market. Both CD Express eaid Multimedia Gallery are 
priced to sell. At the low end, the performance is lacking. At the 

Table 6-5 
NEC Enby-Level Multimedia Hardware and 
Software Bundle 

Package 

Portable CDR-25 

CD Express-PC CDR-235 
(10 titles) 

CD Express-Mac CDR-235 
(10 tities) 

Source: NEC, Dataquest (November 

SAVW\MX)R-FR-9201 

Average 
Access 

l i m e (ms) 

650 

650 

650 
1992) 

Data 
Transfer 
(KB/sec) 

150 

150 

150 
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Retail 
Price ($) 

499 

499 

499 
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suggested retail price of $499, it is a good value for home users 
who just wish to explore CD-ROM technology. For performance 
seekers. Multimedia Gallery delivers the needed performance at the 
right price. 

NEC has come up with a new bundled offering every six montiis. 
What will be NEC's next move? Dataquest believes that NEC will 
continue its thrust to build a higher visibility among consumers. In 
the data processing market, NEC has a lead against Sony to a cer­
tain degree because NEC is the largest PC vendor in Japan. But, in 
the cor«umer electronics market, NEC does not have the brand 
recognition ttiat Sony has. To sustain its market penetration rate, 
NEC is likeiy to pay more attention to point-of-sales promotion, 
provide incentive programs for resellers, and do more cross-selling 
and general advertising. The big challenge for NEC is to manage 
its relationship with the mulhmedia upgrade kits vendors because 
NEC is selling CD-ROM drives to those companies as an OEM 
supplier and, at the same time, NEC is marketing its own brand 
name upgrade kits. 

Dataquest believes that NEC's strategy is working. NEC's high-
performance CD-ROM products, combined with marketing shrewd­
ness and rapid introductions of bundled packages targeted at differ­
ent market segments, seem to have made its competitors find it 
hard to catch up. 

N.V. Philips Gloeilampenfabrieken 

Company Statistics 

Headquarters Location Eindhoven, the Netfierlands 
Chairman and CEO Jan D. Timmer 
President Jan D. Timmer 
Founded 1891 
Fiscal 1991 Revenue $56,986 million 
Number of Employees 43/X)0 

Overview 
N.V. Philips Gloeilampenfabrieken (Philips) is a widely diversified 
multinational group of companies, engaged primarily in the 
manufacturing and distributian of electronic and electrical products, 
systems, and equipment Philips Industries functions as the primary 
holding company for the company's numerous natioru] organiza­
tions, which are wholly owned subsidiaries operating in more than 
60 covmtries. These subsidiaries' businesses vary from simple mar­
keting organizations to fuUy integrated manufacturing and market­
ing and sales concerns. Philips' product activities are grouped into 
five sectors: lighting, Consumer Products, Professional Products and 
Systems, Components, and Miscellaneous. 

Philips Consumer Electronics is the business imit within Philips 
that is most relevant in the context of multimedia. It includes the 
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consumer electronics product division, PolyGram Records division, 
domestic appliances, and personal care products. Major categories in 
consumer electronics Me audio, video, interactive media systems, 
and home office equipment. CD-ROM, CD-R, and CD-I are products 
managed by tiiis subsidiary. 

Laser Magnetic Storage International Company (LMSI) in Colorado 
Springs, Colorado, is a wholly owned subsidiary of N.V. Philips of 
the Netherlands and a subsidiary of the North American Philips 
Company division of N.V. Philips, LMSI desigrts, manufactures, and 
markets mass storage tape and optical products to OEMs, systems 
integrators (Sis), VARs, and value-added distributors. 

Financial 
The 1991 annual sales of Philips Consumer Electronics is estimated 
at $6,064 million, which results in a net profit of $8.1 million. The 
company's return to profitability was primarily a result of the 
elimination of a charge for restructuring, which reduced earnings 
by $339.9 million in 1990, combined with overall cost reductions. 

Strategy 
Philips pursues a strategy of brand name segmentation. It markets 
and sells CD-ROM drive products under three different brands— 
Philips, Magnavox, and LMSI. Philips brand name focuses on the 
computer specialty channels, that is, computer distributors and 
resellers such as Merisel and Ingram Micro. Magnavox targets the 
consumer market; while LMSI is chartered to penetrate major OEM 
accounts, VARs, and Sis. The advantage of this approach is tiiat 
Philips is able to maintain a clean channel. 

Products 

OH. The Philips CDI910 Compact Disc-Interactive player, retailing 
for $799 at consimier electrorucs and department stores nationwide, 
plays CD-I disks (more tiian 50 available). Philips plans to have 
dose to 100 CD-I disks by the end of 1992. CD-I disks are nor­
mally priced from $20 to $60, suggested retail. 

The Philips CDI910 connects to any television, and the five-inch 
disks load like music CDs. CD-I is operated by moving a cursor on 
the TV screen via a joystick remote control, which comes with the 
player. Users rest the cursor on a menu item and press an action 
button to move through the programs. 

Philips' Compact-Disc Interactive was latmched in October 1991 in 
the United States and since has been introduced in Japan, the 
United Kingdom, and Europe. 

The professional version of CD-I sells for a retail price of $1^95. 
The system includes a 1.44MB floppy drive and two RS-232-C 
ports. It can be connected to a PC display and includes a user 
"shell" that is controlled witii a mouse. The device can read CD-I 
disks, audio CDs, and Photo-CD. 
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Philips has a Portable CD-I player in the pipeline. The Philips 
Portable CD-I System weighs 4.4 pounds, has a 6-inch active-matrix 
color LCD and a built-in pointing device, and runs on AC or 
optional battery-pack power. This portable player will be released 
late this year with a suggested retail price of $1,500. The Portable 
CD-I player can be connected to any TV set or PC display and 
includes interfaces to remote control devices. Built-in speakers will 
project sound from the 7.5 x 1.9 x 11.5-inch system. 

CD-R. The CDD 521/10 desktop CD recorder can read and write 
information in every CD format, including CD-ROM XA, Photo-CD, 
CD-I, and audio CD. The recorder has a capacity of 600MB, aver­
age access time of 1,000ms, and a sustained transfer rate of 
307.2 KB/sec. It uses SCSI interface and has a data buffer of 
256KB. The recorder is priced at $6,000 for end users, and blank 
disks cost about $25 each. 

CD-ROM. The CM50 is a low-cost hardware solution. It has full CD 
audio capabilities and comes with a memory-resistant audio control 
utility. The package includes a portable CD-ROM drive, device-
driver software, and additional accessories. This product has been 
discontinued as of this writing. 

The CDD461RS is a CD-ROM drive bundled with such titles as 
the New Grolier Electronic Encyclopedia, Microsoft Bookshelf, and the 
PC Globe Electronic Atlas. It is priced at $549. The drive has an 
average access time of 700ms, and the transfer rate is 150 KB/sec. 
CDD461RS reads both music CDs and CD-ROMs; it uses the same 
mechanism as in the CD-I drive. This product is sold under both 
Philips and Magnavox brand names. 

The CM200 Series is assembled by LMSI in Colorado Springs. The 
CM200 Series drives have average access times of 370ms and a 
data transfer rate of 150 KB/sec. The suggested retail price is $499 
for a bare-bones drive, a Philips interface card, and control soft-
wcire. A bimdled version, the CM205, is priced at $549 with two 
titles. 

The CDE)461MM is an enhanced version of ttie CDD461RS drive. It 
wiU have multisession capability to read Photo-CD. The drive has 
an average access time of 500ms. The suggested retail price is $499 
for the drive, interface card, and device-driver software. Philips also 
intends to bundle four titles witti the product for $549. 

Dataquest Perspective 
N.V. Philips has a long-standing leadership role and commitment to 
optical data storage, including audio and video data. The company 
has been a pioneer in this technology and in the standards activi­
ties relating to it, ranging from CE)-Audio to CD-ROM to CD-ROM 
XA to CD-I to CD-R. 

In spite of its prominence in CD standards activities, the company 
has lagged behind the comf>etition in CD-ROM drive [>erformance 
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and marketing creativity. Its CD-ROM products are just not com­
petitive in performance to meet the challenge of multimedia. Its 
newest drive, tiie CDD462, will still have an average access time 
of 500ms and a data transfer rate of 150 KB/sec, while the other 
major players have been shipping drives with less than 300ms of 
average access time and 300 KB/sec data transfer rates. In terms of 
marketing. Philips is no match for its counterparts in Japan, notably 
Sony, Toshiba, and NEC. Philips seems unable to respond to compe­
tition quickly. All the major Japanese players have launched a 
promotional blitz in the past few months; every three to six 
months, they introduce a new bundling package targeted at various 
market segments at different price points. 

When comparing Philips with Sony, Philips has the equivalent 
engineering power, technical expertise, and manufacturing capabili­
ties as Sony does, except that Philips does not control contents as 
Sony does with ownership of Columbia Pictures. And, Sony has a 
distributed marketing and sales organization to implement local 
strategy. That makes a big difference in their respective market 
positions. When introducing a new product, Sony will put the 
necessary marketing resources behind it. Sony has been more suc­
cessful titan Philips in leveraging its strengths in consumer elec­
tronics into marketing computer-related products, more so in 
CD-ROM technology than other products. Sony has been tiie No. 1 
CD-ROM drive supplier for the past two years, while Philips' sales 
of its CD-ROM products have been flat compared witii the growing 
market. Dataquest does not believe that Philips will increase its 
market share in the CD-ROM market for 1992. 

CD-I and CD-R are promising new technologies but will take time 
to evolve into profitable business. 

Philips has taken major cost-cutting measures in the past year that 
included deep personnel cuts aiul R&D expense cuts in all divi­
sions. However, Philips still carries the widest range of CD tech­
nology products—^ranging from CD-I to CD-ROM to CD-R. Perhaps, 
Philips has too much on its plate and is spread too thin with its 
limited marketing resources. 

Philips was the inventor of CD technology. Its prominence in tiie 
standards activity and its commitment to compatibility aiul top-
notch engineering capabilities are among the major competitive 
advantages of Philips and should not be ignored by its competition. 
Because Philips is a rather centralized orgaiuzation—comparai with 
Sony, which has a more distributed aiul flexible organization— 
creative marketing ideas may get lost in the clouds of its 
bureaucracy. Philips can benefit a great deal from a streamlined 
decision-making process if it is sehous about dislodging its major 
competitors in the CD-ROM market. In addition. Philips must focus 
on its core technology and flagship products with sufficient market­
ing resources, while cultivating new products for future growth. 
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Sony Corporation 

Corporate Statistics 

Headquarters Location Tokyo, Japan 
Qiairman Akio Morita 
President and CEO Norio Ohga 
Founded May 1946 
Fiscal Year 1990 Sales Revenue ¥2,879^56 million 
Fiscal Year 1991 Sales Revenue ¥3,616,517 million 
Number of Employees Worldwide 95,600 

Overview 
Sony is a leading manufacturer and marketer of audio-video equip­
ment cind software. Sony's brand is well known all over the world. 
Sony has aimed for a global operation for the past 40 years and 
operates nuny affiliates at home and abroad, including 689 consoli­
dated affiliates and 15 stockholding companies. Consolidated over­
seas sales account for 75 percent of its total sales. 

Sony has two major operations in electronics and entertainment. 
The businesses under these two operations are as follows: 

• Electronics 

o Video equipment—23 percent of total sales revenue 

- VCRs for home use, laser disk players, video equipment for 
broadcast and professional use, still-image video cameras, 
and videotapes 

a Audio equipment—25 percent of total sales revenue 

- CD players, minicomponent stereos, hi-fi components, radio-
cassette tape recorders, headphone stereos, DAT players, 
radios, car stereos, audio tapes, and audio equipment for 
professional use 

o Televisions—16 percent of total sales revenue 

- Color television sets, monitors, satellite broadcast reception 
systems, prqectors, displays for professional use, and giant 
display systems 

o Other products—^16 percent of total sales revenue 

- Semiconductors, electronic components, computers, tele­
phones, teleconununications equipment and AF systems, and 
data storage products 

• Entertainment 

o Music entertaiiunent—11 percent of total sales revenue 

- Music- and image-based software produced by Sony Music 
Entertainment Inc. and Sony Music Entertainment Qapan) 
Inc. 
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o Film entertainment—^9 percent of total sales revenue 

- Columbia Pictures Entertainment Inc.—^which includes 
Columbia Pictures, Tri-Star Pictures, Columbia/Tri-Star Inter­
national Releasing Corporation, Columbia Pictures Television, 
Merv Griffin Enterprises, and Loew's Theater Management 
Corporation 

Sony's business mix shows a clear awareness of the interrelated 
nature of hardware and software. Through its firm commitment to 
R&D, Sony built a reputation as a pacesetter in the electronic 
equipment industry 

Sony has aimed for a global operation for the past 40 years and 
operates many affiliates at home and abroad, including 689 consoli­
dated allifiates and 15 stockholding companies. 

Promising long-term products include the mirudisc (MD), high-
definition television (HDTV), and multimedia. Sony is investing con­
siderably in diese products. The MD is the digital audio replace­
ment for the conventional cassette tape recorder and offers portabil­
ity, fast program selection, and playback using 64mm-diameter 
photomagnetic disks. Sony has begun marketing a 32-inch HDTV 
for ¥1.3million and is demonstrating the format at its Tokyo and 
Osaka showrooms. Sony also supplies HDTV movies in the laser 
disk format. Together witf\ the U.S. companies Apple, Microsoft, 
and Motorola, Sony is developing multimedia equipment in 
CD-ROM XA and interactive CD (CD-I) formats. 

Financial 
Dataquest estimates that Sony's factory revenue for its CD-ROM 
drives sales were about $77.6 million in 1991. Dataquest expects 
tttat figure to more than double in 1992. 

Strategy 
Sony has evolved into a diversified company vrith the capabUity of 
delivering many key elements of multimedia. Its kea\ awareness of 
the importance of software is evidenced in many strategic moves 
that Sony has made, including the acquisition of Columbia Pictures. 
Sony truly understands that it is attractive software that creates 
demand for its hardware. Sony has set out to cover all areas of 
multimedia—^wiuch are the publishing side, the infrastructure side, 
and consumer and computer system hardware side. 

Publishing. Sony works closely with the content holders and publish­
ing community in CD-ROM title development, either developing its 
own multimedia software, developing titles wifh other publishers, 
or licensing and acquiring previously developed titles for optical 
publishing and distribution. 

Sony has a dedicated division to license, manufacture, and bundle 
software for its PC-compatible CD-ROM system for home use, as 
well as to develop and produce electronic books for tfie Sony Data 
Discman. 
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Sony owns Columbia Pictures, tiirough which Sony can control the 
program creations. 

Infrastructure. Sony has been instrumental in setting standards and 
will continue that important role. Until the market settles on one 
standard, Sony will bet on all the horses by supporting tiiree for­
mats, that is. Data Discman, CD-ROM XA, and CD-I. Dataquest 
believes that in the short term, Sony will focus on Data Discman 
and CD-ROM XA, while leaving CD-I software and market 
development work to Philips. 

Because Sony proposed the CD-ROM XA platform as tiie first step 
on a path toward a universal multimedia format and CD-ROM XA 
is too simple, Sony is advocating that the industry "go back to 
High Sierra spirit" and develop a common CD-ROM for all com­
puter fomuits. 

The common format is critical and should not be bound by a par­
ticular CPU and operating system. Nevertheless, this is easier said 
than done for Sony because the company does not have a CPU 
platform or operating system. Neverdieless, as a major content 
provider cmd key peripherals device manufacturer, Sony is in a per­
fect position to push for a common multimedia format for both 
consumer and computer systems. 

Consumer and Computer System Hanlwa/e. Son / s hardware strategy is 
to create a seamless world between a consumer viewer and a 
multimedia PC, eliminating the boundaries between those two 
previously separate markets. 

Sony's Data Discman is aimed at consumer markets first in Japan, 
then the Uiuted States and Europe. Sony's strategy with this 
product is to offer portability, adueved by using the 8cm disk; 
reasonable price, achieved by clear-cut functions, and performance. 

The CD-ROM XA player is designed to fill the gap between the 
Data Discman and CD-I in terms of complexity and price. Accord­
ing to Sony, it is PC-compatible, and many CD-ROM disks pre­
pared for the PC can be used widiout modification by just putting 
the retrieval software on the CD-ROM disk. This is an excellent 
example of a PC-compatible product with consiimer electroiucs look 
and feel. 

Sony's strategy toward CD-I is wait and see. The challenge for 
CD-I is ttie software availability, that is, on the data preparation 
side. When Philips has enough attractive, useful software titles 
developed, Sony will stand ready to sell CD-I drives. 

Sony strives to offer users and resellers one-stop shopping for 
multimedia peripherals including displays, CD-ROM drives, laser 
videodisk players, consumer camcorders, audio speakers, and 
VISCA-protocol-based products for computer/video integration. 
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Another important element of Sony's multimedia strategy is to edu­
cate the market. This includes both resellers and end users. Sony 
has developed a comprehensive, interactive training program on 
multimedia technology, issues, and applications. Produced on Sony 
CD-ROM, ttie interactive training system can be used for reseller 
training and end-user demonstrations. 

Products 
Sony's multimedia product line reflects the current status of the 
highly fragmented multimedia industry. Sony is exploring multiple 
formats with multiple products. 

CD-ROM Drives. Sony offers seven CD-ROM drives to the OEM, 
VAR, and SI market. They include the following: 

• CDU-541—5.25-inch, half-hei^t internal drive, vertical or horizon­
tal installation, witii an embedded SCSI-2 (rev. 10) controller and 
64KB ring buffer 

• CDU-535—^5.25-inch, half-hei^t intenuil drive, vertical or 
horizontal installation, with a Sony bus controller and 8KB ring 
buffer 

• CDU-561—5.25-inch, half-height internal double-speed drive with 
an embedded SCSI-2 controller and a 256KB ring buffer 

• CDU-6211—^5.25-inch, half-hei^t external drive, vertical or 
horizontal installation, with an embedded SCSI-2 bus controller 
and 64KB ring buffer 

• CDU-6205—^5.25-inch, half-height external drive, vertical or 
horizontal installation, with a Sony bus controller and 8KB ring 
buffer 

• CDU-6150—^5.25-inch, dual-drive subsystem with a Sony bus con­
troller and 8KB ring buffer (discontinued as of this writing) 

• CDU-7211—5.25-inch, half-hei^t external drive with SCSI bus 
interface and 64KB buffer 

Sony also offers a bundled CD-ROM package, called Laser Library. 
Sony targets this product at tiie home market througli retail chan­
nels. The bundled software titles include Compton's Family Encyclope­
dia, Microsoft Bookshelf, Mammals: A Multimedia Encyclopedia, Mixed-Up 
Mother Goose, Languages of the World, and Software Toolzoorks World 
Atlas. The Laser Library is sold at a retail price of $699. 

CD-R. Sony announced its CDW-900E, a CD-R drive, in March 1992. 
The CDW-9(X)E is an integrated encoder/recording device that can 
write information on a CD write-once disk. The disk recorded on 
the CDW-900E conforms to the Red Book (Audio CD), Yellow Book 
(CD-ROM), CD-ROM XA, and Green Book (CD-I) digital formats 
for use with currently available drives supporting these standards. 
According to Sony, the CDW-900E can record a CD-ROM disk to 
full capacity in about 30 minutes, or twice the speed of real-time 
recording. The subsystem can also record in real time. This new 
CD-R drive spins the CD write-once disk at double the rotational 
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speed of previous-generation recorders and combines a high-power 
semiconductor laser with accurate focus and tracking servo electron­
ics to cut recording time. The QDW-900E is targeted at applications 
of CD-ROM prototyping, premastering, in-house disk replication, 
and the secure publication of sensitive data. Dataquest does not 
believe that tiiis product is in volume production as of tfiis writing. 

Sony intended to have an erasable optical disk compatible with the 
CD format, but Sony decided to postpone the introduction of this 
new device. Sony used the same technology on a smaller-size eras­
able disk named the Mini Disc, targeted at music applications for 
the next several years. The Mini Disc is suitable for some multime­
dia applications, but its main market is in the music area. The 
specifications for the Mini Disc are as follows: 

• Channels—2-channel stereo 

• Frequency response—5 to 20,000 Hz 

• Dynamic range—105d6 

• Wow/flutter—^Below measurement limit 

• Sampling frequency—44.1 KHz 

• Coding system—Adaptive Transform Acoustic Coding (ATRAC) 

• Modulation system—^EFM 

• Error correction system—CIRC 

• Recording/playback time—^Up to 74 minutes 

• Cartridge size—68mm x 72mm x Smm 

• Disc diameter—64mm 

• Data capacity—^Approximately 160MB 

Portable WeimeiS. Sony is the only company that offers portable 
viewers for multimedia applications. Specifications for these portable 
players are described in Table 6-6. 

MulUmalla Soltware. Sony's Multimedia Production Division, founded 
in April 1991, develops its own multimedia software and also 
works with other publishers to bring consvimer titles to the market. 
In the first year of its inception. Multimedia Production developed 
a library of more than 300 consumer titles in a nxmiber of 
CD-ROM formats. 

Dataquest Perspective 
Sony strives to become a solution provider rather than just another 
hardware vendor. Sony's market segmentation strategy for multi­
media is very shrewd. The ttuee formats that Sony offers are tar­
geted at three different market segments with s]>ecific, well-defined 
functions and price points. Sony's approach to tiie multimedia mar­
ket is to provide a range of solutions to users so that they can 
access and retrieve information at d\eir fingertips wherever they go. 

November 16.1992 61992 Dabquest Inoxporatod SAWW-COR-fR-9201 



Multimedia Storage Requirements K l 

Table 6-6 
Specifications for Son)^s Three Portable Players 

CPU 

Operating System 

Disc Dimension 
(cm) 

Resolution 
(pixels) 

Market 

Price ($) 

Availability 

Data Discman 

Z-80 (8 bit) 

8 

256 X 200 

Japan/United 
States/Europe 

550 

Now 

CD-ROM 
XA Player 

V20 (16 bit) 

MS-DOS 
8/12 

320 X 200 

United States 

950 

Fall 1992 

CD-I 

MC68000 
(16 bit) 

CD-RTOS 

12 

360 X 240 

Japan 

NA 

Now 
NA m Not available 
Source: Sony Corporation, Dataquest (November 1992) 

As an enabling technology and integral part of mulrimedia comput­
ing, the CD-ROM product line is especially important in Sony's 
overall multimedia strategy. Sony was the codeveloper with Philip 
of the CD technology, both for audio and data storage. Sony will 
continue to drive the standards to meet the emerging market needs. 

As the most consistently inrKivative manufacturer, Sony strives to 
expand its computer business. In its attempt to expand its com­
puter business, Sony is applying its creative powers to transform 
the design of computer-related products the way it did consumer 
electronics. More significantly, Sony will transfer its successful mar­
keting experience in consumer electronics and leverage its brand 
name to the marketing and sales of multimedia products. In ttu 
process, Sony is eliminating the boundary line between consumer 
and computer-electronics markets. 

Today's Sony is not just another hardware manufacturer. Sony 
means a great deal more than its traditional hardware business. 
Sony owns all the key enablers of multimedia computing, ranging 
from display to contents (Columbia Picture division). No other com­
pany in the world has this diversity of resources. One thing that 
Sony does not have is a computer platform. But should Sony care 
about tiiat? Perhaps not. Sony has been, arvd will likely remain, the 
nujor supplier of monitors and CD-ROM drives to OEM customers 
irKludir\g Apple, Sun, and many first-tier PC-clone vendors. 

Dataquest believes that Sony will continue its dominant position in 
d\e CD-ROM market in the foreseeable future. 
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Conclusions 

Only a few years ago, CD-ROM technology was perceived as a solu­
tion looking for problems, with nowhere to go. Today, users can find 
anything on CD-ROM, from legal documents to financial data to 
multimedia. Although text-only applications will still be a majority for 
CD-ROMs, many other applications—such as multimedia references; 
presentation, education, and training (PET); online help systems; and 
entertainment disks—are arriving with great momentum, providing 
high-quality graphics, audio, video and animation. There is no doubt 
that CD-ROM is the next tsunami of computing. 

Dataquest projects that worldwide shipments of CD-ROM drives will 
grow rapidly to 1.498 million units in 1992 and 4.9 million units in 
1996, representing a 35.1 percent compound annual growth rate for 
tiie period. Included in this forecast are drives embedded in CD-I and 
CD-TV players, but not drives for video games such as NEC's PC 
Engine. Most of the projected CD-ROM drive shipments will gradually 
be for multimedia applications, in addition to the text-based applica­
tions. Sales of CD-ROM drives used only for databases and reference 
works will grow but remain limited to libraries and professional 
researchers. 

By 1995, CD-ROM will have moved well into tfie mainstream of the 
PC market. Except special multimedia PC models with built-in drives, 
most CD-ROM drives will be sold as a separate option in the next 
three years. 

Dataquest believes that we have presented a realistic projection of the 
future for multimedia CD-ROM applications. A summary of opportu­
nities include the following: 

• Qear and present opportunities exist in \he multimedia upgrade 
kits market. More than 70 percent of die multimedia CD-ROM 
drives will be sold with upgrade kits. 

• Large-volume opportunity also exists vnAx the first-tier PC-clone 
vendors for long-term growtti. 

• The United Stated and Japan will be the first primary markets for 
multimedia CD-ROM products; the United Kingdom, Germany, and 
France will follow. 

Successful CD-ROM drive vendors are already positioning themselves 
to take advantage of the emerging multimedia market opportunities. 
As multimedia computing comprises so many elements, no single 
product division within one company can cover all the areas and offer 
a complete solution. CD-ROM is just one elemoit of the multimedia 
solution. Therefore, successful companies are forming a special divi­
sion ttiat puts togetiier all the pieces and provides one-stop shopping 
for users, resellers, and business partners. More important, this new 
oigaiuzation will be able to produce a consistent and coherent market­
ing program and coordinate across the entire company. As many 
CD-ROM drive manufacturers are also producers of other multimedia 
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peripherals—such as speakers, monitors and other accessories— t̂his 
organizational approach makes sense for cross-selling. 

Successful companies also pay attention to software development and 
partner with title developers in bundling attractive titles with hard­
ware. Proven success stories include Sony's Laser Library and NEC 
CD Gallery. 

As the distribution channel dynamics change, more CD-ROM products 
will be moved through computer specialty stores and mass merchan­
dise outlets; point-of-sale promotions and eye-catching packaging are 
key factors to success. 

The PC pricing trend is pointing in only one direction—down. 
Multimedia-ready computers are no exception. The cheaper, more 
powerful computers are expanding the total available market for 
peripherals devices such as CD-ROM. That is the good news. The 
bad news is that users will not pay more than 20 percent of the total 
system cost for a peripherals device. The price pressure is on. Smart 
CD-ROM manufacturers are looking for ways to improve yield, fur­
ther component integration, and move manufacturing sites to less 
costly geographic locations. Lower costs of manufacturing will give 
CD-ROM drive vendors more flexibility in preserving margins for the 
resellers, motivating these resellers to carry their particular brand of 
CD-ROM. 

In summary, success with the emerging multimedia opportunities for 
CD-ROM vendors will depend on how well they execute the strategies 
and tactics. Aggressive pricing, appropriate selection of software, and 
name recognition are three key factors to success. 
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Chapter 7 
Multimedia Telecommunications — ^ _ ^ 

Introduction 
While it is possible to contain a multimedia application in a single, 
physical computer system—say a PC running a training program or a 
sales presentation bang projected onto a screen—the truly interesting 
and innovative applications will involve telecommunications. These 
applications include desktop video conferencing, compound document 
production and publication, distance learning, mixed-media messaging, 
and image- and voice-enabled office automation applications. 

Unforturuitely, today's telecommunications networks—both local and 
wide area—were not designed with ttie switching and transmission 
requirements of multimedia in mind. The wide area network was 
designed to transmit voice signals at relatively low bandwidths, while 
local area networks were designed to transmit data at speeds and for 
durations lower than most expected multimedia traffic. This means 
ttiat the multimedia telecommimications market is in a chicken-and-
egg situation. 

Q>mmimications suppliers, particularly the local and long distance 
carriers, would love for multimedia applications to take off. Ihey see 
in the requirement of these applications to transmit video, graphics, 
and digitized voice data significant increases in ultimate demand for 
trcmsmission, tiiat is, more devices on the line longer and at higher 
speeds. Since much of the telephone plant is now digital, and subject 
to falling unit costs in conjunction with falling semiconductor compo­
nent costs, only increaised usage can offset falling unit prices and keep 
revenue growing. 

At the same time, multimedia proponents look for a lot more out of 
the network than is currently offered—higgler bandwidttis, easier inter­
networking, protocol translation, and special circuits and services. 

The crux of the issue can be seen in the chart contained in Figure 7-1, 
which shows the bandwidth and session demands made by the new 
kinds of applications supported by multimedia technology. 

As shown in the graphic, tiie bandwidth and session-length require­
ments of the kinds of applications— l̂ike teleconferencing and broad­
band information retrieval— t̂hat qualify as multimedia not only 
require greater bandwidtfis and longer session lengths than traditional 
data networks, but the bandwidth and session-lengdi spreads are 
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Figure 7-1 
The Applications Challenge to Networking i 
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much wider. This means that designing and operating networks to 
support multimedia applications is much harder since traffic is so 
much more variable. (Please refer to Part I of this report. Chapter 3: 
"Semiconductor Technologic and Opportunities in Multimedia," 
Table 3-4, which gives an inkling of the conundrum faced by network 
designers by multiinedia. This table compares the traffic characteristics 
of data and video—with the point of illustrating how different the two 
traffic types are.) 

But in a world of full multimedia, the networking situation is even 
worse. Table 7-1 shows ttie conflicting traffic characteristics of multiple 
media types. The difficult for MIS application developers and cor­
porate network designers and managers is coming up with suitable 
networks to support applications witti such a mingling of different 
traffic types. 
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Table 7-1 
The Mixed-Traffic Types of Multimedia 

TVaditional Switching 
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Typical Message/File 
Size to Terminal 

Typical Message/File 
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Network Storage/ 
Response Time 
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Subsecond 
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Voice 

Circuit 
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Two-Way 
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compressed) 

Megabytes 

Steady 
64 Kbps 

Gigabytes 
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Tolerates Errors 
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Graphic 
Packet 
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Seconds 

Low 
File TVansfer 

0.5-6MB 

Megabytes 
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Megabytes 
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High 

Facsimile 

Circuit 
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Minutes 

Low 
Short Transfer 

2-lOKB 

2-lOKB 
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Kilobytes 
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Giga 
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Source: Dataquest (November 1992) 
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Take simply the mixing of data and voice signals, for instance. 
Whether the data come from a terminal or PC and travels on a LAN 
or over a modem and terminal network, it will generally be amenable 
to transport in a packet mode and will rarely require more than 
64 Kbps in transmission speed. Voice, even if it is digitized and com­
pressed, will probably take at least 32 Kbps in transmission speed and 
will require different network conditions and capabilities. Sending 
voice in packets on a LAN, for example, is still practically impossible 
in any form that provides real-time communications. The control soft­
ware and equipment for switching voice bits is different from that for 
switching data bits, error correction codes are different, and interna­
tional de jure and de facto standards for sending and receiving the 
two types of traffic are different. Even wall jacks, plugs, and terminol­
ogy are different. 

Now add in the requirement that the voice traffic and data traffic be 
part of the same application—^annotation of a compound document, 
say—and the coordination and control issues become even more 
difficult. 

At times the barriers to multimedia acceptance posed by telecommuni­
cations issues seem almost insurmotmtable. The most significant limi­
tations today include the following: 

• The inability, because of insufficient bandwidth, of today's LANs 
and WANs to transport real-time video without such compression 
ttiat resolution or fidelity suffers 

• The high storage and compute requirements placed on servers 
handling multimedia files and images 

• The overhead and incompatibilities of internetworking in mixed 
media settings 

• The lack of predictability of multimedia traffic and the resultant 
strain on network design algorithms and management sj^tems 

• Incompatible and complete standards (If todajr's voice mail systems 
caimot talk to one another, much less to e-madl systems, how can 
we expect communications to occur between multimedia systems?) 

Despite these barriers, carriers and equipment suppliers keep plugging 
away. Since many of the advances tmder way in switching and trans­
mission are in support of general backbone networking or single-
media applications, they can be expected to proceed at a pace not 
totally dependent on multimedia computing. 

The hi^-speed fiber-optic backbone networks being proposed by the 
telephone companies, the Synchronous Optical NETwork (SONCT) net­
works, are actually designed to help increase ftie efficiency of the long 
distance fiber plant already in place. The frame- and ceU-relay network 
foUow-ons to tfie packet networks that were installed in the 1980s are 
useful for backbone data networks, not just miiltimedia networks. And 
the higher-speed switched data networks already offered by the 
carriers—switched 56 Kbps, switched 384 Kbps, and other fractional 
T-1 services—^were designed mostly for backbone data transmission. 
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Multimedia Telecommunications 7-5 

But they have been instrumental in the development of the room-to-
room video conferencing market, and they will help the multimedia 
market. 

Market Segmentation 
At the moment, the market for multimedia telecommunications is still 
a supply-driven market, since vendors must advance the state-of-the 
art in order for communications to go from being a market barrier to 
a market enabler. 

As a result, the market may best be segmented by supplier type, 
which in turn tends to follow communications technology type. The 
following segments might thus be considered: 

• Long distance carriers 

• Local exchange carriers 

• LAN and internetworking vendors 

• Terminal equipment vendors 

o Voice 

o Video 

o Data 

• Software vendors 

Figure 7-2 depicts the impact the various vendor types will have on 
the adoption of multimedia computing. 

Note that the efforts of many of the supplier types overlap. In fact, 
they are interdependent. Switched Multimegabit Data Services (SMDS) 
may be excellent for multimedia transport in a metropolitan area, and 
therefore a likely service for a local exchange carrier to offer, but 
unless the long distance carriers offer compatible long distance service, 
die usefulness of SMDS will be limited. 

Similarly, the running of multimedia applications on a LAN makes 
sense in a workgroup setting—for sharing multimedia files and expen­
sive peripherals—but full utility will only come if the applications can 
be passed between LANs or over wide area networks. 

Market Dynamics 
Three primary market forces will drive the development of multi­
media conrununications. These are network technology limitations, 
multimedia internetworking, and network usage. These forces are 
discussed in diis section. 

Network Technology Limitations 
Inasmuch as the multimedia telecommuiucations market is supplier-
dependent at the moment, the key dynamics relate to ti\e availabU-
ity of communications services and equipment that fit the traffic 
profile of multimedia commimications. 
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Figure 7-2 
Key Player Contributions to Multimedia Telecommunications i 

I 

Source: Dataquest (November 1992) G20011S6 

The immediate issue is bandwidtii. Just consider the file sizes a 
network has to deal wititi when multimedia applications generate 
the file: 

• A single second of soimd is tiie equivalent of 15KB to 150K6 of 
digital information, dei>ending on fidelity. 

• An 8-1/2 X 11-inch monochrome image can require betvfeen 
50KB and 100KB for storage. 

• The same image in 24-bit color can take up to 2.4Mb to store as 
digitized information. 

• A second of full motion color video with the same size image 
would require up to 30 times as much storage as a 24-bit color 
image. 

Obviously, compression algorithms can help lower the bandwidtii 
requirement—but usually at a price, either in compression t>oards or 
in resolution. 
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Multimedia Telecommunications 7-7 

By way of illustration. Figure 7-3 depicts the transmission times for 
various types of images at various data communication speeds. 

Naturally, color images and moving video represent the worst-case 
scenario for networking communications in support of multimedia 
applications, and naturally not all multimedia applications will use 
large color images or ask for high-resolution, full-motion, full-screen 
video. 

But the point is obvious—^multimedia applications put new and 
unusual bandwidth strain on most networks. 

After bandwidth, the issue is througjiput. All sorts of things can 
affect the speed with which a multimedia transaction gets 
executed—from the speed witii which data packets get scrambled 
and imscrambled to the time it takes for trarwmissions to get from 
a PC to the LAN through the LAN adapter. In between there is 
circuit setup and tear-down time in circuit-switched WANs, routing 
delays in bridged LANs, retrieval time for files stored on the net­
work, error detection and retransmission, database access times, and 
so on. 

Figure 7-4 illustrates how many gating points—or bottlenecks—there 
can be in a multimedia transmission. All sorts of components in the 
end-to-end transmission path must not only work together but be 
optinuzed for tiie kind of traffic taking place. LAN administrators 
already know how important the PC adapter card can be in deter­
mining response times on the LAN. Imagine the effect on high 

Figure 7-3 
Image Transmission Times 
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"^ 5 images with no gray scale 

Times shown are for transmission of 
image files only. Actual times will be 
slighty longer due to communications 
protocol overhead and retransmissions 
due to errors. 

1.3 5.2 .04 .18 

9.6K 16K 386K 64K (ISDN 
B channel) 

Circuit Speed (bps) 

I 
1.5M(T-1) 45M(T-3) 
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Figure 7-4 
Digital Video Transmission Bottlenecks i 

WAN 

Storage/File 
System 

Server Network Client 

1. Continuous, real-time data disk controlling and file management 
2. Client/server network protocol and data handling 
3. Network access (sufficient and reliable bandwidth) 
4. Server/network interface 
5. Internetworking and wide area network (WAN) access 
6. Bus/Backplane throughput 
7. Server CPU when supporting fully capable traditional server functions 

I Source: Starlight Networks 62001196 

volume, real-time traffic, like that in some multimedia applications. 
Another point of slowdown not shown in Hie figure can occiu* 
in the compression and decompression of voice and video on 
networks. 

Throughput is also connected to synchrorudty, which refers to 
getting tfie mixed digital data types—^voice, data, and video—^ 
delivered to the rig^t place in tiie rig^t order at the right speed. 
An example of how hard this is to get right can be seen in ttte 
trade-offs made in two desktop teleconferencing systems— ÎBM's 
Person to Person/2 system and tt»e AT&T VideoPhone 2500. 

In ftie former s)rstem, only digitized video and data are shipped 
over the desktop system. Any voice communication must take place 
by regular telephone, and early users complain of ttie lag between 
the video picture and the voice. It is like watching a bad lip synch 
singer. In the latter system, voice and video travel over the same 
linkage and the trade-off has been made in tiie quality and refresh 
speed in the video—and in lower-quality audio than in a normal 
phone. 

And these are simple synchronization problems compared to those 
of linking multimedia stations across mixed media networks with 
store-and-fbrwaid capability. i 
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If bandwidth, throughput, and synchronization are the first three 
problems, access must be tiie fourth. Here the trade-off is between 
faster response time and more expensive equipment at the desktop. 
High-bandwidth LAN adapters can cost 10 times what a com­
modity Ethernet adapter costs, compression cards can cost more 
than a thousand dollars, and tiie cost of CD-ROM players and titles 
can make resource sharing look attractive. 

On the other hand, tiiat kind of resource sharing generally requires 
significantly more network storage jmd better control software than 
exists today. And sizing servers and circuits can be a nightmare. It 
does not take too many users storing voice annotation or accessing 
stored video clips to bring a LAN to its knees. Delivering Fiber 
Distributed Data Interface (FDDl) signals to tiie desktop at 
100 Mbps might solve some network sizing and bandwidtti issues, 
but it will not solve server sizing issues or make resource sharing 
that much easier. And it will cost. 

These problems are not all intractable. The single biggest alleviator 
of bandwidth and throughput problems will be compression (see 
the chapter of tiiis report entitled "Semiconductor Technologies and 
Opportunities in Multimedia" for compression details). 

The historical trend in video compression from 1978 through 1993 
is shown in Figure 7-5. During the last 15 years, the acceptable 
data rate for video has dropped by a factor of almost 100. Further 
advances that couple new compression algorithms with semiconduc­
tor chips will make it possible to ship high-resolution frames over 
the same amount of bandwidth that used to support only low-
resolution frames. 

Similarly, compression algorithms for fax, voice, and graphic images 
will also improve tiie networking equation. 

One of the issues with compression, however, is symmetry. For 
some applications, such as desktop teleconferencing, decompression 
algorithrns have to be the inverse of ttie compression algoritfuns— 
meaning that, until standards like Px64 and H261 are fully adopted 
and in the market, transmissions cannot cross vendor boundaries. 
For example, jin AT&T videophone will not talk to an Apple 
Macintosh videophone (unless both use Hie same compression 
algorithm and chip). 

Mult imedia Internetworking 
There are solutions to network bottlenecks afoot. They are twofold, 
as follows: 

• The carriers and private network equipment providers are all 
working to design and install wider bandwidth networks. 

• These networks are being designed with many common stan­
dards and subcomponents, meaning internetworking wiU be 
easier. 
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Figure 7-5 
Video Compression Advances i 
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Source: PictureTel Corporation 02001199 

Table 7-2 lays out the major network types coming on stream in 
the 1990s that are tiiou^t to be especially suitable for multimedia 
transmission. They run the gamut trom ISDN—a requirement for 
certain desktop videophones but only just now being rolled out 
across the United States— t̂o SONET, the proposed synchronous 
optical network stiU in the being-established-as-a-standard phase. 

The relevance of these emerging network types to multimedia com­
puting and commentary is provided in the following sections. 

ISDN 
Proposed along with the Open Systems Interconnect (OSI) reference 
standaid in 1978, Integrated Services Digital Network (ISDN) has been 
in the networking lexicon ever since. Unfortunately, it has taken a 
long time to roll out, widi the first major installations—at companies 
like MacDonald's—not coming until the late 1980s. Even now, most 
ISDN implementatioi\s are for local, private networks. One of the i 
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^ Table 7-2 
Network Technologies that Are Multimedia Enablers 

Technology Characteristics 
Deployment 

Date SUtus 

I 

I 

ISDN TWo-voice and one low-speed data line over a 
Integrated Services Digital single copper phone tine (ISDN-Basic), or T-1 
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connection technology, 
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not include packet voice, but FDDI-Il will. 
High-speed LAN that is able to support 
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Table 7-2 (Continued) 
Network Technologies that Are Multimedia Enablers 

Technology Characteristics 
Deployment 

Date Status 
ATM/SONET/BISDN 
Asynchronous Transfer 
Mode/Syncronous Optical 
Network/ Broadband-ISDN 

LANs with SuperServers 

Switching Hubs 
10 Base T 

Long distance, high-speed fiber network 
(SONET) designed for data rates from 
155 Mbps to 622 Mbps, with basic switching 
protocol (ATM) similar to that in MANs and 
becoming available in LAN hubs; ATM 
premises switches will work up to 195 Mbps 
initially; switches iirformation in fixed packet-
size cells and is also referred to as cell relay; 
B-ISDN adds services to basic transport 
system. 

Existing Token Ring (16 Mbps) and Ethernet 
(10 Mbps) LANs with powerful servers 
optimzied for multimedia. 

Structured wiring (star networks) for linking 
desktops ID on-premisc switch that may 
include routing fuTKtions today; tomorrow 
will act like full digital switch and may 
include support for ATM. 

1994 SONET s 
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recisons for slow market adoption of ISDN in the United States was 
lack of end-to-end connectivity across telephone company boundaries. 
To remedy that, in 1991 a number of equipment vendors and tele­
phone companies got together under the aegis of Bell Communications 
Research (Bellcore) to agree on a specification and standard that 
would permit ruitionwide ISDN networking, called ISDN-1. This is 
being rolled out this year. At tiie same time, the local telephone com­
panies are increasing die number of their circuits that will be ISDN-
ready and the number of local switches tiian can support National 
ISDN. Figure 7-6, ISDN-Ready Lines in the United States, shows ISDN 
deployment by carrier as of the end of this year. 

Because one ISDN line to a desktop can carry two voice circuits and 
one data circuit, ISDN is tailor-made for narrow bandwidth multi­
media applications—one of the voice lines can be used for audio, the 
oti\er for digitized video or image, while the data line can be used for 
screen sharing, data transmission, and telemetry. Video signals com­
pressed to tiie Px64 standard can fit within one of the ISDN 64 Kbps 
voice lines for instance. This is why certain video phones require 
ISDN lines. 

The issue for ISDN remains one of deployment and bandwidth. Even 
if the carriers offer a large number of ISDN-ready lines it is not clear 
tiiat they will be used for ISDN. And, again, multimedia applications 
may have to sacrifice resolution or fidelity to achieve transmission. 

Figure 7-6 
ISDN-Ready Lines in the United States 
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SMDS 
Switched Multimegabit Data Services (SMDS) are carrier-provided 
services based on the Metropolitan Area Network (MAN) standards 
provided in IEEE 802.6. SMDS, in trial now at all regional phone com­
panies, is really tiie only publicly available telecommunications sup­
porting the 802.6 standard. SMl5s services operate at 1.544 Mbps up to 
34 Mbps from the user premise, up to 45 Mbps between telephone 
companies. 

SMDS uses packet-oriented communications, meaning tiiere is no call 
setup or tear-down time involved, and sends data through the net­
work in relays of fixed-frame packets. Essentially it does what old 
X.25 packet networks did except a lot faster and without error check­
ing in the network nodes. This fast packet, or cell relay, technique is 
the same used in ATM, or asynchronous transfer mode communica­
tions, although ATM and 802.6 are not totally equivalent. 

In the multimedia environment, the importance of SMDS is as a LAN 
interconnection technology, as seen in Figure 1-1, since it will gener­
ally take traffic outbound of a router. To a user, tiie SMDS wide area 

Figure 7-7 
S M D S Network Architecture 

Subscriber Network 
Interface (SNI) 

Interconnect Carrier 
Interface (ICi) 

[ s j Fast Packet, Cell-Relay Switch 

1 1 SMDS Router 
SNI • • 
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network would look simply like a LAN—and would presumably offer 
LAN-like response times. 

Deplojrment of SMDS service began ttiis year, although the major 
rollout will take place in 1993 and 1994. Bell Atlantic began offering 
SMDS in the Washington, D.C., area in May 1992 and now also has it 
in Philadelphia, Pittsburgh, and Newark; Bell Soutii has been testing it 
in Atlanta; Pacific Bell, U S West, and GTE expect to have services in 
certain cities this fall; and NYNEX has pronused it for New York late 
in 1993. The European community has similar efforts under way, hav­
ing completed standardization of interfaces between European net­
works and IEEE 806.2 standards. 

How fast SMDS on a nationwide or global basis rolls out will depend 
mostly on the United States and international carriers. Bellcore expects 
international connections to be available in 1994, but the same issue of 
end-to-end service will affect SMDS as has affected ISDN. At the 
moment, for instance, MQ appears to be the only major long distance 
carrier with the techrucal ability to offer SMDS to customers today and 
will do so on a custom basis; AT&T is still in trial phase. Most of the 
long distance carriers seem to be focusing on frame relay services. 

Frame Relay 
Frame relay is another fast packet technique that operates somewhat 
like SMDS but with vciriable packet sizes (fixed headers) and at slower 
speeds (56 Kbps to 1544 Mbps). It obtains its efficiency by stripping 
out the error correction inherent in X.25 networks (where packets are 
disassembled and assembled aiui examined for errors at every switeh-
ing point). It uses ISDN protocols for transmission. 

As a natural upgrade to X25 networks, radier ttian a brand new 
networking scheme, frame relay has developed quickly as a LAN 
interconnection methodology, with carrier services introduced late last 
year and more armoimced this year. AT&T, for ii\stance, began offering 
its frame relay service this June, following earlier introductions by 
Sprint, MQ, British Telecom, and CompuServe. In additioiv most data 
communications equipment vendors now offer frame relay adapters 
and connection devices. 

One of the advantages of frame relay is ttiat it offers a cheaper alter­
native, in terms of network line charges, to router networks built on 
leased lines. By switching based on international standards, it also 
offers better interoperability. 

In the multimedia context, frame relay offers a good extension to 
overbuilt LANs, where internetworking delays can introduce 
intolerable delay times in mixed media messaging. 

FDDI 

Although a committee within the American National Standards Insti­
tute (ANSI) has been working on the Fiber-Distributed Data Interface 
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(FDDI) standard since 1983, the standard did not gain in importance 
until key LAN and terminal network vendors—^most notably IBM and 
Digital—got interested. At the time FDDI was conceived, the fastest 
LANs in common use were 10 Mbps Etiiemets; token ring LANs were 
still running at 4 Mbps. FDDI offered a way to get a tenfold increase 
in LAN performance, since FDDI networks will allow for speeds up to 
100 Mbps on LAN rings 100km in circumference, with up to 2km 
between stations. 

Although the standard is not yet fully adopted, it is complete enough 
that products have been on the market for several years and user 
installations are beginning. In fact, although FDDI was originally 
designed for use with fiber-optic cabling, recently vendors have begun 
introducing FDDI running over copper wire. 

FDDI provides two advantages to multimedia users—first as a back­
bone LAN interconnect technology, since it offers greater bandwidth 
than either Ethernet or token ring; second as an option for desktop 
connection. Although when FDDI was conceived the prospect of ever 
needing 100 Mbps at the desktop was remote, now it seems not at all 
unlikely—only costly. 

The drawback for FDDI is that it does not readily support voice 
(64 Kbps) or video (90 Mbps uncompressed) because of synchroniza­
tion problems—at least not any more than your average LAN. Work 
within the standards organizations has gone on toward a FDDI-II stan­
dard that supports voice, but otiier technologies, such as ATM, may 
come on stream first. 

ATM/SONET/B-ISDN 
These are the higher-speed networking technologies currently under 
development. SONET, or the Synchronous Optical Network, is being 
developed by the world's telephone carriers to address the need for 
transmission s[>eed—mostly between telephone offices—above T-3, or 
45 Mbps. The SONET standards caU for speeds from 51^ Mbps to 
4.98 Gbps. The SONET standard also calls for two forms of switdung: 
one synchronous, the other asynchronous. The latter is the asyn-
chroiuius transfer mode, ATM, much talked about in Chapter 3: 
"Semiconductor Technologies and Opportimity in Multimedia." ATM 
uses a fixed-lengtti packet and cell-relay transmission, witii switching 
speeds from 155 Mbps to 2.4 Gbps. B-ISDN, or Broadband ISDN, 
refers to services based on ATM switching and probably using SONET 
transmissicm. 

While tiie deployment of SONET and B-ISDN services on top of it are 
more than a few years off, the ATM switching component is not—after 
all, it forms some of the basis of SMDS services. Now companies are 
starting to make plans aiul announcements about offering ATM 
switches for use in the LAN environment, particularly in conjimction 
with LAN hubs. BBN Communications, for instance, has promised to 
introduce an ATM switch next year. And at least one long distance 
carrier. Sprint, has promised to have an ATM service on stream in 
1993. 
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One of the advantages of having an ATM switch at tiie LAN level is 
that it would then be easy to integrate with SONET and B-ISDN whai 
they come along—making wide area networks appear as simple 
LANs. ATM also comes with immediate support for voice and video 
as well as data. 

From the perspective of multimedia computing the availability of 
ATM switching means the capability of shipping mixed media mes­
sages and files across even long distances with interactive response. 
Such are the bandwidtiis and network latencies. 

But there is also an immediate conundrum—^which of the technologies 
to use now, which to wait for. ATM in the LAN envirorunent is 
increasingly being seen as competitive with FDDI networks, frame-
relay and long distance ATM with SMDS. 

Some of the competitive trade-offs between FDDI and ATM are shown 
in Table 7-3. 

LANs with Superservers 

Perhaps the most suitable alternative to waiting for tomorrow's broad­
band networks is the use of existing LANs with new server technol­
ogy. Critical here is tiie availability of higJ\-performance servers, typi­
cally RISC-based or high-powered Intel diips, with software to hjmdle 
synchronization aiul data management. 

Table 7-3 
FDDI versus ATM 

Feature 

Topology 
Maximum, Speed 

Maximum Distance 

Backbone Media 
Desktop to Hub 

Media 

Data Types 

LAN Interoperability 

WAN Interoperability 

Availability 

FDDI 
Token ring 
lOOMbps 

100km 

Fiber 

Fiber or twisted 

Data, image; 
video 

High 

Low 

Now 

pair 

digital 

ATM 
Cell-relay switch 
195 Mbps today, 

gigabits tomorrow 

None if services 
available from 
carriers 

Fiber 

Fiber (shielded 
twisted pair later) 

Voice, data, image; 
digital video 

(Voice witfi FDDI-II) 
Unknown 

High (SMDS, BISDN) 
Late 1992 

Souros: Dataquest (Novemtor 1992) 
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Starlight Networks, for instance, backed by a number of LAN-oriented 
venture capitalists and at least one telephone company, has announced 
plans to offer server that specializes in delivery of video on a LAN. 
The beta test unit was built on an Intel 80486 platform with 10GB disk 
and had software that handled network server and storage msmage-
ment, allowing shared user access to digital motion video files on a 
server. One of the keys is the prioritization of video packets on the 
LAN—^which addresses the synchronicity issue. 

Another company. Meridian Data, recently announced products for 
putting recordable CDs, CD-K, onto a network, specifically through 
software that works with Novell NetWare as a NetWare Loadable 
Module. 

Software is also being introduced that is application-specific. When 
Lotus Development Corporation recently began shipping its Multi­
media SmartHelp for Lotus 1-2-3, a multimedia help program with 
animation and sound that sits on a QD-ROM, it also introduced soft­
ware, called CD/Networker, that orchestrates the sharing of CD/ROM 
files on CD/ROM servers. 

Switching Hubs 
Perhaps one of the easiest and quickest ways to get communications 
relief for multimedia applications will be th rou^ the use of high­
speed switching hubs. These would be next-generation LAN hubs that 
not only relay and loute information but that provide intrapremise 
switching. One of the immediate advantages would be the ability to 
use the hub as a focal point for ATM switching. 

For multimedia computing these are die technologies ttuit will help 
break the networking logjam. Most likely all will see some kind of 
usage, and application developers and implementors will have to 
ferret their way ttiroug^ a thicket of communications alternatives. 
New server arid premise-based switching will provide some immedi­
ate relief, but not until broadband networking is widely available 
will multimedia telecommimications become a recti market eiubler. 
Figure 7-8 illustrates in a simple way how a number of the technolo­
gies might be employed. 

Network Usage 
While some multimedia computing applications that use telecommuiu-
cations will arise out of the minds of iimovators and entrepreneiirs, 
others will come as the natural evolution of existing applications that 
use telecommunicatior\s. As illustrated in Figure 7-9, we believe that 
existing voice, data, and video applicaticnis could likely evolve into 
multimedia applicatioris. 

Two of the more interesting application intersections are as follows: 

• Voice and fax and data processing— În the telecommunications con­
text that translates to integration and interoperability of e-mail, 
voice mail, and fax networks. 

• ^^deo and voice—Particularly in the newly developing area of 
videophones. 
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Figure 7-8 
End-to-End Multimedia Telecommunications 
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Figure 7-9 
Multimedia Telecommunications - Merging Applications 

' AudloA l̂deo Synchronicity 
' Video Phones 
' Fax with Videoconferencing 

• Voice Mail to e-Mail 
• e -Mail to Voice Mail 
• Fax to Voice Mail 
• Fax to e-Mail 
• Audio Annotation 

Desktop Videoconferencing 
Multimedia Networking 

• Videoconferencing Graphics 
• Video Animation 
• Video Editing 

i 
Source: Dataquest (November 1992) G20012CI3 

Neither of tfiese areas may strictiy qualify as multimedia computing, 
but one can see how they can evolve to it Tie a store-and-forward 
system to compound docimients manipvilated on a PC and stored on a 
CD/ROM and you do have multimedia. Let tiie desktop videophone 
also send graphics and data in document form and you have multi­
media conferencing. 

In addition, the issues and barriers associated with the intersectioits of 
tiiese technologies illustrate issues and barriers ahead for multimedia 
telecommunications. If there are no staiuiards yet in place for voice 
mail systems to intercommunicate, how can we expect multimedia 
mail systems to commuiucate? If video phones today have inadequate 
audio and video synchronicity, how will desktop multimedia con­
ferencing systems solve ttie problem? 

Let's look at developments in these two areas in more depth. 

Voice/Fax/Electronic Mail 

With more than 20 millicm electronic mailboxes in the United States, 
10 million voice mailboxes, and more than 50 million fax machines, i 
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there is sufficient impetus for various types of technologies to come 
together. Unfortunately, building a single integrated messaging system 
tiiat handles voice, computer, and fax output is not a trivial task. It is, 
however, not impossible, and the last 18 months have been watershed 
ones for the emerging market of mixed media messaging systems, as 
they are called. 

Starting witii tiie introduction in 1989 of the Trilogue fax log system, 
which used plug-in fax boards and software to tack fax onto voice 
mail systems—from Comverse Technology—the fax voice submarket of 
the mixed media messaging market now supports more tiian 20 ven­
dors with the big voice mail vendors like AT&T, Centigram, Applied 
Voice Technology, Octel, and VMX jumping on the bandwagon in 
1991. 

Dataquest expects to see rapid growth for combined voice and fax 
mail systems, as shown in Table 7-4. By the end of 1991, there were 
6 million voice/fax store-and-forward nuiilboxes in the United States 
and a market less than $30 million. Within five years, that market will 
be more than $500 million. 

Note that almost half the voice/fax store-and-forward ports installed 
each year are add-ons to existing voice mail systems, whidi makes fax 
messaging an important after market for voice mail vendors. The 
addition of fax capabilities also provides answering services with com­
petitive differentiation. ^ 

There are a number of uses for the integration of fax and voice mas­
saging systems, including, mobile office, private fax mailboxes, and 
overflow fax and guaremteed delivery messaging. 

There are a number of wajrs this voice/fax messaging is implemented. 
The initial method used by Comverse integrates dedicated fax ports 
under the skin of a voice mail system. Octel offers it as a separate 
data module to its Aspen voice mail systems installed as a system 
retrofit. Digital Equipment delivers voice and fax over a LAN, with 
die application itself remaining on the host sj^tems. Unisys, in its 
NAP line, uses a fax server concept. 

Store-and-forward fax overlaid on voice mail is one thing. True 
integrated mixed media messaging—^where modes can be mixed in a 
single message and where e-mail is included—^X.500 for e-mail trans­
mission and addressing and the emerging AMIS standard for voice 
mail interoperation mean that integrating e-mail, voice, and fax will 
someday no longer be an impossible task, merely a daunting one. 

The issue is how to make \i\e three types of systems interoperable— 
for instance, for a voice mail system to receive an incoming e-mail 
message and turn it into speedi, or for an e-mail system to notify 
users where ihere is a voice aimotation of a document in a voice maU 
box. Imagine being able to choose whedier you wish to receive a par­
ticular stored message as a voice telephone call, incoming fax, or 
e-mail screen message. 
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Table 7-4 
Total Voice/Fax Store-and-Forward Market 

Annual Shipments (Units) 
Total 

New 
AddOn 

Average Selling Price ($K per Unit) 
Total End-User Revenue ($M) 
Revenue Growth {%) 
Retirements from Installed Base (tJliits) 
Year-End Installed Base (Units) 
Installed Base Growth (%) 

1992 

13,840 
13,290 

550 
5.8 

80.3 
182.6 

0 
19,814 
231.7 

1993 

37,300 
35,654 

1,646 
5.7 

211.1 
163.0 

0 
57,114 
188.3 

1994 

60,981 
58,279 
2,702 

5.5 
334.6 
58.5 
636 

117,459 
105.7 

1995 

82,295 
78,754 
3,541 

5.3 
434.3 
29.8 

1,285 
198,470 

69.0 

Source: Dataquest (November 1992) 
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None of the systems today can do all of these things, but the vendors 
have made progress. For example: 

• Centigram's Audio e-mail system permits users to issue e-mail com-
inands witii the telephone keypad and has text to speech conver­
sion. It also has notification and delivery options for IBM PROFS, 
Sprintmail, and fax. 

• VaxMail has a system that converts e-mail text into speech and 
allows users to send voice mail messages back to an e-mail system 
using canned messages. 

• Octel has a capability in its system for voice mail customers to use 
kejqsad input to reroute e-mail messages to other mailboxes. 

• Digital's voice mail system, developed wifli VoiceSoft, integrates 
e-mail, voice mail, and fax in Digital's ALL-IN-1 office software. 
Using tfie system, it is possible to convert computer-generated text 
to separately addressed voice messages for sudi applications as 
dispatching. 

• AT&T's system allows users to receive voice and fax in the same 
mailbox and retrieve botii with a single call. 

• Voice response system vendors, like InterVoice, Periphonics, and 
Syntellect, have begun offering fax and text-to-speech integration. 
And PBX vendors, like Rolm and Northern, have begim adding fax 
to their voice mail systems. 

There axe, however, some significant beuriers to development of truly 
universal mixed-media messaging systems, not the least of which is 
the lack of any uitiversal standards for even simple tasks, such as mes­
sage notification. Voice mail vendoirs hoping to tie into e-mail systems 
will have to do so by emulating the popular systems, such as IBM 
PROFS, Digital's ALL-IN-1, and cc:Mail. 

E-mail (and voice nnail) vendors hoping to tie into voice mail (or other 
vendor voice mail) systems are all relying on the AMIS standard, 
which is still evolving and not present in imy big way in actual 
products. Just being able to accommodate the variety of user interfaces 
available today—telephone keypads, pagers, termiiials, PCs, and 
Macintoshes—creates a challenge in cross mode notification and 
delivery. 

But it is happening, and rapid advances in ti\e PC multimedia world 
will diminish some of these challenges. LAN-based e-mail system ven­
dors are now adding voice messages to documents through the same 
kind of "object oriented" technology that allows the Apple Macintosh 
or PCs running Microsoft Windows to integrate applications through 
geographical user interfaces. So, just as voice mail vendors are adding 
e-mail and fax, e-mail vendors are adding voice capabilities. 

Videophones 
Early diis year, 28 years after imveiling the Picturephone at the 1964 
World's fair, AT&T introduced tt»e VideoPhone 2500, based on technol­
ogy from Compression Labs (CLI). Coming with a small video screen 
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and camera mounted on it, the system costs $1,499. At announcement 
time AT&T talked about getting the device into the hands of millions 
in the next 18 months. 

Shortly thereafter, CLI announced the merchant version of the same 
technology, the Cameo Personal Video System, which works with a 
desktop computer or workstation to provide two-way, full-color, 
motion video over ISDN lines. The initial model is the Model 2001, 
built on a Mac II or higher-running QuickTime. Cost of the CLI gear 
is under $2,100. Future cmnouncements will include PC-based video­
phones and ones that work with analog lines and that are compatible 
with AT&T's VideoPhone 2500. 

Other companies expected to announce videophones soon include 
British Telecom, Hitachi, Mitsubishi, and Matsushita (Panasonic brand 
name). 

While the VideoPhone 2500 is simply a phone with a compressed digi­
tal video pij)e, and not really a multimedia device—it is more like two 
devices of two different media stuck on the same desk set—tiie CLI 
system has the makings of a real multimedia conferencing application, 
since existing programs can run while the video portion of tiie system 
is activated. 

The two videophone systems illustrate some of the problems of 
integrating the two media: 

• To use the AT&T phone you must have two similar phones, 
separate power supplies, and recipients willing to leam how to use 
tiie system. Early users complain about (tie resolution, audio qucil-
ity, motion resolution, and field of vision. It has been seen as a 
device useful in specific security or health care applications, but not 
general coiisumer use. 

• The CLI sjrstem requires Mac System 7.0 software (and the memory 
to run it on), ISDN adapters, and ISDN lines, for a total system cost 
significandy hi^er than $2,100. And, again, it will not work unless 
tfie other recipient has ISDN and a compatible PC. 

Note another problem: incompatibility between videophones. This may 
be solved in the future by the H.261 video communications standard, 
but at demos earlier this year of interoperating PictureTel and CLI 
video conferencing systems using the H261 standard the consensus 
was that resolution and audio were not as good as with proprietary 
systems. 

As a result, there is an inherent conflict between techiu>logies evolving 
into desktop multimedia conferencing—die phone with video and 
maybe data added and the PC with video and maybe voice added 
(such as IBM's Person to Person/2). The former is cheaper but does 
not scale upward into an enterprise computing system very well; the 
latter does not offer the simplicity or low cost of a videophone. 

Multimedia applications that rely on telecommunications—^whedier it 
is CD-ROM networking on a LAN or desktop teleconferencing over 
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ISDN lines—will face interoperability, system design, and management 
issues for years to come. As a result, they will most likely be 
employed as point solutions—to support a single corporate applica­
tion, like remote radiology, or project consulting—rattier than as 
general infrastructure. At the same time the growing list of supporting 
standards, from the AMIS standard for voice mail systems to the 
H.261 for digital video, will help vendors inch toward true network 
interoperability. 

Market Size 

Because of their need for bandwidth and advanced switching, 
multimedia applications are high on tiie list of potential revenue 
sources for carriers, LAN vendors, and equipment makers. 

Yet, it is almost impossible to quantify the market for the telecom­
munications portion of multimedia computing because much of the 
traffic will be bundled onto existing local area and wide area back­
bones. Many of ttie telcos, and certainly Bellcore and AT&T, have tried 
to quantify the impact of multimedia on future revenue from services, 
but with little success. 

This is not surprising. If network designers have little insight into 
exactly how multimedia applications will generate future network 
traffic, how can carriers assess wiiat that traffic will generate in 
revenue? 

As a result, Dataquest believes ttiat any forecasts for carrier or line 
revenue associated with multimedia—as opposed to straight telecon­
ferencing, or voice mail, for instance—is subject to such variance as a 
result of definitions or computatiorial algorithms as to be misleading. 
Also, Ihe trade-off between premises-based solutions, such cis local 
ATM switching, and services, like frame relay or SMDS, are not clear 
enougji to predict the impact on future revenue. 

That does net mean the traffic will not be there. Given the data intensive 
naiure of multimedia applications, particularly ones with video, the amount 
ijf data being shunted over the public telephone plant mil easily more than 
double during the next five years. Determining haw that translates into 
Twenue, however, is problematical, since a lot will no longer go through 
traditional private lines. 

To this end, the forecast for multimedia telecommunications in this 
report is for the primarily deflnable market in LANs and LAN inter­
networking hardware and software, including FDDI. Central office 
switching, Centrex, PBX add-ons, Tl and T3 equipment and services, 
and the portion of data services attributable to multimedia are not 
realistically quantifiable. There will be growth in network services and 
equipment as a result of increased bandwidth demand and chang^ing 
traffic characteristics coming from multimedia appUcations, but that 
demand will surface as a gerteral increase in backbone networking. 
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Here are some other general notes on the forecast: 

• The shipment of multimedia PCs/workstations will be associated 
with commensurate shipments of LAN components, while the ship­
ment of upgrade kits, nine times out of ten, will not, since the PCs 
and workstations being upgraded will already be serviced by 
LANs. In the forecasts for LANs related to multimedia, this has 
been taken into account, and the LAN and FDDI forecast has been 
built from the MPC forecast and estimations of the number of 
nodes per LAN and average configurations. 

• Because of the complexity of multimedia applications and the band­
width and switching demands placed on the LAN by multimedia 
applications, Dataquest has forecast LAN supporting multimedia 
machines to be more highly configured, witfi 25 percent to 40 per­
cent higher average system prices than the average LAN. 

• Counted in the LAN configurations are network interface cards, 
network operating systems, intelligent hub ports, and routers. 
Cabling, installation, and repeaters or bridges were not counted. 

• Other than in average system prices, Dataquest saw no reason that 
LANs supporting multimedia PCs and workstations would exhibit 
different node-to-LAN or PCs-per-LAN ratios than the market as a 
whole. 

• The growtfi in LANs supporting multimedia PCs and workstations 
is derived from two countervailing trends: 1) the increased percen­
tage of PCs and workstations connected to LANs; 2) falling compo­
nent prices and an increase over time of the number of nodes on a 
LAN. 

• Most of tihe networking revenue in the early period of the forecast 
period will come from Ethemet and token-ring LANs. By the end 
of the forecast period, FDDI LANs will become increasingly impor­
tant, however. 

Odier exotic wide bandwidd\ equipment, such as SONET aiul asyn­
chronous transfer method (ATM) switches and broadband ISDN 
service will come on stream during the forecast period and will be 
market enables, but their impact on the market will not be multi­
media-specific. They have not been added into the quantitative market 
forecast. Similarly, ISDN services, frame relay services and equipment, 
and other value-added wide area networking services have not been 
added. 

• Also note that hybrid electronic messaging systems that link voice 
mail and e-mail or fax are included. While these systems may 
evolve into true multimedia messaging systems, Dataquest felt there 
are sufficient unknowns in the likely development of the technology 
and its use to preclude forecasting. 
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• A separate category of desktop video conferencing was considered, 
but since most such applications today are based primarily on the 
addition of low-cost video cards to PCs and the use of authoring 
cmd communications software, Dataquest felt the forecast coverage 
in other line items covered the category. Standard video phones, 
such as the AT&T VideoPhone 2500, was not considered a multi­
media device. 

• One final clarification: The figures show networks supporting the 
multimedia-capable PCs and workstations but make no assumptions 
as to how many of those devices are actually engaged in multi­
media applications. 

Table 7-5 shows year-by-year shipments and revenue of LANs and 
FDDI networks supporting multimedia. 

This FDDI revenue growth tracks Dataquest's general forecast for 
FDDI. Note that the number of networks is radically different—since 
the FDDI networks are expected to have many more nodes per net­
work than a single LAN. (Intemetworked LANs are counted as the 
total of intercormected LANs). Figure 7-10 shows not only the dra­
matic growth in multimedia networking from 1991 to 1996—from 
$10 million to more than $1 billion in factory revenue—but also the 
rapid expected growth of the FDDI portion of that revenue. 

Figure 7-11 shows the rapid increase in multimedia networks, of 
which FDDI networks do not count for much in terms of units until 
1995. Note diat each LAN and FDDI network includes the amortized 
portion of ciny routers and intelligent hubs tiiat mig^t support the 
LAN or FDDI net. Thus, the addition of ATM switches into hubs is 
more or less accounted for as substitutable technology. The forecast 
does not include, however, any major buildup in market demand as a 
result of new switching technology. 

In short, the forecjists assume tiiat multimedia networking will con­
tinue to follow the market rather than lead it on into the latter half of 
the decade. 

Vendor Profiles 
The mmiber of vendors having a major role in ttiis supply-drive 
market for multimedia teleconununications is legion. Major players 
include all of the long distance carriers and international FTTs, tiie 
local Bell operating companies and their research surrogate, Bellcore, 
as well as tiie systems vendors, voice mail vendors, e-mail vendors, 
LAN and hub vendors, and software vendors. 

Many of them, in fact, play multiple roles—^AT&T, for instance, is a 
provider of ISDN, of videophones, of superservers, of LANs, of imag­
ing systems, of central office switches that support video switching, 
and of research and future product and service for all die broadband 
services. In order to provide a rich and varied cross section of all tiiis 
interdependent vendor activity, vendors are profiled by specific 
product or strategy tiirusts in the bullet points below. If s(>edfic 
product thrusts are previously covered in this chapter, such as the 
AT&T VideoPhone 2500, Lotus CD/Networker, CU Cameo Personal 
Video System, or Starli^t Networks system, they are not mentioned. 
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Table 7-5 
The Worldwide Multimedia Telecommunications Market 

Number of Multimedia LANs 
Multimedia LAN Factory Revenue {$K) 
Number of Multimedia FDD! Networks 
Multimedia FDDI Factory Revenue ($K) 

Total Multimedia Networks 

Total Multimedia Networks Factory 
Revenue {$K) 

1991 
3,150 
9,934 

NA 
169 

3,152 

10,103 

1992 
11,540 -'' 
35,079 

20 
1,754 

11,565 

36,833 

1993 
48,560 ,̂  

154,459 
420 

20,080 
48,975 

174,538 

1994 
87,710 

297,411 
2,210 

68,404 
89,912 

365,815 

Source: Dataquest (November 1992) 
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Figure 7-10 
Multimedia Telecommunications by Network Type, Worldwide Factory Revenue 

1991 
FDDI {2%} —j_ 

$10.1 Million Total Revenue 

1996 

$1.3 Billion Total Revenue 

Source; Dataquest (November 1992) G20O1204 

Figure 7-11 
Growth in Multimedia Networking, Worldwide Unit Shipments" 

Unit Shipments 

200,000 H 

100,000 H 

B LAN 

0 FDDI 

250,409 

1991 

•Networks, not nodes 

Source: Dataquest (November 1992) G2CX>120S 
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The following paragraphs provide details of some important recent 
multimedia tiirusts by major players in this market. 

• Adaptive Corporation announced last summer an ATM switch, 
called ATMX, with a 1.2 Gbps back plane and 15 interface slots, 
each with six 100 Mbps ports for attaching workstations and routers 
over fiber-optic lines. The switch can handle 90 ports. Adaptive, a 
subsidiary of Network Equipment Technologies, unveiled the sys­
tem after beta testing at Bear Stems, and Company. The system can 
also take input from intelligent hubs, routers, token ring, Ethernet, 
or FDD! LANs through a bridge/router with an ATM interface. The 
advantage of ATMX is that it allows users to scale LANs to large 
size without segmenting them with bridges or routers, which can 
tend to slow down throughput. For administrative purposes, ATMX 
users c<m segment their LANs into virtual LANs using software. A 
basic ATMX costs $45,000 in entry-level configuration, including 
power supply, chassis, switching module, and one six-port attach­
ment module. Additional cards cost $26,000. Workstation adapter 
cards can cost $4,500. Immediate advantage of ATMX will be to 
increase workstation performance on congested LANs; but TM 
switching, as previously noted, will be useful for multimedia traffic. 

• Ameritech, in conjunction with IBM and Prodigy Services Inc., has 
launched an ISDN trial at a h i ^ school in Illinois testing multi­
media applications. Students at tfie high school will use the ISDN 
lines to dowrJoad data from Prodigy for access to information ser­
vices. Some will also use ISDN in their home to tap into school 
computers and access or upload multimedia files of voice data, 
graphics, and video. The companies are involved in the trial essen­
tially as market research to test the pricing thresholds and feature 
desirability. The hig^ school itself has been outfitted with IBM 
PS/Is and PS/2s, ISDN telephones, laser disk players, e-mail soft­
ware, printers, and file servers linked by Novell networks. 

• AT&T, througji its subsidiary NCR, introduced tfus summer a series 
of intelligent hubs that offer LAN bridging and routing, as well as 
hubbing functions and that AT&T said would evolve into ATM 
switches for local area networks. The company has said it expects 
to be offering ATM switching on the hub witfiin three years, with 
switching at gigabits speeds designed to support bandwidth on 
demand for multimedia applications that integrate voice, data, and 
video. AT&T admitted tfiat it had formed an internal task force 
across business units to determine a strategy from migrating cus­
tomers to ATM. 

• AT&T and Bell Atfantic have begun a trial for tiiis school year and 
the next school year in New Jersey testing the delivery of interac­
tive voice data and full motion video to a number of schools. The 
system will test technology called Asymmetrical EMgital Subscriber 
Line or ADSL, for transmitting compressed video signals on the 
public network. The information can go over normal telephone 
lines. The trial will test the feasibility of delivering multimedia 
information to homes artd to schools; if it is successful and demand 
were to increase, Telco would have to upgrade the physical point to 
fiber. 
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AT&T, through its AT&T Microelectronics Unit, has introduced a 
chip set, the AVPIOOO, that handles tiie three major multimedia 
decompression and transnussion standards, to wit MPEG, JPEG, 
Px64. The chip set uses advanced digital signal processing and 
video code technology. The chip set also comes with a system con­
troller and signal synchronization circuits. Along with the chip set, 
AT&T announced tiie BCOS operating system, or virtual caching 
operating system. BCOS resides xmder control of a host operating 
system, such as MS-DOS, creating a platform for the chip set 
processors to work with the host computer system. At announce­
ment of tile chip set at COMDEX this spring, a number of vendors 
said they would incorporate the chip set and BCOS into their future 
systems, chief among them, Apple Computer. The Apple decision is 
somewhat counter to its joint relationship with IBM and the com­
pany Kaleida, which is developing multimedia systems. IBM has 
been working with Texas Instruments and Software House Intermet-
rics to develop a multimedia system called Mwave. Other competi­
tive chip set designers include Analog Devices and Motorola. At 
announcement, AT&T said the underlying technology—compression 
algorithms and circuit design—is the same one being used in a 
project AT&T is collaborating with Zenith on HDTV. 

Bytex, a maker of LAN and inteUigent hub equipment, recently 
revealed it's working witti PictureTel and CU to add video to 
installed token ring networks. Bytex is planning to develop a sys­
tem ftiat uses its auto configuration software to allow users to be 
"cut and pasted" on and off a physical token ring tiiat is dedicated 
to video. The development would be a precursor to ATM switching. 

Shortly after ttte aimouncement of Microsoft Wmdows 3.1, Compaq 
Computer, Microsoft, aiul Analog Devices annoimced a joint hard­
ware and software development effort to bring business-oriented 
audio to personal computing. Business Audio entails a fusion of 
object Iii\king and embedding (OLE) technology with various audio 
application programming interfaces (APIs) with Windows 3.1. It will 
be buUt on a Compaq platform using an Analog Devices SoundPort 
chip. The hardware platform will be capable of recording or playing 
PC quality sound, telephone/workstation quality sound, and CD 
quality sound in mono or stereo. The expect initial application of 
Business Audio will be voice annotation within Wiiulows 3.1 for 
spreadsheets, compoimd documents, and e-mail. Users will be able 
to leave audio notes wittiin files on tiieir systans, which can be 
played back by clicking on an audio icon. The companies were care­
ful to distinguish Business Audio from multimedia that relies more 
on CD ROM technology than Business Audio. 

The Department of Defense (DOD) this summer announced fuiuling 
of a major three-year project to test ATM technology under heavy 
application loads. A nuir^er of vendor, academic, and government 
oiganizatioits joint in a consortium, called the Multi Dimensional 
Applications and Gigabit Internetwork Consortiimi, under the 
project. The application tested will be terrain visualization, which 
involves data collection by the Eartfi Resources Observations Sys­
tems Data Center in Sioux Falls, South Dakota, and transmission to 
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various Army and academic centers. The backbone network will 
transfer over ATM sonnet links at 2.4 Gbps. Vendors involved in 
testing interoperability between LAN and LAN ATM include Digital 
Equipment Corporation, Sprint, and Northern Telecom. The tests 
will determine protocols required to set up long distance circuits for 
LAN internetworking across distances, for the management alloca­
tion and ATM bandwidth among different devices, troubleshooting 
and repair, and packet transmission reliability, as well as general 
interoperability of ATM links with various LAN and WAN equip­
ment. The test will also be useful for Sprint, which has already 
annoimced plan to develop an ATM public network service. 

• One of the most widely watched multimedia experiments is GTE's 
Cerritos project. Begun in 1988 among tiie community of Cerritos, 
Califomia, the project is experimenting with multimedia communi­
cation over different types of digital fiber-optic cable. Services being 
implemented in Cerritos include video on demand, video television, 
home shopping television, fiber tone service, and fiber-optic local-
exchange network services. Sent over the fiber cables to houses are 
not only cable video programs and the video on demand program­
ming, but also AM, FM, and normal television reception. In addi­
tion, video phone communication using phone with attached 
cameras is also being tested. 

• Lannet Data Communications announced a high-speed switching 
hub last August that can handle up to 128 Ethernet segments. 
Announced as an upgrade for its LET-36 hub and available early in 
1993, the system will support multimedia applications including 
video desktop through the use of framed switching technology, it 
will route traffic throughout 1.28 Gbps back plarw. It will be one of 
ttie first, if not the first, use of cell relay switching on a hub. The 
trade-off for not being full ATM is that the switch will work witfi 
10 Base T Ethernet networks without the requirement for expensive 
upgrades. The switching capability will cost about $1,000 per port. 

• Microsoft has finally begun selling its "rosebud" software that is 
essentially multimedia and audio dip art. For $79.95, users of die 
program can call up classic film lines such as Mae Wesf s "Come 
up and see me some time," along with some 19,000 movie reviews 
and video stills. The software reflects personal efforts by Microsoft 
founder Bill Gates to obtain rights to the music and video artwork 
in tiie program. 

• Northern Telecom introduced a multimedia application package for 
PCs this summer tfut works over telephone lines called visual 
interactive technologies (VISIT)- The software permits video con­
ferencing, data transfer, and screen shine between desktop com­
puters over standard 56 Kbps switehed or PBX lines. The software 
provides, if only choppy, black-and-white video images, which 
Northern Telecom tiioug^t was a reasoruble trade-off to tiie require­
ment to obtain ISDN or switched 64 Kbps lines. VISIT requires no 
change to PBX or LAN infrastructures to install. It consists of a 
compression/decompression board, a miniature camera, and appli­
cations and communications software. The first release is for Apple 
Macintosh computers, the second was a version for IBM-compatible 
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PCs. It also includes an access device for connecting the PC with 
the switched telephone services. Although the system only supports 
point-to-point communications, its screen sharing technology should 
be of interest. The system competes with CLl Cameo Personal 
Video System, which requires ISDN lines. Color versions will be 
available before the end of the year. Also available before the end 
of the year, according to Northern Telecom, will be the capability 
of having a Macintosh talk to an IBM PC using the VISIT system. 
Pricing for the desktop video conferencing version of VISIT is 
between $3,000 and $3,500. Another version of the software was 
also announced that enables users to access voice mail and tele­
phone features, i.e., setting the PC up to be a phone management 
system. This is bundled with the video conferencing system but is 
available standalone for $100. 

Pacific Bell, IBM, and Northern Telecom announced this year a joint 
venture for testing multimedia carrier delivered application over 
ISDN. Initial tests will include IBM's Person-to-Person/2 desktop 
conferencing system. Northern Telecom's DMS 100 Supemode 
digital telephone exchange switch, and Pacific Bell's ISDN Centrex 
service, with the application Centrex-base video conferencing. Later 
phases of the project will test transmission over higher bandwidth 
media, such as frame relay and ATM networks. The trials will test 
not only point-to-point but point-to-multipoint multimedia commu­
nications. The real intent of the test is market research to determine 
w^at features multimedia users desire, how they should best be 
delivered, and what pricing thresholds exist. ISDN testing will come 
in 1992; ATM testing, late in 1993. Applications testing will include 
not only person-lo-person video, but also shared CD-ROM delivery 
from ir^ormation repositories. Padlic Bell has said, however, that 
tariffed multimedia services based on ATM will not be available 
until 1994 or later. 

Starting in November 1992, a group of vendors has come together 
calling themselves the Packet Video Consortium. Driven by interest 
from academic centers and Internet members, tfie intent of the 
Padwt Video Consortium is to develop standards for packet deliv­
ery of video. The issues addressed by the Coruortium's efforts 
would be prioritization of video packets, development of a trans­
port layer for real-time multimedia communications, and develop­
ment of a multicast protocol to allow simultaneous transmission 
to multiple locations. The driving force brfiind the Packet Video 
Consortium has been the Internet Engineering Task Force and the 
MCNC Center for Communication, wiuA is a consortium of 
universities in North Carolina. Vendors tfiat will probably join the 
consortium include Digital Equipment Corporation, CLI Corp., IBM 
Corporation, Sun Microsystems, and BEN. Some groimdbreaking 
work has already been done by potential members. Digital, for 
instance, has demonstrated a prototype of its DECspin multimedia 
workstation, nmning live video over internet during the Siggraph 
92 show. The Internet Engineering Task Force has broadcast live to 
users running Sun Microsystems' SPARC stations equipped with 
Sun videopix cards and BBN software. MCNC has beei testing 
video conferences over the Internet using CU, Codecs, IBM RS6000 
workstations. 

SAWW-COR-FR-92D1 ©1992 Dataquest Inaxporated Nowmber 16,1992 



7-34 Semiconductor Application Markets Worldwide 

• Sprint learned this year that the Department of Energy (DOE) has 
awarded it a five-year, $50 million contract to develop ATM ser­
vices under its National Research and Education Network (NRN) 
Program. This will allow Sprint to accelerate its original ATM 
deployment schedule into commercial use by 1993. Initially, the net­
work will provide transmission of 45 Mbps, but eventually it will 
go up to 155 Mbps and 622 Mbps. Tied into the network will be 
test sites in California, New Mexico, Texas, Tennessee, and Illinois. 
The award is the first step in the development of the controversial 
gigabit speed NRN network, which is to be something like a high­
speed upgrade to the vast lower-speed internet. Partners with 
Sprint in tiie award were Qsco Systems (ATM routers), TRW 
(ATM switches), and ENgital Equipment Corporation (management 
software). The DOE decision to go with ATM meant tiiat it 
leapfrogged a possible migration to SMDS. 

• VideoTelecom, introduced this year its MediaMax Systems, which 
integrate video conferencing witii facsimile, computer screen shar­
ing, and document conferencing. VideoTelecom, one of the major 
suppliers of video conferencing systems, has also begim delivering 
H.261 upgrades to its existing video conferencing systems. 

• Sun Microsystems, Apple Computer, Bellcore, and Xerox have col­
laborated on technical document discussing issues of ATM compati­
bility in a LAN environment. The document, called "network com­
patible ATM for local network applications," addresses standards 
issues and builds on experience from Xerox, Sun, and Apple 
experience witti tiieir own developing ATM networks. The intent of 
the work is to ensure that tiiere is interoperability between comput­
ing ATM products when the switches and services come on Q\e 
market in 1992,1993, and 1994. 

Dataquest Analysis 
Dataquest's view of multimedia telecommunications has been embed­
ded in tiie analysis in the previous sections and in the data and 
graphics provided, but can be summarized as follows: 

• The market for multimedia telecommunications will follow the mar­
ket for multimedia PCs until the latter half of the decade, when 
new broadband networking technologies come on stream and act as 
a market enabler. 

• In addition to new broadband networking technologies, the market 
will require standards for mixed-media communications interopera­
bility before telecommunications can be an enabling technology. 

• The market for multimedia telecommunications is supply-driven, 
with scores of players involved, from the large telephone companies 
to small, point product equipment vendors. 

• There are conflicting and confusing telecommunications 
alternatives— f̂rame relay versus SMDS, ATM versus FDDI-^that 
will make developing a network architecture to support multimedia 
applications a nontrivial exercise. 
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• The most significant immediate relief to the problem of insufficient 
bandwidth for multimedia communications will come from com­
pression technology. 

• A number of multimedia applications that involve telecommuni­
cations will evolve out of existing single media applications, 
such as voice mail, store-and-forward fax, e-mail, and desktop video 
conferencing. 

• The issues of network design and engineering, management, control 
and fault isolation, and support and maintenance for multimedia 
telecommimicatioi\s are still muddy. 

In short, there is a lot happening, and much of it is happening fast, 
but the problems are significant It will take time, money, and 
development efforts in a number of communications areas to make 
multimedia networking a reality. 
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Chapter 8 
The Impact of Emerging Technologies 
on Multimedia ^ ^ ^ ^ ^ ^ - ^ ^ ^ 

Introduction 
Technology is at an exciting crossroads where many futuristic concepts 
are quickly becoming everyday reality. Etevices tiiat only a few years 
ago were considered "science fiction" are now available on the shelves 
of consumer electronics stores and are visible in public places. 

Who would have imagined in 1970, for example, when watches had 
hands and showed the time of day, that in 1992 you would be able to 
purchase for less than $50 a digital watch that not only performs a 
host of time-keeping functions, but that also stores appointments and 
rings an alarm to remind you of them, contains a telephone directory 
of more than 100 niunbers, and even emits digital tones to dial the 
telephone for you? Or, in the days when a letter took a week to get 
across the Uiuted States, who could have oivisioned sending digital 
images via facsimile, much less carrying a pint-size, cellular fax 
machine in your briefcase that can send faxes via wireless communica­
tions? Or, not too very long ago, \^en telecommunications were 
tightly bound by terrestrial wiring, would you ever have tttoug^t it 
possible to be sitting on an airplane at 30,000 feet lift a telephone 
receiver from tiie seat back in front of you, and casually call home to 
see what is for dinner? And remember the days before ATMs when 
you had to make it to the bank by 3:00 p.m., Monday throu^ Friday, 
to cash a check—otherwise you were out of luck? It is a dizzying 
prospect indeed, to ponder how much faster such advances will occur 
during the rest of ttie decade and into the 21st century, spurred by 
ever-advancing technology coupled with miniaturization. 

There are a number of new and emeî ging technologies that are des­
tined to have an impact on multimedia systems development or will 
rely heavily on multimedia technologies to move forward and grow. 
These include the following: 

• Computer conferencing 

• Document imaging 

• High-definition television 

• Persoiud digital assistants 

• Speech recognition and synthesis 
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• Wireless communications 

• Virtual reality 

• Convergence of consumer electronics and computing 

This section presents an overview of these technologies. Note that 
we provide market size estimates cind forecasts where available, but 
because many of these areas are so new, we have not sized all of these 
markets. In all descriptions, we provide a conceptual analysis of the 
impacts that we believe these technologies will have on multimedia, or 
vice versa. 

Computer Conferencing 
Computer conferencing is a term that describes a new class of soft­
ware products that enable people to conduct meetings and share infor­
mation via live, interactive, workstation-based conference sessions. In a 
computer conferencing environment, any number of users on a net­
work can log into a conference session and participate interactively 
through sharing data and image files, through voice communications, 
by making pen annotations to data presented on screen, and, in some 
environments, by updating data and image files real time. Changes 
made by one participant display instantly on the workstations screens 
of all conference participants (see Figure 8-1). 

Computer conferencing has it roots in some of the early message-
sending features available on mainframe systems, and more recently in 
electroruc mail systems and online bulletin boards foimd on public 
and private computer networks. Througji these tools, users can send 
messages and files back and forth, post bulletins, and browse through 
information notices and wiint-ads. The lintiting factor is that these 
communications are one-way, making simultaneous collaboration 
impossible. 

Today's computer conferencing software offers a much more robust 
medium tfian its predecessors for bringing people together in a 
dynamic, information-sharing oiviroiunoit. An example of a typical 
conference session mig^t link together engineers from several remote 
locations to discuss a CAD design. The computer confereruong soft­
ware would display die design simultaneously on all workstations and 
allow the engineers to discuss it through voice communications (tele­
phone, at this point). The coriferencing software provides markup and 
redlining tools to annotate the drawing. As one engineer makes a sug­
gested modificaticm to the drawing, all conference participants see the 
change. Signature tools facilitate the review and approval cycle. 

This is only one example of the way this type of software is being 
used in business and technical envirorunents. Almost any meeting— 
and in fact many business telephone conversations—could be 
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conducted much more effectively using computer conferencing. Ven­
dors see opportunities for computer conferencing tools in scores of 
applications, as follows: 

• Engineering—Product design and approval 

• Manufacturing—^Product production and troubleshooting 

• CASE— P̂roject collaboration 

• Medical—^Diagnostics and remote consultation with patients 

• Finance—^Spreadsheets, documents, customer communications 

• Real estate—^Development and site management; architectural draw­
ings and facilities design 

• Sales and Marketing—^Sales meetings and presentations 

• Govemmoit—winter- and intra-agency commuiucations 

• General office—^Workgroup and corporate communications 

Varioiis factors have driven the development of computer conferencing 
software, including the following: 

• Globalization of companies—^Many companies are now global enter­
prises with people at physically distant sites trying to work 
togettier on a project. Telephone communications—even conference 
calls—often prove inadequate when people need to sit down 
togettier to sketch out a design, critique a product, or solve a 
problem. 

m Economics— Ît has become too expensive both in terms of time and 
money to send people to remote locations to participate in meet­
ings. Many times, a person needs to be several places on ttie same 
day. Computer conferencing allows him or her to stay the office, 
but stiU participate in all of the meetings. 

• More powerful desktop computers and operating systems—^Many 
people now have access to desktop workstations running operating 
systems (especially UNIX) robust enough to handle computer 
conferencing. 

• Improvements in LAN and WAN communications—^Local and wide 
area networks have joined people together in environments capable 
of supporting the interactive, back-and-fortii communications neces­
sary for con^uter conferencing. 

Several computer conferencing products have appeared on tiie scene 
during ttie past 18 months, and many start-ups as well as giant corpo­
rations are working on products for this market. 

• The first to market may have been a product called CAD Con­
ferencing Hat was introduced by Intergraph Corporation (Hvmts-
ville, Alabama) in May 1991 (developed for Intergraph by 
DataBeam of Lexington, Kentucky). This runs on Intergraph's series 
300, 3000, and 6000 workstations and displays both vector and 
scanned images, which can be annotated or modified by conference 
participants. As the name implies, CAD Conferencing is targeted at 
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engineers and provides markup, signature approval, image manipu­
lation (pan, scroll, and zoom), and color coding and high-lighting 
features. 

• Shared X from Hewlett-Packard (Cupertino, California) enables 
users running in the X Windows desktop environment (on devices 
ranging from HP UNIX workstaHons to X terminals) to simultane­
ously access, view, and revise documents and drawings. 

• Another computer conferencing product recently introduced is 
ShowMe from Sun Technology Enterprises, a division of Sun 
Microsystems Inc. (Mt. View, California). ShowMe runs on Sun 
SPARCstations under Solaris 1.0 and takes advantage of Sun's Open 
Look graphical user environment. It supports both scanned images 
<md computer files in a "conference board" envirorunent where par­
ticipants can write and draw on displayed documents using colored 
pens. 

• Ir̂ Soft Inc. (Grantham, Pennsylvarua) bills its Commuruque software 
as "real-time multimedia workgroup communications conferencing 
with graphics, audio, video, and text." The most advanced of the 
products mentioned here. Communique not only provides the abil­
ity to view and markup scanned images and data files, but through 
optional hardware enables the integration of video and audio data 
types to provide a conferencing environment more like face-to-face 
communications. Communique runs on Sun SPARC hardware and 
is available in English, French, and German language versions. 

• Lotus Development Corporation (Cambridge, Massachusetts) 
recently announced an agreement vrith PictureTel Corporation 
(Peabody, Massachusetts), a manufacturer of video conferencing sys­
tems. Lotus plans to incorporate PictureTel's desktop telecorrferenc-
ing capabilities into its Lotus Notes groupware software. The 
enhancement will enable Lotus Notes users to conduct live video 
conferences with each other directiy on their computer screens. 

From a general productivity perspective, we believe that computer 
conferencing is tfie wave of the future. It allows people to quickly and 
it\expensively get together to get a job done—powerful medicine in a 
business world struggling to get products out the door before compe­
titors and cut costs at the same time. 

From a multimedia perspective, we expect that developments in 
multimedia video and audio hardware and communications will 
enable computer conferencing to fulfiU its true destiny—to provide 
real-time, fece-to-face communicatiorts such as are now available 
through expensive teleconferencing equipment As workstations evolve 
during the decade to include video cameras, microphones, artd speak­
ers, the workstation will become a video production studio for work­
station conferencing sessions. On-scieen windows will display real­
time video images of conference participants, and tfieir voices will be 
captured by microphones embedded in the workstation. Conferencing 
softvrare will undoubtedly become more specialized, providing tools 
specific to a person's pb (graphics and CAD tools for desigtwrs and 
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engineers; word processing and spreadsheets for white collar workers; 
diagnostic tools for doctors, and so on). In the future, it is conceivable 
much face-to-face business will be conducted in a very interactive, 
positive way without people ever physically meeting each other. 

Document Imaging 
Document imaging systems have become very popular during the past 
few years as a means to manage the high volume of paper in offices 
and to help automate the flow of information around an organization. 
Early pioneers in the document imaging business include both image 
system suppliers like FileNet Corporation (Costa Mesa, California), 
Plexus Software (Stmnyvale, California—^previously known as Plexus 
Computers), and Wang Laboratories (Lowell, Massachusetts), as well 
as providers of optical equipment and micrographic and/or optical 
media such as 3M Corporation (St. Paul, Mirmesota) jmd the Eastman 
Kodak Company (Rochester, New York). Today, the document imaging 
universe is populated by scores of software companies, all major com­
puter companies are in the business, and himdreds of VARs and 
integrators are busy installing custom systems. Document imaging has 
grown rapidly into a multibillion dollar business opportunity. IBM 
alcme is expected to exceed ttie $1 billion mark in sales of document 
imaging-related software, hardware, and services in 1992. (Figure 8-2 
presents Dataquest's forecasts for the overall growth of the document 
image management systems market). 

Figure 8-2 
Worldwide Document Imaging Market Revenue Growth Forecast 
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From the multimedia perspective. Document imaging systems deal 
witin a very low-level data type—scanned or bit-mapped images. 
These systems use scanners to capture digital images of drawings or 

. documents. Once captured, the images are indexed, filed off on optical 
disk, and available for retrieval at image-enabled workstations. The 
great thing about imaging systems is that they virtually never lose 
documents, multiple individuals may review the same document 
simultaneously at different workstations, and they provide very space-
efficient storage for up to millions and millions of pieces of paper in 
optical jukeboxes. In addition, specialized application software enables 
the user to put the images to work. Images can be collected into elec­
tronic folders, folders can be routed throughout an orgai\ization using 
work flow software, OCR software converts image data into ASCII 
text so that full-text searches may be run through image databases to 
find information quickly, and hand-print or recognition software reads 
handwritten data from forms and automatically inserts them into the 
system's database. 

At the core of the document image software is an image database that 
files and manages ttie images. Most systen\s are built on popular data­
base structures such as Oracle, Informix, or Sybase. Some are built on 
proprietary databases optimized for maiutging scanned images. There 
is a growing tendency to base document image systems on object-
oriented databases that have the capacity to recognize, store, and 
manage a variety of data types besides scanned images. Plexus' 
Extended Data Processing (XDP) software is a good example of docu­
ment imaging software that is able to handle a variety of data types 
including text, data, scanned images, vector graphics, animation, voice 
and sound objects, and full-motion video. Plexus built its software 
on the Informix database and designed the product as a system for 
managing scanned bit maps, but with an eye toward a future where it 
would need to include multiple data typ>es. 

That future is getting here quickly. While full-blown multimedia com­
puting has not quite reached tiie document imaging world, we did see 
a few glimmers of it on ti\e show floor at the aimual Association for 
Information and Image Management (AIIM) conference held in June of 
this year. We predict that momentum will build quickly once current 
document imaging users start to visualize applications that could 
really benefit from access to multiple data types. 

At the AIIM show, FileNet displayed a little multimedia demo called 
'Tassport to the Future,'' whid> the company said it pulled together in 
a couple of weeks, just to have something catchy for the show. This 
involved creating a multimedia "passport," such as may be used to 
identify travelers in the world of the future. This incorporated pen 
computing to record the traveler's stg^ture (using a tablet and 
stylus), freeze-frame video image capture to record his photograph, a 
"voice print" to verify his voice, scanned images of the person's 
"travel documents," and database access to complete the traveler's 
profile. FileNet stressed that the ability to incorporate and manage 
all of these data types exists in its system today—and suggested that 
a few of its forward-thinking customers are dunking of ways to 
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incorporate freeze-frame video and voice Jinnotation into their current 
document imaging installations. 

Other companies paid homage to multimedia at AIIM. Wang demon­
strated its interest in the technology with "Images in the Future," a set 
of APIs for incorporating full-mohon video into some of its Microsoft 
Windows-based applications. Wang envisions many uses for this in 
areas including training and manufacturing applications. IBM also 
showed its multimedia offerings with a display of the UltiMedia PC 
and some applications featuring integrated video, images, and sound. 
And Digital featured an information kiosk combining touch screen 
technology to navigate through and access audio and video informa­
tion clips on Digital's imaging systems and software products. 

How soon will multimedia find its way into document imaging sys­
tems? The answer is that it already has. As the early adopters of docu­
ment imaging systems begin to refine their systems to make them 
easier-to-use containers of a company's information repository, we 
expect that multimedia will impact these systems in two ways: 

• By providing graphical and navigational tools for interacting with 
tiie imaging system 

• By providing access to a wide variety of data types that comprise a 
company's stored information collection 

We believe that integration of multimedia into document imaging sys­
tems will proceed in tandem with multimedia systems development. 
ATKI, of course, many of the networking and image compression issues 
discussed previously in this report will impact the speed with which 
multimedia will enter the document imaging mainstream. 

High-Definition Television 
Development of hig^-definition television, or HDTV, began in Japan 
more than 20 years ago as a meaits of improving TV image quality 
above that offered by the specifications set down by the National Tele­
vision Systems Committee (NTSC standard). To erJiance these specifi­
cations (then the standard for both United States and Japanese TV 
manufacturing, HDTV proposed the following {see Figure 8-3): 

• A wider aspect ratio (16:9 rather ttian 43) for TV receivers 

• Larger and br i^ter displays 

• Better spatial (nimnber of lines on screen) and temporal (frame rate) 
resolution 

• Removal of scan artifects (for example, post ing and snow) 

• CD-quality audio sound 

The result was a massive development effort, estimated at about 
$1 billion, and spearheaded by the Japanese government, quasi-
goverrunental agencies such as the Ministry of International Trade and 
buJustry (MTTl), and Nippon Hoso Kyokai (NHK), tiie Japan Broad­
casting Corporation. This development effort produced an ai^alog 
broadcast system, designed primarily for Direct Broadcast Satellite 
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Figure 8-3 
Optimum Viewing and Listening Conditions, HDTV versus NTSC Standard 
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(DBS) transmission, for reception on TV sets biiilt around Hve 16:9 
aspect ratio, and capable of displaying 1,125 interlaced lines. This sys­
tem, known as the MUSE (Multiple Sub-Nyquist Sampling Encoding) 
bandwidth compression scheme for HDTV broadcasting via satellite, 
was proposed to the United States as the next standard. Due to 
extreme pressure from l>oth American and European companies, the 
Federal Commurucations Commission (FCQ did not immediately 
accept the proposal, but instead opened a formal "competition" for 
reviewing all proposals relating to HDTV. 

The Europeans, in an attempt to protect their domestic studio and 
consumer equipment manufacturers, claimed tiiat serious technical 
problems existed in the down-conversion of 60Hz 1125-line HDTV 
to 50Hz 625-line PAL and flatly impeded adoption of MUSE. Ihey 
instead developed and adopted their own competing standard, also 
based on analog transmission and DBS transmission, \\Mch is said to 
be compatible with future digital standards. This is known as tfie 
Multiplexed Analog Component (MAC) and has several variations 
including HD-MAC and D2-MAC. 

In the United States, the HDTV dironology followed a similar pattern. 
The Advanced Television Sj^tems Committee (ATSC) was formied 
by five television industry organizations, which approved basic 
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parameters for HDTV production and broadcast standards. In 1988, 
die Defense Advanced Research Projects Agency (DARPA) offered 
$30 million in grants for HDTV development and eventually awarded 
research funding to five companies researching display technologies, 
including: Newco, Photonics, Projectavision, Raychem, and Texas 
Instruments; and to three groups including: the David Samoff 
Research Center, Sun Microsystems, and Texas Instruments; Adams 
Russell Electronics and MIT; and Qualcomm. Since then, HDTV 
products have been announced by U.S. concerns including General 
Instruments, the Advanced Television Research Consortium, and 
Zenith, among others, and research and development efforts continue. 

From the consumer perspective, we believe that there is a considerable 
market opportunity for HDTV in the United States: 

• Approximately 160 million TV sets are currently in use in the 
United States. 

• An estimated 52 million homes (60 percent of the total market) sub­
scribe to cable TV 

• Approximately 10 million TV sets are sold in the United States each 
year, and one quarter of diese have a screen display 25 inches or 
larger, verifying the premise that there is a large market for wide-
screen television 

From a development point of view, opportunities also abound for 
makers of components including the following: 

• Displays including CRTs, LCDs, plasma, and electroluminescent 
screens 

I 

• Receivers and tuners 
• '\̂ deo compression and decompression 

• Power supplies 

• D/A converters 

• CCD linear arrays 

• Audio componentry 

• DSP chips 

Unfortunately, besides the major staiulanls barriers described previ­
ously, there are a number of ottier obstacles that inhibit the growttt of 
ttiis market. These include the following: 

• The prohibitively high price of HDTV technology (currently run­
ning approximately $9,000 for a 50-inch home HDTV setup, or 
around $5,000 for a 25-inch system) 

• Squabbles for ownership of HDTV transmission ri^ts among 
broadcast statioits, broadcast satellites, cable franchises, and motion 
picture studios 
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• The role that the government will play both in terms of subsidizing 
HDTV development and througji FCC endorsement 

• Development of alliances and key partnerships among HDTV indus­
try participants 

Today finds HDTV standards in a state of fluidity with new proposals 
coming from every quarter as no system is yet in widespread use. 
Figure 8-4 presents some tentative forecasts for the growth of this 
market by geographic segments based on the following assumptions: 

• United States—^Testing of various HDTV proposals is on schedule, 
although some broadcasters believe that ttiere will be a 6- to 
12-month delay to accommodate new or modified systems. The pro­
posed schedule calls for a complete standard by the second quarter 
of 1993. The FCC is expected to decide before the middle of 1993 
on a single standard, opening the door to a rush market develop­
ment and competitor alliances. 

• Europe—^The Europeans propose to have the HD-MAC standard 
being broadcast by 1997 with the interim D2-MAC standard being 
used previous to this. The broadcasters do not necessarily support 
this view, although it is heavily supported by the manufacturers. 

• Japan—^Today, scores of Japanese companies are involved in HDTV 
(now called Hi-Vision) research and production. Leading msmufac-
turers include Fujitsu, JVC, Matsushita, NEC, Sharp, and Sony. In 
addition, a public service corporation called the Hi-Vision Promo­
tion Center was established in 1988 to promote wider use of 
Hi-Vision technology in industry and by government organizations. 
The center is sponsored by more than 20 Japanese electronics firms. 
These sponsors see Hi-^^ion largely as a consumer market and are 
thus working to bring down tiie costs of the componentry involved 
with HDTV production and increase awareness of the uses of the 
technology. NHK is now broadcasting e i^t hours per day of MUSE 
using a single channel of a satellite. This is not enough program­
ming to stimulate the market, aiid it will be 1997 before tiie BS-4 
satellite provides up to eig^t cKmnels of MUSE broadcasting. The 
prospect of the more advanced U.S. system leaping ahead of the 
Japanese system has led to careful examinaticHi by the Japanese of 
switching to digital st^ial. 

The principal limiting factors of HDTV market penetration will be 
source material availability (programming) and consumer HDTV set 
costs. With motivated vertical comparues like Sony (Columbia Pictures) 
and Matsushita (MCA) ready to roll, source material creation is not 
expected to be a problem. On the other haiul, costs are expected to 
lirnit HDTV penetration, especially until the 16:9 CRT and projection 
systems become more cost-effective. The cost of an HDTV set in the 
United States is expected to decline ttuoughout the decade, probably 
reaching the $1,500 range by tiie year 2000 (see Figure 8-5). 

HDTV is not a multimedia technology, p>er se. We believe, however, 
that after the dust settles and standards emerge, HDTV research done 
in the areas of hig^-resolution displays and hig^-quality sound will 
directly impact these components of multimedia computing systems. 
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Figure 8-4 
Worldwide HDTV Adoption through the Year 2000 
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Figure 8-5 
Declining HDTV Average Selling Prices 
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Througji ova PCs and workstations, we will be able to access not only 
computer data but also broadcast data. Many of us will have access to 
"personal new shows" compiled for us on the fly from both textual 
and video-based news wires and news feeds. PCs will have to be able 
to provide the audio and video quality we have come to expect as TV 
consumers. HDTV research will be at the forefront of enabling display 
and soimd technologies for multimedia workstations. 

Personal Digital Assistants 

At the Consumer Electronics ^low (CES) held in Chicago, Illinois in 
May of this year, Apple Computer provided the world witti a first 
look at a hand-held computer product—the Newtort—ttie likes of 
which is destined to revolutionize both tiie world of hand-held com­
puting and the consumer electronics industry. 

Visually, Newton can be compared to the commimicator used by 
Captain James T. Kirk in the Star Trek series, complete with flip cover 
(see Figure 8-6). Newton is not that small, but it does fit comfortably 
in the hand, and a flip cover protects tfie combination screen/writing 
surface. Newton is designed to be used witii a pen input stylus and 
incorporates an operating system ttuit is tig^ttly coupled wititi the hard­
ware to provide an intelligent device. According to Apple, Newton 
will be available in the first quarter of 1993 and will cost less than 
$1,000. (Incidentally, Newton gets its name from Sir Isaac Newton 
who, according to legend, formulated the theory of gravity soon after 
he was hit on tiie head by an apple falling from an apple tree.) 

Figure 8-6 
Apple Computer's Newton Personal Digital Assistant 

Source: Apple Computer Inc. 
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To understand how Newton will work, imagine carrying a roll of cal­
culator paper with you wherever you go. This toll is never-ending and 
as you write on it, "pieces" can be "torn off" and saved. Newton's 
software is able to recogrtize and interpret the writing on the pieces. 
Alternately, output can become a document that can be faxed or sent 
to another Newton or computer for transmission to its final destina­
tion. The Newton is the first member of a family of such products and 
it makes use of an infrared link to move information between it and 
other computers. Future Newtons will likely use alternate forms of 
communications including wireless (RF) devices that will be either 
built-in or attachable. 

In trutti, Newton extends the paradigm that began with the introduc­
tion of the HP 95LX fix)m Hewlett-Packard. The HP 95LX has been a 
success in the market partly because it makes use of a series of appli­
cations contained in the basic system and it provides the user with a 
solutions-oriented hand-held device that includes Personal Information 
Management (PIM) capabilities. We expect Newton to extend ttxis con­
cept even further. 

The real excitement of Newton is in the software. At present, Apple is 
demoiutrating the principles of the operating system and associated 
hardware using the power of a Macintosh, but we have to believe that 
the company feels confident it wiU be able to retain all of the function-
eility and speed whai Newton's tethers are loosed and it runs on its 
own. 

The only word for the operating system is "smart." The writing recog­
nition actions ti^t tiie machine tcikes when it recogrtizes words are 
alrrwst uncanny. Typical of the actions Apple demonstrated at CES are 
the following: You write, "Lur«h with Andy next Tuesday," on the 
screen. The text is recognized and, based on Nevrton's best under­
standing of the words, it takes actions (see Figure 8-7). In this case, 
Newton would open the daybook and insert a lunch appointment 
with Andy on next Tuesday . Newton "knows" the date of next Tues­
day, and "assumes" that lunch happens between noon and 1:00 p.m. 
The only thing that might puzzle Nevrton is exactiy which "Andy" 
you mean. If there is more than one in your database, you are 
presented with choices. Selecting the proper "Andy" completes the 
transaction and your calendar is updated. Write, "Call Linda Tomor­
row," tund Newton will put this note in your daybook—complete vrith 
Linda's nmnber. In this case, you might get multiple nund)ers: office, 
home, mobile phone, and fax. However, if you had written, "Fax 
Linda," the only nmnber that would be showing would be her fax 
number. Besides the entry, Newton will provide you with a dialing 
icon so tfiat with a touch of the pen, you can have Newton dial the 
proper number for you. 

The basic, first Newton includes the display/writing screen, a built-in 
infrared communication link, a PCMCIA compatible slot for PC cards 
(RAM, ROM, fiash, modem and more), and the basic personal infor­
mation manager functions one would expect in such a device 
(notepad, scheduling, telephone and address database). It even pro­
vides a graphics utility that is "smart" enougr^ to recognize tiiat the 
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Figure 8-7 
Newton's Intelligent Software Acts as a Personal Assistant 
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shape you just drew on the screen is a circle, and it replaces your 
crude attempt with a well-formed and completely roimd circle. 

Newton is being codeveloped with Sharp Electronics, and Apple has 
authorized its partner to sell their own version of Newton. Apple has 
further stated that it may, in some cases, Iicer\se ttie technology to 
other vendors. Apple wants Newton to become the pervasive hand­
held system during the next few years. By licensing the technology, 
Apple believes that it can create a bigger market in which to gain 
market share and also keep others from encroaching on this tĵ ie of 
product. 

Part of Apple's strategy, it appears, is to use Sharp and several other 
licensees to meet ttie initial demand for Newton so they do not lose 
sales to "non-Newton" hardware. Even if a user buys a licensed New­
ton done from Sharp or another vendor, Apple has not lost prospec­
tive customers, althou^, for the most part, non-Newton hardware 
vendors have. As Newton matures over time, Apple still has the 
opportunity to convert a user from a non-Apple Newton to an Apple 
Newton with advances in technology and enhancements to the 
product. In addition, even if the non-Apple Newton user never buys 
an Apple Newton, Apple still benefits by collecting licensing and 
royalty fees. 

Apple's game plan, then, must be to get Newton to market when 
promised (early 1993), and to hcindle (through licensees such as Sharp) 
the pent-up demand from those individuals eagerly awaiting the 
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product. Although this tjqje of game plan might be compared to the 
Sun SPARC licensing idea, we see it very differently. First, Apple has 
stated that it will only license a "few" companies to build and/or 
market Newton. Second, the market for the Newton is ten orders of 
magnitude larger tiian that for workstation products. Last, Apple 
knows that some of its licensed partners have far better access to the 
consumer channel than they do and, tiierefore, will pave the way for 
additional Macintosh sales. 

The CES event was a look into the not-too-distant future, and it sig­
nals tiie start of the war—not for the desktops of corporate America, 
but for the pockets and palms of the world. Within weeks of Apple's 
Newton announcement, Tandy, Casio, and GeoWorks announced plans 
for a PIM product alliance, and Day Runner and Texas Instruments 
announced a "cooperative development agreement" to create a similar 
product. Perhaps tiie most significant announcement, however, was the 
news that AT&T Microelectrorucs and GO Corporation plan to develop 
a personal commuiucations platform. At the base of this alliance is the 
coupling of GO'S PenPoint mobile operating system and the Hobbit 
microprocessor from AT&T. In a nutshell, GO has optimized a version 
of its PenPoint operating system for both the Hobbit architecture and 
communications applications. AT&T has developed a series of low-
powered microprocessors that work with digital signal processors 
(DSPs) and other technologies required for communications-oriented 
devices. 

While personal digital assistants and today's multimedia computing 
platforms are currently distant cousins, there are implications to con­
sider. Data generated by PDAs may eventually need to find its way 
into multimedia systems and could represent yet another data type 
that multimedia software will have to be able to interpret and inte­
grate. It is also likely that PDAs will eventueilly incorporate multime­
dia technology elements including color graphics, the ability to display 
video images, and the ability to accept and transmit voice and sotmd. 
liny 2.5-inch (or smaller) CD-ROMs such as those used in Sonj^s 
DiskMan could also become a factor in PDA products. Through the 
integration of CD-ROM technology, the PDA could become not only a 
traveling organizer and conununicator, but also a palm-top reference 
tool and bookshelf. 

Speech Recognition and Syntliesis 
Ever since Dave's conversations with HAL (and HAL's famous reply, 
"I'm sorry Dave...") in tiie film 2001: A Space Odyssey, the popular 
imagination has been captivated by the notion of computer speech 
recognition and synthesis. How wonderful it will be to simply "speak" 
to your PC and have your words or data fly onto the screen. No more 
tedious keyboarding. How marvelous it will be when the machine can 
understand your spoken requests, dip into its data banks, and provide 
the information you need—in a soothing voice, naturally!—within a 
few seconds. Gone is tiie drudgery of research. The computer wiU 
become a willing—and almost—human servant 
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Well, 2001 is only 9 years away, yet computerized speech recognition 
remains the nwst elusive of the emerging technologies described in 
this section. Development of computer software that can recognize the 
spoken word is hindered by the fact tfiat human speech patterns are 
so varied and unpredictable. Recognition systems must contend with 
regional accents and foreign accents, varied pronunciations and mis­
pronunciations, mumblings and fumblings, pitches and frequencies, 
and all of the other idiosyncrasies that human speech is heir to. Add 
to this the issue of vocabulary. Not everybody has the spoken vocabu­
lary of William F. Buckley, but speech recognition systems flounder 
when they come up against "foreign" words. Three levels of speech 
recognition are possible: speaker-dependent (system is trained to 
understand a single individual's speech patterns); speaker-adaptive 
(system has been trained to recognize common idiosyncrasies of 
speech); and speaker-independent (system understands anyone). There 
is also the notion of noncontinuous speech (speaker must pause 
between each word so that the system can process it) versus continu­
ous speech (speaker talks at normal speaking pace). Naturally, con­
tinuous, speaker-independent speech recognition is the most 
desirable—and the hardest to achieve. 

The problem of training systems to imderstand human speech is being 
addressed on several research fronts, including: training systems to 
recogiuze 1,000 keywords pronounced a variety of ways; wordspot-
ting, a system that recognizes only certain important words in the con­
text of a spoken sentence; neural networking, which teaches itself as it 
listens; and using a camera to focus on and read tfie speaker's lips. 
All in all, it is a very complex technical problem to solve. But it will 
eventually be cracked because speaker-independent recognition sys­
tems will form die basis of very lucrative commercial products. 

Scores of researchers and development labs are grappling widi the 
problem of speech recognition and some have offered prototype or 
commercijil products to illustrate what is possible: 

• AT&T's Voice Activated Dialer can be trained to respond to up to 
62 different names or phrases and automatically dial the appropri­
ate telephone number, providing "hands-free" dialing for its Mobile 
Cellular Telephone 3030 customers. 

• Toshiba is developing a voice synthesis/voice recognition system 
for taking orders at fast food drivethrough restaurants 

• MTT has developed a prototype conversational system called 
Voyager that is capable of interactively answering questions 
about the local area including sites, hotels, restaurants, and other 
attractioits. 

• IBM has prototyped a voice-activated office word processor called 
Tangora, which imderstands a vocabulary of 20XXX) of the words 
most frequently foimd in office correspondences. 

• A joint project between Fuji and Xerox is working to develop a 
Japanese-language speech recognition word processor. This will be 
particularly useful in Japan because of the difficulty diat many peo­
ple have dealing with entering kanji's 7J0OO characters by keyboard. 
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• Kurzweil Applied Intelligence, Dragon Systems, and IBM, among 
others, have developed automatic speech recognition systems for 
handicapped people, especially for hands-impaired individuals. 

• Apple recently demonstrated its speaker-independent voice recogni­
tion system—code-named Casper—running on a Macintosh Quadra 
900 enhanced with a digital signal processor and microphone. 
Casper has a vocabulary of more than 100,000 words and is able to 
recognize a wide range of voices through a sampling algorithm that 
sifts tiirough hundreds of accents, tones, and pitches to interpret the 
spoken word. Casper will eventually become the voice extension 
available on Apple products. 

Practical applications for speech recognition technologies abound. Con­
sider the following examples: 

• Providing live operator assistance and iitformation services for 
countries where touch-tone telephone penetration is small (for 
example, only 5 percent of telephones in Spain are touch-tone) is 
expensive. Telephone companies look to speech recognition as a 
solution to diis problem. 

• Speech-to-text products, particularly for people who are keyboard-
illiterate or who are involved in "hands-busy, eye-busy" applica­
tions, would be very useful in applications ranging from brokerage 
houses to medicine to manufacturing. 

• Security systems tiiat recognize "voice prints" of authorized 
individuals provide foolproof security. 

• Automatic language translation systems that recogiuze tf\e spoken 
word will save thousands of laborious human translation hours. 

• Voice may well be ttte next computer interface as voice-activated 
computers navigate quickly by responding to voice commands. 

Speech recognition capability has splintered into h i ^ , medium, and 
low functionality. On the high end (cost $10K to $100K per site) are 
the telephone company systems with "abnost natural" capabilities. 
These s)rstems are heavily software oriented. Midrange systems 
include standalone attachments and software tiiat connect to PBXs and 
other premise equipment ($5K to $10K). These systems are capable of 
continuous speech as well but they may trade off user independence 
or vocabulary size. On the low end are the add-in board/software 
products ($200 to $3K) that offer isolated word, limited vocabulary 
capability, and require tfie user to train it During the next few years 
we can expect the more sophisticated capabilities to migrate to the 
lower price points. 

Speech syntiiesis is die other, simpler, side of the coin. Here, voice 
synthesizers, coupled witit software, accomplish the task of translating 
the computerized word into the spoken word. Today's text-to-speech 
processors are still somewhat scratchy and harsh, but ttiey at least 
produce intelligible spoken words. And advances are being made 
quickly to smooth out the roug^ edges. 
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Text-to-speech products have a number of practical applications, par­
ticularly for the new breed of mobile professionals tiiat do more work 
out of a briefcase than out of an office. Text-to-speech systems that 
translate electronic mail and fax messages to speech are already a 
boon for helping traveling employees sift through their electronic 
in-boxes by telephone. Text-to-speech systems are also being used 
extensively by telephone companies to provide information and direc­
tory assistance from dynamic databases. Read-to-me programs for 
visually-impaired individuals that translate computer information to 
speech provide another example of how useful this technology can be. 

From a multimedia perspective, speech recognition and synthesis are 
complementary technologies that add further dimensions to the 
multimedia systems already under development. We believe that 
speech recognition capabilities will be imbedded in most PCs and 
workstations by the end of the decade. This will facilitate new ways to 
navigate through the system's databases and to interact with the com­
puter. Speech synthesis technologies will enable computer systems to 
respond to our information requests in much more human fashion and 
pave the way for the talking persoiud digital assistant. 

Wireless Communications 
The advance of mobile and wireless communication, both within local 
area network and wide area network environments, will pose some 
uruque and difficult problems for multimedia computing. All of the 
problems and market inhibitors mentioned in the "Multimedia 
Telecommunications" chapter of titis report hold true for mobile or 
wireless communication, with additional issues raised by network 
addressing, physical interfacing, and network management devices 
that are not in a continual fixed place. Network managers and design­
ers are already discovering difficulties, for instance, simply designing 
LANs that support both desktop artd mobile laptop or notebook com­
puters. The interface cards from notebook and laptop computers to 
LANs generally tend to slow signals down from the computers to 
LANs and conversely can create contention and traffic problems on 
the LAN itself. The issues of network addressing, LAN segmsttation, 
and routing are made more difficult in a mobile setting. 

Most likely, the initial accommodation of mobile systems connected 
into multimedia settings vnU be ttirou^ desktop units that transfer 
information to and from laptop/notebook computers, \N^ch, of their 
accord, will not have the on-board storage and display capabilities or 
speed to handle multimedia data. 

Another problem of wireless commuiucation in the LAN enviroiunent 
will be one also of bandwidth. Current infrared or radio signal LANs 
are not as wide in bandwidth as FDDI or even token ring LANs, and 
diere are issues of propagation interference and a compatibility with 
wire systems. The advantage of broadcast availability using wireless 
technologies is somewhat offset by the requirement to provide 
receivers and transmitters at each workstation. 
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In the wide area network setting, the issue will probably be one of 
bandwidth. The new wireless, long distance data networks (example, 
ARDIS) are typically low-speed, low-bandwidth networks designed for 
remote data entry. As a result, it is hard to believe that wireless net­
works will spring up with sufficient bandwidth to handle either back­
bone multimedia networking or workstation to backbone access. It is 
possible to use satellite networks for backbone networks, but that will 
be transparent to multimedia telecommunications. 

In short, the advantages that wireless communications bring to local 
area and wide area networking and remote computing are not neces­
sarily advantages to multimedia telecommunications. This is an issue 
of bandwidth, network design, and requirement for access. 

Virtual Reality 

Virtual Reality is the name commonly given to a new technology that 
integrates sensor-based data of human movement with computer 
models and simulations. To experience virtual reality, the user must 
don speciaUy-wired, motion sensor-based clothing that can include 
everything from gloves, goggles, masks, and headsets, to whole body 
suits. This equipment is attadied to a computer system(s) that runs 
the virtual software and perform the calculations necessary to create 
and maintain the "virtual world." The virtual system replaces the 
user's everyday world with a universe that is populated with crea­
tures, creations, flora, and fauna generated entirely by computer. As 
the user moves about in this virtual space and experiences it through 
the goggles or mask, the system monitors his movements through the 
sensors in his gloves or suit, and responds as if he is actually present 
in and touching his surroundings. 

Dr. Thomas Fumess, founder and director of the Human Interface 
Technology (HIT) Laboratory at the University of Washington in 
Seattie, Washington, is credited with developing the first virtual sys­
tems. He says that his research team's early experiences witii virtual 
reality were botii exhilarating and frightening. However, his ongoing 
research in virtual reality over the years has resulted in "a paradigm 
shift" representing whole new vfays not only to use computers, but to 
experience the universe. 

Vuiual worlds can be entertauiing, practical, or both. On the entertain­
ment side, virtual reality will no doubt give rise to whole new con­
cepts in arcade, competitive, and practice games. Those who enjoy the 
excitement of playing a combat flight game, for example, can imagine 
how the challenge and thrill would be amplified by actually entering a 
cockpit, zooming around in virtual space with alien missiles exploding 
all around, and fighting back with lasers blasting full, virtual force. CXi 
the practical side, virtual flight simulation sjrstems offer pilots valuable 
cockpit experience without ever leaving the groimd, and at a fraction 
of the cost of going live in a real flight simulator or airplane. Otiier 
virtual games allow players to practice and test their skills against 
competitors of various competencies. These include higjhly realistic 
games of virtiial teruiis, racqueti)all, golf, footi)all, and ice hockey, for 
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example. Virtual surfing, waterskiing, and snowskiing allow users to 
hone their skills in these sports without ever getting wet or cold. 

On the practical side, virtual software for creative professionals includ­
ing artists and designers will enable these people to test out ideas 
before actually "going live." Virtual design software products have 
applications in just about any field where a product must be con­
ceived and modeled prior to production—from designing automobiles 
and airplanes to houses and buildings. Virtual software for architects, 
for example, enables the architect to create virtual spaces, then enter 
and move about iruide of them to see how the buildings look and 
feel. Virtual design software also provides the new luxury of being 
able to share a "vision" with a client prior to actually building the 
structure or product, thereby alleviating any confusion or disappoint­
ment about how the final object or space will look. 

In the world of medicine as well, virtual reality has important applica-
tioris. In the future, doctors may be able to take a voyage inside of a 
patient's body to help diagnose an illness or prepare for a surgical 
procedure. By combining medical imaging hardware such as ultra­
sound scanners and magnetic resonance imaging equipmait with vir­
tual software and hardware to view and navigate, a physician could 
explore a patient's interior spaces without even touching him. 

The only limit to thinking of applications for virtual reality is one's 
imagination. However, most applications are just that—imaginings. 
Most virtual reality research is going on in academic research centers, 
government labs, arid think tanks. Our research indicates that a num­
ber of government projects are under way, particularly in the area of 
flight simulation and trairting. Japanese electronics firms are also 
reportedly spending millions of dollars on virtual research. And a 
harkdful of companies are involved in developing the hardware gear 
and software used in virtual systems. Overall, t hou^ , the market is 
quite embryonic, and most U.S. companies are hesitant to jump into a 
field that is so new and ill-defir\ed. 

Given the slow speed with which virtual technologies are emerging, 
we believe that multimedia computing will eventually have to include 
additional data types represented by the analog input from virtual 
reality sensors—but probably not before the end of this decade. From 
a multimedia point of view, all of the issues related to the storage, 
maiupulation, and communications of complex video, audio, and data 
types would hold true for integration with virtual reality systems. In 
fact, they may be even more exacerbated in light of the fact that there 
are likely to be few standards developed in advance of the market for 
virtual reality and there will be tremendous conversion and interoper­
ability issues. The immediate problem in ttie multimedia setting would 
be the input of sigruls from the multimedia user back into the system 
and the integration of that information vrith multimedia data files and 
databases. In addition, there would be additional problems simply 
handling the physical interfaces of the headsets, gloves, and goggles. 

For the immediate future, meaning the next six years, virtual reality 
and multimedia will evolve on separate courses. Only after that, once 
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tiiere is a defined real market for virtual reality, will it become an 
issue. By then, the widespread use of object technology may (as 
opposed to should) make it a little bit easier to integrate virtual reality 
into the multimedia mainstream. 

The Convergence of the Computer Industry and 
Consumer Electronics 
In the popular imagination, computers and consumer electronics 
devices are two distinct and very different classes of products. Com­
puters are information tools used in work (and increasingly in home) 
environments to get a job done. Though some computers are used for 
playing games, the vast majority of the work we use them for is 
serious—number crunching, writing and publishing, information distri­
bution, database management, and graphic arts. Consumer electronics 
equipment, on the other hand, falls into tiie category of entertairunent 
devices. These are machines like VCRs, compact disc players, and 
compact disc interactive (CD-I) players that provide movies, music, 
and games for us to enjoy in our leisure time. 

When we look at multimedia computing, however, it becomes clear 
tiiat many crossover points exist between computer platforms and 
suppliers, and their counterparts in the world of consumer electronics. 
We believe that a fair amount of cross-pollination is occurring that will 
drive multimedia developments on botti sides of the spectrum. 

For one thing, through a series of deliberate acquisitions and invest­
ments, both American and Japanese electronics companies have 
acquired vast riches of multimedia "content." Matsushita owns 
Universctl (MCA); Sony has invested in Columbia Pictures; Toshiba 
and IBM have large stakes in Hme-Wamer. These entertainment and 
publishing conglomerates own store houses of film, photo, video, 
music, and text archives—copyrighted resources that provide the raw 
material (content) for multiniedia CD-ROM titles, applications, games, 
and programs. One of the biggest issues in developing multimedia 
progranuning is access to the content needed to create it. These com-
paiues have solved tiuit problem by owning the content 

The evolution of CD technology is another example of how consumer 
electronics has fed advances in computing. Coi^umers were 
introduced to the huge storage capacity, superior quality, and multime­
dia capabilities of optical technology first through laser disks and CDs. 
The dazzling quality of movies and music delivered duough these 
media was like nothing people had ever experienced at home. Next, 
Philips introduced CD-I, which combines CD-quality audio aiui video 
with interactivity, and delivers it throug}^ a medium most consumers 
can relate to— d̂ie TV set. This product has been embraced by the 
home market for playing info-taiiunent titles ranging from games to 
reference and education programs. Now, the move to CD-ROM has 
begun in the home. Kodak's Photo-CD is a dual-mode CD player that 
can read and play both Kodak's own Photo-CD disk format as well as 
standard CD-ROM disks. Besides being offered as a standalone 
product for home photo enttiusiasts, the Photo-CD drive has been 
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incorporated into Apple's new Performa multimedia workstations that 
are targeted through price, distribution, and configuration directly at 
the home consumer market. Another newcomer on the scene is Sony's 
Discman, a pocket-size CD player for tiny 2.5-inch CD-ROM disks. 
While just recently annoimced, products such as this may break more 
ground in the use of miruature CDs for display and even storage of 
multimedia data on hand-held devices. The bottom line is that many 
multimedia-capable optical <md CD technologies were originally 
developed for consumer products, but are now migrating to multi­
media computing systems. 

In addition to CD technologies, multimedia PC manufacturers are also 
taking advantage of some of the same compression technologies, 
peripheral technologies (especially high-resolution and color display), 
and chip and board technologies originally developed for and used in 
consumer products. From a software perspective, ttiere is already a 
crossover between the video games and computer games market, with 
some of the same games that play on both 8-bit and 16-bit video game 
systems now available for 32-bit IBM and Apple computers. Business 
applications are being enhanced with multimedia content and inter­
faces, an embryonic phenomenon tfiat we believe will explode onto 
the scene during the next three years. 

All in all, while it is likely that consumer and computer multimedia 
systems, applications, and vendors will remain distinct at least in the 
short term (because of the vastly different distribution channels, the 
traditionally computer versus consumer electroiucs-orientation of most 
players, and the difference in software development customization and 
installation requirements), it is evident that both wiU proceed along 
parallel development paths and feed ideas and product enhancements 
over the fence to each other throughout the decade. We believe that 
by the end of die decade, many multimedia consumer and computer 
products will have merged. It is higjily likely that most homes will 
use multimedia workstations to watch TV, pay bills, order goods and 
services, make telephone calls and send messages, access information 
data banks, keep track of appointments, and manage personal 
iitformation. 

Dataquest Perspective 
This is a time of enormous flux in the development of computer sys­
tems and software. Leading edge research that is considered to be on 
tfie fringes of technology today—like virtual reality—will evolve and 
be productized into commonplace systems during the next decade. 

Multimedia will drive the development of certain new technologies, 
particularly in the areas of video display and compression, audio 
input and output, workstations, storage, and applications. Many of the 
emerging technologies discussed in this chapter, however, will evolve 
along separate paths, but evottually will be folded into multimedia 
computing systems that will be commonplace on the desktops, in the 
briefcases, and in the pockets of us all. 
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Appendix A 
Index ^ 

A 
Acer Group, vendor profile, 5-22 to 5-24 
ADAM, see Arumated Dissection of Anatomy 

for Medicine 
Adaptive Corp., ATM switch 

development, 7-30 
ADC, see analog-to-digital converter 
add-on boards, multimedia market, 2-42 
AdLib, sound board players, 5-65 
ADSC, see Advanced Television Systems 

Committee 
ADSL, see Asymmetrical Digital Subscriber 

Line 
Advtmced Television Research 

Consortium, 3-30 
Advanced Television Systems Committee, 

United States consortium, 8-9 to 88-10 
advertising, multimedia, 2-20 to 2-21 
AIIM, see Association for Information and 

Image Management 
American Airlines, computer-based tr<uning 

programs, 2-19 to 2-20 
American National Standards Institute, FDDI 

standards, 7-15 to 7-16 
Ameritech, ISDN testing multimedia applica­

tions, 7-30 
Amiga PC 500 computer, CDTV basis, 3-35 
Amiga PC 

Commodore Business Machines Corp., 2-12 
from Commodore, 5-27 to 5-29 
multimedia proprietary standard, 2-31 
product specifications, 5-29t 

AMIS standard, voice mail, 7-21 
analog audio signals, analog-to-digital con­

verter, 2-7 
Analog Devices 

"Business Audio" project, 3-5 
SoundPort chip, 7-31 

analog signal, for U.S. video, 2-17 
see also digital video 

analog-to-digital converter 
analog audio signals, 2-7 

analog-to-digital converter (continued) 
hardware specifications for multimedia, 5-4 

Animated Dissection of Anatomy for Medicine, 
multimedia market, 2-25 

animation 
multimedia applications, 2-2 to 2-3 
multimedia technologies, 2-6 

ANSI, see American National Standards 
Ir^titute 

API, see application progrcim interfaces 
Apple Computer, Inc. 

AT&T Microelectronics joint venture, 3-4 
ATM compatibility in LAN 

envirorunent, 7-34 
Cameo Personal \^deo system, 3-26 
Japan joint product development, 2-32 
Macintosh multimedia proprietary 

standard, 2-31 
Macintosh PC capabilities, 5-1 
Newton p>ersoiuil digital assistant, 2-5 
Performa multimedia workstations, 8-23 
personal digital assistants, 8-13 to 8-16 
QuickTime, 4-33f 
QuickTime, multimedia envirorunent, 3-14 
Shcirp Electronics joint product develop­

ment, 2-32 
speaker-independent voice recognition 

system, 8-18 
System 7, 2-12 
Toshiba Corp. joint product 

development, 2-32 
vendor profile, 4-30 to 4-33, 5-25 to 5-27 

Apple Macintosh, multimedia interface 4-5 
Apple Macintosh n, product 

cor\figurations, 5-26t 
Apple-IBM joint venture, operating system 

standards for multimedia market, 2-31 
application program interfaces 

hardware specifications for multimedia, 5-3 
software support, 2-7 
sound-embedded software development, 3-4 

application standard products, decline, 5-8 
applicatic»\-specific circuits, for implementing 

multimedia functions, 3-2 to 3-3 
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application-specific standard products, mass 
market development, 3-3 

applications 
multimedia market, 2-42 
networking challenge, 7-2f 

Applied Memory Technology, data 
transfer, 2-11 

ASIC, see application-specific circuits 
ASP, see application standard products; average 

selling price 
Association for Information and Image 

Management, 8-7 
ASSP, see application-specific standard 

products 
Asymetrix Corp. 

authoring software domination, 4-22 
multimedia authoring tools, 2-41 
Multimedia Toolbook, 2-19 
vendor profile, 4-34 to 4-35 

asymmetric compression, 2-17, see also com­
pression 

Asymmetrical Digital Subscriber Line, technol­
ogy testing, 7-30 

Asynchronous Transfer Mode 
high-speed networking technology, 7-16 

to 7-17 
multimedia market, 2-43 
multimedia networking, 3-20 to 3-24 
vs. Fiber-Distributed Data Interface, 7-17t 
wide area protocols, 2-29 

AT&T 2500 video phone, 3-26 
AT&T 

Bell Atlantic interactive voice data 
testing, 7-30 

Networked Computing Resource, 5-37 
vendor profile, 7-27, 7-30 to 7-31 
Voice Activated Dialer, 8-17 
voice/fax system, 7-23 

AT&T Microelectronics 
AVPIOOO multimedia decompression 

standards, 7-31 
MPEG encoding development, 3-12 

ATM, see Asynchronous Transfer Mode 
ATM/SONET chip suppliers, 3-24 
ATRC, see Advanced Television Research Con-

sortiimi 
audio 

hardware specifications for multimedia, 5-3 
multimedia technologies, 2-6 to 2-7 

audio-video interleaved technology, from 
Microsoft, 3-14 

authoring installed base, operating oiviron-
ment, 4-26f 

authoring software 
multimedia applications, 4-1 to 4-49 
multimedia use defined, 2-38 

authoring tools 
by Dataware Technologies Inc., 6-32, 6-34 
multimedia technologies, 2-7 to 2-9 
penetration by applications, 4-17f 

Authorware 
for American Airlines training 

programs, 2-20 
MacroMedia Inc., 2-19 

Authorware Star, distributed by 
MacroMedia, 4-21 

Autodesk, animation as communication 
tool, 2-26 

automatic speech recognition system 
Dragon Systems, 8-18 
IBM, 8-18 
Kurzweil Applied Intelligence, 8-18 

average selling price, CD-ROM, 6-27 
AVI, see audio-video interleaved technology 

B 

B-ISDN, see Broadband Integrated Services 
Digital Network 

bandwidth 
challenges, 3-10 to 3-12 
limitations in LANs and multimedia 

market, 2-29 
banks, multimedia applications, 4-18 
barriers 

mixed-media messaging systems, 7-23 
telecommunications, 7-4 

barriers to success, multimedia market, 2-27 to 
2-37, 5-53 

basic servo system, 6-12f 
BCOS operating system, from AT&T, 7-31 
Bell Atlantic, AT&T interactive voice data 

testing, 7-30 
Bellcore 

ATM compatibility in LAN 
environment, 7-34 

broadband capability, 3-20 
board subsystems, multimedia use 

defined, 2-38 
Bri^utm Young University, multimedia foreign 

language training program, 2-20 
British Telecom video phones, 3-26 
Broadband Integrated Services Digital Network 

higji-speed networking technology, 7-16 
to 7-17 

i 
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Broadband Integrated Services Digital Network 
(continued) 
multimedia market, 2-43 
wide area protocols, 2-29 

Brooktree Corp. 
NTSC/PAL encoder chip introduced, 3-15 
vendor profile, 3-57 to 3-58 

BSV, see basic servo system 
budget cuts, in education, 5-55 
bundling, multimedia authoring tools, 2-42 
business 

application software market drivers, 5-9 
applications lacking in multimedia market, 

2-1 to 2-2 
multimedia applications, 4-18 
multimedia market, 2-23 
multimedia market applications, 2-3 to 2-4 
opportunity in multimedia market, 2-5 

Business Audio, OLE technology, 7-31 
Bytex, LAN manufacturer, 7-31 
BYU, see Brigham Young University 

C-Cube Microsystems Corp. 
DVI chips manufacture, 2-15 
low-cost MPEG decompression PC, 3-12 
vendor profile, 3-52 to 3-53 

cable, in United States, 3-31 
cable companies, electronic home commimica-

tion, 3-30 
cable television 

interactive programming, 2-1 
interactive TV and multimedia market, 2-22 
multimedia interactive systems, 2-6 

Cable Television Labs, R&D effort, 3-32 
CAD, see computer-aided design 
CAGR, see compound annual growth rate 
Cameo Personal Video System, CU 

system, 7-33 
Casper, Apple speaker-independent voice 

recognition system, 8-18 
CATV, see cable television 
CBT, see computer-based training 
CD Express multimedia upgrade kit, NEC 

Corp., 6-41 
CD-I, see compact disc interactive player 
CD-R, see Compact Disc-Recordable 
CD-ROM, see compact disc read-only memory 
CDTV, see Commodore Dynamic Total Vision 
CDV, see Compressed Digital Video 
cellular phones, telecommuiucatioiis technol­

ogy, 2-16 

Center for Productivity Enhancement, Univer­
sity of Lowell (Mass.), 2-36 to 2-37 

Center for Telecorrununicatior^s, Stanford 
University, 2-37 

centering on the track, 6-13f 
Centigram, Audio e-mail system, 7-23 
Cerritos project, GTE, 7-32 
CES, see Consumer Electronics Show 
channel code 

CD-ROM, 6-10 to 6-12 
physical disk relationship, 6-17f 

Chips & Technologies, PC video chip develop­
ment, 3-15 

QRC, see Cross Interleaved Reed-Solomon 
Code 

Qrrus Logic Inc., vendor profile, 3-54 to 3-55 
Cirrus Logic/Pixel, integrated digital video 

processor, 3-15 
CLV, see constant linear velocity 
CMS, see complete multimedia systems 
code conversion table, 6-16f 
code-oriented control language. Musical Instru­

ment Digital Interface, 2-7 
collaborative level, multimedia sjrstems, 2-4 
color, multimedia applications, 2-2 to 2-3 
Colimibia Pictures, Sony investment, 8-22 
conunerdal groupware, multimedia applica­

tions, 4-18 
commercial titles, multimedia, 4-16 to 4-17 
Commodore Business Machines Corp. 

Amiga multimedia interface, 4-5 
Amiga PC, 2-12 
Amiga PC multimedia proprietary 

standard, 2-31 
vendor profile, 5-27 to 5-29 

Commodore Dynamic Total Vision, CD-I 
similarity, 3-35 

communications 
defiiutions, 3-2 
hardware and multimedia market, 3-1 
multimedia data, 3-24 to 3-25 

compact disc interactive 
description, 2-9 
TV-top system, 3-34 

Compact Disc-Interactive 
N.V. Philips/Sony development, 6-22 
player by N.V. Philips, 6-43 

compact disc interactive player 
block diagram, 3-36f 
Philips Consimter Electronics Co., 2-5 

compact disc-quality audio, multimedia tech­
nologies, 2-7 
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compact disc read-only memory, 2-1 to 2-2 
characteristics, 6-9 to 6-13 
construction, 6-14f 
data pattern, 6-16f 
Dataware Technologies Inc., 6-34 
disk construction, 6-15f 
distribution for multimedia, 6-6 to 6-8 
drive capacity and production, 5-54 
drives by Sony Corp., 6-49 
drives used in multimedia, 2-38 
Meridian Data Inc., 6-38 
multimedia market standard, 2-40 to 2-41 
N.V. Philips, 644 
optical stylus assembly, 6-9f 
publishing and the multimedia market, 2-21 

to 2-22 
read method, 6-10 
reference collections and personal multi­

media systems, 2-i 
technology, 6-52 to 6-53 
technology history, 6-8 
technology trends, 6-8 to 6-23 

compact disc read-only memory extended 
architecture, CD-ROM replacement, 2-41, 
3- 16f, 6-21 to 6-22, 6-28 

Compact Disc-Recordable 
Dataware Technologies Inc., 6-32 
description, 6-22 to 6-23 
Philips technology, 6-24f 
Sony Corp., 6-49 to 6-50 

compact disc technology, evolution, 8-22 
company globalization, computer 

conferencing, 8-4 
Compaq Computer Corp. 

"Business Audio" project, 3-5 
LET 386S/20 notebook computers, 2-21 
Multimedia Integration Team, 2-21 

complete multimedia systems, vs. upgrade 
kits, 5-16 

Component Maiuiger, multimedia interface 
from Apple, 4-32 

compotmd annual growth rate, market 
size, 5-9 

Compressed Digital Video, multimedia 
developmoit, 3-15 

compression 
challenges, 3-10 to 3-12 
competing technologies, 3-12 to 3-15 
future needs, 3-15 
standards, 3-12 
technology and Intel DVI PLV 

algorithm, 3-33 
video signal, 2-17 

compression (continued) 
see also asymmetric compression 

Compression Labs 
ATRC member, 3-30 
Cameo Personal Video system, 3-26 
CDV development, 3-15 
encoding algorithms manufacture, 3-30 
Rembrandt II high-performance system, 3-25 
VideoPhone technology, 7-23 to 7-25 

computer conferencing, 8̂ -2 to 8-6 
computer digital video 

block diagram, 3-11 f 
described, 3-37 to 3-41 
forecast, 5-60 to 5-63 
semiconductor forecast, 3-40f, 3-39t 
technology trend, 5-59f, 5-611 

computer industry, consumer electronics con­
vergence, 8-22 to 8-23 

computer sound, application/technology 
trend, 5-64f 

computer systems 
hardware by Sony Corp., 6-48 
multimedia market, 2-1 

computer-aided design, engineering multi­
media market, 2-24 

computer-based training 
for end user, 5-7 
personal multimedia systems, 2-4 

computers 
con^anies use Yamaha OPL 3 sound 

chips, 3-6 
multimedia, VCR, 3-17 
multimedia PC standards, 5-2 to 5-6 
network services by Prodigy, 3-32 
platforms upgrades, 3-1 to 3-2, 3-4, 5-1 

to 5-76 
processor uitit and multimedia, 2-14 
soimd described, 3-41 
sound evolution, 3-5f 
speech recognition/s5mthesis, 8-16 to 8-19 
worldwide multimedia market 

forecasts, 2-45f 
constant linear velocity, CD-ROM, 6-13, 6-21 
consumer electronics, computer industry con­

vergence, 8-22 to 8-23 
Consumer Electronics Show, Chicago, DI., 8-13 
consumer hardware, Sony Corp., 6-48 
consumers 

defiiutions, 3-2 
disk interactive player by Sony Corp., 2-5 
electronic choices, 3-34f 
electronic companies, 3-33 
multimedia applications market, 2-3 to 2-4 

t 

November 16,1992 e i992 Dataquest Incocporated SAWW^R-FR-9201 



Index A-5 

consumers (continued) 
multimedia described, 3-46 
multimedia hardware opportunities, 3-33 

to 3-37 
multimedia market, 2-22 
multimedia opportimities, 3-1 

cost, multimedia systems, 5-55 
CPU, see computer processor unit 
Creative Labs Inc., see Creative 

Technology Ltd. 
creative software tools, 4-5 
Creative Technology Ltd. 

Dataquest perspective, 5-74 
Sound Blaster, 3-4 to 3-5 
sound board players, 5-65 
vendor profile, 5-72 to 5-74 

Cross Interleaved Reed-Solomon Code, 
described, 6-11 to 6-12 

custom applications, multimedia, 4-16 
custom user interfaces. Dataware Technologies 

Inc., 6-34 

Daewoo Telecom Company Ltd., Korea, 
Leading Edge parent company, 5-34 

DARPA, see Defense Advanced Research 
Projects Agency 

data 
channel code/physical disk 

relationship, 6-17f 
text unification, 2-3 

Data Discman, Sony Corp., 6-48 
data pattern, CD-ROM, 6-16f 
Dataquest analysis 

multimedia semiconductor applications, 3-58 
to 3-59 

multimedia software, 4-48 to 4-49 
multimedia telecommunications, 7-34 to 7-35 

Dataquest perspective 
Acer Group, 5-24 
Apple Computer Company, 5-26 to 5-27 
Commodore Business Machines, 5-28 to 5-29 
Creative Technology Ltd., 5-74 
Dataware Technologies Inc., 6-34 to 6-35 
digital video, 5-52, 5-63 
Fujitsu Limited, 5-31 
IBM, 5-33 to 5-34 
Leading Edge Products Inc., 5-35 to 5-37 
Media Vision Inc., 5-76 
Meridian Data Inc., 6-37 to 6-38 
multimedia technology, 2-47 to 2-49, 8-23 

Dataquest perspective (continued) 
multimedia upgrade kits, 5-70 to 5-71 
N.V. Philips, 6 ^ to 645 
NCR, 5-38 
NEC Corp., 6-41 to 642 
networking, 5-52 
NeXT Computer Inc., 5-41 to 5-42 
Silicon Graphics Inc., 5-44 
sound boaids, 5-68 
Sun Microsystems Inc., 5-47 to 5-48 
Tandy Corporation, 5-51 
vendor profiles, 3-53 to 3-58 
Sony Corp., 6-50 to 6-51 

Dataware Technologies Inc., multimedia 
storage requirements, 6-31 to 6-35 

DBS, see direct broadcast satellite 
DCT, see discrete cosine transform 
DECworld Cor\ference, information 

kiosks, 2-21 
Defense Advanced Research Projects Agency, 

HDTV development, 8-10 
Department of Defense, ATM technology 

funding, 7-31 
Department of Energy, Sprint contract, 7-34 
Department of Speech and Hearing Science, 

Uruversity of Washington, 2-20 
desktop, computer conferencing, 8-4 
desktop 

conferencing and collaborative multimedia 
applications, 2-4 

multimedia market, 2-1 
teleconferencing with video communication, 

3-25 to 3-28 
CD-R by N.V. Philips, 6-44 

Digital 
touch screen technology, 8-8 
voice mail system, 7-23 

digital recording, description, 2-9 
Digital Signal Processing 

data processing, 6-18 
multimedia technology, 3-3 
technology diversity, 2-15 

digital sum value, 6-19f, 6-12 to 6-13 
digital video 

computer multimedia application, 5-57 
Dataquest persp)ective, 5-52, 5-63 
multimedia market, 2-17 
semiconductor opportunities, 3-9 
transmission bottlenecks in telecommunica­

tions, 7-8f 
see also aiudog signal 

Digital Video Interactive, Intel o(>eration sup­
port, 3-14 
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digital-to-analog converter, hardware specifica­
tions for multimedia, 5-4 

digitization functions, digital manipula­
tion, 3-15 

Direct Broadcast Satellite 
in Japan/Europe, 3-30 
transmission, 8-8 to 8-9 

DirecTV, BM Hughes/Thomson Consumer 
Electronics, 3-30 

discrete cosine transform, semiconductor tech­
nologies, 3-12 

DiskMan, Sony Corporation, 2-5, 8-23 
disks, CD-ROM replication, 6-9 
distribution channels, multimedia market, 2-30 
DMS 100 Supemode digital telephone 

exchange switch, 7-33 
document imaging systems, software, 8-6 

to 8-8 
documentation, image, 2-10 
DOD, see Department of Defense 
DOE, see Department of Energy 
Dragon Systems, autonrtatic speech recognition 

system, 8-18 
drive products, CD-ROM and multimedia 

market, 2-40 
DSP, see Digital Signal Processing 
DVI, see Digital Video Interactive 

e-mail, telecommuiucations, 7-21 to 7-23 
early-adopter, multimedia market, 2-27 
Eartii Resources Observatioiis Systems Data 

Center, data collection, 7-31 to 7-32 
Eastman Kodak Company, Photo-CD 

s}^tem, 2-5, 3-34 
ECAD, see electronic computer-aided design 
economics, computer conferencing, 8-4 
EDAC, see Error Detection and Correction 
education 

oirrent market opportunities, 2-18 to 2-20 
education, interactive, 3-34 to 3-35 
electronic computer-aided design, software for 

multimedia, 3-2 
electronic home communication, 

evolution, 3-29f 
electroiucs, Sony Corp., 6-46 
emerging technologies impact, 8-1 to 8-23 
encoding algorithms, developed by Thomson/ 

Samoff Research Center, 3-30 
end-to-end multimedia telecommimica-

tions, 7-19f 

end-user applications, multimedia market, 2-28 
to 2-29, 4-17 to 4-19 

end-user product support. Dataware Technolo­
gies Inc., 6-33 

engineering 
multimedia applications, 4-18 
multimedia market, 2-23 to 2-24 

entertainment 
consumer multimedia, 2-4 
multimedia market, 2-1, 2-22, 2-24 
Sony Corp., 6-46 to 6-47 
video games, 3-34 to 3-35 

entry-level multimedia hardware/software, 
NEC Corp., 6-41t 

environment, Windows by Microsoft, 5-20 
Error Detection and Correction, described, 6-12 
Ethernet, multimedia market, 2-43 
Europe 

direct broadcast satellite, 3-30 
HD-MAC standard, 8-11 
ISDN lines shipping increased, 3-29 

factory revenue, authoring software 
growth, 4-29 

fax, teleconununications, 7-21 to 7-23 
FDD, see flexible disk drives 
FDDI, see Fiber Distributed Data Interface 
Federal Coiiununications Commission 

HDTV proposals review, 8-9 
video dial tone allowed, 3-29 

Fiber-Distributed Data Interface 
ANSI standards, 7-15 to 7-16 
telecommunications, 7-9 
vs. ATM, 7-17t 

fiber-optic cabling, telecommtmications net­
works, 2-15 

fiber-optic data distribution interface. Local 
Area Networks, 2-43 

field-programmable gate arrays, ASIC process 
technology, 3-2 to 3-3 

FileNet, multimedia demo, 8-7 
film entertainment, Sony Corp., 6-47 
financial databases, multimedia market use for 

CD-ROM, 2-21 
firumdal services 

multimedia applications, 4-18 
multimedia kiosks, 2-24 

flattied scaruiers, 3-17 
flexible disk drives, defined, 6-2 to 6-3 
FM Towns Support Center, liaison to Fujitsu 

Limited, 5-30 
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focus control, principle, 6-llf 
forecasts 

multimedia market, 2-38, 2-44 to 2-47 
worldwide CD-R, 6-30t 
worldwide CD-ROM drives, 6-29t 

foreign language training program, at 
BYU, 2-20 

forensic animation, by Autodesk, 2-26 
format frame, CD-ROM, 6-17f 
FPGA, see field-programmable gate arrays 
fractals, object-based, 3-15 
fragmentation, multimedia market, 2-1 
frame relay, telecommunications, 7-15 
Frankfurt Group Consortium, CD-R promotion, 

6-22 to 6-23 
French sculpture/architecture, multimedia 

training at BYU, 2-20 
FTSC, see FM Towns Support Center 
Fuji 

Japanese language speech recognition word 
processor with Xerox, &-17 

Photo Film multimedia market, 2-32 
Fujitsu Limited, vendor profile, 5-30 to 5-31 
future trends, CD-ROM, 6-15 to 6-20 
future upgrade kits, 5-69 

GainMomentum, UNIX authoring environ­
ment, 2-8f 

game shows. Interactive Network, 3-32 to 3-33 
games, multimedia market, 2-22 
games, persorutl multimedia systems, 2-4 
General Telephone, Cerritos project, 7-32 
generic computer digital video, 3-lOf 
generic video conferencing/phone 

system, 3-28f 
Gigabit Internetwork Consortium, DOD 

project, 7-31 
global networking, multimedia, 3, 20, 3-23f 
Gold Disk Company, authoring software distri­

bution, 4-22 
graphics 

databases and multimedia market use for 
CD-ROM, 2-21 

description, 2-10 
multimedia interface software, 4-2 to 4-5 

Green Book 
CD-I development specifications, 6-22 
Japanese electrortics compaiues, 3-35 

ground-based DBS equipment, various 
vendors, 3-31 

growth 
multimedia, 3-35 
multimedia market, 2-27 to 2-37 
multimedia telecommunications, 7-29f 

H 

hand-held computer, Newton by Apple 
Computer, 8-13 to 8-16 

hand-held devices, multimedia 
capabilities, 3-37 

hand-held camera scanners, 3-17 
hardware 

computer multimedia market, 3-1 
Dataware Technologies Inc., 6-33 
specifications for multimedia PC, 5-3 

HDTV, see high-definition television, 2-15 
to 2-16 

health care 
multimedia applications, 4-18 
multimedia market, 2-25 

Hewlett-Packard 
interactive TV system hardware, 3-32 
Shared X software, 8-5 

high-definition television, 2-15 to 2-16 
image quality, 8-8 to 8-13 
Sony Corp., 6-47 

high-speed fiber-optic networks, telecommuni­
cations, 7-4 to 7-5 

history 
RDD capacity in PCs, 6-5f 
worldwide CD-R, 6-30t 
worldwide CD-ROM drives, 6-29t 

home users, multimedia market, 2-1 
hospitals 

multimedia applications, 4-18 
multimedia market, 2-25 

household multimedia opportunities, 3-33 
Hugjies, H S ^ l satellite, 3-30 
Human Interface Technology Laboratory, 

University of Washington, 2-36, 8-20 
HyperCard software, as authoring tool, 4-16 
hypermedia software, as authoring tool, 4-16 
hypertext software, as authoring tool, 4-16 

I 
IcoivAuthor interface, for multimedia author­

ing, 4-15f 
ICT, see International Cablecasting Technologies 
irr, see Integrated Information Technology 
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illuminated document, multimedia applica­
tions, 2-3 

IMA, see Interactive Media Association 
Image Compression Manager, multimedia 

interface from Apple, 4-32 
image handling, multimedia feature, 3-9 

to 3-16 
image processing, multimedia 3-9 
image transmission times, telecommunica­

tions, 7-7f 
images 

documentation, 2-10 
ntuinipulation, 2-11 
retrieval, 2-11 
storage types, 2-10 to 2-11 

independent algorithms, 3-8 
independent software developers, 5-17 to 5-18 
information, network sharing, 5-21 
information kiosks 

collaborative multimedia applications, 2-4 
multimedia applications, 4-19 
multimedia market, 2-21, 2-26 

information publishing, multimedia market, 
2-21 to 2-22 

information services, optical disk-based on 
CD-ROM, 2-2 

infrastructure, Sony Corp., 6-48 
input/output requirement, hardware specifica­

tions for multimedia, 5-5 
inputs, multimedia applications, 2-16 to 2-17 
InSoft Inc., Communique software, 8-5 
insurance, multimedia applications, 4-18 
insurance, multimedia market, 2-25 
integrated enterprise networks, 3-21f 
Integrated Information Technology 

programmable 'Vision Processor 
techiu>logy, 3-14 

vendor profile, 3-55 to 3-56 
Integrated Services Digital Network 

information distribution, 5-21 
multimedia support, 2-15 
telecommunications, 7-10 to 7-13 
in United States, 7-13f 

integration, network protocols/technologies 
and multimedia market, 2-29 

Intel Corp. 
DVI chips manufacture, 2-15 
vendor profile, 3-56 to 3-57 

Intel-based done market, MFC Council sf>edfi-
cations, 5-3 

Intel-based platform, market segment 5-11 
Intelligence Engineering Systems Laboratory, 

MIT and multimedia, 2-36 

intelligent hubs, NCR introduction, 7-30 
interactive education, video games, 3-34 

to 3-35 
Interactive Media Association 

Compatibility Project, 4-20 
computer developers standards organiza­

tion, 2-31 
Interactive Multimedia Association, cross-

platform multimedia standards, 5-46 
Interactive Network, game shows, 3-32 to 3-33 
interactive programming, cable TV, 2-1 
interactive services 

Minitel (France), 3-32 
multiple data, 3-32 

interactive television 
collaborative multimedia applications, 2-4 
multimedia market and cable 

television, 2-22 
system from TV Ar«wer, 3-32 

Intergraph Corp., CAD Conferencing, 8-4 
to 8-5 

interleaving, 6-18f 
internal mixing capabilities, hardware spedfi-

cations for multimedia, 5-4 
internal synthesizer, hardware specifications 

for multimedia, 5-4 
International Cablecasting Technologies, DMX 

music system subscribers, 3-31 
International Business Machines, 8-12 

API set, 8-8 
cable hardware development, 3-31 
multimedia software tools, 4-22 
PacBell/Northem Telecom joint 

venture, 7-33 
personal computer milestone, 5-1 
Presentation Manager multimedia 

interface, 4-5 
Time-Wamer investment, 8-22 
uses Texas Instruments DSP-based mWave 

technology, 3-4 
vendor profile, 4-36 to 4-38 
vendor profiles, 5-31 to 5-34 
voice-activated office word processor, 8-17 

International Standards Organization, 3-12 
Internet Engineering Task Force, Packet Video 

Cortsortium, 7-33 
internetworking 

hardware/software LANs, 2-43 
multimedia, 7-9 to 7-10 

IRIS, Silicon Graphics Inc., 5-1 
ISDN, see Integrated Services Digital Network 
ISO 9600, Frankfurt proposal comparison, 6-23t 
ISO 9660, data description, 6-20 

i 

€ 
^kwembe^ 16,1992 e i992 Dabquest IncoipoialBd SAWWHX)R-FR-e201 



Index A-9 

ISO, see International Standards Organization 
issues, 5-17 to 5-21 
ISV, see independent software developers 

Japan 
direct broadcast satellite, 3-30 
Fujitsu FM Towns multimedia PC, 3-6 
Fujitsu Limited, 5-30 to 5-31 
Green Book technology, 3-35 
HDTV research/production, 8-8, 8-11 
ISDN lines shipping increased, 3-29 
multimedia market, 1-1, 2-32 to 2-36 
NHK television network, 2-15 to 2-16 
TRON House experimental living, 2-32 
video commimication costs, 3-25 
video phones, 3-26 

Jap<m Broadcasting Corp., Nippon Hoso 
Kyakai, 8-8 to 8-9 

Joint Photographies Experts Group, 
standards, 3-12 

joint venture, Compaq/Microsoft/Aiutlog 
Devices, 7-31 

joystick port, hardware specifications for 
multimedia, 5-5 

JPEG, see Joint Photographies Experts Group 
juries, Autodesk cmimation communication 

tool, 2-26 

Kaleida Labs Inc. 
operating system staitdards for multimedia 

market, 2-31 
vendor profile, 4-39 to 4-40 

KaleidaScript, multimedia market software, 
2-31 

Karaoke 
multimedia entertaiiunent, 2-23 
specialized entertaiimient, 3-37 

key multimedia elements, 6-3f 
kiosks 

definition, 2-4 
multimedia and public, 3-18 to 3-19 
trade shows multimedia use, 2-21 

Kodak, Photo-CD player, 8-22 to 8-23 
Kurzweil Applied Intelligence, automatic 

speech recognition system, 8-18 

Laruiet Data Communications, high-speed 
switching hub, 7-32 

Laser Magnetic Storage International Company, 
subsidiary of N.V. Philips, 6-43 

Leading Edge Products Inc. 
Intel-based platform market, 5-11 
vendor profile, 5-34 to 5-37 

legal system, multimedia market, 2-26 
LET 386s/20 notebook computers, Compaq 

Computer Corp., 2-21 
linear video disks, 2-18 
Local Area Networks 

computer conferencing, 8-4 
internetworking hardware/software, 2-43 
multimedia market, 2-43 
with superservers, 7-17 to 7-18 

Lotus 1-2-3, and multimedia SmartHelp, 4-41f 
Lotus Development Corp. 

PictureTel Corp. joint venture, 8-5 
Multimedia SmartHelp, 7-18 
vendor profile, 4-40 to 4-42 

LSI logic, JPEG chip set development, 3-12 

M 
MAC, see Multiplexed Analog Component 
Mac Quadra 950, Apple Computer 

Company, 5-19 
Macintosh 

graphics use, 2-10 
multimedia proprietary standard form 

Apple Computer Corp., 2-31 
PC capabilities, 5-1 
PowerPC market size, 5-11 to 5-14 
software for trtiining programs, 2-19 to 2-20 

MacroMedia Inc. 
auttioring software domination, 4-22 
Authorware, 2-19 
Authorware Star distribution, 4-21 
multimedia auttioring tools, 2-41 
multimedia software development, 2-32 
overview, 4-43f 
vfflidor profile, 4-42 to 445 

magnetic storage requirement, hardware 
specifications for multimedia, 5-3 

manipulation of images, 2-11 
market 

voice/fax store-and-forward, 7-22t 
worldwide multimedia telecommunica­

tions, 7-28t 
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market analysis, 5-6 to 5-17 
definitions, 3-1 to 3-2 
storage requirements, 6-23 to 6-25 

market drivers 
Dataquest definition, 5-6 to 5-9 
dynamics, 5-56 
multimedia, 2-18 to 2-27, 4-19 to 4-21 

market dynamics, telecommunications, 7-5 
to 7-10 

market forecast 
assumptions for CD-ROM, 6-27 to 6-30 
CD-ROM drives, 6-28 to 6-30 
upgrade kits, 5-71f, 5-70 
worldwide authoring software tools, 4-26 

to 4-29 
market opportunities 

current, 2-18 to 2-23 
future, 2-23 to 2-27 
multimedia, 6-25 to 6-27 

market segmentation, 5-6 
market analysis, 6-23 to 6-25 
multimedia autfioring software, 4-21 to 4-22 
multimedia market, 2-37 to 2-38 
telecommunications, 7-5 

market size, 5-9 to 5-11 
current, 4-22 to 4-26 
multimedia applications, 7-25 to 7-27 
multimedia market, 2-37 to 2-2-44 

market statistics, multimedia software, 4-21 
to 4-29 

market strategies, 1-1 
mass storage, role in multimedia computing, 

6-3 to 6-6 
Massachusetts Institute of Technology 

Intelligence Engineering Systems 
Laboratory, 2-36 

multimedia markets, 2-36 
Voyager conversational system, 8-17 

Matsushita 
multimedia development, 3-15 
owns Universal MCA, 8-22 

MD, see minidisc 
mean time between failures, hardware specifi­

cations for multimedia, 5-3 
Media Vision Inc. 

compatible products for Windows 3.1, 3-5 
Dataquest perspective, 5-76 
vendor profile, 5-74 to 5-76 

MediaMax System, introduced by VideoTele-
com, 7-34 

medicine, multimedia market, 2-25 
MEM, see multimedia-enabled machines 

memory 
CD-ROM, 6-21 
RAM hardware specifications for multi­

media, 5-3 
merging applications, multimedia telecommu­

nications, 7-20f 
Meridian Data Inc. 

network development, 7-18 
multimedia storage requirements, 6-35 

to 6-38 
methodology, multimedia market, 2-43 to 2-44 
microprocessors 

hardware specifications for multimedia, 5-3 
and multimedia, 2-14 

Microsoft Corp. 
AVI technology, 3-14 
"Business Audio" project, 3-5 
Development Kit for Windows, 4-5 
Japan joint product development, 2-32, 2-36 
multimedia PC standard development, 5-1 
rosebud software, 7-32 
sound program "Fogjiom", 3-4 
system software envirorunent, 5-20 
vendor profile, 4-45 to 4-48 
Wmdows NT, 2-12 
Windows software and Tandy Video Infor­

mation System, 3-35 
MIDI, see Musical Instrument Digital Interface 
miiudisc, Sony Corp., 6-47 
Ministry of International Trade and Industry, 

HDTV development, 8-8 
Minitel (France), interactive services, 3-32 
mission-critical applications, reliability, 6-20 
MTT, see Massachusetts Institute of Technology 
Mm, see Ministry of International Trade and 

Industry 
mixed-media messaging systems, barriers, 7-23 
mixed-traffic multimedia, telecommunica­

tions, 7-3t 
Mobile Media markets, NEC, 2-32 
Mormon missionaries, multimedia training at 

BYU, 2-20 
Motion Picture Experts Group, 3-12 

compression process, 3-13f 
motion video compression standard trade­

offs, 3-13f 
Motorola 56001 DSP MPU, for speech/music 

processing, 3-5 
Motorola 68000 architecture, CD-I player, 3-35 
mouse, hardware specifications for multi­

media, 5-4 
Movie Toolbox, developer API from 

Apple, 4-32 
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MPC council, see Multimedia Personal Com­
puter Marketing Council 

MPEG, see Motion Picture Experts Group 
MS-DOS, see operating systems 
MSDEX, hardware specifications for multi­

media, 5-3 
MTBF, see mean time between failures 
Multi Dimensional Applications, DOD 

project, 7-31 
multimedia 

advertising, 2-20 to 2-21 
applications implementation, 2-19f 
applications lacking, 5-54 
applications and titles, 4-16 to 4-17 
authoring software and applications, 4-1 

to 4-49 
authoring tools, 2-41 to 2-42, 4-29f, 4-5 

to 4-16 
communication, 3-41 to 3-46 
commimications opportunities, 3-19 to 3-33 
and computer processor unit, 2-14 
computing revenue growth, 2-47f 
computing unit shipments, 2-48f 
data storage, 3-24 to 3-25 
Dataquest definition, 5-5 to 5-6 
defiiutions, 2-2 to 2-4 
distributors and need-specific design, 5-53 
foreign language training program at 

BYU, 2-20 
French sculpture/architecture training at 

BYU, 2-20 
home communication/broadcast, 3-29 

to 3-33 
human senses appeal, 2-2 
inquiries/definition, 1-1 to 1-2 
internetworking, 7-9 to 7-10 
market dynamics, 4-19 to 4-21 
networking, 2-30, 3-19 to 3-25 
networking in Japan, 2-32 
opportunities, 3-1 
PC described, 5-2 to 5-5 
PC enhancement, 3-37 
PC Marketing CoimcU, vendor 

consortium, 2-31 
PC standard development by Microsoft 

Corp., 5-1 to 5-6 
PC upgrade kit (NEQ, 2-13f 
and professional presentations, 2-20 to 2*21 
semiconductor market forecast, 3-37 to 3-51 
servers, 3-24 to 3-25 
software categories, 4-1 to 4-17 
software layers, 4-2f 
Sony Corp., 6-47 

multimedia (continued) 
standards evolution, 2-33f to 2-35f 
storage opportimities, 3-16 to 3-17 
systems cost, 5-55 
technologies, 2-6 to 2-18 
telecommunications, 7-1 to 7-35 
upgrade kits, 5-5 
upgrade kits availability, 6-26 
worldwide authoring software tools market 

forecasts, 4-27t 
multimedia enablers 

compressors, 3-3 
network technologies, 7-llt to 7-12t 

Multimedia Extensiorw, MS-DOS/Windows 3.1, 
2-12 

Multimedia Gallery, NEC Corp., 6-41 
Multimedia Language Learning System, for 

foreign language studies, 2-20 
multimedia market 

business opportunity, 2-4 to 2-5 
Ethernet, 2-43 
forecasts, 2-44 to 2-47 
home and entertairunent, 2-5 to 2-6 
NEC, 2-32 
segmentation, 2-39f 

Multimedia Persoiial Computer Marketing 
Coimdl 
hardware specificatioits defined, 5-3 
vendor members, 4-28 

multimedia semiconductors, Dataquest applica-
tior\s analysis, 3-58 to 3-59 
vendor profiles, 3-52 to 3-58 

multimedia software 
layers and storage requirements, 64f 
Sony Corp., 6-50 
upgrade kits, 5-69 
vendor profiles, 4-30 to 4-48 

multimedia teleconununications, 7-6f 
by network type, 7-29f 
Dataquest analjrsis, 7-34 to 7-35 
growth, 7-29f 
merging applications, 7-20f 

Multimedia Toolbook, Asymetrix Corp., 2-19 
multimedia-enabled machines 

worldwide factory revenue, 5-lOf 
worldwide shipments, 5-lOf 

multiple digital data, single application, 2-2 
multiple information media, interactive 

access, 2-2 
Multiple Sub-Nyquist Sampling Encoding, 

bandwidth compression for HDTV, 8-9 
Multiplexed Analog Component, European 

HDTV projects, 8-9 
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MultiSpin CD-ROM, NEC Corp., 6-39 
MUSE, see Multiple Sub-Nyquist Sampling 

Encoding 
music quality audio, multimedia tech­

nologies, 2-7 
Musical Instrument Digital Interface 

code-oriented control language, 2-7 
digital protocol, 5-65 
hardware specifications for multimedia, 5-5 

N 

N.V. Philips Consumer Electronics Company 
CD-I for business/industry, 3-34 to 3-35 
CD-I player development, 2-5, 6-22 
CD-R standards development, 2-41, 6-28 
CD-R technology, 6-24f 
CD-ROM development, 6-21 
described, 6-42 to 6-43 
multinational group of companies, 6-42 
vendor profile, 3-53 to 3-54 

N.V. Philips Gloeilampei^abrieken, see N.V. 
Philips Consumer Electronics Company 

N.V. Philips Semiconductors/Signetics, product 
definitions, 3-15 

National Cash Register, see Networked Com­
puting Resource 

National Research and Education Network, 
ATM services, 7-34 

National Television Standards Committee, 2-15 
broadcast standards, 2-17 

NCR, see Networked Computing Resource 
near-term network evolution, 3-22f 
NEC Corp. 

CD Express multimedia upgrade kit, 6-41 
Mobile Media and Multimedia markets, 2-32 
Multimedia Gallery, 6-41 
multimedia storage requirements, 6-39 
products, 6-40 to 6-41 

NETSCRIBE software. Meridian Data Inc., 6-37 
to 6-38 

network architecture, SMDS, 7-14f 
network technology 

multimedia enablers, 7-llt to 7-12t 
telecommunications limitations, 7-5 to 7-9 

network usage, telecommuiucations, 7-18 
to 7-20 

Networked Computing Resource 
AT&T subsidiary, 7-30 
formerly National Cash Register, 5-37 
Intel-based platform market, 5-11 

networking 
applications challenge, 7-2f 
CD-ROM, 2-41, 6-28 
Dataquest perspective, 5-52 
information sharing, 5-21 
Meridian Data Inc., 6-36 to 6-37 

networks 
limitations in multimedia market, 2-29 

to 2-30 
multimedia use defined, 2-38 
protocols integration in multimedia 

market, 2-29 
technologies integration and multimedia 

market, 2-29 
new technologies 

acceptance, 5-54 
multimedia market, 2-1 
user acceptzmce, 2-28f 

Newton 
hand-held computer from Apple Computer, 

2-5, 8-13 to 8-16 
intelligent software as personal 

assistant, 8-15f 
Sharp Electronics as codeveloper, 8-15 

NeXT Computer Inc. 
platforms, 5-19 
vendor profile, 5-39 to 5-42 

NHK, see Nippon Hoso Kyakai 
Nintendo, TV-based games, 3-37 
Nippon Hoso Kyakai, Japan Broadcasting 

Corp., 8-8 to 8-9 
noninteractive videodisks, see linear video 

disks 
nonreal-time compression, see asymmetric 

compression 
Northern Telecom 

IBM/PacBell joint venture, 7-33 
multimedia applicaticms, 7-32 to 7-33 

Northwest Starscan, SkyPix DBS, 3-30 
NTSC, see National Television Standards 

Committee 
NTT Data Commuiucations, multimedia 

market 2-32 

i 

object linking and embedding 
Business Audio development, 7-31 
desktop enhancement, 3-4 

object-based fractals, by Iterated Systems, 3-15 
object-oriented programming, software 

development, 5-21 i 
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Octel, voice mail system, 7-23 
OLE, see object linldng and embedding 
on-demand, definition, 3-33 
OOP, see object-oriented programming 
operating systems, Windows 3.1 Multimedia 

Extensions, 2-12 
open compression standards, 3-12t 
Open Systems Interconnect reference 

standard, 7-10 
open video conference standards, 3-26t 
operating environment, authoring installed 

base, 4-26f 
operating systems 

description, 2-11 to 2-12 
MS-DOS/Wmdows and multimedia 

market, 2-42 
standards for multimedia market, 2-31 

opportimities 
multifunctional add-in board, 3-9 to 3-10 
multimedia, 3-1 

optical disk drives, defined, 6-3 
opticcil disk-based information services, on 

CD-ROM, 2-2 
optical storage 

multimedia, 3-16 to 3-17 
requirements, 5-3 

optimum viewing/listening, HDTV vs. NTSC 
standard, 8-9f 

Orange Book, CD-R specifications, 6-22 to 
6-23, 6-28 

OS/2, IBM, 2-12 
OSI, see Open Systems Interconnect reference 

standard 
outputs, multimedia applications, 2-16 to 2-17 
overview, multimedia market emergeru:e, 2-1 

to 2-49 

Pacific Bell 
IBM/Nortiiem Telecom joint venture, 7-33 
ISDN Centrex service, 7-33 

packagers, upgrade kits, 5-69 
packaging, multimedia market, 2-30 
Packet Video Consortium, vendors, 7-33 
packet-oriented communications, telecommuni-

catiorts, 7-14 
Panasonic/Matsushita, world leader in 

CD-ROM controller chips, 3-16 
pay-per-view storage, USA 'V d̂eo, 3-33 
PC multimedia use, defiited, 2-38, 2-40 
PC platform, described, 2-12 to 2-13 

PC upgrade kit (NEC), Multimedia, 2-13f 
PC-Voice Recognizer, multimedia market, 2-32 
perceived need, lacking, 5-54 to 5-55 
Performa, product configurations, 5-26t 
performance classes, multimedia/ 

compression, 3-25 
periodical article databases, multimedia market 

use for CD-ROM, 2-21 
peripheral devices, multimedia market, 

2-1, 2-12 
personal authoring software, multimedia, 4-21 
persoruil digital assistants, 8-13 to 8-16 
personal level, multimedia systems, 2-4 
Photo-CD disk, Eastman Kodak Company, 3-34 
Photo-CD system, Eastman Kodak 

Company, 2-5 
PhotoRealistic Renderman, Pixar, 2-11 
physical recording plant, storage, 6-10 
Picturephone, AT&T development, 7-23 
Pioneer, Karaoke machines, 3-37 
Pixar, PhotoRealistic Renderman, 2-11 
plain old telephone service, 3-19 
platforms 

described, 2-12 to 2-14 
issues in multimedia market, 2-27 to 2-28 
multimedia applications, 4-19 to 4-20 
for multimedia hardware, 5-19 to 5-20 
proprietary market size, 5-14 

plug-in MPEG decompression module, 
upgrade, 3-35 

PLV, see production-level video 
portable players specifications, Sony 

Corp., 6-51t 
portable viewers, Sony Corp., 6-50 
POTS, see plain old telephone service 
pieconfigured multimedia, PC suppliers, 5-5 
premastering, Dataware Technologies Inc., 6-33 
Preservtation Manager, IBM multimedia inter­

face, 4-5 
price war, PC market effects, 6-25 
prices 

CD-ROM drives, 6-27 
CD-ROM and multimedia market, 2-40 

processing functions, digital manipulation, 3-15 
processor-intensive internet equipment, 3-20 
Prodigy, computer network services, 3-32 
product demonstrations, multimedia 

market, 2-44 
product design, multimedia applications, 4-18 
production-level video, compression develop­

ment, 3-14 
products 

Acer Group, 5-23 
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products (continued) 
CD-ROM, 6-27 
CD-ROM drive capacity, 5-54 
Creative Technology Ltd., 5-73 
Dataware Technologies Inc., 6-32 to 6-34 
IBM, 5-32 to 5-33 
Leading Edge Products Inc., 5-36t, 5-35 
Media Vision Inc., 5-75 
Meridian Data Inc., 6-36 to 6-37 
N.V. Philips, 6-43 to 644 
NEC Corp., 6-40 to 6-41 
NeXT Computer Inc., 5-39 to 5-41 
Silicon Graphics Inc., 5-43 to 5-44 
Sony Corp., 6-49 to 6-50 
Sun SPARCstation workstations, 5-46 to 5-47 
Tandy Corporation, 5-49 to 5-51 

professional authoring software, multi­
media, 4-22 

professional presentations, and multimedia, 
2-20 to 2-21 

property tours, multimedia used in real 
estate, 2-26 

protocols integration, networks and multi­
media market, 2-29 

publishing 
multimedia market, 2-23 
Sony Corp., 6-47 to 6-48 

reduced-instruction-set computing, 2-14 
Reference Book, Dataware Technologies 

Inc., 6-33 
ReferenceSet Image/Image Build, Dataware 

Technologies Inc., 6-33 
reliability, mission-critical applications, 6-20 
remote controls, used in multimedia applica­

tions, 2-17 
removable mass storage devices, cost 

comparison, 6-7t 
research centers, multimedia markets, 2-36 

to 2-37 
reseller channel, market effects, 6-26 to 6-27 
retail sales 

multimedia applications, 4-19 
multimedia market, 2-26 

retrieval 
images, 2-11 
software development by Dataware Technol­

ogies Inc., 6-32 to 6-33 
revenue forecasts, worldwide multimedia, 2-46f 
Ricoh Corp., multimedia market, 2-32 
rigid disk drives, storage, 6-1 to 6-2 
RISC, see reduced-instruction-set computing 
rollout compression technology, on-

demand, 3-33 
RTV, see real-time video 

Quadra, product configurations, 5-26t 
Quicklime 

Apple, 3-14, 4-33f 
architecture/multimedia extension, 4-32 
multimedia extensions for Macintosh, 4-5 

RDD, see rigid disk drives 
reading data, CD-ROM, 6-9 to 6-10 
real estate 

multimedia applications, 4-19 
multimedia market, 2-26 

real-time compression, see symmetric 
compression 

real-time video, compression develop­
ment, 3-14 

Record Reference Book, Dataware Technologies 
Inc., 6-33 

Red Book, data description, 6-20 

Samoff Research Center, encoding algorithms 
manufacture, 3-30 

satellite companies, electronic home communi­
cation, 3-30 

scanners, market crowded, 3-17 to 18 
Script-X, multimedia market software, 2-31 
SDH, see synchronous digital hierarchy 
seamless multimedia networking, global 

scale, 3-23f 
searching, multimedia databases, 2-8 to 2-9 
secondary research, multimedia market, 2-44 
selling prices decline, for HDTV, 8-12f 
semiccniductors, 2-14 to 2-15, 

basics, 3-2 to 3-3 
compressing/digitizing in multimedia, 3-3 
functions defined, 3-31 
multimedia market, 2-42 
opportunities within digital video, 3-9 
technologies and opportunities, 3-1 to 3-59 

server-based storage, multimedia market, 2-29 
servo control, motor speed for constant data 

rate, 6-19f 
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SGI, see Silicon Graphics Inc. 
SGS-Thomson 

MPEG decoder development, 3-13 
RAMDAC development, 3-15 

Shared X, from Hewlett-Packard, 8-5 
Sharp Electronics, Newton codeveloper, 8-15 
sheetfed scarmers, 3-17 
ShowMe, intuitive conferencing solution, 

8-3f, 8 ^ 
shrinking video signal, 2-17 
Siemens, SkyPix DBS hardware manufac­

ture, 3-30 
Silicon Graphics Inc. 

mis, 5-1 
platforms, 5-19 
target scientific/engineering 

communities, 5-1 
vendor profile, 5-42 to 5-44 

single application, multiple digital data, 2-2 
SkyPix, pay-for-view system, 3-30 
SNfDS, see Switched Multimegabit Data 

Services 
software 

audioring for multimedia applications, 4-1 
to 4-49 

categories for multimedia, 4-1 to 4-17 
development standards for multimedia 

market, 2-31 to 2-32 
document imaging, 8-6 to 8-8 
engineering multimedia market, 2-23 to 2-24 
layers for multimedia, 4-2f 
multimedia market, 2-1 
object-oriented programming develop­

ment, 5-21 
PC training programs, 2-19 to 2-20 
support/application program interfaces, 2-7 

SONET, multimedia market, 2-43 
Sony Corp. 

CD-I development, 6-22 
CD-R standards, 2-41, 6-28 
CD-ROM development, 6-21 
Columbia Pictures investment, 8-22 
digitctl TV circuits development, 3-15 
Discman CD player, 2-5, 8-23 
DiskMan, 2-5 
multimedia market, 2-32 
vendor profile, 6-46 to 6-50 
world leader in CD-ROM controller 

chips, 3-16 
sourul 

Apple platforms, 3-5 
capabilities and market drivers, 5-6 to 5-7 
chips used by con^uter companies, 3-6 

sound (continued) 
Commodore Amiga platforms, 3-5 
developments, 3-4 to 3-6 
digitization for multimedia, 3-3 
Microsoft "Foghorn", 3-4 
multimedia applications, 2-2 to 2-3 
multimedia market, 3-4 
NeXT Cube platforms, 3-5 
processing functions, 3-6 
products by Creative Technology Ltd., 5-73 
standards, 3-4 
subsystem 16-bit block diagram, 3-7f 
technology and the future, 3-6 to 3-8 
technology migration, 5-63 

sound board 
boom, 5-63 
Dataquest perspective, 5-68 
forecast, 5-65 to 5-68 
OEMs, 5-66t 
players by AdLib, 5-65 
players by Creative Labs, 5-65 

sound/video boards, defined, 5-56 
SPARCstation, Sun Microsystems Inc., 5-1 
specialized entertainment. Karaoke 

machines, 3-37 
speech recognition/synthesis, computers, 8-16 

to 8-19 
Spinnaker Software, authoring software distri­

bution, 4-22 
Sprint, DOE contract, 7-34 
standalone software. Meridian Data Inc., 6-37 
standard retrievzd engines. Dataware Technolo­

gies Inc., 6-34 
standard user interfaces. Dataware Technolo­

gies Inc., 6-34 
standardization. Meridian Data Inc., 6-36 
standards 

CD-ROM, 6-20 to 6-21 
compressicH\, 3-12 
Joint Photographies Experts Group, 3-12 
market drivers, 5-9 
multimedia market, 2-1, 2-30 to 2-32, 2-44 
multimedia software, 4-20 
optimum viewing/listening, 8-9f 
sotmd multimedia, 3-4 
trends, 5-17 to 5-18 

Stanford University, Center for Telecommuni­
cations, 2-37 

Starlig ît Networks, server development, 7-18 
storage 

CD-ROM capacity, 6-6 
multimedia data, 3-24 to 3-25 

storage devices, definition, 6-1 to 6-3 
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storage requirements 
and market analysis, 6-23 to 6-25 
multimedia, 6-1 to 6-53 

store-and-forward fax, telecommunica­
tions, 7-21 

stuttering speech defects, Uruversity of 
Washington multimedia program, 2-20 

Sun Microsystems Inc. 
ATM compatibility in LAN environ­

ment, 7-34 
platforms, 5-19 
SPARCstation, 5-1 
target scientific/engineering 

communities, 5-1 
vendor profile, 5-45 to 5-48 

Sun SPARCstations, multimedia-ready 
systems, 5-46 

Switched Multimegabit Data Services 
BellCore broadband capability, 3-20 
telecommunications, 7-14 to 7-15 
wide area protocols, 2-29 

switching hubs, telecommunications, 7-18 
symmetric compression, 2-17 to 2-18 
synchronous digital hierarchy, ATM use, 3-20 
Synchronous Optical Network 

development, 7-16 to 7-17 
telecommunications, 7-4 

System 7, Apple, 2-12 
system interface software, multimedia, 4-2 

to 4-16 
system software, conforms to API, 5-5 

Tandy Corp. 
Intel-based platform market, 5-11 
Sensation PC witii Yamaha Magic souiul 

processing chip set, 3-6 
vendor profile, 5-48 to 5-51 
Video Information System home interactive 

system, 3-35 
tape drives, defined, 6-3 
technical limitations, CD-ROM, 6-13 to 6-14 
technology 

markets, 3-3 
multimedia, 2-6 to 2-18 
multimedia computing, 5-20 to 5-21 
overview, 3-2 
trends and opportunities, 3-4 

technology-blending, multimedia, 2-3f 
telecommunications 

barriers, 7-4 

telecommunications (continued) 
data transfer, 2-15 to 2-16 
multimedia, 7-1 to 7-35 
multimedia market, 2-43 
video communication, 3-25 to 3-28 

text, data unification, 2-3 
text-to-speech products, applications, 8-19 
The Realtime Operating system Nucleus, 

multimedia market, 3-32 
Thomson 

ATRC member, 3-30 
encoding algorithms manufacture, 3-30 

Time Warner 
cable service provider, 3-31 
Toshiba/IBM investment, 8-22 

title development services software. Dataware 
Technologies Inc., 6-33 

titles, multimedia market, 2-42 
Toshiba 

cable hardware development, 3-31 
Time-Wamer investment, 8-22 
voice synthesis/recognition, 8-17 

tourism 
multimedia applications, 4-19 
multimedia market, 2-26 to 2-27 

track, centering, 6-13f 
trade shows multimedia use, kiosks, 2-21 
training 

applications and collaborative multi­
media, 2-4 

current market opportuiuties, 2-18 to 2-20 
programs for PC/Macintosh, 2-19 to 2-20 
SunTutor multimedia course, 5-47 

travel 
multimedia applicatioru, 4-19 
multimedia market, 2-26 to 2-27 

trends, 5-17 to 5-21 
Trilogue fax log sjrstem, telecommunications, 

7-21 
TRON, see The Realtime Operating system 

Nucleus 
TRON House experimental living, Japan, 2-32 
TV Answer, interactive TV system, 3-32 

u 
UltiMedia PC, from IBM, 5-19, 8-8 
unit shipments, multimedia market 

growth, 2-46 
United States 

direct broadcast satellite use lacking, 3-30 

I 

I 

November 16.1992 el992 Dataquest bicoiporatod SAW\AK»)R^-9201 



Index A-17 

United States (continued) 
HDTV controversy, 2-16 
HDTV testing, 8-11 
ISDN-ready lines, 7-13f 
NTSC for video, 2-17 
video communication costs, 3-25 

Universal MCA, Matsushita-owned, 8-22 
University of Lowell (Mass.), Center for 

Productivity Enhancement, 2-36 to 2-37 
University of Washington 

Center for Instructional Development and 
Research, 2-20 

Department of Speech and Hearing 
Science, 2-20 

Human Interface Technology Laboratory, 
2-36, 8-20 

UNIX 
GainMomentum authoring environ­

ment, 2-8f 
multimedia interface, 4-5 
various vendors, 2-12 

upgrade kits 
defined, 5-56 
driving force, 6-26 
future, 5-69 
Intel-based MEM market, 5-11 
market drivers, 5-7 to 5-8 
market forecast, 5-70 
multimedia, 5-5, 6-26 
multimedia software, 5-69 
multimedia use defined, 2-38 
providers, 5-70t 
tiiends, 5-68 to 5-69 
vendors sensitive to declining ASP, 5-8 

to 5-9 
vs. complete multimedia sjrstems, 5-16 

upgrade products. Creative Technology 
Ltd., 5-73 

USA 'N^deo, pay-per-view storage, 3-33 
user acceptance, multimedia market, 2-27 
user input requirement, hardware specifica­

tions for multimedia, 5-4 
user interfaces 

by multimedia, 2-2 
described, 2-16 to 2-17 

user understanding, 4-20 to 4-21 

value>added network, multimedia market, 2-32 
VAN, see value-added network 

VaxMail, e-mail system, 7-23 
vendor profiles, 3-52 to 3-58, 5-21 to 5-51, 5-72 

to 5-76 
multimedia software development, 4-30 

to 4-48 
multimedia storage requirements, 6-31 

to 6-51 
supply-drive market, 7-27 to 7-34 

vendors 
LAN/LAN ATM interoperability 

testing, 7-32 
preconfigured multimedia, 5-5 
revenue for authoring software providers, 

4-23t to 4-25t 
sound board players, 5-65 
voice response systems, 7-23 

video 
CD-ROM enhanced games, 3-35 to 3-37 
communication and teleconferencing, 3-25 

to 3-28 
compression and real-time video conferenc­

ing, 3-26 to 3-27 
conferencing and various vendors, 3-26 
digitization for multimedia, 3-3 
disks, 2-18 
futiire, 5-59 
hardware specifications for multimedia, 5-4 
multimedia market, 2-17 to 2-18 
OEM, 5-59 to 5-60 
phones and video communication, 3-25 

to 3-28 
tedmology migration, 5-58 
traffic characteristics, 5-19t 

video Codec/compression, semiconductor 
offerings/alliances, 3-27t 

video compression advances, telecommunica­
tions, 7-lOf 

video dial tone, FCC allowance to regional 
Bells, 3-29 

video harulling, multimedia feature, 3-9 to 3-16 
video products. Creative Technology Ltd., 5-73 
VideoPhorie 2500, AT&T development, 7-23 

to 7-25 
videophones, telecommunications, 7-23 to 7-25 
'V^deoTelecom, MediaMax System intro­

duced, 7-34 
Virtual Reality 

new technology, 8-20 to 8-23 
user interface evolution, 2-17 

virtual software, 8-21 
virtual world research, multimedia 

markets, 2-36 
Voice Activated Dialer, AT&T, 8-17 
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voice mailboxes, telecommunications, 7-20 
to 7-23 

voice quality audio, multimedia tech­
nologies, 2-7 

voice synthesis/recognition, Toshiba, 8-17 
voice/fax store-and-forward market, 7-22t 
VR, see virtual reality 

w 
Wang, API set for document imaging, 8-8 
Wide Area Networks, computer 

conferencing, 8-4 
Windows NT, Microsoft, 2-12 
Windows software, Microsoft/Tandy joint 

venture, 3-35 
wireless communications, advances, 8-19 

to 8-20 
workstations 

CD-ROM drives lacking, 6-25 
companies shipping multimedia systems, 5-1 
market, 6-25 
market size, 5-14 
multimedia use defined, 2-38, 2-40 
platforms described, 2-12 to 2-13 
target scientific/engineering 

communities, 5-1 
worldwide CD-R, history/forecast, 6-30t 
worldwide CD-ROM drives, history/ 

forecast, 6-29t 
worldwide computer digital video, market 

forecast 5-62f 
worldwide computer sotmd board, market 

forecast, 5-67f 
worldwide computer souiul semiconductor, 

forecast, 3-42f, 3-43t 
worldwide consumer multimedia player semi­

conductor forecast, 3-47f, 348t 
worldwide digital video compression semicon­

ductor forecast, 3-49^ 3-51f 
worldwide document imaging, market revenue 

growth forecast, 8-6f 

worldwide factory revenue 
Intel-based MEM, 5-12f 
Macintosh/PowerPC MEM, 5-13f 
MEMs, 5-lOf, 5-17f 
workstation MEM, 5-15f 

worldwide HDTV adoption, 8-12f 
worldwide multimedia 

application semiconductor forecast, 3-38f, 
3-50f, 3-51t 

communications semiconductor forecast, 
3-45f, 3-44t 

computing market forecasts, 2-45f 
consumption by region, 3-38f 
telecommunications market, 7-28t 
upgrade kit market forecast, 5-71f 

worldwide shipments 
CMS vs. upgrade kits, 5-18f 
Intel-based MEM, 5-12f 
Macintosh/PowerPC MEM, 5-13f 
MEMs, 5-lOf, 5-16f 
workstation MEM, 5-15f 

worldwide video/audio board shipment, 
forecast, 2-49f 

Xerox Corp. 
ATM compatibility in LAN environ­

ment, 7-34 
Japanese language speech recognition word 

processor with Fuji, 8-17 

I 

Yellow Book, data description, 6-20 

Zoran, JPEG chip set, 3-14 
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Chapter 1 
Introduction to Personal Information and 
Communications Devices ^ ^ ^ ^ ^ . ^ ^ 

Overview 

This report on personal information and communications devices 
(PICDs) is a collection of Dataquest Perspective articles that focus on 
what promises to be a market with a high growth potential. In em 
attempt to provide a balanced perspective, we have included articles 
from the Saniconductor Application Markets and the Personal 
Computers groups. 

Definition: PICDs 

PICDs (pronounced PicDees) describe small form factor personal com­
puters that rely heavily on communication and use a pen-centric oper­
ating system and a pen as the prunary input device. PICDs are meant 
to be portable and self-sufficient for extended periods. 

introduction 

PICDs—What Are They? 
There appears to be no consensus for a name that properly 
describes future small-size portable PCs: Apple calls such devices 
PDAs (personal digital assistants) and AT&T calls them personal 
commimicators. Of course, other names—^palmtop, subnotebook, and 
compemion—all more or less describe similar products. Both Apple 
and AT&T are attempting to describe a new device that, even 
though it is an evolutionary computer product, may in fact com­
bine into one appliance the capabilities now found in our tele­
phone, fax, PC, and daytuner. It is envisioned that products with 
aU or part of these capabilities will appeal to both mobile profes­
sionals as well as consumers who thus far have not really 
embraced PCs. 

The Roots 
Thanks to advances in semiconductor technology, we have shrunk 
the desktop PC down to a size that fits in oiu" palm. A product 
from Hewlett-Packard, the HP 95LX, is a good example of a PICD. 
It operates on two AA-size batteries, runs DOS and Lotus 1-2-3 
(bolli embedded), and has 1MB of main memory. It is a significant 
achievement, even though most likely it will seem andent history 
in 10 years' time. Until now we have used our computers to 
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"compute"—that is, they calculate things for us and thus can be 
considered "overgrown calculators." Sociologists, however, tell us 
that the need to calculate is secondary for humans; the need to 
commvmicate is undeniably more necessary. So why all this fuss 
with the overgrown calculators? For one thing, computers help us 
do much more than calculate. They help us communicate, they 
manage our information, and to some extent they entertain us. 
Common to both Apple's and AT&T's vision is the need to easily 
manage information and communication. 

Chapters 1 through 5 of this report will describe overall portable 
computing needs and discuss Apple's Newton, G C s operating 
system, and the recent AT&T-GO alliance. Chapters 6 through 10 
present a portable computer forecast, a discussion of the elements 
that make up today's hand-held PC, and future trends in MPUs, 
storage, and communication. 

Project analjrsts: Nicolas Samaras 
Andrew Seybold 
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Chapter 2 
Portable Computing Today 

Present standards in portable computers include the full-function note­
book systems, soon-to-be released subnotebook (companion) PCs, 
hand-held DOS-compatible systems such as the HP 95LX, and hand­
held organizers. 

Each form factor will soon be available with either keyboard input (as 
they are no\̂ r) or pen-based input devices. Each will continue to be 
important, but it is the movement toward sub-$l,000 hand-held 
machines that will enjoy the fastest growth over the next few 5rears. 
This product group is where many innovations and new designs will 
be found. Until mid-1993, pen-based systems will be implemented by 
large companies and organizations in vertical markets with little or no 
retail sales of a horizontal nature available for start-up companies. It is 
important to note that the end-user community will view this area of 
subnotebook and hand-held computers not so much as computers but 
more as appliances. 

The Need for Communication 

As the trend evolves for smaller and lighter portable computers, the 
one shortfall hindering acceptance of these systems is in the area of 
communication. Notebook computers became popular after the capa­
bilities of desktop systems were incorporated: an Intel 386SX proces­
sor, VGA compatibility, backlit screens, large hard disks, and better 
battery life. 

One reason for the fast market growth of fully functional notebook 
systems is that a user can now duplicate the desktop on a notebook 
(operating sj^tem, applications, and file storage). This is a mandatory 
requirement because tiKere is a lack of easy-to-use communications 
links among the wrorlds of portable computers, desktops, and net­
worked systems. Moving data between platforms using a product such 
as Traveling Software's LapLink is not easily accomplished by a com­
puter nonexpert. Programs such as LapLink asstune that the user 
knows exactly which files heed to be moved, where they are located 
on the desktop system, and where they should be located on the por­
table. Once moved, data need to be translated to the format of the 
receiving application. This usually requires reformatting. Further, when 
applications are moved from one platform to another, video drivers 
sometimes need to be changed and parameters for communications 
and printing need to be reset. 
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Subnotebooks 

Many hardware vendors are designing subnotebook or cooapanion PC 
products that will soon come to market. These imits will have a 
smaller form factor, and for the most part will not include an internal 
floppy drive. Some will follow the Phoenix Technology reference 
model and, at first, be based upon CPUs with less power than the 
Intel 386-based notebooks. 

Other vendors, however, will move directly to this form factor with a 
386-based system, again, with no internal floppy drive. Instead, these 
machines will rely on conmiunications links to transfer data to and 
from remote computing platforms. This will be accomplished by way 
of wired modem, infrared, and soon, RF communications links. 

We beUeve that these links will be a viable form of coirununication, 
but they will represent no more than a transport layer for the data 
that must be moved across them. For the most part, we have seen no 
real evidence to date that software companies really understand the 
requirement for true ease of use in data communication for this class 
(subnotebook and smaller) of computers. End users will not tolerate 
the arcane data transfer software applications now available, nor will 
they tolerate having to know which programs and files need to be 
moved from one system to another. 

On-board operating systems and applications will be used extensively 
in these recipient machines. The Phoenix-Lotus model will become a 
standard, but many such machines will rely instead on MS-DOS 5.0 
and Windows 3.1 in ROM for their operating environment. Additional 
applications will either be part of this on-board suite of programs or 
will be available to the user by way of Personal Computer Memory 
Card Intenmtional Association (PCMCIA) cards. And here again, the 
built-in communications links we have seen do not address ease-of-use 
issues. They will not be easier for end users to figure out and make 
work. Consequently, acceptance of such units will be delayed until 
these communications issues are appropriately addressed. 

Hand-Held Computers 

In response to the demand for ubiqtiitous, carry-everjrwhere com­
puters, we will see a large number of diverse entries during the 
course of the next two or three years. 

The first "true" entrant into the hand-held market was the HP 95LX. 
This machine has been successful for HP not just because it is DOS-
compatible; it is a financial modeling tool first, a personal information 
manager (PIM) second, and a DOS-compatible system last. However, 
even more important than DOS compatibility is its ability to move 
data from the hand-held platfonn to the desktop and back again. 
Fully 75 percent of all HP 95LX sj^tems are coimected to desktop sys­
tems at one time or another. Other units, such as the Sharp VWzard, 
Casio Boss, and PSION hand-helds that are not DOS-compatible have 
also been successful, but many have ended up in a desk drawer after 
a few months of attempted use. These machines only partially meet 
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the requirements of the mobile computerist Until recently, moving 
data between these hand-helds and the desktops has been a difficult 
operation. 

The Next-Generation Hand-Held Systems 

The industry is on the verge of a major change in how it views hand­
held computing. Many vendors have discovered that being DOS-
compatible is not an important selling point in the hand-held world. 
What is important is the ability to move data quickly and easily back 
and forth between the hand-held platform and the desktop world. 

Recognition of the relative importance of corrununication as compared 
to DOS compatibility has led to many new designs, some based on 
pen input and some still making use of a keyboard for data entry. We 
expect to see announcements of many other new technologies within 
the next six months. The resulting products will forever change end-
user expectations of hand-held computing. 

As one example, Apple announced a technology concept at Consiuner 
Electronics Show (CES) in Chicago on May 31 that we believe will 
change the perception of hand-held computing for edl time. The new 
hand-held, called Newton, is a total departure from what we have 
known in the world of hand-held computers (see Chapter 3) This unit 
is the first of what is Supposed to be a series of products that include 
a biiilt-in infrared commimications link. This link is being designed to 
permit instantaneous and easy commimication not only between like 
units, but also between Newton and both Intel and Macintosh desktop 
systems. 

One feature is the ability to transmit and receive btisiness cards from 
one Newton to another with a single keystroke. Other communications 
features include the use of in and out boxes for storing items to be 
sent and received once connection is established. This connection, 
which is made automatically once a Newton comes into the range of 
an infrared transmitter/receiver, will then inteUigentiy handle all com­
munication into and out of the unit with no additional end-user inter­
vention reqtiired. It is our belief that the first communications links 
built into Newton wiU not be as easy for the user community to oper­
ate. Products of this ilk have begun to use in and out boxes for 
remote communication, but all we have seen so far still require the 
end user to format the document for the type of output: fax, word, or 
e-mail, among others. Wide acceptance of this type of unit will only 
occur once remote communications links are automatic and can take 
care of document and file formatting. The end user will not have to be 
concerned with it. 

Formatting, merging, and reconciliation should be able to be precon-
figured by the end user in the second generation of these products. 
The user should also be able to change the configuration simply by 
selecting from menus. An example of this t3^e of preconfiguration 
might be as follows: The end user purchases a hand-held machine 
from Dell Computer. The system installed on the desk will be an 
Intel-based processor system running V^^dows 3.1, Excel, Word for 
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VWndows, and PackRat, and will be comiected to a LAN running 
cc:Mail. The network will have a fax server installed, as well as 
several different HP and PostScript-compatible printers. The end user 
will turn on the hand-held device and select setup (most software is 
already installed in ROM and the balance is available through 
PCMCIA cards). The Menu Selector will ask the user to indicate the 
types of programs and/or devices with which the companion unit will 
communicate. The user selects Excel, Word, Cc:Mail, MCI Mail, and 
several printers from the menu, chooses the type of cormection to be 
used most of the time (infrared, wireless, or direct connect) and then 
will move to the record and field mapping section of the setup. Here 
the user will spend only a few minutes determining which fields used 
in the local applications will map to which fields on the desktop and 
network systems. Once this is done, the information is stored and niay 
be updated at any time either in sections or completely. 

As part of the setup, the user may also choose to invoke "filters" for 
the data to be automatically received. These filters might include the 
types of e-mail to be downloaded (priority, or from whom, among 
others). It will be possible for the user to receive a listing of all mail 
and documents waiting on the sjrstem and then to point and click on 
the ones to download. Upon connecting to the desktop system, the 
two systems wiU "talk" to each other, exchanging the data placed 
in the in and out baskets of each. Messages received can then be re­
viewed and answered without having to close the message and open 
a word processor. 

Calendar, To-Do, and Phone Messages 

The premise of these systems is that once information has been 
entered, it never needs to be recorded again. If a secretary enters a 
new appointment and several phone messages in a desktop-based 
calendar, they are then placed in the out box, waiting for the portable 
device to connect to the sj^em. 

Once the portable sj^tem is connected to the "base station" (a term 
we will use for desktop PCs and/or networks—each portable will be 
assimied to have a main base station but be connectable to any num­
ber of substations by any number of different means), information will 
be automatically transferred to the portable system and information 
stored in the portable will be sent to the base station as well. The sys­
tem should be user-selectable to provide the following featiues \̂ rhen a 
connection is made: 

• Place the new information in the proper format in the proper file 
(appointments in the calendar, phone messages in the to-do list, 
among others, checking for duplications and overlaps in the 
process) 

• Build an "incoming review file" from all of the sources 

This review file would be used as follows: The user could open this 
file and read through the new incoming information, review each 
entry (or make mental note of it), and then choose to have it stored in 
the appropriate section of the portable, answer it, or take some other 
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action as it is being reviewed. We believe that this t j ^ of "new" file 
is important in this environment because in a truly automatic transfer 
of multiple kinds of data, a user might not be aware of new informa­
tion that has been sent. If, as in most systems we have seen, the data 
are merely placed into the calendar or to-do list with no notification, it 
is possible that it wiU be missed by a user that does not take the time 
to review all of the files each time input is downloaded. Fully auto­
matic data transfer is important, but we beheve that notification and 
review are equally as important. Such a feature would also be valua­
ble for use in the one-way paging marketplace. 

We have been working with the Motorola EMBARC paging sjretem for 
the past few months. One shortcoming of this system is that the user 
has to download a new appointment transmitted to the pager and 
then move it to the proper area for storage. Automating this process 
so that the end user receives notification of the incoming message, 
reviews it for content, and then, with only a single keystroke or pen 
motion, stores it in the appropriate place for future reference would be 
a major enhancement. 

"Act-Upoif' Software 

One requirement for mobile conxputer systems will be the ability to 
create, edit, mark up, and otherwise work with diverse types of infor­
mation. Such categories are calendar, to-do, phone, fax, word proces­
sor, spreadsheet, and database. 

The idea of act-upon software is that each type of document or file 
can be created in the portable computer, and then sent to the base 
station for final formatting and distribution action, instead of having 
to burden the portable with formatting, reformatting, and storing mul­
tiple copies of a single document (for example, a letter that is to be 
faxed to one person, sent via MCI mail to another, printed and mailed 
to yet another, and stored in the native format of the base station's 
word processor). Act-upon software provides a way to encapsulate a 
document within a folder. The folder would contain the formatting 
information, destinations, and other information required to remotely 
handle the document. In this case, documents would be stored in 
machine-native format in the portable (suggesting also com.pression 
techniques that could be employed for memory savings). The portable 
user would be able to prepare a file or dociunent for transmission by 
simply instructing the system to "attach" one or more headers to the 
dociunent that, upon receipt by the base station, would then command 
the base station to format and send one or more copies of the file to 
one or more locations by one or more methods. 

The advantages of these transmission features become obvious. 
Because the system does not have to transmit information in format­
ted form, it provides a faster transmission capability. If new formatting 
requirements are needed, it is only necessary to add the formatting 
capabilities to the header files. If a dociunent is to be formatted in a 
number of different ways, it is only necessary to send the information 
once, accompanied by multiple headers. Address books could then be 
built that would identify each person and the way they can be 
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reached. For a memo to be sent to several people, it will be possible 
to look up the person and attach a formatting header to the document 
based on the information stored in that person's £Qe (there could be 
multiple ways to reach the same person, which could lend itself to 
automatic follow-up file transmissions—send this by fax to John Q. 
Public and then confirm the fax transmission by mail, among others). 

The Future 

It is assumed that by year-end 1992 several new hand-held computers 
will be available from major manufacturers with capabilities that 
exceed the HP 95LX in communications and personal infonnation 
management. These systems will have a mix of pen and keyboard user 
interfaces and will include software such as is described in "The Age 
of Appliance Computing," by Gerry Purdy of Phoenix Technologies 
Ltd. (The Outlook, Vol. 10, No. 9) and other similar designs. Communi­
cation will be limited to RS-232 serial cables, pagers, and infrared. The 
hand-held PIM software will be fairly unsophisticated. Pen-based com­
puting will be limited to pilot programs in large corporations. Hand­
held computer mass storage will be limited by cost. 

It is assumed that more hand-held computers will emerge with 386SX 
chips and more sophisticated PIM software in 1993. The new PIM soft­
ware will be aware that conununications applications need to be noti­
fied of changes to the data. Pen-based applications will begin to 
proliferate. Two-way mobile radio will become one commxmications 
option, although still expensive. Hand-held computer storage will 
become less of a limitation because of lower cost. In 1994, hand-held 
computers should be fast and cheap enough that many processing and 
storage options will be affordable. Hand-held PIMs will be powerful 
and easy to use, and will cooperate with communications applications. 
Limitations will be screen size and keyboard usability. Pen-based 
applications will be quite usable. Two-way mobile radio will become 
reasonably priced. 

Hand-Held Computer Vendor Dependencies 

One trend we see imfolding, especially with the advent of the per­
sonal digital assistants such as Newton, is that operating sjrstems, 
CPUs, and applications programs will not necessarily be compatible 
as we move forward. If data that arrive in the proper format can be 
received and sent among various platforms, then compatibility 
becomes a nonissue. Vendors of the software in hand-held computers 
must develop their PIM software with facilities to share data with 
communications/translation applications developers so that translators 
and formatters will be written to move data seamlessly between 
diverse platforms. 

Several vendors have already taken steps to provide this type of 
"smart" communications links. Contact Software ACT has desktop 
software for both the Intel and Macintosh desktop s)rstems. It offers a 
separate HP 95LX version that includes data integration and a Zap-
cards wireless business card exchange feature. 
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Goldmine, an advanced contact management software product from 
Elan, includes filters and import/export routines, not only to permit 
data to be moved intelligently to and from portables, but also to allow 
users to import data that already exist in another desktop software 
program. Traveling Software, LapLink Pro, and LapLink Mac are also 
moving in the proper direction. These products at present permit a 
user to not only move files but also to compare files between sj^tems 
and then move the latest version to both sjrstems. LapLink also pro­
vides interconnection capabiUties that include direct connection and 
modem sessions. Adding the capabiUty to communicate via wireless 
will not be a difficult task. 

IntelliLink is perhaps the company—and the product—^that is the far­
thest along. It routinely handles data translation on the fly, reconcilia­
tion, and merging. Its present product includes the communications 
links between the desktop and the hand-held world, but it has 
designed its product so that the intelligent data transfer portion can 
be separated from its own transport layer, giving it the advantage of 
being able to easily move the "smarts" of its program to any and all 
types of data transmission methods. 

Conclusions 

The good news is that the industry is beginning to recognize the need 
not only to move data, but to move information in an intelligent man­
ner. The bad news is that we axe still a long way from having the 
tools available that will make the end-user community flock to the 
small hardware devices that will become so pervasive, and useful, 
over time. 

We have established the need, and end users are willing to spend the 
dollars. It is now time for the industry to respond with products that 
work. 
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Chapter 3 
Apple's Newton 

At CES, Apple provided the world with its first look at a hand-held 
computer product that we believe will revolutionize both hand-held 
computing and the consumer electronics industry. 

This specific device in and of itself may not have this effect (althougjh 
it could), but this class of device, with this genre of "smart" operating 
systems, will. The Apple product, Newton, is (will be) a hand-held 
device with pen input. A demonstration to analysts prior to CES 
focused more on the operating system than the hardware device, and 
what was shown at CES was not a standalone Newton, but rather a 
Newton that used a Macintosh as its "mother ship" to demonstrate 
the principles used in the conception and design of the product 
Apple's preannouncemient of this product, expected to be delivered 
sometime in early 1993 and priced at less than $1,000, has enough siz­
zle to get even the most staid computerist excited. Further, in keeping 
with the Apple tradition, it also ddivers sizzle to the noncomputer 
user. In short, when Newton arrives next year, it will appeal to a wide 
audience. 

Nevfton: What Is It? 
Visually, Newton can be compared to the commtmicator used by 
Captain James Kirk on "Star Trek," complete with flip cover. Newton 
is not that small, but it does fit comfortably in the hand and the flip 
cover protects the combination screen/writing surface. Newton is 
designed to be used with a pen input device and incorporates an 
operating system that is tightly coupled to the hardware to provide an 
intelligent device. 

To understand how Newton wiU work, we use the metaphor of carry­
ing a roll of calculator paper with you wherever you go. This roll is 
never-ending and as you use it, "pieces" can be torn off and saved. 
The built-in programs can recognize and use the writing on the pieces. 
Alternatively, output can become a document that can be faxed or sent 
to another Newton or computer for transmission to its destination. 
The Newton is the first of a family of products; it makes use of an 
infrared link to move information between it and other computers. 
Future Newtons will likely use alternate forms of communication, 
including wireless (RF) devices that will be either built-in or 
attachable. 
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The Hardware 

Newton's design around the ARM RISC chip itself is a departure of 
magnitude. It does not make use of a Motorola processor, as does the 
Apple Macintosh line of products, nor does it use either an Intel 
processor or an Intel-compatible CPU, as many popular systems do. 

In truth, Newton extends the paradigm that began with the introduc­
tion of the HP 95LX. Yes, the HP 95LX is based on an Intel-compatible 
CPU, but this is not the main reason the product has met with great 
success. Rather, it is successful because it makes use of a series of 
applications contained in the basic system, and it provides the user 
with a solutions-oriented hand-held device that includes PIM capabili­
ties. And, by the way, it is Intel- and DOS-compatible. Apple has real­
ized that a hand-held device of this type will be attractive to users 
regardless of their desktop computer preference. Even those that may 
not use computers or are intimidated by them will be interested in 
this hand-held. Newton is a truly revolutionaiy and, in our opinion, 
intriguing product. The Newton design team was not hindered by 
having to give consideration to backward compatibility or any otiier 
limiting design considerations that might have resulted in a less than 
spectacular product. 

It is hard not to get excited about Newton. Even though it is not 
"real," and even though we will have to wait for it, the concept and 
the marriage of hardware and software into a product such as Newton 
gets one's imagination going. Even if Apple's product never came to 
market (which is not the case), the vision behind it would have 
changed the expectations of hand-held computer users forever. We 
believe that Newton will become a "real" product imder Apple's 
watchful eye and that it will appeal to the masses—^not just the com­
puter nmsses, but the masses in general. 

The Software 

The real excitement is in the software. At present, Apple is demon­
strating the principles of the operating system and associated hard­
ware using the power of a Macintosh. But we have to believe that 
Apple is confident that it will be able to retain all of the functionality 
and speed when Newton's tethers are loosed and it runs on its own. 

The only word for the operating system is "smart." We have seen 
writing recognition demonstrated and have tried it. Newton is good 
and fast, and the action it takes when it recognizes words is almost 
uncanny. Typical of the actions Apple demonstrated at CES are the fol­
lowing: "Lunch with Isaac next Tuesday" is written on the screen. The 
text is recognized and Newton takes action based on its best under­
standing of the words. In this case, Newton would open the daybook 
and insert a lunch appointment with Isaac next Tuesday. Newton 
"knows" next Tuesdaj^s date and "assumes" that lunch happens 
between noon and 1:00 p.m. The only thing that might puzide Newton 
is exactly which Isaac is meant. If there is more than one in the data­
base, choices are presented. Selecting the proper Isaac completes the 
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transaction, and the calendar is updated. Write "call Isaac tomorrow," 
and Newton will put this note in your daybook—complete with 
Isaac's niunber(s). In this case, multiple numbers may be offered: 
office, home, mobile phone, and fax. However, if "fax Isaac" is writ­
ten, the only number shown would be his fax number. Besides the 
entry, Newton will provide a dialing icon so that a touch of the pen 
can have Newton dial the proper number. 

The Newton System 

The basic, first Newton includes the display/writing screen, a built-in 
infrared commtinications link, a PCMCIA-compatible slot for PC cards 
(RAM, ROM, flash, modem, and more), and the basic PIM functions 
one would expect in such a device (notepad, scheduling, telephone, 
and address database). It even provides a graphics utility that is smart 
enough to recognize and replace crudely drawn drdes on the screen 
with well formed and completely round circles. 

This tight coupling of the operating system, a handful of small appli­
cations, and the hardware makes this product sizzle. The design team 
at Apple (or now Apple PIE) has come up with a winning combina­
tion of hardware and software. Its PDA term indicates that it under­
stands that Newton is not simply a computer, it is a true appliance 
that can be iised by anyone, either as a standalone device or in con­
junction with existing computers. CES was a look into the not-too-
distant future, and it signals the start of the war—^not for the desktops 
of the world, but for the pockets and palms of the world. 

The repercussion of imveiling the product concept at this time is that 
it will hurry along companies developing similar products. Several 
companies are rumored to be developing products that will use the 
AT&T "Hobbit" RISC processor, and some wiU use Intel or Intel-
compatible processors. Several companies that were fairly far along in 
their own next-generation version of the HP 95LX have scrapped tiieir 
current prototypes and design criteria and are starting anew, this time 
targeting Newton as their competition. Others are sticking to their 
guns and working on implementations of their own vision of hand­
held computers, believing (and rightfully so) that the lai;ge market 
potential for these products will support not only multiple designs, 
but multiple paradigms as well. 

Ne\\rton is being codeveloped with Sharp Electronics, which wiU be 
able to sell its own version. Apple has stated that it may, in some 
cases, license the technology to other vendors. Its motivation is for 
Newton to become the pervasive hand-held system over the next few 
years. By licensing the technology, Apple believes that it can create a 
bigger market in which to gain market share, and it can also keep 
others from encroaching on this type of product. It is not clear exactiy 
how^ Apple will license this technology, or even exactly what it wUl 
license. We know only of its stated desire to do so. 

Can Newton and/or Newton derivatives become the largest selling of 
the hand-held systems? Maybe, but, like everyone else, Apple is not 
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working in a vacuum. Because it has preannoimced its concepts and 
even demonstrated its smart operating system, it may be setting itself 
up for more, stiffer competition than it realizes. Apple is not alone in 
developing smart hand-held devices. We have heard about a number 
of these devices that either are on about the same schedule as 
Newton, somewhat ahead of Newton, or will be ready within a few 
months. The market, however, is large enough to provide a number of 
vendors with opportunities in the range of millions of units per year. 
Although a million sales of sub-$l,000 imits may not be as profitable 
on a per-unit basis as 100,000 more expensive units, the volume possi­
ble with these products in itself will provide greater overall profit for 
each model. Obviously, Apple believes that Newton is unique and is 
so far ahead of the competition that it was not at RISC (pim intended) 
with this early announcement of the product. 

From what we have seen, this may not be the case. Further, now that 
there is a known target looming on the horizon, other vendors may 
jump on the bandwagon and try to have their products available 
during the same period. Newton is a model to follow, imitate, and 
improve upon. Newton and its licensees may not have quite the open 
field they believe they will have. Fart of Apple's strategy, it appears 
to us, is to use Sharp and several other licensees to meet the initial 
demand for Newton so it does not lose sales to non-Newton hard­
ware. Even if a user buys a licensed Newton clone troia Sharp or 
another vendor, Apple has not lost prospective customers, although, 
for the most part, non-Newton hardware vendors have. As Newton 
matures, Apple still will have the opportimity to convert a user from 
a non-Apple Newton to an Apple Newton with advances in technol­
ogy and enhancements to the product. In addition, even if the non-
Apple Newton user never buys an Apple Newton, Apple still benefits 
by collecting licensing and royalty fees. 

Apple's game plan, then, must be to get Newton to market when 
promised (early 1993), and to handle (through licensees such as Sharp) 
the pent-up demand from those eagerly awaiting the product. 
Although this type of game plan might be compared to the SunSPARC 
Ucensing idea, we see it differentiy. First, Apple has stated that it will 
only license a "few" companies to build and/or market Newton. 
Second, the market for the Newton is 10 orders of magnitude larger 
than that for workstation products. Last, Apple knows that some of its 
licensed partners have far better access to tiie consumer chaimel than 
it does and therefore will pave the way for additional Macintosh sales. 

Macintosh Sales? 

As stated earlier, Newton will appeal both to existing computer users 
and to noncomputer users. Over time, the noncomputer user will be 
compelled to have a base station available for his or her Newton so 
that it can provide services not available using a standalone Newton 
without connectivity. Even when the wireless modek become avail­
able, the user will not be able to take advantage of some of the true 
power of the system without a base station or home port for the 
Newton. 
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The standalone user will soon come to realize that Newton really 
shines when teamed with a base station. This will provide opportuni­
ties for many different types of vendors: e-mail providers, communica­
tions providers, and desktop and portable computer vendors. A non-
computer user of a Newton, having mastered it and now ready to 
move into a connected world, makes a real (and much less expensive 
to find) Macintosh prospect. If the communications links are well 
established, the Macintosh will be the logical choice of the consumer 
that is soon to become a computer owner. 

Missing Tiniest' 

Missing are the links between the Newton and the rest of the world. 
In Newton, Apple has created a device that will work well in a 
standalone environment, but it will be more powerful and usable in 
conjunction with a base station or mother ship. 

\^thout an umbilical cord of some kind (wired, infrared, or wireless), 
Newton at best is a much improved Sharp Wizard or Casio Boss. It 
provides the same functions as these and other electronic daybooks, 
and it goes a little further with its btiilt-in dialing featiire. It will be 
more fun and easier to use than a Wizard, and it will also be more 
expensive. When connected to the outside world, Newton becomes 
something much greater than the sum of the parts. Outside world 
connections give Newton availability to services it cannot provide on 
its own, provides reams of information it is not capable of storing all 
at once, and enables it to become a much more powerful work tool. 

This electronic umbilical cord is both the strongest and the weakest 
link in the Newton chain. If the software running over this link is 
properly planned and implemented, the value of Newton rises sub­
stantially. However, if the state of the communications software art 
does not move ahead rapidly, Newton will be litUe more than a flash 
in the pan, ready to be replaced by any one of a score of new 
integrated hardware and software devices that may handle the com­
munications issues in a better way. It is too early to tell if the design 
team and the rest of Apple really understands how dependent New­
ton will be on communication and how important it is to the success 
of the product. As we get more and more infonnation from Apple 
over the next nine months, we will find out exactly how important 
sjretems integration is to the father of Newton, and how much it really 
understands. Although Apple has indicated that it realizes that com-
mtmication is a key element in the PDA strategy, it has not yet been 
willing to discuss ideas and/or plans. Several companies are known to 
be working with Apple in this regard, with conununications products 
plaimed for introduction shortly after Newton is available for sale 
early next year. 

Sales Projections 

According to a number of different sources, Apple's first Newton is 
expected to sell from 2(X),000 units to more than 1 million units in the 
first year. Apple has not commented on the figures nor has it indi­
cated how involved its partner. Sharp Electronics, will be with the 
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Apple version of the product versus its own offering. Inconsistent 
sales projections across the various industry organizations have more 
to do with individual perceptions of the value of PDA-type products 
within the end-user community than any other factor. 

The most bullish estimate comes from SRI International, while the 
most conservative estimates are from companies that generally watch 
the workstation and PC desktop markets and have litde if any 
experience in consumer electronics areas. Further, without any real 
experience with this type of product, it is not possible to predict how 
successful it will be, and the demographics of the user community are 
difficult to determine. The two final issues that cloud the sales fore­
casts have to do with plant capacities and available commtuiications 
interfaces. 

It is safe to say that Apple and its partners will do well with this first 
PDA offering. However, they will not run away with the market, nor 
will they succeed in their stated objective of Newt (the Newton oper­
ating sj^tem) becoming the pervasive hand-held OS. There are too 
many highly qualified and highly skilled competitors lurking around 
the world and too many different approaches to solving the end users' 
problems and meeting their needs. Apple announced first, but another 
vendor may actually ship first. In either event, the size of the hand­
held organizer/PDA/hand-held computer market is large enough to 
support many different players and offer the end-user comnumity 
many choices. Newton has sizzle, it is functional, and it answers the 
needs of millions of people who want to be better organized no mat­
ter where t h ^ are, but it is not yet available. Between now and when 
Newton will be available, another product with more sizzle and more 
functionality could be introduced or, playing Apple's own game, 
shown well before it is ready to be brought to market. 

Apple has captured everyone's imagination. Now it needs to produce 
Newton to captiu« pocketbooks as well. In the meantime, vre too cire 
captivated by Newton's promise. We see a hundred ways in which it 
could help make our lives easier each day. The concept is brilliant, it 
sizzles, and it is inventive. We trust Apple and look forward to it 
being able to deliver on its promise. If it cannot deliver, or if the PDA 
is delayed for any length of time, Apple's image will become tar­
nished, and the blow to its credibility will be difficult to overcome. It 
may not have bet the farm on Newton, but Apple has certainly bet 
John Scullejr's reputation and ability to lead the rest of the computer 
industry into the age of consumer computing. 

Newton: The Name 

The name Newton is singularly appropriate because of Sir Isaac's 
involvement with an apple. He formulated the theory of gravity after 
an apple fell from a tree onto his head. 

It is possible that today's Newton, or this faoLtily of products, will 
influence the industry to develop a new form of computing that is not 
computing at all but the adaptation of computing devices for the 
masses. Newton may hit the computer industry over the head just as 
the apple did Sir Isaac! 
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Chapter 4 
Here Comes GO: PenPoint 1.0 Is 
Now Available ^ ^ ^ ^ _ ^ ^ 

Pen-based computing has finally arrived! Or at least that is what the 
folks at GO Corporation would like us to believe. GO announced the 
availability of PenPoint 1.0 in April, its operating sjrstem for pen-
based computer systems. 

Just a week earlier, at COMDEX/Spring, Microsoft was on the floor 
with Windows for Pens, and GRID, OC, and Momenta have all had 
pen operating sjrstems on the market for some time. So why is GO's 
announcement considered to be the "true" start of pen-based 
computing? 

First of all, GO's operating system has been designed from the ground 
up with the aim of being more than just pen-aware. It is fully 
designed to specifically take advantage of the pen as an input device. 
In addition, it has been hyped by the independent software vendor 
QSV) community and the press as being one of two major operating 
systems that will become pervasive in the world of pen computing. 
(Microsoft's Windows for Pens is the other.) And finally, the GO 
announcement marks the beginning of the battle for the pen user. 

The end-user community has been waiting for GO's offering (as well 
as Microsoft's) in order to see the differences between the two systems 
and how ISVs will provide software for these platforms. 

Hardware and software vendors have been waiting for GO's PenPoint 
1.0 to begin shipping because once it becomes available, these vendors 
can start shipping their products in volimie. Additionally, these ven­
dors have beoi waiting for PenPoint 1.0 to launch so that they can 
ship products that take full advantage of the pen, not just products 
that show its promise. 

Pen-Based Computing: The Elements 

This is the first time in the history of computing that all of the ele­
ments needed to create a computing environment—^the hardware, the 
operating system, and the applications—^have come together at the 
same time. It is also the first time in history when an operating sys­
tem is pushing for state-of-the-art hardware. 

GO'S development efforts started in 1988, well before today's powerful 
CPUs were available. Ehiring the last four years, the improvements 

SAWW-SVC-FR-92Q2 ©1992 Dataquest Incotporalsd October 19,1992 



4-2 Semiconductor Application Marlcets Worldwide 

and enhancements that have been made to GO'S first operating system 
model have been possible because of the increased speed smd perfor­
mance of the processors, and because of the increase in the amount of 
memory available in a system and the decrease in its cost. PenPoint 
1.0 has been optimized for the world of 32-bit processors. It is a 
preemptive multitasking, general-purpose operating system uniquely 
suited for pen computing. 

The preemptive multitasking abilities built into PenPoint are impor­
tant: They let users' work take priority, even while backgroimd tasks 
such as handwriting recognition and communications are in process. 

The system uses virtual memory that enables the system to make use 
of a hard disk as an extension of RAM, pennitting more applications 
and larger docimients to be open at the same time This gives users 
the ability to switch between tasks more quickly. 

Help for users is provided in three different wa37s: context-sensitive 
help, a help notebook, and quick-start tutorials. To use context-
sensitive help the user needs only to draw a question mark on the 
item. The help notebook provides more complete topic-based help 
information, and the quick-start tutorials permit users to become con­
versant with the system in only a few minutes—^typically 10 minutes 
or less. 

PenPoint 1.0 Features 

Handwriting Recognition 
GO'S handwriting recognition engine, GOWrite, includes features 
that GO claims permit excellent "walk-up" accuracy (no training 
or practice), robust recognition, tolerance for sloppiness and sharp 
handwriting variation, trainability, and broad coverage. GOWrite 
recognizes more than 25 punctuation characters and a wide variety 
of writing styles by using a database of more than 700,000 hand­
writing and gesturing samples. 

Look and Feel 
The first view of PenPoint is a Table of Contents page, with tabs 
along the side and some small icons at the bottom. The entire 
metaphor of the system is unlike any other type of desktop com­
puting enviroiunent in widespread use. An appUcation is never 
launched, and dociunents are not loaded on top of the application. 
In PenPoint, the applications are resident, but not visible. Instead 
there are pages in a notebook, with each page created by the appli­
cation that controls it. 

Easy to Learn 

Learning to use PenPoint is easy. There are only a few basic gestures 
that users need to learn. Once users learn those gestures, they can 
move freely around within the system, doing productive work and 
learning more about gestures and movements as they proceed. 
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Compatibility 

PenPoint can read and write MS-DOS-formatted disks directly and can 
import and export many standard file formats such as RTF and TIFF. 
Support is also provided for Novell NetWare, AppleTalk, and native 
TOP/IP. In addition, several software vendors have designed and are 
shipping other commimications-related products. 

Product Specifications 

The present version of PenPoint 1.0 is designed for the Intel 386 
family of microprocessors, but future PenPoint versions will run on 
other processor types. We expect to see some very powerful RISC-
based systems become available before too long. 

Two applications are shipped with the OS: MiniText and MiniNote. 
MiniText is a simple text-editing and word processing application, and 
MiniNote is a basic note-taking application that permits users to scrib­
ble notes on the screen. 

Memory Configuration 
GO recommends 2MB minimiun memory when PenPoint is ROM-
based, and 4MB if the OS is disk-based. PenPoint supports memory 
configurations up to 256MB of physical memory and up to 4GB of 
virtual memory. In addition, the OS supports IDE-based hard disks 
as well as silicon (solid-state) disks. The OS requires 3.5MB of disk 
space, and virtual memory requires an additional 4MB to 5MB of 
space. 

File System 
PaiPoint 1.0 supports the MS-DOS file system. The maximtun 
number of doctunents that can be opened at the same time is 
limited only by the amount of memory available. The maximum 
file and volume size as well as the maximum files per volume 
are unlimited, but are dependent on the amount of disk space 
available. 

PenPoint reads and writes to floppy disks in MS-CKDS 720KB, 
1.44M6, and the new 2.88MB formats. It also supports an external 
keyboard, external disk drives, floppy drives, and even some SCSI 
devices, depending on the hardware vendor's implementation of the 
system. 

Display Support 
PenPoint's display support is hardware-independent. If a VGA-
compatible controller is used, PenPoint displays eight shades of 
gray based on 3-bit planes. A 1-bit plane is used for the ink anno­
tation layer of the PenPoint interface. 

Software 

The software applications shown at the announcement included Slate's 
Day-limer, and LapLink Pro for PenPoint (a collaborative product 
from Slate and Traveling Software). The Numero spreadsheet by 
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PenMagic Software was also demonstrated. Ink Development showed 
off InkWare Photo and Notetaker. Pensoft was there with its Perspec­
tive 1.0, a very robust (PIM) based on a relational database model. 
Many companies demonstrated vertical market packages designed to 
provide pen-based solutions to a variety of function-specific users. In 
addition, some companies demonstrated their own coimectivity ideas, 
like Sitka with its PenCentral connectivity options, and Photonics with 
its infrared transceiver connections. 

Operating System Summary 

PenPoint 1.0 is a robust operating system that has been specifically 
designed for pen interface and interaction. PenPoint 1.0 includes its 
own handwriting support that can be replaced if another recognition 
system is preferred by the user. It supports embedded document 
architecture (live documents can be embedded within doctunents). It is 
display-scalable (runs on any size screen from very smaU to very 
large), and it has been designed to provide a new way of working 
witli computer documents. 

PenPoint is an object-oriented operating system that uses true 32-bit 
architecture and supports virtual memory. It is as compatible with 
MS-DOS as possible while retaining its own look and feel. 

Dataquest Perspective 

Dataquest does not believe that the average end user will beat a path 
to the retail stores of the world to piuchase his or her very own pen 
system this year, or even well into next year. Instead, Dataquest 
believes that those hardware companies that will be successful are 
ones that invest the time, effort, and money to work on pilot pro­
grams with the corporate world. The first implementations of pen 
computing will come in vertical markets, where fully integrated hard­
ware and software platforms are designed to provide specific solutions 
to current, identifiable business problems. 

Companies that are already working with their corporate clients to 
find ways to integrate their pen-based offerings into the corporate 
computerized and, more important, noncomputerized operations— 
companies like IBM, NCR, and GRID—^will sell hardware this year. 
They wiU not sell jxist one and two units, but hundreds of imits. Com­
panies that do not have contacts with the corporate world will strug­
gle through the next 12 to 18 months. 

GO'S announcement marks the true start of pen computing, a begin­
ning that will change the way most of us regard computers and the 
way we interact with them. It is an exciting time and one that will 
be marked in the history books along with the introduction of the 
Apple n and the IBM PC. To the venture-funding organizations of the 
world we offer the following advice: Have patience and do not push 
too hard, for if you do you can only further delay the acceptance of 
pen computing. Putting pressure on companies to turn a quick buck 
can only hurt them and the industry as a whole. 
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Partnering and long-term strategies are going to be very important in 
this market segment. But the understanding of how people work, and 
how to integrate this technology with work habits, is the miost im.por-
tant factor and will give many systems vendors a real advantage over 
the "box" shops. Finally, Dataquest believes that hooking the end-user 
community is more important than ever. 

Congratulations to GO and to all of the vendors that are following GO 
into the market. Vendors have to be careful not to get into an "ours 
has to be the only one" position. Vendors need to earn their place in 
the market by providing solutions for users and accepting the fact that 
users may make other choices. The industry has to keep GO versus 
Microsoft from becoming as debilitating as Microsoft versus IBM has 
become to the desktop world. 
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Chapter 5 
GO and AT&T Ally to Embrace 
Personal Communications ^ 

The world of personal commtmications devices, or personal informa­
tion processors, or what Apple Computer refers to as PDA, is heating 
up. Apple announced its first PDA—called Newton—at the end of 
May, with plans to ship in the first quarter of 1993. Tandy, Casio, and 
GeoWorks announced plans for an alliance on May 27, and Day Run­
ner and Texas Instruments announced a "cooperative development 
agreement" on July 14. Perhaps the most significant announcement, 
however, is the one from AT&T Microelectronics and GO Corporation 
on July 13 of plans to develop a personal communications platform. 

None of these announcements involves products that exist to touch 
and feel today, although a prototype of the Apple hardware product 
was shown at Apple's Las Vegas launch. The AT&T-GO announcement 
did not include any hardware products, nor did the announcement 
hint at which vendors might be developing hardware for this 
integrated computing platform. 

Tight Integration 

Although the announcement did not include any hardware for the 
world to marvel at, or even a demonstration of what was being 
introduced, the announcement may turn out to be as important as— îf 
not more important than— t̂he Apple Newton announcement made a 
month and a half earlier. 

At the base of this alliance is the coupling of GO'S PenPoint mobile 
operating system and the Hobbit microprocessor froiri AT&T. This was 
not just a 'iiere is the hardware platform, and over here is the operat­
ing system" announcement. It was, instead, "here is a very powerful, 
very low-powered microprocessor, and here is the operating system 
that will be integrated to form a powerful, portable communications 
and computing platform." 

Tlie Name 
AT&T has chosen to name its future hand-held devices 'Tersonal 
Communicators," which will be "rich in communication and will 
integrate voice, data, handwriting recognition, fax, electronic mail, 
still images, and in the future, full-motion video. These devices will 
provide anytime, anywhere communication to a whole new dass of 
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business users and consiuners who need to constantly stay in touch," 
according to AT&T. 

The Meat 

In a nutshell, GO has optimized a version of its PenPoint operating 
system for both the Hobbit architecture and communications applica­
tions. AT&T has developed a series of low-powered microprocessors 
that work with digital signal processors (DSPs) and other technologies 
required for communications-oriented devices. 

Even the Hobbit chips were not announced this time around. Instead, 
AT&T addressed the near future and the power that its new 
C-language Rational Instruction Set Processor (CRISP) CPU line will 
bring to mobile computing and how tightly it will be integrated with 
the GO operating system. 

For its part, GO Corporation talked about the configiiration of its Pen­
Point operating system for the mobile conununications market. Special 
support for mobile computing has been added to the operating 83̂ 5-
tenx, and it now supports intermittent connections via wired and/or 
wireless links. In addition, the operating system permits multiple 
simultaneous communications links, and it can store and forward 
messages, files, and information when connections are established (or 
re-established). 

interesting, But... 

AT&T and GO Corporation have fired a volley in response to Apple's 
Newton introduction. But if they are not showing a product, or even 
discussing specific products or delivery dates, then why is their alli­
ance perhaps more important than the Newton announcement? 

First the Hardware 
Dataquest believes that companies such as EO (the hardware spin­
off from GO), as well as several others, will aimounce and demon­
strate their fully integrated products prior to the end of this year 
and that they may even ship a small quantity of their offerings by 
the beginning of next year. 

However, both AT&T and GO acknowledge that the first hardware 
platforms to offer the combination of GO'S PenPoint and AT&T's 
Hobbit processor will have a larger form factor than Apple's New­
ton. They discussed upcoming products in vague terms but indi­
cated that we should expect to see larger, clipboard-size products 
first, followed over time by smaller and lighter units. 

These units will be "very powerful" (says AT&T) and—^with the 
proper power management—battery life should be better than 
acceptable. Although AT&T did not, in fact, announce the Hobbit 
chip except to acknowledge that it does exist, AT&T did discuss 
the architecture of the chip and why it is "ideally" suited for the 
mobile computing environment. 
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Designed into the chip, according to AT&T, are the following 
capabilities: 

• Fast context switching to miove quickly from one process task to 
another is an important feature for personal comxmmications 
devices, because the processor needs to service multiple 
processes—^for handwriting recognition and several communica­
tions coimections—simultaneously. 

• Fast interrupt response allows personal commiuiications devices 
to quickly respond to and service interruptions (such as incoming 
calls) while still allowing the operating system to provide a 
smooth, responsive interface. 

• Low bus activity makes the system bus available for E>SP or 
other communications hardware components to send commtmica-
tions process-handling information and other data to memory 
without interference from the main processor. 

• Processing headroom to handle real-time commitmications tasks, 
especially those that involve rich data t3^es—such as graphics, 
voice, and video—^that require tremendous amounts of processing 
power. Hobbit represents a leap forward in providing this 
processing power at a cost low enough for consumer products. 

• High code density allows products to be built with smaller 
memory systems resulting in lower overall system cost. 

• Low power dissipation is achieved through an efficient power 
management architectxire, which is controlled by GCs PenPoint 
operating system. 

• Stack cache optimizes function call efficiency. Instead of operating 
with registers that are visible to the user, the Hobbit provides a 
run-time stack cache. This approach minimizes the overhead 
associated with procedure calls, which account for 1 out of every 
20 instructioiTS (or more in C language operating S5retems). Pen­
Point's object-oriented design allows an application programmer 
to send a single message that will result in the automatic perfor­
mance of many functions by inherited classes in the system. The 
Hobbit stack cache makes resulting function calls highly efficient 
and fast. 

All of these features of the Hobbit CPU, according to AT&T, make 
this platform the "perfect" fit for mobile communications and 
computing. 

Systems, in addition to the main processor, that make use of the 
Hobbit chip can also include other low-power chips developed by 
AT&T Microelectronics, including a family of DSPs that AT&T 
dauns will add a high degree of intelligence to both the product 
and its communications capabilities. 

The Operating System 
When G C s PenPoint operating system was first announced, the 
potential scalability of the system was one of the primary features 
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discussed. The use of PenPoint on a hand-held platform has been a 
part of GO'S plans since the inception of the operating system, and 
while scalability is important, the other features added to PenPoint 
during the past year are also a vital part of the package. 

Because PenPoint uses object-oriented programming to provide a 
tightly knit core of reusable classes from which all applications and 
commtmications services are built, all types of documents, regardless 
of the application, become "commimications enabled." This means 
that a dociunent can be sent as a fax, printed material, an elec­
tronic mail message, a pager message, or a file to a desktop 
computer. 

The other features of the operating system that have been specifi­
cally built in for mobile computing include automatic detection of 
device and media attachment and detachment (the ability to 
dynamically load and execute protocols in response to external 
hardware events, such as a wireless connection being made). 

The AT&T-GO Vision 

The press nnaterials addressed the ways in which personal communica­
tors will be used and how easy it will be to make a connection and 
take advantage of the built-in systems commtmications "smarts." 
AT&T and GO also envision a series of Hobbit-GO-based products, 
varying greatly from each other but all with a common focus: mobility 
and communication. Some of the ideas that they presented indude 
pocket-size cellular telephone and notepad devices and notebook-size 
multipurpose communicators that include both data and voice com­
munication and interaction. 

AT&T and GO believe that this combination of tightly integrated hard­
ware and software will provide their ctistomers (who will be design­
ing and selling the end-user products) the abiUty to differentiate their 
products and, as a result, help prevent the price wars that are now 
thinning out the ranks of PC vendors. 

Several statements were made both during and after the press event 
indicating that hardware products based on this combination of the 
Hobbit chip and the PenPoint operating sjrstem will be introduced by 
the end of this year. Certainly, there has been much speculation 
regarding the GO spin-off EO, which is reported to be building a 
product based on this architecture. 

The Real Deal 

The press event was held just prior to the start of the Mobile '92 trade 
show and was well attended. A short time was spent discussing the 
"real" reason that people should be excited about this announcement, 
but not much attention was really drawn to the total communications 
pictiuie. 

Both AT&T and GO talked briefly about communication, indicating 
that they understand the need for robust commtmications links. Their 
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joint statement regarding communication seems to sum up their 
approach to the importance of moving information from one point to 
another: "If personal communications are to be successful, they will 
need to work hand-in-hand with today's existing wired communica­
tions infrastructure and be poised for the emerging wireless revolu­
tions. Together, AT&T Microelectronics and GO will work with thitd-
party partners so that the new platform will connect to key network 
resources and services." 

The press release also reveals plans to incorporate features to make 
the Hobbit-based systems "wireless ready" using any of the wireless 
choices that are, or will be, available. Cmrent choices are wired, 
infrared, and wireless connections, with the wireless option including 
cellular, packet radio networks such as RAM Mobile Data and Ardis; 
paging networks such as SkyTel and Embarc; and future networks 
such as those that rely on satellites. 

Missing from this discussion, however, is the fact that AT&T owns and 
operates the largest wired communications system in existence and is 
involved in many cellular systems, paging, and point-to-point net­
works. Dataquest believes that AT&T has not yet played its trumip 
card in this area. 

If personal communications devices are to become as important as 
many people in the industry beUeve that they will, then it is the net­
works (as much as the technology and magic contained within them) 
that will enable these devices. AT&T understands this perhaps better 
than any other company. During its long history of being the tele-
phoite company before the divestiture, and even since its breakup, 
AT&T has been a provider of the network used for communication, 
and AT&T wants to continue to use this network. When it was the 
only provider, it rented telephone instruments to customers to plug 
into its networks. When customers first developed a need for radio 
paging or mobile telephone service, they purchased or leased equip­
ment from AT&T and used its network. 

Shortly before and certainly after the divestitiue, AT&T was faced with 
competition in all areas. Many other companies moved in to provide 
the hardware necessary to connect to their own networks, and several 
other companies have even emerged to challenge the supremacy of 
AT&T's networks. However, it is still true today that AT&T's main 
strength is its networks, especially now that access to information is 
key to corporate success. The challenge still remains the ability to 
move information from one place to another. 

The Hook 
AT&T does not just own networks, it also owns services—such as 
AT&T Mail— t̂hat run on top of the networks. At present, AT&T Mail 
competes with M Q Mail for electronic delivery of e-mail on a world­
wide basis. Some companies are using either AT&T Mail or M Q Mail 
to virtually run and coordinate their operations. 

SAWW-SVOFR-9202 ©1992 Dataquest Incofporated October 19.1992 



5-6 Semiconductor Application Mai1<ets Worldwide 

AT&T Mail, as weU as AT&T's other commtmications networks, can 
serve as the point of contact for many personal communications 
devices. Users would not have to make decisions about the type of 
communications network that they needed—^access to AT&T Mail 
could provide a gateway to any of the other services. 

Access to AT&T Mail can be accomplished by wire, direct phone con­
nection, LAN computer systems, and other networks. Access through 
wireless systems is easy enough to accomplish. After all, the wireless 
connection is an extension of the network, running through the air 
instead of on a pole, but part of the network nonetheless. 

If AT&T couples the power of the Hobbit with the power of PenPoint 
and then provides easy access to its own network, the combination is 
one that will give it a decided advantage in the personal information 
processor field. AT&T will have the opportunity to sell the chip sets, 
help OEMs build the products, and then sit back and collect the rent 
for the use of its networks from all of the Hobbit users. 

Dataquest believes that AT&T will work with all of the other service 
providers but that its main thrust will be to provide the missing link: 
the communications path from the hand-held device to the desktop or 
network device—as an integral part of the rollout of products. 

Dataquest Perspective 

As with the Apple Newton announcement, the AT&T-GO press event 
left as many questions unanswered as it answered. The two companies 
did not elaborate on exactiy what vendors will provide hardware, or 
when the products will become available, or about the type of "seam­
less" communication that the products will offer. 

Both AT&T and GO gave the distinct impression that they intend to 
handle every piece of information that goes into and comes out of the 
personal commimicator as a document of one form or another. The 
operation to move a document from a remote base station to a hand­
held system, as it was explained, involves having the document arrive 
at the personal communicator and be exposed to all of the applica­
tions in residence, and then have each application alert the user as to 
whether it can or cannot provide a home for the document. In this 
way, information can be sent to and received from the personal com­
municator, recognized by an application, and "attached" to that 
application. 

What AT&T and GO did not discuss or demonstrate is an understand­
ing that communication goes way beyond the transmission and recep­
tion of documents. Much of the information that will be received by 
and sent from personal communications devices will not be isolated or 
standalone but will be a piece of a larger pie that needs to be 
integrated with other information that often exists in a different form. 

It is not clear that AT&T and GO have taken the communications 
metaphor far enough yet. There is still time, and AT&T does under­
stand how^ to move enormous amounts of data from anywhere to 
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anyTvhere. It will be interesting to discover whether or not the com.bi-
nation of AT&T and GO will be able not only to move the information 
but also to move it smartly, seamlessly, and quickly. 

Without having seen the software or the hardware, it is impossible to 
declare the AT&T and GO alliance a success. In some ways, Apple has 
set higher expectations within its potential user conununity because it 
has demonstrated its concept of mobile computing on a hardware 
platform that is supposed to become real in the first quarter of 1993. 
On the other hand, AT&T and GO have announced an alliance that, 
when coupled with a third-party hardware supplier, will provide a 
product with just as much sizzle and even "more functionalit}^' (their 
words) than the Newton. If the first efforts are not quite rig^t, then 
the alliance has a chance to work with hardware vendors to correct 
problems while continuing to work with other vendors to improve 
existing products. 

All of these personal communications/information devices are still 
evolving. AT&T and GO have provided a hardware and operating sys­
tem platform that hardware vendors can add value to and bring to 
market—and probably connect to an AT&T network. 

SAWW-SVC-m-9202 ©1992 Dataquest InccxpoialBd October 19,1992 



Chapter 6 

Convergence to a New Form Factor 

Current-generation notebook PCs are built around the 386 or 486 Intel 
MPU, have a 2.5-inch hard disk, a floppy, and fax/modem communi­
cation capabilities built-in. With respect to form factor, pen-based 
PCs today are similar to notebook PCs, and even though current-
generation notebook and subnotebook PCs tise a keyboard for infor­
mation entry, they can easily be converted so that they run a pen-
based operating system such as the Microsoft's Pen V\Sndows using a 
"pen" instead of a mouse. Figtires 6-1 and 6-2 show examples of pen-
based systems, the IBM Thinkpad 700T and the NEC UltraLite SL/20P. 
The NEC model includes dual interface with both a stylus and a key­
board, and has mouse emulation via touch or stylus input. 

Figure 6-1 
IBM Thinkpad 700T 

Source: IBM Corporation 
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Figure 6-2 
NEC UltraLite SL/20P 

Source: NEC Corporation 

This easy transformation of notebook PCs to pen-based PCs by simply 
replacing the mouse with a pen may indicate that the "pen-based PC" 
is not really a valid form factor, but perhaps a transient PC classifica­
tion. Hand-held PCs such as the HP 95LX may acquire a pen to be 
used as an additional input device, and the same is true for organiz­
ers. As a matter of fact, Sony has offered one for the Japanese market, 
and Sharp has demonstrated a Japanese version of a pen-based 
organizer. All these form factors are in the process of experimenting 
with the use of the pen as an input device to replace or supplement 
the keyboard. In the process, they seem to be converging to a new 
form factor, as exemplified by Apple's Newton. Figure 6-3 shows that 
trend, which is being made possible by availability of low-power/ 
high-performance semiconductor components and the emergence of 
new user-friendly and intuitive operating systems and software. Suc­
cess of PICDs depends as much on the availability of new operating 
systems and software applications as it does on hardware. 
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Figure 6-3 
Convergence to a New Form Factor 

Notebook PC 
$1,000 to $5,000 
•HDD 60MB to 120MB 
• Keyboard/Mouse 
• 2- to 4-Hour Operation 
• Modem/Fax 

• DOS/Windows 

Subnotebook PC 
$1,000 to $3,000 

• DOS/Windows 

Pen-Based PC 
$2,000 to $6,000 
• HDD or SSD 
• 2- to 4-Hour Operation 
• Fax/Modem 
• Pen Input 

(KBA Optional) 
• Pen OS 

Organizer 
$250 to $600 
• DOS/PIMS 
• Memory Cards 
• Keyboard/Pen 
•20-to 100-Hour 

Operation 

PICD 
• Pen Centric OS 

• SSD/Memory Cards 
• Fax/Modem/Wireless 
• 20- to 100-Hour Operation 
• $500 to $2,000 
• Small Fonn Factor 

Source: Dataquest (October 1992) G20Q2£€e 

Microprocessor Wars Revived? 

For PCs, the microprocessor issue has been mute for a while now. 
Simply stated, the majority use X86 architecture devices, currently in 
the migration path along the 386/486, and soon to be P5. The major 
exception to this is, of course, Apple using the Motorola 68000 fanaly 
of devices for its products to date. Intel in essence has been a stabiliz­
ing force when it comes to MPUs for PCs. For its immense success, it 
has been rewarded recently with as much as 60 to 70 percent of the 
profit per motherboard sold! So far most challenges mounted against 
Intel and the CISC camp of MPUs have failed, at least as far as PCs 
are concerned. 
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What appears to be different now is that the most significant 
implementations of futiu^ PICDs are not scheduled to use an Intel X86 
architecture MPU. Apple's Newton will use the ARM microprocessor 
from VLSI, while the AT&T/GO alliance has proposed an open 
architecttire that uses AT&T's Hobbit microprocessor. Both ARM and 
the Hobbit are RISCs. 

Is this a RISC-aSC war again? Not really. The lines between RISC 
and CISC have blurred suffidentiy to make this a nonissue. TTie rea­
son for not using X86 MPUs may be simple: PICDs do not need to 
run DOS or \ ^^dows , thus there is no need for backward software 
compatibility. That in turn opens the door to new possibilities because, 
for the first time in a whUe, it is open MPU season for an up-and-
coming PC form factor. 

Why ARM or Hobbit? 

The tasks that Apple is envisioning Newton performing—^handwriting 
recognition, speech and image processing, and communication, among 
others—are quite taxing for a 386 class of microprocessors. And even 
though a 486 or P5 may have an easier time, there is the issue of 
power; because PICDs need to be portable, watts of power are not 
available to the MPU anymore. Thus, the search for a powerful yet 
power-nimble MPU. 

The MPU players are as follows: 

• VLSI Technology Inc.: ARM 

• AT&T: Hobbit 

• Intel/AMD/Cyrinx/Texas Instnunents: X86SL 

• Motorola: LSC80018 

• VADEM : VG-230 

• NEC/Sharp: V20 and V30 

• Chips & Technologies: PC/CHIP 

Operating System Suppiiers for PDAs, Personal 
Communicators, and PICDs 

Suppliers expected to offer or attempt to offer operating systems for 
PICDs are as follows: 

• Apple 

• GO 

• GeoWorks 

• Microsoft 

• Communication Intelligence Corporation 

• Others 
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AT&T and GO Revisit tlie Past (in Searcli of Future Profits) 

We may be revisiting history here. Not long ago many good 
microprocessors were around for building a PC. The two most success­
ful were the 6502 used by Apple n and the Z80 used by everybody 
else. There were also at least two popular operating systems, one from 
Digital Research running ZSQ machines, and Apple's proprietary OS 
running Apple n. Then came the IBM PC using the Intel 8088 
microprocessor and a relatively imknown operating system, DOS, from 
Microsoft. The rest is history. 

Microsoft grew into the largest supplier of operating systems on the 
planet, becoming a mammoth-size company overnight. Intel was there­
after established as the king of microprocessors for PCs, which in turn 
established PCs as the mainstream computer business. Apple did well 
following its own path, and led the way with some superb products 
that were soon emulated. To get the horsepower needed by new 
products, it replaced the 6502 with a line of powerful MPUs from 
Motorola, the 68000. 

Where are we today? Apple is proposing a new visionary line of por­
table products (PDA), with Newton first in line. It will use its core 
expertise to provide a proprietary operating system. It chose ARM, 
which, by the way, is a 6502 RISC derivative! AT&T is proposing an 
open standard architecture with Hobbit as the core MPU running 
GO'S pen-based operating system. GO is a relative newcomer in oper­
ating s)^tems, the way Microsoft was 10 years ago. AT&T is where 
Intel was before IBM's endorsement. Does AT&T want to become Intel 
for the MPUs of PICDs? Does GO want to become the Microsoft of 
the next century? There is no question that GO would love to replace 
Microsoft, and that AT&T would welcome the opportunity to be the 
Intel of PICDs. 

However, at this point both companies appear focused on the short-
term objective: to provide useful hardware and software for Personal 
Communicators and similar classes of machines. The possibility of 
AT&T and GO replacing Intel and Microsoft at the top may be real for 
the first time in years. 

Overview: Semiconductor Opportunities 

PICDs will most likely be configurable at the user level, for two rea­
sons, as follows: 

• It makes for flexible systems, allowing the user, for example, to pick 
the size of the solid-state disk (mass storage) required at the time of 
purchase. The same holds true for other options such as PCMCIA 
fax/modem, Ethernet LAN cards, memory cards, expansion 
memory (PCMCIA form factor), and software packages (PCMCIA 
ROM canis). 
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• The basic system is low in cost, a must for PICDs to reach high 
volumes. As a result, opportunities for semiconductor vendors wiU 
be found in the following areas. 

D Mass storage 

- Memory cards 

- SoUd-state disks 

- Small form fector rigid disk drives 

• Communication 

- Infrared OR) 

- Radio frequency (RF) 

- Fax 

- Modem 

- Voice 

- Cellular 

a Data compression 

a Video 

a Audio 

The following discussion examines a range of semiconductor oppor­
tunities, primarily for small form factor portable PCs, by presenting 
pertinent market size and growth data of selected areas as well as 
specific examples of current implementations and future trends. (It 
should be noted that a good treatment of trends and semiconductor 
opporttmities in video, audio, and compression, among others, can be 
found in Dataquesf s Multimedia report.) 

Market Overview 
Table 6-1 shows the portable computer subset of the PC market fore­
cast provided by Dataquesf s PC group. It is worth noting that hand­
held PCs are second only to pen-based PCs in terms of unit growth, 
and are expected to account for 23 percent of all PCs sold by 1996. 
Table 6-2 shows the worldwide portable PC market forecast by 
product type. 

Figure 6-4 is our market estimate for PICDs, whose success will 
depend heavily on execution. As with all new markets, this market 
will take time to develop. After all, it took at least 10 years for the PC 
market to reach its present stage of maturity. Opportunities for this 
market are emerging in semiconductors, systems, and software. 
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Table 6-1 
Worldwide Portable PC Market Forecast (Thousands of Units) 

Laptop DC 

Notebcxik 

Pen-Based 

Hand-Held 

Total Portable 

1991 

2,764 

1,136 

41 

238 

4,179 

1992 

3,101 

1,794 

122 

763 

5,780 

1993 

3,392 

2,816 

800 

2,042 

9,050 

1994 

3,669 

4,393 

1,759 

3,877 

13,698 

1995 

3,933 

6,809 

3,289 

6,188 

20,219 2 

Source: Dataquest (October 1992) 



Table 6-2 
Worldwide PC Revenue Forecast, by Product Type (Millions of Dollars) 

Type 
Laptop DC 

NoteBook 

Pen-Based 

Hand-Held 

Total 

1991 

4,852 

1,795 

85 

86 

6,818 

1992 

5,256 

2,857 

268 

254 

8,635 

1993 

5,513 

4,369 

1,917 

653 

12,452 

1994 

5,980 

5,798 

4,391 

1,193 

17,362 

1995 

5,860 

8,238 

7,966 

1,832 

23,896 

Source: Dataquest (October 1992) 
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Figure 6-4 
Worldwide PICD Shipment Forecast (Thousands of Units) 

Thousands of Units 

40,000 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Source: Dataquest (October 1992) 62002277 
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Chapter 7 
Nomadic Computing and Semiconductor 
Opportunities for Hand-Held PCs ^ ^ ^ 

Portable PC terminology is confusing. Definitions change with time as 
technology races to fit a Cray supercomputer in a shirt pocket! In this 
article, Dataquest provides basic definitions and then discusses trends 
and semiconductor opportunities in the portable PC industry. 

Definitions 

A notebook PC is a desktop PC shrunk to the approximate size of 
8.5 X 11 X 1.5 inches; it weighs 4 to 7 poiuids. 

A subnotebook PC or companion PC is basically a smaller notebook 
PC that typicaily measures 10 x 6 x 1 inches and weighs less than 
3 pounds. It may use a floppy and a hard disk or silicon disk for 
mass storage. 

A hand-held is a desktop PC shrunk to at least a size of 8.5 x 4 x 1 
inches (more often 6 x 4 x 1 inches) and weighs less than 1.5 pounds. 
Because of size and power constraints, hand-held PCs do not use a 
hard disk for mass storage. Instead they rely on PCMCIA-t5rpe 
memory cards to fulfill this functioi\. The memory card here performs 
dual functions: that of a removable mass storage device (hard disk) 
and of a floppy that allows for information exchange. The term palm­
top is often used to indicate a similar class of machines. For our dis­
cussion we will focus on machines that support a standard operating 
S5rstem (OS) such as DOS. 

A personal organizer is a small portable device ( 6 x 3 x 1 inches or 
smaller) typically nmning a proprietary OS and a small set of per­
sonal information management (PIM) utilities such as appointment 
calendars and phone books. Personal organizers do not run general-
piupose software. They can, however, communicate with PCs for data 
transfers. 

Wliy Do We Need Hand-Held PCs? 

Even though portable PCs are getting smaller and lighter by the day, 
they are still cumbersome for many applications and users. It is true 
that notebook PCs have brought the computing power of the desktop 
to an 8 X 10 X 1-inch form factor weighing just tmder 5 pounds. But 
even though they fit in briefcases, they are still limited in a number of 
ways. 
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Portable PCs depend on expensive nonstandard rechargeable batteries 
that allow for just 2 to 4 hours of operation, which creates a problem: 
It is nice that such powerful full-fledged PCs can be taken on the 
road, but they tend to become temporarily useless once they run out 
of power. Of course they can be brought back to Ufe when an AC out­
let is found, but then, this is not much consolation inside an airplane! 
Another problem is the AC adaptor, which is not lightweight and 
takes up space. At 4 to 5 poimds (adaptor excluded), notebook PCs 
are still heavy for most users, who would prefer something much 
lighter if given a choice. More importantly these PCs are not socially 
accepted in meetings, while paper-based daj^timers and organizers are. 
Portable PCs also are not very rugged, the weak points being the hard 
disk and to a lesser degree the LCD display. Finally, there is the cost 
issue: Notebook PCs still cost $1,500 to $4,000, excluding software. 

Enter the hand-held PC, which is much smaller, much lighter, runs on 
off-the-shelf batteries (often standard AA) for up to 100 hours, fits in a 
shirt or vest pocket, costs a third the price of a notebook, runs most 
(if not all) PC application software, and easily connects with desktops. 

Because the hand-held PCs run off-the-shelf software, they become 
almost as useful as the desktops. The key word here is almost. Some 
choices had to be made to downsize a desktop to a hand-held. There 
is no space or power to use a hard disk, which means that some alter­
nate form of mass storage is needed. The only viable—^and in the 
short-term, expensive—^alternatives were solid-state disks and/or 
memory cards. The solid-state disk based on flash memory is the hard 
disk replacement; the memory card is the floppy. 

Solid-state storage is a blessing in disguise. Because it is more expen­
sive than the equivalent hard disk drive (HDD), it mandates that only 
the necessary software be built-in or carried along. This fact, limiting 
as it may at first glance seem, forces examination of the utility of the 
software carried along. Only absolutely necessary software is embed­
ded in hand-held PCs because semiconductor mass storage is not 
cheap. On a per-megab}rte basis a hard disk drive costs $3 to $4, 
whereas a fl^h memory disk/card may cost $50 to $75. By year's end 
it is expected that the cost disparity between hard disks and solid-
state storage (flash) will be reduced to 5:1 as memory cards reach 
$25 per megabyte. 

A point often missed in cost-per-megabyte discussions is that just 3MB 
of hard disk storage cannot be bought for $9! Even if the cost issue b 
ignored, hard disks cannot be used in hand-held PCs because they 
consume too much power and their size, even at the 1.8-inch form fac­
tor, is a problem. This may not hold true if and when low-power 
1-inch HDE>s become available. At that size most problems inhibiting 
their use in hand-helds should disappear. A 1-inch hard disk would be 
reasonably rugged and power nimble. For now, however, solid-state is 
the only alternative. 

Hand-held PCs are not meant to replace the office PC; instead, they 
are expected to act as adjunct computers. 
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To the extent that hand-held PCs can effectively be used as take-along 
computers, their compatibility with the user's desktop PC is essential. 
However the ability to nm all the software as the user's desktop is a 
questionable quahly. The hand-held is more of an outgio'wth from the 
organizer camp as opposed to the downsizing of the notebook PC. 
Attributes other than full compatibility are more important. For exam­
ple, are the FIMs adequate and well designed? Is the hand-held small 
and easy to carry along and use? Is the keyboard useful for a reason­
ably small amount of typing? Are the batteries easy to find and do 
they last 50 to 100 hours? Is the display quality acceptable? How easy 
is it for the average user to connect the hand-held to a desktop and 
upload/download data? Is connectivity expensive? Successful hand­
held implementations should have plenty of yes answers for this set of 
questions. 

Who Uses Hand-Held PCs? 

Beyond the on-the-go professional that needs something liĝ ht for the 
road, a multitude of p)eople use and will use these devices in a variety 
of environments. Weight, portability, and battery life are key feattires 
that make hand-held PCs attractive in industrial/commercial tasks on 
the factory floor to collect data, in shipping and receiving, for inven­
tory and other tasks. Thus assuming that hand-helds deliver on the 
challenges at hand (ease of use, long battery life, and seamless connec­
tivity), they stand to dearly dominate parts of mobile computing. 
Figure 7-1 shows a representative level of integration in toda3?'s hand­
held PCs. 

The trend in hand-helds is toward using a highly integrated MPU 
such as the NEC LH72001, the C&T F8680, the VADEM VG-230, or the 
Motorola LSC80018. The memory card port can be controlled in a 
number of ways. A memory card controller may be used if space and 
cost permit. Alternately, glue logic or even the MCU may be used for 
direct but less efficient control. This function will ultimately migrate to 
the MPU. 

Table 7-1 shows hand-held unit projections based on Dataquesf s Per­
sonal Computers group's forecast, w^hich does not include personal 
organizers. Hand-held PC imit shipments are expected to grow at a 
compound annual growth rate (CAGR) of about 84 percent from 1992 
to 1996. Both average selling prices and hand-held semiconductor con­
tent are expected to come down following reasonably well-defined 
learning curves. The total available market for semiconductor vendors 
is projected to grow at a healthy rate of 67.2 percent over the same 
period. It should be noted that the semiconductor TAM figures do not 
include the substantial semiconductor memory (flash, ROM, and 
RAM) opportunities arising from memory card sales. 

Figure 7-2 shows projected hand-held PC market share for 1992 and 
1996. 
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Figure 7-1 
Hand-Held PC—Block Diagram 
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Table 7-1 
Estimated Total Available Market, Worldwide Hand-Held PCs 

Units (K) 

ASP ($) 

Semiconductor Content ($) 

Semiconductor TAM ($M) 

1991 

238 

360 

71 

16.9 

1992 

763 

330 

56 

42.7 

1993 

2,042 

320 

52 

106.2 

1994 

3,877 

310 

47 

182.2 

1995 

6,188 

300 

43 

266.1 

Source: Dataquest (October 1992) 
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Figure 7-2 
Worldwide Hand-Held PC Market Forecast 

Source: Dataquest (October 1992) Q20<]01(ffi 

Hand-Held PC Players 

Players in the hand-held PC market, along with their status, are as 
follows: 

• HP— În its second generation of product, HP 95LX 1MB. 

• Poqet— În its second generation of product, Poqet PC. 

• Sharp—About to enter the hand-held PC market with its PC-3000. 
Has participated in the organizer market with its V^ard product 
line. 

• Casio—So far has offered a series of organizers (B.O.S.S. product 
line). 

• Atari—Offers the Atari Portfolio. Sold close to 100,000 units in 1991. 

• Sony—^At present offers a line of hand-held PCs for the Japanese 
market that run a proprietary OS and accept pen input. 

• PSION—Has offered a product that is similar to HP's 95LX but is 
based on a proprietary OS. 

Semiconductor Opportunities and fiends 

Opportunities and trends for semiconductors are described in the fol­
lowing paragraphs. 
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MPU 
Because both space and power come at a premiuin, MPUs that 
integrate most if not all the functions needed to build a hand-held 
PC are now appearing to fiU the gap. Figures 7-3, 7-4, and 7-5 are 
typical implementations. As high integration is achieved, board 

Figure 7-3 
Block Diagram of the Chips & Technologies F8680 (FOCHIP) 
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Figure 7-4 
Block Diagram of the Sharp LH72001 
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Figure 7-5 
Block Diagram of the Vadem VG-230 
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space and cost will be freed for other functions such as speech and 
handwriting recognition, and IR and RF communications capabilities. 
MPU speeds will increase, primarily driven by handwriting recogni­
tion, algorithmic demands, data compression speech processing, and 
communications needs. 

Main Memory 
Today 1MB of SRAM/PSRAM (pseudo RAM) is typically used. 
PSRAM is preferred for cost reasons. Two 4MB, 3/5V devices do 
the job. If the execute-in-place (XD?) function is successfully 
implemented, then main memory may increase marginally to 2MB. 
Flash will be used in the future because of nonvolatility and low 
power consumption; most likely it will replace at least a part or all 
SRAM/PSRAM. 
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ROM 
The 1MB typically used today most likely will be replaced by flash 
in the near futiue. In this area hand-held PCs store their operating 
system (for example, DOS) and programs such as Lotus 1-2-3 and 
FTMs. The problem with ROM is that it cannot be changed and 
thus the h^d-held PC may be rendered obsolete in a short period. 
Flash memory is far more appropriate for this function. The 
expected memory size is 2MB to 4MB in the near term, increasing 
to 10MB by the end of the decade. 

Mass Storage 
Solid-state disks using flash memory with capacities on the order of 
2MB to 5MB should be used in the near term; 10MB to 40MB 
should be used by 1995. Small densities should not be underesti­
mated; by using software compression their size could be more 
than doubled, thus decreasing their apparent cost. 

Data Compression 
This function begs for eventual implementation in silicon, perhaps 
as part of a chip set at first, eventually to be integrated in the core 
MPU. Data compression is needed to oSset the high cost of silicon-
based memory used for mass storage. 

Other Storage 
Hand-held PCs will incorporate one or two PCMCIA-type ports 
supporting XIP. Hash and SRAM memory cards will be used as 
secondary storage devices. ROM memory cards will carry applica­
tion software. Programming flash memory cards will become easy 
with the introduction of single-supply 5V devices now, and 3V in 
the future. 

Connectivity 
Connectivity is a key issue with devices such as hand-helds that 
tend to depend on the uploading and downloading of data to and 
from a desktop PC. Beyond the RS-232 type connections, infrared 
such as the one used by HP seems to be a very good alternative. 
An infrared connection with the desktop may simplify the chore of 
transferring data and programs between a desktop and the hand­
held. In the long run, with PCMCIA ports finding their way into 
desktops and notebooks, the memory card will be used to transfer 
data between hand-held and desktop PCs. 

Communication 
The HP 95LX hand-held can mate with the NewsStream receiver 
from Motorola. It allows the user to receive e-mail over national, 
regional, or local paging services. Most products offer built-in termi­
nal emulation software that allows the hand-held to be tied up to a 
network such as CompuServe by using a modem. Modem and or 
wired/wireless fax capabilities may be integrated into hand-held 
PCs in the near futiue. 
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Who Makes Microprocessors for Hand-Held PCs? 

The NEC V20 MPU is used by the HP 95LX, the Poqet, and the Sharp 
Wizard series of products. It is by and large the microprocessor most 
commonly used in these IBM-compatible PCs. 

A number of newcomer single-chip MPUs are poised to challenge this 
MPU. C&T introduced a single-chip highly integrated MPU, the F8680 
(PC/CHIP), which also includes power management logic, a CGA-
compatible LCD controller, a serial port, and IBM XT-compatible bus 
logic. 

Newcomer VADEM will shortly introduce the VG-230, a device that 
incorporates the V30 MPU, a power management imit, serial port, 
timer, DMA and interrupt controllers, real-time clock, memory con­
troller and manager, graphics LCD controller, and keyboard scanner. 

Motorola is about to offer a highly integrated MCU, the LSC80018, to 
a small consortium of companies with the common goal of promoting 
a hand-held variant called PocSec for the Pocket Secretary. The 
LSC80018 features an 8-bit MCU that incorporates a graphics LCD 
controller, a real-time clock, an SPI, SQ, 3.5K of ROM, 448 bytes of 
RAM, and an 8MB MMU. 

IC Peripherals for Hand-Held PCs 

Table 7-2 lists memory card controller ICs, and Table 7-3 compares 
three hand-held computers. The Poqet has been aroimd the longest. 
HP has been very well received, with sales on the order of 100,000 
units for 1991. The Sharp PC-3000 is about to enter the market. 

Dataquest Perspective 

The need for portability must be balanced with the usefulness of a 
hand-held PC, which, depending on implementation, may be portable 
but not useful. A nagging problem in todajr's hand-held PCs is the 
human interface. A small hand-held with a tiny keyboard can fit in a 
pocket. Unfortunately, even the smallest amount of typing using such 
a keyboard becomes a chore. That makes the hand-held effectively an 
organizer that can be connected to a desktop PC. 

Table 7-2 
Memory Card Controller ICs 

Intel 

VLSI 

Fujitsu 

82365SL 

VL82C107 

MB86301 

Memory card controller 

Includes memiory card 
Control function 

Memory card controller 

160-pin QFP 

128-pin QFP 

120-pin 
PQFP 

Source: Dataquest (October 1992} 
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Table 7-3 
Hand-Held PC Features 

- 1 

Size (Inches) 

Weight 

CPU/Speed 

System Memoiy 

Keyboard 

Display Column/Emulation 

Display Resolution 

Batteries/Type 

Memory Card Slot 

O/S 

Other Ports 

Opt. Peripherals 

Built-in Software 

HP95L X 1MB 

6.3 X 3.4 X 1.0 

l loz 

V20H at 5.37 MHz 

1MB SRAM 
1MB ROM 

60 + 10 FN + 10 Apps 

40 X 16—MDA 

240 X 128 

"IWo/AA 

1 PCMQA-LO 

MS-DOS 3.22 

3-wire RS-232 
Intra-Red 

NewsStream Receiver; 

U t u s 1-2-3 Ver 2.2 
Scheduler 
Address/Phone Book 

Memo Editor 
HP Financial Calc 
DataComm 
Filer 
Clock/Stopwatch 
To-Do hst 

Sharp PC-3000 

8,8 X 4.4 X 1,0 

1.23 lbs. 

80C88 at 10 MHz 

1MB SRAM 
1MB ROM 

77 + 12 FN 

80 X 25—CGA/MDA 

640 X 200 

Three/AA 

2 PCMCIA-1.0 

MS-DOS 3.3 

RS-232-C 
Parallel I /O 

1.44MB 3.5" Hoppy 

Lotus compatible 
Scheduler 
Address/Phone Book 
Memo Editor 
Calculator 
LapLink 
File Manager 
Clock 
To-Do list 

Poqet 

8.8 X 4.3 

1.2 lbs. 

80C88 at 

640BCBSR 
768KB R 

77 + 10 F 

80 X 25— 

640x200 

Two/AA 

2 PCMC 

MS-DOS 

RS-232-C 
I /O Bus 

2.44MB 3 

Schedule 
Address 
Memo E 
Calculato 
File Man 
a o c k 
To-Do Li 

Source: Dataquest (October 1992) 
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On the other hand, if the minimtun useful size keyboard (such as the 
Poqet/Sharp PC-3000) is used, the hand-held cannot fit in a pocket 
and its usefulness is again reduced. The solution may be a hybrid 
product such as the HP 95LX where the keyboard ke5rs are enlarged to 
a size closer to those in the Poqet/Sharp PC-3000 (QWEEOY without 
separate numeric keypad) and where the pen input is allowed to sup­
plement the keyboard. Both Sharp and Sony have demonstrated 
products that incorporate such a pen-based input device. Even though 
these are not hand-held PCs that run DOS, they are a step in the r i ^ t 
direction. Making such devices PC-compatible is rather simple. 

The key to success for hand-hdds may be semiconductor devices that 
allow for a good machine-human intoface, which may be handwriting 
on the LCD screen, voice recognition, or a combination of both, and 
provide seannless connectivity. If hand-helds succeed in being easy to 
use, then their unit volume potential will exceed our expectations. 
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Chapter 8 

Memory Cards ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

What Are Memory Cards? 

A memory card is a portable semiconductor storage device that con­
tains memory ICs. It resembles a thick credit card (3.3mm) with an 
edge connector at one end (see Figure 8-1). 

Memory cards perform a function similar to that of a floppy disk. 
They store binary data. 

As program or data storage media, memory cards are not new. They 
have been used in computer games, point-of-sale (POS) systems, 
photocopiers, and laser printers. More recently, electronic organizers 
such as the Casio BOSS and the Sharp Wizard along with palmtop 
PCs such as the Poqet and the HP 95LX have begun using memory 
cards for data storage. 

Figure 8-1 
Example of a Memory Card 

Source: PCMCIA 
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The memory card form factor has not changed much over time, but 
the type of edge connector and the electrical/mechanical interface 
have. The edge connector of a memory card is the conduit that allows 
data to move to and from the card's memory ICs. It defines the card's 
capabilities. To date, we have seen cards witii a variety of connectors 
including 38-, 40-, 50-, and 60-pin. 

Memory Card Varieties 
Memory cards contain mostly semiconductor memory ICs that 
belong to one of the following families: mask ROM, EPROM, OTP, 
SRAM, DRAM, EEPROM, and flash. DRAM memory cards are rela­
tive newcomers and are meant to be used as "extended/expanded" 
memory with no need for battery backup. SRAM cards with battery 
backup have been used as solid-state "floppies" in the current 
generation of electronic organizers. Until recently, SRAM cards (with 
battery backup) were the only nonvolatile memory cards. Flash 
memory cards today provide a promising alternative. Items such as 
language-translating software and dictionaries typically come in 
mask ROM cards, as they are the most dense and least expensive. 
Functionally, they are huge look-up data tables that need no 
change. Table 8-1 lists the various memory card alternatives. 

Memory Card Standards 

What inhibited memory card growth in the past was the lack of stan­
dards. In June 1989, the PCMCIA was formed in the United States, 
with a broad-based membership that included semiconductor compa­
nies along with software and hardware vendors. The PCMCIA's origi­
nally stated goal was to establish a standard for memory cards used 
with EKDS-based PCs. It succeeded rather quickly as standards go. 
The first revision of a memory card standard was published in 
August 1990. 

Revision 1.0 of the PCMCIA/Japan Electronic Industry Development 
Association (JEIDA) standard defined the following: 

• The form factor—a device the size of a credit card, 3.3mm thick 
with a 68-pin socket connector 

• The interface—^parallel t5rpe bus, 8-bit/16-bit 

• The address space—64Mb 

Table 8-1 
Memory Card Alternatives 

Type 
ROM 
EPROM/OTP 
DRAM 
SRAM 
EEPROM 
Flash 

Density 
128KB—16MB 
128KB—8MB 
64KB—12MB 
32KB—4MB 
8KB—512KB 
128KB-^tMB 

Source: Dataquest (October 1992) 
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The PCMCIA worked closely with the JEIDA and JEDEC ITiis close 
cooperation enabled the prompt international acceptance of the stan­
dard. Revision 2.0, as announced in September, addresses XD? 
(eXecute-In-Place) and I /O functions such as modems and LANs for 
PCMCIA bus cards. Intel Corporation also announced the Exchange­
able Card Architecture (ExCA), a hardware and software implementa­
tion of the PCMCIA Revision 2.0 system interface. It is Intel's stated 
intention to make ExCA an industry standard so that different tj^pes 
of cards (memory, LAN, modem, and wireless communications) from 
different manufacturers will be interoperable. 

Do Memory Cards Replace Hard Disks? 

Strictly speaking, memory cards are not hard disk replacements. Rotat­
ing media have not been terribly successful with removable hard 
disks. A number of companies have tried that approach, but technol­
ogy and costs kept it out of the mainstream. Thus, after a decade of 
using PCs, we are conditioned to think of hard disks as storage 
devices that belong inside the PC enclosiue. This idea is a technology-
dependent perception, and there is no reason why it should be so. On 
the other hand, memory cards, being a solid-state storage meditmi, are 
removable and portable. At a density of 20Mb, is a memory card act­
ing like a "removable hard disk"? We believe that it is. 

The Cost Issue—How Important Is It? 

In 1991, the average selling price (ASP) of a 2.5-inch 40MB hard disk 
drive was $250.00, which translates to $6.25 per megabyte. The 
3.5-uich floppy cost is close to $1.00 per megabjrte. By comparison, a 
1MB flash card costs approximately $300.00 or $300.00 per megabyte— 
a substantial disparity! Semiconductor memory certainly costs more. 

The question is, "Can you put a floppy disk drive in a palmtop PC to 
take advantage of that cost disparity?" The answer is, 'TSio." There is 
not enough power (or space). The issue, then, is not cost. Here the 
removable storage mediiun dictates the product's capabilities and its 
success or failure in the marketplace. Wthout a memory card, a palm­
top is nothing more than an electronic organizer. It is the memory 
card that transforms a palmtop into a full-fledged personal computer. 

Hash memory cards hold the promise of becoming the least expensive 
form of solid-state storage. 

Cost Reduction 

Hash memory cards hold the promise for becoming the least expen­
sive form of solid-state storage. From a cell standpoint, flash rivals 
that of DRAM. Unlike DRAM or SRAM, it is nonvolatile, which 
means there is no need for battery backup. The need for bulk erasing 
of current-generation flash ICs creates a problem that requires clever 
solutions. With SRAM or DRAM cards, a single b5:te can be erased; 
EPROM-derived flash most often can be erased at the chip level (i.e., 
the whole chip). Recently, some vendors have announced products 
that allow erasure of particular memory segments. A prime example is 
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the Intel 28F001BX 1Mb flash memory, which is segmented into areas 
of one 8KB, two 4KB, and one 112KB—aU of which can be indepen­
dently erased and programmed. EEPROM-deiived flash is far more 
flexible at a cost premium (larger die). Flash EEPROM cells are larger 
than flash EPROM. Mask ROM memory cards will be the least expen­
sive for the foreseeable future. 

Data Compression ICs 

Data compression ICs represent a key development for the electronic 
photography market and, to a lesser extent, for palmtop and pen-
based PCs. Data compression ICs wiU be the subenabling technology 
devices. Wthout them, the future of electronic photography is in 
doubt. Thirty-six exposiues (pictures) can be stored in a 2MB flash 
memory card in compressed form. If no compression were used, 40MB 
would be needed! 

XIP 

Simply stated, XIP allows a memory card to "plug-and-play." That is, 
once flie card is plugged into the PC, program execution begins much 
in the way a program runs after one t3^pes in the program name and 
hits carriage return. That procedure is in contrast with current-
generation PC architectures that need to copy the program code from 
secondary storage (hard disk or floppy) to main memory (DRAM) 
before execution. A palmtop PC with XIP capability ne«ls just a single 
copy of a program, usually stored in the memory card, thus freeing 
up main memory. 

The Players—Solid-state Disks 

A number of companies are working on solid-state disk (SSD) 
replacement—a challenging task, to say the least SiuiDisk Incorpo­
rated, located in Santa Qara, California, chose to focus primarily on 
hard disk replacement (solid-state disk) with a proprietary flash 
memory technology and architectvue. The venture-capital-funded 
start-up launched three SSD products recently, all aimed at pen-based 
and palmtop PCs. The 2.5/5/10MB SSD plug-and-play subsystems 
come with an IDE industry-standard int^ace. 

Toshiba announced a 4MB 5V EEPROM IC (TC58400) that is aimed at 
the SSD market. This device is by far the most dense EEPROM 
introduced to date. Architecturally, it is organized in a way that 
should facilitate SSD implementations. Toshiba uses a NAND cell 
structure that is 70 percent of its 4Mb DRAM cell; it is manuibctiued 
using a 0.7-micron double-poly CMOS process. The die size is 
58.55mm^ 

Hitachi announced a 5.25-inch form factor SSD based on 4Mb DRAM 
technology. This product is targeted at CAD/CAM, imaging, and 
graphics systems that demand a higher I /O throughput than what 
hard disk drives provide. The Hitachi SSD has access time of 0.35ns, 
incorporates an SCSI interface, and comes in 32M6 or 64MB PC 
boards. The SSDs may be expanded to a capacity of 320MB. The data 
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can be protected from power feilures by using an optional battery-
powered backup hard disk drive. 

Recent Developments in Flash Memory and SSDs 

AMD announced the first single-transistor cell 1Mb flash memory 
device that operates from a single 5V supply. The Am29F010 is by far 
the fastest flash memory chip with a 45ns read access time, a feature 
that may eliminate the need to download the flash data to SRAM in 
order to improve execution time. The Am29F010 is segmented into 
eight 16KB sectors that can be independently progranuned/erased. 
Endurance is 100/XK) cydes per sector. 

Intel annovmced an 8Mb flash memory device and the series-2 flash 
memory cards based on this new flash chip. The 28F008SA can store 
1MB of data or code, and by virtue of its pricing ($29.90) comes close 
to DRAM cost per megabyte. The device uses a 5V power supply for 
read operations and a 12V supply for write/erase. A 3.3V (read) ver­
sion is available for portable applications. This traditional single-
transistor cell-based design offers 100,000 cydes for endurance rating 
and 85ns access time. The memory array is segmented into 16 64KB 
blocks that can be independently erased/programmed. The 28F008SA 
is the highest-density flash memory offering to date. The series-2 
memiory cards are based on this new 8Mb flash memory and come 
in 4MB, 10MB, and 20MB densities priced at $163.50, $331.50, and 
$611.50, respectively. These cards are clearly aimed at mass storage 
applications. 

AT&T entered the memory card and solid-state disk market by 
second-soxudng Sun Disk^s IDE interface SSD subsystem and card 
architectures. 

Microsoft announced the Flash File System (software), which supports 
Intel's 8Mb devices. The FFS-2 is now in beta sites and should be 
available later this year. Microsoft's Flash File software is a key com­
ponent and necessary for solid-state disk subsystems that (unlike the 
SunDisk solution) will use off-the-shelf flash memory ICs. 

The PCMCIA has ratified the technical content of two new standards 
for mass storage on memory cards. The PCMCIA-ATA (AT Attach­
ment) spedfication incorporates the ATA mass storage protocol as a 
PCMCIA standard for mass storage on a memory card. The Auto 
Indexing Mass Storage (AIMS) specification is for memory cards that 
will be used in electronic imaging and multimedia applications. 

Some Thoughts on the Future of Memory Cards and PCs 

In the past, the computer was the expensive component and the 
storage medium (floppy disk) the inexpensive one. We've become 
accustomed to that oddity and do not seem to question it. However, 
the computer is just a machine that manipulates information. It is the 
information that is important and valuable, not the machine that 
manipulates it. So perhaps it is fitting that the information carrier, a 
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memory card, may cost more than the computer it is attached to. In 
the future, we will be using platforms (palmtop PCs) that cost much 
less than the storage media (memory cards) they use. Imagine a $50 
PC attached to a $100 memory card. At least losing the PC will not be 
a problem anymore! 

Dataquest Perspective 

Dataquest believes that memory cards represent an important enabling 
technology. They have the potential to transform still photography and 
to make the 35nun film and cameras that use it obsolete. In the 
process, they will change that industry and provide tremendoxis 
opportunities for growth in the consumer electronics market. 

Memory cards will not eUminate rotating magnetic media any time 
soon. Instead, they will selectively replace them only when and where 
it makes sense. The bulk of the memory card growth will not come at 
the expense of rotating media. Growth will come from the creation of 
new markets. This should be good news for the semiconductor 
memory industry. 

Ultimately, we believe, memory cards may revolutionize portable PCs 
by enabling them to become smaller, more rugged, lighter, faster, and 
perhaps user-friendly in a way that appeals to the vast majority of 
people who at present have no use for them. In doing so, memory 
cards may be the enabling technology that will make the PC of the 
future a true consumer item. 
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Chapter 9 
Pen-Based PCs 

This chapter looks at what are described as "pen-based" PCs. Whether 
the term is appropriate for a PC classification is debatable. After all, 
the "pen" is just a PC input device similar to the keyboard or the 
mouse, and we do not differentiate PCs on that basis. EEaving said 
that, we will let this argument be resolved in the future; perhaps the 
term pen-based will disappear. In this chapter we use this term as 
currently accepted. 

Pen-based computers (PBCs) represent a new class of machines that 
quickly captured the spotlight in personal computing. These com­
puters may evolve into something significantly different from today's 
PCs. It is safe to say that current advances in technology have allowed 
us to revisit the past, the past being the use of pen and paper as the 
primary form of communication. 

Todajr's pen-based computer is a notebook PC minus the keyboard. 
The user interacts with the computer using a penlike device. The pen 
is the primary input device and as such it is no different than a 
mouse, except in its (familiar) ease of use. It is very difficult to sign 
or free-form write using a mouse, which is a pointing device. 

The pen is much more. Together with the software and the hardware 
that drive it, the pen turns an ordinary PC into a useful, easy-to-use 
tool. At least, that is the expectation, which is partly derived from oxu" 
familiarity with using pens and our belief that computers are useful 
tools. Combining the two makes sense. 

The pen may or may not be connected to the computer by a cord in a 
pen-based system. There are basically three types of pens: The resistive 
type connects to the rc like a mouse; the capadtive and the elec­
tromagnetic types need no connection. There are pros and cons to any 
t3^e of pen used. But the pen should not be considered by itself; the 
software and hardware that drive it form an entity that either works 
or renders the pen-based computer useless. Specific implementation is 
a key element in the design of pen-based systems. 

The keyboard is an option; most pen-based computer manufacturers 
offer one because a keyboard is a far more convenient device for 
entering text of any length. Most people can type faster than they can 
write. Then again, a keyboard isn't necessary for the millions of peo­
ple who never learned how to use one effectively. This is a subtle but 
important difference that differentiates pen-based computers from 
traditional PCs. A far greater nimvber of people can use a pen than 
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can use a keyboard. By using a pen as an input device instead of the 
keyboard, computer manufacturers can tap a much larger market than 
that served by traditional PCs. 

Meeting Potential 

Pen-based PCs represent a new field in computers and as such need a 
lot of polishing to reach their potential. The major stumbling block at 
present is the lack of operating systems, which in turn translates into 
a limited niimber of software packages that can run on any given 
hardware platform. Early hardware entries had to use operating sys­
tems developed in-house and thus limited or eliminated the possibility 
of using off-the-shelf software applications. So far vendors of hard­
ware have taken one of the following approaches: 

• Developed in-house proprietary operating S5retems (OSs) and 
applications—^for example, spreadsheets, personal information 
management (PIM) software, and word processors 

• Used beta-site OS for pen computers from software vendors such as 
Microsoft Corporation and GO Corporation to develop apphcations 
(however, this ties their hardware releases to the release of the OS; 
NCR Corporation is an example) 

• Implemented both of the above (Momenta Corporation developed a 
proprietary OS that can run either off-the-shelf VNBndows applica­
tions or in-house-developed software such as a PIM, a word proces­
sor, and a Lotus-like spreadsheet) 

Specifications 

A tjrpical pen-based computer today weighs 5 pounds and is about 
8 X 11 X 1.5 in. It is able to nm on batteries for three to six hours, 
depending on actual use and power management implementation. It 
is usually built aroxmd an Intel Corporation 20-MHz 386SX, 386SL 
microprocessor, or the newer 25-MHz 386SXL from Advanced Micro 
Devices Inc. (AMD). Main memory (DRAM) ranges from 2MB to 8MB 
for a standard configuration. The video graphic array (VGA) display is 
a 10-inch (diagonally measured) LCD with 640 x 580-pbcel resolution 
and 16 to 32 shades of gray. 

For mass storage the t3?pical PBC uses a 40MB, Z5-inch hard disk. 
Some PBCs use soUd-state storage devices such as the 20MB solid-
state disk from SunDisk Inc. or flash memory and Bash cards. PBCs 
have no internal floppy and thus rely on communications software for 
uploading or downloading data. Alternately they use PCMCIA-type 
memory cards or docking stations for data transfers. 

For communication PBCs t5rpically offer an integrated modem/fax 
line, which simplifies connectivity. Some units offer modem/fax/voice 
capability. 

The market for pen-based computers is relatively bright (see 
Table 9-1). Unit sales are expected to grow from 96,000 in 1991 to 
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Table 9-1 
Worldwide Portable PC Market Forecast (Thousands of Units) 

Laptop DC 

Notebook 

Pen-Based 

Hand-Held 

Total Portable 

1991 

2,764 

1,136 

41 

238 

4,179 

1992 

3,101 

1,794 

122 

763 

5,780 

1993 

3,392 

2,816 

800 

2,042 

9,050 

1994 

3,669 

4,393 

1,759 

3,877 

13,698 

1995 

3,933 

6,809 

3,289 

6,188 

20,219 

4 

9 

5 

7 

25 

Source: Dataquest (October 1992) 

? 



9-4 Semiconductor Application Markets Worldwide 

about 4.4 million by 1995. The compound annual growth rate (CAGR) 
for pen-based computers is 159.75 percent from 1991 to 1995, the 
highest in the portable PC market. The expected revenue also is sub­
stantial, as the average selling price is at least similar to that of a note­
book PC. 

Figure 9-1 represents the worldwide market forecast for pen-based 
computers. 

Figure 9-2 shows pen-based PCs over the same period (1991 to 1995) 
as a percentage of the total portable computer market. At 2 percent in 
1991, the market is expected to grow to 15 percent by 1995. 

The semiconductor content for a typical pen-based computer retailing 
of a $3,000 system is about $330. Figure 9-3 shows the cost distribu­
tion on a percentage basis. DRAM represents about 36 percent of the 
semiconductor content (in dollars). This amount is expected to 
increase, driven primarily by memory-hungry pen-based OSs. 

Table 9-2 shows the semiconductor cost breakdown of a current-
generation pen-based computer. 

Figure 9-4 shows Dataquesf s total available semiconductor market 
estimate. Semiconductor revenue derived from PBCs will exceed 
$1 billion by 1994. 

Major players in pen-based computing that offer hardware products 
include GRID Systems Corporation, Momenta Corporation, NCR, 
Samsung, Sanyo Electric Co. Ltd., and Sony. 

Major players in pen-based operating systems include GO Corporation 
(Pen Point), Microsoft (Pen Windows), and Communications Intelli­
gence Corporation (PenDos). 

Table 9-2 
Semiconductor Content, Typical Pen-Based Computer 

MPU 
Main Memory (4MB DRAM) 
System Logic 
Graphics Controller 
Video Buffer (PS-RAM) 
Analog 
Local Buffers (SRAM) 
Logic 

Total 

Cost ($) 
90.00 

120.00 
70.00 
25.00 
8.00 

10.00 
4.00 
3.00 

330.00 
Source: Dataquest (October 1992) 
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Figure 9-1 
Worldwide Pen-Based PC Market Forecast (Thousands of Units) 
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Figure 9-2 
Portable PC Market, 1991 and 1995 
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Figure 9-3 
Semiconductor Content Cost for Fen-Based PCs 
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Figure 9-4 
Estimated Total Available Semiconductor Market, Pen-Based Computers 
(Thousands of Dollars) 
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Who is shipping OS? Both Pen Point and Pen \^^dows are at a beta-
site stage right now. Both products are expected to be released by the 
second quarter of 1992. This delay in operating system introduction 
has retarded the availability of pen-based computers. 

Handwriting Recognition 

Even though handwriting (character) recognition is desirable for a 
pen-based computer, at present it is not a critical item. Momenta's 
approach is (and rightly so) that the computer does not need to recog­
nize everything sketched onto the screen. This position follows the 
logic that notes entered into a daytimer are for private use and need 
not be transcribed; they just need to be stored for future reference/ 
retrieval. 

Connectivity/Doclcing 

A PBC is quite effective as a field or factory floor instrument, but it 
needs to download the information captured to a mainframe or a PC. 
That can be accomplished in a number of ways: using a PCMCIA 
(68-pin) port and memory cards as the transfer medium, or by using 
radio frequency or infrared communication. A docking station is 
another alternative. 

With respect to commimication, current-generation pen-based com­
puters tj^ically offer an integrated modem/fex. The addition of the 
fax capability is quite handy because it allows a user to receive or 
send a fax from any place that has a phone jack or to use a cellular 
phone from practically an5rwhere. 

Applications 

Pen-based systems are already used in retail stores. Customers sign for 
credit card purchases right on the screen of the pen-based PC, which 
captures the signatiue in a digitized form and stores it in a hard disk 
for after-hours phone transfer to a credit card clearing bureau. The use 
of a PBC instead of the regular credit card imprinter for signing for a 
purchase speeds up the transaction. Future off-line signature verifica­
tion will be possible using a smart card (where the customer's signa­
ture stored in the smart card's nonvolatile memory is in binary form). 

PBCs are very good at applications that require filling out forms. A 
good example is their use by public utility companies for reading elec­
tricity, water, and gas meters. Police departments use them to replace 
paper forms for traffic violations. In manufacturing they are used to 
fill out inspection reports. Banks and investment companies use PBCs 
to fill out standard contracts. They also are quite popular with insiu"-
ance adjustors and are finding their way into real estate sales. 

Dataquest Perspective 

As is the case with anything new, it will take some time for pen-based 
systems to reach their potential. Today lack of operating S3rstems is 
retarding the growth of this segment. This situation should change in 
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1992. From a CAGR point of view, pen-based PCs stand out. Over 
time the distinction between palmtops and pen-based computers may 
become blurred as palmtops begin to incorporate a pen as an input 
device. The fax commxmications capabilities of pen-based computers 
make them extremely useful to a great number of people who are on 
the go, substantially enhancing the total available market for pen-
based systems. Dataquest believes that pen-based computers offer a 
significant market growth opportimity for sjrstems manufacturers, soft­
ware developers, and semiconductor vendors. 



Chapter 10 
Winds of Change in A/lass Storage 

Emerging micro rigid disk drives (micro RDDs), as exemplified by the 
1.3-inch RDD recently launched by Hewlett-Packard, are challenging 
memory cards and solid-state disks used in hand-held PCs. 

Is there any evidence to suggest changes in the mass storage industry, 
and what sort of changes are we seeing? The answers to the first 
question depends on how a disk drive, or better yet a mass storage 
device, is defined. If the traditional definition is expanded to include 
flash memory (semiconductor)-based solid-state disks (SSDs), then the 
answer is yes. Further confusing the issue is what one considers to be 
a mass storage company. For example, is Intel also a mass storage 
company? What about SimDisk, whose products are silicon-based? 

No one is taking chances, if the Intel-Conner Peripherals joint venture 
is any indication. It is very unlikely that Conner feels threatened by 
flash memory-based SSD alternatives to RDDs for the near future. 
However, it early on realized the potential of the new technology and 
opted to capitalize on the opportunities to expand sales. Besides, the 
chosen route (teaming with Intel) offered the most logical and S3mibi-
otic relationship, with each company contributing strengths to the 
partnership: flash memory technology from Intel and subsystems 
storage expertise from Coimer. More such alliances should be on the 
way in an attempt to serve the needs of the mass storage marketplace, 
and should come as no surprise to the participants. For companies 
looking at entering the market, this is food for thought. 

Forecast Uncertainties 

The 3.5-inch hard disk drives represent the dominant form factor, at 
least through 1996 (see Figure 10-1). From a Semiconductor Applica­
tion Markets group standpoint the wild card in this market forecast is 
the emergence and quick acceptance of the new small form factor 
hand-held computers, that is, the PICD. 

As a category, PICDs describe hand-held PCs such as Apple's Newton 
and future HP 95LX type derivatives, as well as small pen-based 
machines. Wll such devices be in volume production by 1996? If they 
are, what form of mass storage will they use? The answers may 
depend on one's point of view. 

For PICDs to be successful, they must be small, light, easy to use 
(intuitive), and relatively inexpensive. They also must possess good 
commxiiucations capabilities. The need for portability and light weight 
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Figure 10-1 
Worldwide RDD Market Shipments (in Thousands) 
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dictates the mass storage requirements. PICDs are not meant to 
replace desktop PCs and as a result are not required to incorporate 
excessive amounts of software. The bare minimum amount of mass 
storage is needed. Because PICDs will commtmicate over wireless (or 
wired) networks with mainframes, home, and office computers, 
embedding massive amounts of storage solves no problems. Indeed, 
it adds weight, power consumption, and cost. Forecast uncertainty 
results from the possibility of early PICDs' success, which may con-
siune substantial voliunes of 1.3-inch (or smaller) drives. In such a 
case, this forecast may be conservative because it does not fully 
address that new PC subcategory. 

Cost Alternatives: Micro Drives versus Solid-State Storage 

We know that at present semiconductor storage is a much more 
e>q>ensive form of mass storage than are KDDs, so why discuss the 
matter? The reason is that the new generation of PICE)s may or may 
not use KDDs for mass storage, depending on the outcome of a 
head-on competition to satisfy the following conditions, which are 
seen as necessary for adopting a mass storage mediimci: Mass storage 
devices for use in PICDs must be rugged, small and lightweight, low 
in power consvunption, and inexpensive. 
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So far RDDs have not satisfied these requirements. SSDs do well with 
the first three, but are about five times the price of RDDs. The 1.3-inch 
RDDs are expected to do better addressing the conditions. But SSDs 
are expected to close the cost gap to 3.5 times that of the 1.8-inch 
drives by 1996 and perhaps to do even better when compared with 
1.3-inch or smaller RDDs. Ultimately, of course, cost determines 
whether a peuticular technology gets used or not. But are we talking 
about the cost per megabjrte or the overall system cost? This is the 
key question and it involves a bit of an understanding and prediction 
of the ways PICDs will be used. 

Becavise PICDs are not going to replace desktop PCs but instead will 
be the take-along device, there is no need to duplicate the power of 
the desktop. Instead we need to tap into that power remotely, thus the 
emphasis on the communications capabilities of PICDs, whidh in turn 
dictates that only a small amount of mass storage may be needed for 
local processing. Thus, 10- to 20MB may suffice (effective storage of 
20- to 40MB with compression). The BSD cost of the system should be 
$50 to $100 by 1995. It is imlikdy that a 20MB, 1.8-inch drive will cost 
$30 (20 times $1.50), as such a cost is based on a much higher disk 
density. The most likely scenario is that the SSD and the HDD will 
cost the same for that density. If that happens, then solid-state storage 
win be the mediiun of choice, because it fares much better for the 
requirements delineated earlier. 

So, is it time for semiconductor vendors to celebrate? RDD manufac­
turers offer formidable competition for anyone that ventures into the 
mass storage arena with SSD solutions. And so far RDD makers have 
been able to come up with substantial cost and technology break­
throughs whenever the requirements demanded. The infamous cost 
per megab3^e ciuves for lUDDs and SSDs have been drawn so as to 
cross over at some point, and that point has been moving forward for 
the past 20 years (see Figme 10-2), sparking many heated debates in 
the process. The real question is whether these two curves must cross. 
Given the preceding discussion, the answer may be no. 

Figure 10-3 shows Dataquesf s cost-per-megabyte estimates for flash 
memory-based SSDs and RDDs. The 1.8-inch drive is used for compar­
ison because it represents the cxirxent candidate (along with the 
1.3-inch) for head-on competition with solid-state storage in the 
emerging PICD market. 
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Figure 10-2 
Cost per Megabyte, RDDs and Solid-State Disks 
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Figure 10-3 
Cost per Megabyte, 1.8-Inch RDDs versus Flash Cards 
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