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Prefiminary 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 (3865L
and 486 MPUs), Intel overtook NEC and Toshiba to claim the No. 1 position in the 1992
worldwide rankings (see Table 1). The achieverent 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 yeatr. 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
1992 1991 1991 . 1992 Percent Market
Rank Rank Company Revenue Revenue Change Share (%ﬂ
1 3 Intel 4,019 5,064 26 7.7{
3 1 NEC : 4,774 4976 4 7.6
3. 2 Toshiba 4579 4,765 4 7.3
4 4 Motorola 3,802 4,635 22 71
5 5 Hitachi 3,765 3,902 4 5.9
& 6 Texas Instruments 2,738 3,052 i1 4.7
7 7 Fujitsu 2,705 2,583 5 39
8 8 Mitsubishi 2,303 2,307 0 35
10 Philips 2022 2109 4 32
10 9 Matsushita . 2,037 1,929 -5 29
11 12 Samsung ' 1473 1902 29 29
12 11 National Semiconductor 1,602 1,797 12 2.7
13 13 SGS-Thomson 1,436 1,605 12 24
14 17 Advanced Micro Devices 1,226 1,502 23 2.3
15 15 Sharp 1318 1,388 S 2.1
16 14 Sanyo 1362 1369 1 21
17 16 Siemens 1,263 1,220 -3 19
18 18 Sony 1,196 1,150 4 1.8
19 19 Oki 981 976 -1 15
20 21 AT&T = 713 924 30 14

Source: Dataquest {(January 1953)

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—Samsung (up 29.1 percent),
Goldstar (up 106.8 percent), and Hyundai (up 124.2 percent}—market share for Asian

December 30, 1992 ©1892 Dataquest Incorporated 7
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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 emphasis 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

December 30, 1982 ©1992 Dataquest Incorporated 4
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Table 2
1992 Regional Market Analysis
Regional Market
North Asia/
Company Base America Japan Europe Pacific World
: 1
North America Companies $14069  $2,732  $5518  $4,639  $26,958
Percent of Regional Market 69 13 45 3 11
Percent of Company Sales 52 10 20 17 100
Japanese Companies $3,968  $17,990 $2,039 $4072  $28,069|
Percent of Regional Market 20 85 17 M4 43
Percent of Company Sales 14 64 7 15 100|
European Companies $1,207 $164 $4,160 $1,138 $6,66
Percent of Regional Market é 1 34 10 1
Percent of Company Sales 18 2 62 W 1
Asia/Pacific Companies $1,097 $221 $521 $2,052 $3,891
Percent of Regional Market 5 1 4 17 6
Percent of Company Sales 28 6 13 53 1
World $20,341 $21,107 $12238  $11,901 $65
Percent of Regional Market 100 100 100 100 1
Percent of Company Sales 31 32 19 18 1
Source: Dataquest {January 1953)
Table 3
Exchange Rates
1991 Revenue 1992 Revenue Growth
Rate (%)
North American Market $16, 990 million $20,341 million 19.7
Japanese Market $22,496 million $21,107 million 6.2
Y3,059 billion Y2,658 billion -13.1
European Market $11,014 million $12,238 million 111
ECU 8,921 million ECU 9,179 million 29
Asia-Pacific/ROW Market $9,194 million $11,901 million 294

Source: Dataquest (January 1933)

growth, but managed to easily retain their top two standings in the market. Motorola
and T1 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

December 30, 1992
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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, and 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 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-Molle

Decembser 30, 1992 ©1992 Dataquest Incorporated B
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Preliminary 1992 Woridwide 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 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 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

December 30, 1592 ©1992 Dataquest Incorporated 1
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Table 1
Preliminary 1992 Worldwide Semiconductor Market Share Rankingr
(Millions of Dollars)

1992

1992 1991 1991 . 1992 Percent Market

Rank Rank Company Revenue Revenue Change Share (%)
1 3 Intel : 4019 5064 26
2 1 NEC : 4774 4976 4
; 2 Toshiba 4579 4,765 4
4 Motorola 3,802 4,635 p2]
5 Hitachi 3,765 3,902 4
6 6 Texas Instruments 2,738 3,052 11
7. 7 Fujitsu 2,705 2,583 -5
& 8 Mitsubishi 2,303 2,307 0
|9 10 Philips 2022 2109 4
10 9 Matsushita 2,037 1,929 -5
11 12 Samsung : 1473 1902 2
12 1 National Semiconductor 1,602 1,797 12
13 13 SGS-Thomson 1,436 1,605 12
14 17 Advanced Micro Devices 1,226 1,502 23
15 15 Sharp 1,318 1,388 5
16 14 Sanyo 1362 1,369 1
17 16 Siemens 1,263 1,220 -3
118 18 Sony 1,196 1,150 4
19 19 Oki 981 976 -1
120 21 AT&T 713 924 30

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
empbhasis 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.5.-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—Samsung (up 29.1 percent),
Goldstar (up 106.8 percent), and Hyundai (up 124.2 percent)—market share for Asian

December 30, 1992 ©1992 Dataquest Incorporated &
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Figure 1
Intel Moves Up the Ranking Ladder

Worldwide Market Share Percentage
8

7.5
7l

6.5 —

6 (rank: #5)

5.5

o (rank: #7)

4.5 -
(rank: #8)
4
(rank: #10)

35 T T T J

1987 1988 1989 1990 1991 1992

Source: Dataquest (January 1993)

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. S5GS-Thomson, which
over the past three years has greatly increased its emphasid 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

December 30, 1992 $1992 Dataquest Incorporaled 4
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Table 2
1992 Regional Market Analysis
Regional Market
North Asia/
Company Base America Japan Europe Pacific World
. i
North America Companies $14,069 $2,732 $5,518 $4,639  $26,958
Percent of Regional Market oo 69 13 45 39 41
Percent of Company Sales _ 52 10 20 17 100
Japanese Companies $3.968 $17,990 $2,039 $4072  $28,069
Percent of Regional Market 20 85 17 3 43
Percent of Company Sales 14 64 7 15 100
European Companies $1,207 $164 $4,160 $1,138 $6,669
Percent of Regional Market 6 1 34 10 1
Percent of Company Sales 18 2 62 17 1004
Asia/Pacific Companies $1,097 $221 $521 $2,052 $3,891
Percent of Regional Market 5 1 4 17 6
Percent of Company Sales 28 6 13 53 100
World $20,341 $21,107 $12,238  $11,901 $65,587
Percent of Regional Market 100 100 100 100 100
Percent of Company Sales 31 32 19 18 100
Sourcs; Dataquest {January 1993)
Table 3
Exchange Rates
1991 Revenue 1992 Revenue Growth
Rate (%)
North American Market $16, 990 million $20,341 million 19.7
Japanese Market $22,496 million $21,107 million -6.2
Y3,059 billion Y2,658 billion -13.1
European Market $11,014 million $12,238 million 11.1
ECU 8,921 million ECU 9,179 million 2.9
Asia-Pacific/ROW Market $9.194 million $11,901 million 254

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

December 30, 1992 ©1992 Dataquest Incorporated 5
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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, and 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 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-Molle

December 30, 1992 €199% Dataquest Incorporated . [
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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
comparntes 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.

Dataguest 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 Datagurast incorporated 1
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Table 2-2

Worldwide Semiconductor Capital Spending, by Region - Forecast, 1991-1996 (Millions

of Dollars)

1991
North America 3,851.4
Percent Growth -3.8

Japan 5,636.4
Percent Growth 1.0
Europe 1,233.6

Percent Growth  -17.5
Asia/Pacific-ROW  2,273.6

Percent Growth 63.9
Worldwide 12,995.0

Percent Growth 29

1992
3,558.7
7.6
4,018.8
-28.7
1,086.8
-11.9
2,319.1
20
10,983.3
-15.5

Source: Dataquest (December 1992)

Table 3-2

1993
4,003.5
12.5
3,508.4
-12.7
1,041.2
4.2
2,4165
4.2
10,969.5
0.1

CAGR (%)
1994 1995 1996 1991-1996
43278 4,78.6 53466 6.8
8.1 10.6 11.7
38943 42331 50585 -2.1
11.0 8.7 19.5
1,143.2 14004 11,8625 8.6
9.8 225 33.0
2,631.5 3,1184 39759 118
8.9 18.5 27.5
11,9968 13,5384 16,243.6 4.6
94 129 20.0

Worldwide Wafer Fab Equipment Market, by Region - Forecast, 1991-1996 (Millions of

Dollars)

1991
North America 1,536.3
Percent Growth -3.8

Japan 3,016.7
Percent Growth 1.0
Europe 633.6

Percent Growth -17.5
Asia/Pacific-ROW 8523

Percent Growth 63.9
Worldwide 6,038.9

Percent Growth 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

Source: Dataquest (December 1992)

December 9, 1992

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
73
628.8
11.0
1,053.5
13.5
5;732.7
11.0

1992 Dataguest incorporated

1995
2,249.7
15.5
2,328.2
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
225

CAGR (%)
1991-1996
113

-1.6

10.1

15.0

6.1
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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 microcode. A summary of the
key decisions made to date is as follows:

« AMD wins 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 California 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 million 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:

o 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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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,

o 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

. Worl)'king 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 will 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 2



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 Qctober 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 Markets 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 fawer 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 disk drives)?

Not Very
important Important
System forecast 012345
System market trends 012345
OEM analysis/market share 012345
Block diagram trends 012345
Semiconductor content analysisfiorecast 012345
Semiconductor company analysis/market shars 012345

Questions 4 through 6 pertain to the core database information found in the Source: Dataquest
binder (the booklets fabeled 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 012345

Forecast

Worldwide and North American Consumption by Application 012345
Data Processing Statistics Worldwide 012345
Communications Statistics North America 012345
Industrial Statistics North America 012345
Consumer Statistics North America 012345
Mil/Aero Statistics North America 012345
Transportation Statistics North America 012345
North American OEM Revenue 012345

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
don't publish? Piease rate (0 to 5).



6a. A North American OEM Semiconductor Purchases database (lists semiconductor purchase
. estimates by North American OEM) 012345

6b. A North American OEM Electronic Production Survey (lists production sites and unit volumes
for PC, workstation, storage, and printers and board contractors) 012345

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

7. Listed below are some candidate topics for 1993. Please rate these topics as to your interest

level.
Not Very
Important Important
Data Processing Topics
Personal Information and Communications Devices 012345
Pen-Based PCs 012345
Notebook PCs 012345
Deskiop PCs 012345
Personal Workstations 012345
Other Workstations 0123456
Graphics and Digital Video 012345
Sound’Sound Boards 012345
Rigid Disk Drives 012345
Optical Disk Drives 012345
Tape Drives 012345
Ink Jet Printers 012345
Laser Printers 012345
Scanners 012345
Point-of-Sale Systems 012345
Hand-Held terminals 012345
Communications Topics
Fiber Optics (SDH/SONET) 012345
High-Performance Networking (ATM, FDDI...) 012345
LAN Cards/Embedded 012345
Internetworking (Bridges, Routers, Hubs...} 012345
Wireless Data Communication 012345
ISDN 012345
ATM/SMDS/Frame Relay 012345
Cellular’/PCN 012345
Modem 012345
Fax 012345
Navigation Systems (GPS) 012345
Industrial Topics
Medical 012345
ATE 012345
Test and Measurement Instrumentation 012345
Robotics 012345
Industrial Boards (VME, etc.) 012345
Consumer Topics
Advanced Consumer Video 012345
Advanced Consumer Audio 012345
Interactive/Entertainment (CD-I, Video Games) 012345
Home Satellite/Cable Terminals 012345
Automotive Topics
Advanced Automotive Systems 012345



8. What other topics would you be interested in?

9. Of the topics listed earlier, which & woukl be of the most interest?

10a. How important is it to have OEM profiles detailing their design and purchasing information?
012345

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 012345
PICDs 012345

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? 012345

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 Markets 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
databases 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 before 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 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 newsletiers 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.qg., rigid disk drives)?

Not Very
Important important
System forecast 012345
System market trends 012345
OEM analysis/market share 012345
Block diagram trends 012345
Semiconductor content analysis/forecast 012345
Semiconductor company analysis/market share 012345

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 012345

Forecast

Worldwide and North American Consumption by Application 012345
Data Processing Statistics Worldwide 012345
Communications Statistics North America 012345
Industrial Statistics North America 012345
Consumer Statistics North America 012345
MilVAero Statistics North America 012345
Transportation Statistics North America 012345
North American OEM Revenue 0123456

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
don't publish? Please rate (0 to 5).



6a. A North American OEM Semiconductor Purchases database (lists semiconductor purchase
estimates by North American OEM) 012345

6b. A North American OEM Electronic Production Survey (lists production sites and unit volumes
for PC, workstation, storage, and printers and board contractors) 012345

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

7. Listed below are some candidate topics for 1993. Please rate these topics as to your interest
level.

Not Very
Important Important
Data Processing Topics
Personal Information and Communications Devices 012345
Pen-Based PCs 012345
Notebook PCs 012345
Desktop PCs 012345
Personal Workstations 012345
Other Workstations 012345
Graphics and Digital Video 012345
Sound/Sound Boards 012345
Rigid Disk Drives 012345
Optical Disk Drives 012345
Tape Drives 012345
Ink Jet Printers 012345
Laser Printers 0123456
Scanners 012345
Point-of-Sale Systems 012345
Hand-Held terminals 012345
Communications Topics
Fiber Optics (SDH/SONET) 012345
High-Performance Networking (ATM, FDDI...) 012345
LAN Cards/Embedded 012345
intemetworking (Bridges, Routers, Hubs...} 012345
Wireless Data Communication 012345
ISDN 012345
ATM/SMDS/Frame Relay 012345
Cellular/PCN 012345
Modem 012345
Fax 0123845
Navigation Systems (GPS) 012345
Industrial Topics
Medical 012345
ATE 012345
Test and Measurement Instrumentation 012345
Robotics 012345
Industrial Boards (VME, etc.) 012345
Consumer Topics
Advanced Consumer Video 012345
Advanced Consumer Audio 012345
Interactive/Entertainment (CD-|, Video Games) 012345
Home Satellite/Cable Terminals 012345
Automotive Topics
Advanced Automotive Systems 012345



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?
012345

10b. Which OEMs would you like covered?

11. Over the naxt 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 012345
PICDs 012345

12. in December you will receive an OEM Purchaser Wants and Needs raport detailing key
services issues, contracting trends, and product needs. How interested do you think you wilt be in
this information? 012345

13. Any other comments?

Thank you! Your help is appreciated.



EC Imposes Provisional 10 Percent Antidumping
Penalty on Kerean 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 DRAMSs 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)-International 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. presidentiai 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 compames out
of some European market segments because of the current pricing penalties.

Regarding the future 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 PERSPECTIVE

San Jose, Calif., July 27, 1992 —~ Dataquest today, issues the top-line semiconductor industry forecast numbers along with
assumptions supporting the forecast to the Datagquest 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 contact 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 in 1992, up from a meager 2.7 percent in 1991, The market is ciearly on target
midway through the year. According to the latest WSTS statistics, tota! 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 biltings growth for the same period was 14.8 percent
above year-earlier billings, compared with 13.3 percent in May.

Stré;agth 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 UK. 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 telecommunications infrastructure and the introduction of GSM mobile celiuler phon
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 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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THE DATAQUEST PERSPECTIVE

San Jose, Calif., July 27, 1992 — Dataguest 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 will be shipped
this week. Should you have questions regardiug the market share or forecast data, please contact your semiconductor account '
manager. Dataguest will also be releasing a subset of the forecast data to the press in the farm 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.

Strc;lgth 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 portabie PCs, client/server computers, and network
hardware. '

Dataquest expects the Japanese market to decline 9.4 percent (doflar-based) in 1992, the first yearly dechne sin
1985. The latest market statistics support this outlook. The dotiar 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 & 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 it 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 wers 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 UK. 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 telecommunications infrastructure and the introduction of GSM mobile cellular phon
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 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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AMD 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 around 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 argued 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 questlons,.
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 802877

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 seil
(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 preannounced 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 cloners 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/TL

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 founded 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 10X 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 1IMb level a typical VRAM may
incur a 50 percent die size penalty over the IMb 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 RDRAMSs 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 RDRAMSs will hit the market at a 25 percent price premium (a
fair markup for such performance) must be backed up by silicon. The acid 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 DRAMsS; 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, acquisitions, liquidations, start-
ups, and 50 on) by 56 individual semiconduc-
tor product categories (excluding subtotals),

6 application segments, and 5 world regions
(Europe is spiit into a further subregions). This
exercise helps Dataquest maintain its dynamic
database of semiconductor supply by company,
and semiconductor shipments by world region
and product. The information gained is
supplemented by, and cross-checked with,
Dataquest’s various other information sources.

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

the year. Preliminary vendor rankings are
featired in a Dataquest press release shorly
after this date. :

The second survey takes place during March.
QOur final semiconductor market share estimates
are then published in greater depth in a refer-
ence report (a Source: Dataquest document)
by May 31. There is usually minimal difference
between preliminary and final rankings, as
Dataquest makes every effort to ensure
prelimipary 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
10 survey participants, These definitions may
occasionally be revised, altered or expanded
to reflect changes in the industty. 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.



Chapter 2

Semiconductor Companies Surveyed

Worldwide 1991

North American Companies

Actel

Advanced Micro Devices
Allegro MicroSystems
Altera

Analog Devices

Appian Technology
Applied Micro Circnits Corporation
AT&T

Atmel

Brooktree

Burr-Brown

California Micro Devices

Catalyst

Cherry Semiconductor
Chips & Technologies
Cirrus Logic

Comlinear

Crystat

Cypress 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
ITT

Kulite

Lattice

Linear Technology

LS8! Logic

Maxim

Micro Linear

Micro Power Systems
Microchip Technology

Micron Technology
Microsemi

Mitel

MOSe!?

Motorola

Nationa! 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
TEW

Unitrode

Universal

Vitelic

VLSI Technclogy
VTC

WaferScale Integration
Weitek

Western Digital
Xicor

Xilinx

Zilog

Japanese Companies
Fuji Electric

Fujitsu

Hitachi

Matsushita

2.1
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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
S$GS-Thomson
Siemens

STC

TAG

Telefunken Electronic
™S

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
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Chapter 3

General Sales Definitions

. Sales to customer. All sales are reported
according to custorner location, that is, the

shipping destination.

. Finished semiconductor produocts.
Defined as assembled and tested semicon-
ductor products. Only count sales of jin-
tshed semiconductor products 1o 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,

. Unfinished semiconductor products.
Defined as wafer and die foundry products.
Only count sales of unfinisbed 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.

. 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.

. 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 bybrid
products that conform with definition 2

or 3.

. 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
tnclude the market value of the active
semiconductors in the module or board-
level product.

7.

9

System-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
sysiems, hardware platforms, and box-level
products. Do not include any sales from

such system-level products.

. NRE 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. This occurs in the
following product areas:

e Design charges for ASICs including gate
arrays, cell-based ICs, and full-custom
ICs.

s Mask charges that result from 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).

e Mask charges that result from the
customizing of ROMs.

+ Mask charges that result from the storage
of the customers microcode in a
microcontroller.

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

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

31



3-2 Semdconductor Market Definitions Chapter 3

10.IPR income. Defined as intellectual and dispute settlements. Do nof inchide .
property rights, income from royalties, any such IPR income.
licensing agreements, technology transfers,
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. Chapter 4

E xchange Rate Definitions

When converting a company’s local currency between each company. These are the

sales into U.S. dollars, or vice versa, it is exchange rates that will be used in the final
important to use the 1991 exchange rates 1991 semiconductor market share survey,
provided below. This will prevent inconsisten- Exchange rates for historical years are available
cies in the conversion of offshore sales on request.

Average 1991 Exchange Rates against the U.S. Dollar

Couniry 1991 Rate Currency
Austria 1167  Schillings/$
Belgium 3413  Belgian Francs/$
Denmark 6.39 Danish Kroner/$
Finland 4.04 Markka/$

. France 564  French Francs/§
Germany 1.66  Deutsche Marks/$
Ireland 062  Pounds/$
Tealy 1,23893  Lire/$
Japan 13468  Yen/$
Luxembourg 34.13 Luxem, Francs/$
Netherlands 1.87 Gulden/$
Norway 649  Norwegian Kroner/$
Portugal 144.02 Escudos/$
South Korea 730.90  Won/$
Spain 10381  Pesetas/$
Sweden 6.04 Swedish Kronor/$
Switzerland 1.43 Swiss Francs/$
Taiwan 2650  NT$$
United Kingdom 057  Pounds/$
ECU 0.81 ECU/$

é1
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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 cclumn. Any level in the hierarchy
that does not depend on any subcategories is
marked as a “Data Point.”

Total Semiconductor:
Total Integrated Cireuit:

Bipolar Digital IC:

Bipolar Digital TTL/Other IC:
Bipolar Digital ECL IC:

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 1G:

MOS Digital IC:

CMOS Digital IC:
BiCMOS Digital IC:
NMOS/Other Digital IC:

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

1. Bipolar Digital TTL/Other IC + Bipolar Digital ECL 1C—Jechnology
split

2. Bipolar Digital Memory IC + Bipolar Digital Microcomponent IC +
Bipolar Digital Logic—function spiit

Dawa Point
Dara Point

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
1c

Data Point

Data Peoint

Data Point

Data Point

Data Point

Data Point

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

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

Dam Point
Data Point
Darz Point

51
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MOS Digital Memory IC:

DRAM:

SRAM:

EPROM:

Other NV MOS Memory IC:
Other MOS Memory IC:

MOS Digital Microcomponent IC:

MOS Digital MPU:
MOS$ Digital MCU:
MOS Digital MPR:

MOS Digital Logic IC:
MOS Digital ASIC:

MOS Digital GA:

MO$ Digital PLD:

MOS Digital CBIC:

MOS Digital FCIC;
MOS Digital Standard Logic IC:
Other MOS Digital Logic IC:

Analog 1C:
Monclithic Analog IC:

Linear IC:

Amplifier IC:

Voltage Regulator IC:
Voltage Reference IC:
Comnparator IC:
Special Function IC:
Special Consumer IC:
Special Automotive IC:
Linear Array ASIC:

Mixed-Signal 1C:

Data Converter IC:
Telecom IC:

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

Data Point

Data Point

Dara Point

Data Point

Data Point

MOS Digital Microprocessor + MOS Digital Microcontroller + MOS
Digital Microperipheral

Data Point

Data Point

Dara Point

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

MOS Digital Gare 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

Monolithic Analog IC + Hybrid IC
Linear IC + Mixed-Signal IC

Amplifier IC + Voltage Regulator 1C + Voltage Reference IC + Compa-
rator IC + Special Function IC + Special Consumer IC + Special
Automotive IC + Linear Amay ASIC

Data Point

Data Point

Data Point

Data Point

Data Point

Data Point

Data Point

Data Point

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

Data Point
Dara Poimt
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Chapter % Semiconductor Product Category Hierarchy 53
Interface IC: Data Point
Switch/Multiplexer IC: Data Point
Disk Prive IC: Data Point
Mixed-Signal ASIC: Data Point
Hybrid IC: Data Point
Totzl Discrete: Transistor + Diode + Thyristor + Other Discrete
Transistor: $mall-Signal Transistor + Power Transistor

Small-Signal Transistor:
Power Transistor:

Bipolar Power Transistor:
MOS Power Transistor:
Power 1GBT:

Diode:
Small-Signal Diode:
Power Diode:
Thyristor:
Other Discrete:

Total Optoelectronic:

Data Point

Bipolar Power Transistor + MOS Power Transistor + Power Insulated
Gate Bipolar Transistor (IGBT)

Data Point

Data Point

Data Point

Small-Signal Dicde + Power Diode
Data Point
Data Paint
Dara Point
Data Point

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

LED Lamp/Display: Data Point
Opiocoupler: Data Point
CCD: Data Point
Laser Diode: Data Point
Photosensor: Data Point
Solar Cell: Data Point
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Chapter 6

Semiconductor Product Category

Definitions

The following semiconductor product category level in the hierarchy, all subcategories that

definitions begin with total semico:

contribute to this level are shown as a

and continue through each subcategory in the subcategory summation in the right-hand
same order as shown in the preceding semi- column. Comprehensive definitions are
conductor product category hierarchy. At each given at every level.

Total Semiconductor:

Total Integrated Circuir:

Bipolar Digital IC:

TTL/Other Bipolar Digital IC:

ECL IC:

Bipolar Digital Memory IC:

(C + Discrete + Optoelectronic.) Defined as an active semiconduc-
tor product that contzins 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 excdudes standalone passive components, such as capaci-
tors, resistors, inductors, oscillators, crystals, transformers, and relays.

(Digital Monolithic Bipolar IC + Digital Monolithic MOS IC + Analog
Monolithic IC + Hybrid IC.) An IC is defined as 2 large number of
passive and/or active discrete semiconductor circuits integrated into
a single pachage. A monolithic IC is one in which discrete circuits
are integrated onto a single die, while a bybrid IC is one in which
discrete circuits are integrated onto a small number of die,

1. technology spht—(TTL/Other Bipolar 1C + ECL)

2. function spli+—(Bipolar Digital Memory IC + Bipolar Digital
Microcomponent IC + Bipolar Digital Logic IC)

A bipolar digital IC is defined as a monolithic semiconductor pro-
duct in which 100 percent of the die area performs digital func-
tions, and concurrently, 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,

Deafined as a bipolar digital IC manufactured using transistor-
transistor logic (TTL) semiconductor technology. Other bipolar tech-
nologies include resistor-transistor logic (RTL) and dicde-transistor
logic (DTL).

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

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), last-in/first-out (LIFO) memory, first-in/first-out (FIFO)
memory,

61
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Bipolar Digital Micro 1C:

Bipolar Digital Logic IC:

Bipolar Digital ASIC:

Bipolar Digital GA:

Bipolar Digital PLD:

Bipolar Digital CBIC:

Bipolar Digital FCIC:

Bipolar Digital Standard Logic IC:

Defined as 2 bipolar digital semiconductor product that contains a
data processing unit or serves as an interface to such a unit
Includes both complex-insiruction-set computing (CISC) and
reduced-instruction-set computing (RISC) processor architectures.
Includes bipolar digital microprocessor (MPLD, bipolar digital
microcontroller (MCU), and bipolar digital microperipheral (MPR),
where applicable.

(Bipolar Digital Application-Specific IC + Bipolar Digital Standard
Logic IC + Other Bipolar Digital Logic IC.) Defined as a bipolar
digital semiconductor product in which more than 50 percent of
the die area performs logic functions. Excludes bipolar digital
microcomponent ICs.

(Bipolar Digital Gate Array + Bipolar Digital Programmable Logic
Device + Bipolar Digital Cell-Based IC + Bipolar Digiral Full-
Custom IC.) Defined as a single-user bipolar digiral logic 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 bipolar 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-programmabie logic (bipolar FPL),
bipolar field programmable gate array (bipolar FPGA), bipolar
programmable array logic (bipolar PAL), bipolar programmable logic
array (bipolar PLA), bipolar electrically programmable logic device
(bipolar EPLD), and bipolar programmable multilevel logic device
(ipolar PMD).

Bipolar Digital Cell-Based IC is defined as an ASIC device that is
produced from a library of standard circuits/cells o 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 cell-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 giue logic. Examples include TTL, ECL
and other family logic: TTL-compatble SSI, MSI, LSI; standard, AS,
FAST, LS, ALS lines; ECL-compatible $SI, MSI, LSI. Also RTL and
DTL.
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Chapter 6 Semiconductor Product Category Defindtions 6-3

Other Bipolar Digital Logic IC:

MOS Digital IC:

CMOS Digital 1G:
BiCMOS Digital 1C:

NMOS/Other Digital 1C:
MOS Digital Memory IC:

DRAM:

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 generai-purpose logic
not belonging to any families.

1. technology splii-—(CMOS + BICMOS + NMOS/Other)

2. function split—(MOS Digital Memory IC + MOS Digital
Microcomponent IC + MOS Digital Logic 10

A MOS digital IC is defined as a monolithic semiconductor product
in which 100 percent of the die area performs digital functions, and
concurrently, any portion of the die area that 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 manufacturing, such as BiMOS and BiCMOS,
where there is some MOS technology employed.

Defined as 2 MOS digital IC manufactured entirely in complemen-
tary metal oxide semiconductor (CMOS) rechnology.

Defined as a MOS digital IC manufactured using bipolar and com-
plementary metal oxide semiconductor (CMOS) technologies.

Defined as a2 MOS digital IC manufactured entirely in N-channel
metal oxide semiconducior (NMOS) technology. Other MOS technol-
ogies include P-channel metal oxide semiconductor (PMOQS).

(DRAM + SRAM + EPROM + Other Nonvolatile MOS Digital Mem-
ory + Other MOS Digital Memory.) Defined as a MOS digital IC in

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 volatle memories and addressing is
multiplexed.

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

category.

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

Includes EEFROM, flash memory, and mask ROM. These are all
nonvolatile rmemories.
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Other MOS Digital Memory 1C:

MOS Digital Microcomponent IC:

MOS Digital MPU:

MOS Digital MCLU:

EEPROM is defined as Electrically Erasable Programmable Read-Only
Memory. Includes Serial EEPROM (S-EEPROM), Parallel EEPROM (P-
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-
doctor products are a combination of an SRAM and a P-EEPROM in
each memory cell. The P-EFFROM funcions as a shadow backup
for the SRAM when power is lost.

Flash memary 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 refreshes. 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 manufacturer 10 a user specification
using a mask step. Mask ROM is programmed in hardware rather
than software.

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 digial firs-in/
first-out memory (FIFO), MOS digital last-in/first~out (LIFO) memory,
ferroelectric memory.

(MO$ 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 architecrures.

Defined as a MOS Digital Microprocessor. A semiconductor product
serving as the central processing unit {CPU) of a system. Consists
of an instruction decoder, arithmetic logic unit (ALU), registers, and
additiormal logic. An MPU performs general-purpose computing func-
tions by execquting extemal 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 semiconductor 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
fanctions without support form microperipheral (MPR) products.
This category zalso contains members of microcontroller product
families that have had the on-chip noovolatile 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 Logic IC:

MOS Digital ASIC:

MOS Digital GA:

MOS Digital PLD:

MOS Digital CBIC:

MOS$ Digital FCIC:

MOS Digital Standard Logic IC:

Defined as a MOS Digital Microperipheral. A semiconductor product
serving as a logical supporn function to an MPU or MCU in a sys-
tem. An MPR provides enhancement of system performance and/or
interface with external systems. Includes MOS digital MPRs compris-
ing more than one device, such as PC chip sets. Examples of a
MOS digital MPR include: timer, interrupt control, DMA, MMU,
peripheral controllers (for example, disk, graphics display, CRT, key-
board controliers), communications controllers (for example, UART),
chip sets for microprocessor support, 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 a2 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 Amay + 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 twols and/or libraries. Do not include ASICs incorporating
microcontroller cells that should be included in microcontroller
revenue.

MOS Digital Gate Array is defined as an ASIC device that is cus-
tomized by the vendor o end-user specification using layers of

interconnect. 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-programmable logic (MOS FPL), MOS
field-programmable gate array (MOS FPGA), MOS programmable
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-

component.

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 family logic.

©1992 Dataquest Incorporated March—Reproduction Prohibited



Semiconductor Market Definitions Chapter 6

Other MOS Digital Logic IC:

Analog IC:

Monolithic Analog IC:

Monolithic Linear I1C:

amplifier IC:

Voltage Regulator IC:

Voltage Reference IC:

Defined as all other MOS digital logic 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.

(Monclithic Analog IC + Hybrid IC)

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 vol-
tages, currenis, or frequencies. Includes all menolithic analog ICs
manufacnired using bipolar, MOS, or BiCMOS technologies. A
monolithic IC is a single die contained in a single package.

A hybrid IC is a semiconductor 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 1Cs are repotted in
this category, and not under the earlier category of monolithic digi-
tal ICs. Includes all hybrid ¥Cs 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 1/0, therefore its characteristics are inherently linear.
Monolithic mixed-signal IC is defined as an analog device that has
both analog and digital /O (see mixed-signal IC definition).

(Amplifier IC + Voltage 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 pefcent analog 1/0.

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 amoplifier 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-cutput voltage drop, or

switching regulators, in which the device provides switched quanti-
ties of power to a smoothing circuit to gain higher efficiency and

Defined as a general-purpose linear IC that outputs a precise refer-
ence voltage to other circuits from a variable vohage input. A refer-
ence IC differs from a regulator IC in that it is not expected 10
power other circuits. In fact, 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 1C:

Defined as a general-purpose linear IC that compares two analog
signal inputs and provides a single logic bit outpur. 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 which the output is constrzined 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 that 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, phaselocked loops (PLLs), voltage-
controlled oscillators (VCOs), signal/function generator 1Cs, 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 o general
consumer applications, but is not application-specific. Includes ana-
log 1Cs implemented in audio, video, radio, speech synthesis and
recognition, electronic games, personal and home appliznces, 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 tiles

3, Arrays of higherdevel 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 uvnique 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/C and digital /O pins. This definidon is not
based on the comparative size of the IC's analog and digital cir-
cuitry, It is a definition based on exyernal pin functionality, ICs that
are mainly digital but have some nominal analog housekeeping
functions such as voltage monitors, power-on reset, or clock oscilla-
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: Defined as a general-purpose mixed-signal IC that converts an ana-
log signal into a digital sigual, or vice versa. Includes analog-to-
digital converters (ADCs), digital-to-analog convertors (DACs), com-
parators, sample-and-hold circuits (SHCs), voltage-to-frequency
circuits (VFCs), frequency-to-voltage circuits (FVCs), synchro-to-digital
circuits (SDCs), and digital-to-synchro circuits (D5Cs). All these are
general-purpose data convertor ICs. Also included in tbis category
are color-paletie DACs. Consumer-dedicated data converter ICs are
counted in special consumer IC, Data converer ICs designed specif-
ically for one customer using vendor-supplied tools and/or libraries
are counted in analog/mixed-signal ASIC.

Telecom IC: Defined as a general-purpose mixed-signal IC used for voice band
communication or data communication over voice band media. This
category incudes CODECs, combos and SLACs, SLICs, 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,

Interface IC: Defined as a general-purpose mixed-signal IC that serves as an
interface between a digital system and other external nonseraicon-
ductor systems. Includes line drivers, peripherals drivers, display
drivers, keyboard encoders, receivers, transmitters, and transceivers.
Consumer-dedicated interface ICs are counted in special consumer
ICs. Interface ICs designed specifically for one customer using
vendor-supplied tools and/or libraries are counted in linear array
ASIC or mixed-signal ASIC.

Switch/Muliplexer IC: Defined as a mixed-signal IC that digitally controls analog transmis-
sion gates. These products connect or disconnect the analog signal
path in analog circuits. Analog switches operate in a mode where
each switch is operated independenty 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. o the output depending on the state of a digital address
word (greater than one bif). Thus, analog multipiexers are really
addressable signal selector switches that select 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 parnt of
the data conversion product family in that they are used to provide
time-division roultiplexing of signal inputs to a fast analog-to-digital
converter.

Disk Drive IC: 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.

Mixed-Signal ASIC: Defined as a mixed-signal analog IC thar is manufactured for a
single user, using vendor-supplied tools and/or libraries.
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Hybrid IC: 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
monoclithic IC functions described in the preceding categories.

Total Discrete: (Transistor + Diode + Thyristor + Other Discrete) A discrete semni-
conducter is defined as 2 unit building block performing a fun-
damental semiconductor function.

Transistor: (Small-Signal Transistor + Power Transistor)

Small-Signal Transistor: Defined as signal wansistors, RF microwave transistors, dual transis-
tors, MOS field-effect transistors (MOS-FETS), conductivity modulated
field-effect transistors (COMFETS), insulated gate bipolar transistors
(1GBTs}, and MOS-bipolar transistors (MBTs). All rated below W
power dissipation, 1A current rating, or 100V operating voltage.

Power Transistor: (Bipolar Power Transistor + MOS Power Transistor + Power IGBT.)
All rated IW power dissipation and above, 1A current rating and
above, or 100V operating voltage and above.

Bipolar Power Transistor: Defined as bipolar Darlington transistor, bipolar microwave transis-
tor, bipolar radio frequency (RF) transistor.

MOS Power Transistor: Defined as MOS field-effect transistor (MOS-FET), MOS Darlington
transistor, MOS microwave transistor, MOS radio frequency (RF)
transistor.

IGBT Power Transistor: Defined as insulated gate bipolar transistor (IGBT). Also includes

conductivity modulated field-effect transistor (COMFET), MOS-bipolar
transistor (MBT), and GEMFET.

Diode: (Small-Signal Diode + Power Diode)
Small-Signal Diode: Defined as signal diodes, Schonky diodes, zener diodes, switching

diodes, voltage reference diodes, voltage regulator diodes, and recti-
fier diodes. All rated below 0.1A. '

Power Diodes: Defined as zener diodes and rectifier diodes. All rated 0.1A and
above.
Thyristor: Defined as thyristors, silicon-controlled rectifiers (SCRs), diacs, and

triacs. Also includes solid-state relays (SSRs) incorporating triacs,
thyristors, resistors, and capacitors.

Other Discrete: Defined as all other discrete semiconductor products not accounted
for in the preceding categories. Inciudes microwave diodes,
varactors, muning diodes, tunnel effect diodes, and selenium
rectifiers.
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Total Optoelectronic: (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 LCD, incandescent displays, fluorescent displays,
cathode ray tubes (CRTs), or plasma displays.

LED Lamp/Display: LED Lamp + LED Display.

An LED lamp is defined as a light-emining diode: a semiconductor
product consisting of a single die in which photons are emited at
frequencies dependent upon the semiconducior material employed.
An 1ED display is defined as an armay of LEDs: a semiconductor
product consisting of more than one die in which photons are
emitted at frequencies dependent upon the semiconductor material
employed.

Optocoupler: Defined as an optocoupler or optoisolator. A semiconductor product
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 (0 influence the device. \

CCD: » Defined as a charge-coupled device. A semiconductor product 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), chatgecoupled photodiode (CCF), .
charge-priming device (CPD), self-scanning photodiode (SSP).

Laser Diode: Defined as a diode that produces coherent light. A semiconductor
product in which the heterojunction strucure 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.

Photosensor: FPhotodiode + Phototransistor. Defined as a diode or transistor in
which photons are used to affect current Aow.

Solar Call: Defined as photovoliaic or solar cells. A semiconductor device in
which photons are used to generate current flow,
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Woriawide Geograpbhical 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,
Massachuseits, New Hampshire, Rhode Island,
Vermont, Alaska, California, Hawaii, Oregon,
Washington, Delaware, Fiorida, Georgia,
Maryland, North Carolina, South Carolina,
Virginia, West Virginia, Jowa, Kansas, Minneso-
ta, Missouri, Nebraska, North Dakota, South
Dakota, Arkansas, Louisiana, Oklahoma, Texas),
Puerto Rico, and Canada (12 provinces: New-
foundiand, Prince Edward Island, Nova Scotia,
New Brunswick, Quebec, Ontario, Manitoba,
Saskatchewan, Alberta, British Columbia,
Labrador, Northwest Territories).

Japan

Includes Hokkaido, Tohoku, Kanto, Chubuy,
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,
S5an 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), Soutbeast Asia
(Brunei, Timor, Indonesia, Kampuchea, Laos,
Malaysiz, Philippines, Singapore, Thaitand,
Vietham, Borneo, Sumatra, Sulawesi, Java),

Rest of World

Includes Mexico, Arctic, Antarctica, Greenland,
St. Pierre and Miquelon, Awstralia, New
Zealand (North Island, South Istand, 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-
soon, 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,
Cornores, Réunion, 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), Cartbbean Ilands (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, Czechoslovakia, Hungary, Poland,
Yugoslavia, Romania, Estonia, latvia, Ukraine,
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Belorussia, Lithuania, Latvia, Georgia), Com-
monwealth of I States (formerly
USSR: Russian Federation, Moldavia, Armenia,
Azerbaijan, Kazakhstan, Uzbekistan, Tadjikistan,
Kirghizia, Turkmenistan), Inner Asia (Af-
ghanistan, Bhutan, Mongolia, Pakistan), Middle

East (Bahrain, Cyprus, Democratic Yemen,
People’s Republic of Yemen, Egypt, Gaza Strip,
Iran, Irag, Israel, Jordan, Kuwait, Lebanon,
Oman, Qatar, Saudi Arabia, United Arab
Emirates, Syria).
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Chapter 8

Semiconductor Application Segment

Definitions

Data Processing

Defined as computer systems, terminals, smart
cards, dara storage devices, input/output
devices, and dedicated systetmns:

o Computer systems includes supercomputers,
mainframe computers, superminicom-
puters, minicomputers, Mmicrocomputers,
worlkstations, personal computers.

e Data storage devices includes flexibile/remov-
able disk drives, fixed/rigid disk drives,
optical disk drives, tape drives (streamers).

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

o Smart cards mcludes 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.

o 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/synthesizer computer equipment,
mice, keyboards, digitizers.

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

Communication

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

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

o 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, wners,
cassette decks, graphic equalizers, turntables,
speakers, and equipment used in swdio,
broadcast, and home environments {equip-
ment that interprets frequencies correspond-
ing to audible sound waves), musical
instruments.

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

‘o Personal electronics includes watches, clocks.

o Blectronic/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, au

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
civil aerospace. 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 miscellanecus avionic
equipment.

Transportation

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

o 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/4WD control, multiplex systems such
as driver’s door, auto-dimate control, door
locks, windshield wipers, heated rear win-
dows, memory seats, remote secusity 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 bedy electronics.

» Driver information includes electronic dash-
board/instrument clusters, analog or digital
clusters, electronic analog/digital clocks and
compasses, electronic thermometers, head-up
displays, navigation and location systemns,
signal and warning lights.

e Powertrain controls include engine manage-
ment systems, powertrain sensors, ignition
control, fuel injection systems, fuel flow,
engine temperature, air temperature, coolant
level, and wheel speed sensors.

» Safely and conventence includes 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 systemns.
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Chapter 1
Introduction

This document contains detailed information on Dataquest’s view of
the electronic equipment markets.

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 because

of rounding.

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 entitied
“Exchange Rates” has more information regarding these average rates.
As a rule, Dataquest’s estimates are calculated 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 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.

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 fore-
cast. 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 Data-
quest’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.
Dataquest’s objective is to provide data along lines of segmentation
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that are logical, appropriate to the industry in question, and
immediately useful to clients.

For a detailed explanation of Dataquest’s market segmentation, refer
to the Dataguest 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 Dataguest
High-Technology Guide: Segmeniation 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
electronics, 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 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

©1992 Dataquest incorporated SAWW-SVC-MT-9201



tntroduction 13

This section lists the definitions used by Dataquest to present the data
in this document. Complete definitions for all terms associated with
Dataquest’s segmentation of the high-technelogy 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/Qutput Devices: Includes printers, media-to-media data conver-
sion, magnetic ink character recognition, optical scanning equipment,
plotters, voice recognition/synthesizer 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 equipment.

Premise Telecom Equipment: Includes image and text communication,
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, intermetworking, 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
multiplexers, 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.

SAWW-SVC-MT-9201 ©1982 Dataquest Incorporated October 12, 1992
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Broadcast and Studio Equipment: Includes audio equipment, video
equipment, transmitters and RF power amplifiers, studic 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 communications equipment not elsewhere classified.

Security /Energy Management: 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.

(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, microwave 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 electronics, such as radar
and sonar, missiles and weapons, space-related electronics, communi-
cations 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 electronics, communications and navigation equipment,
flight systems, and simulation systems.

Transportation Electronics: Includes entertainment systems, vehicle
controls, body controls, driver information systems, powertrain
systems, and safety and convenience systems.

©1992 Dataquest Incorporated SAWW-SVC-MT-8201
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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 Burope includes Benelux (Belgium, Netherlands,
and Luxembourg), France, Italy, Scandinavia (Denmark, 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, Bormeo, 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
consumption 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 (labor 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
manufacturing (that is, consuming chips) its products 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

SAWWESVC-MT-201 ©19% Dataquest Incomporatad
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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:

» Dataquest’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 Buropean 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 Dataguest Research
and Forecast Metbodology 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 conjunction with input from
Dataquest’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
trend 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 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.

©1992 Dataguest incomporatad SAWW-SVC-MT-0201
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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 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) Countries:

» The U.S,, Canadian, and UK. 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
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 dur-
ing 1991, from 0.9 percent in 1991 to 2.1 percent and 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
during 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 abundance of productive capacity, combined 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

SAWW-SVC-MT-9201 ©1992 Dataquest Incorporatert October 12, 1992



18

Semiconductor Application Markets Worldwide

October 12, 1932

North America, recovery will continue into 1993 as economic condi-
tions continue to improve and stabilize. Japanese production will
remain hemumed 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, g