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Dataquest Predicts 

SLI to Dominate ASIC Market by 2000 
Abstract: Dataquest is introducing a new area of research called "system-level integration" 
(SLI), also known as "system on a chip." Under the SLI umbrella is both hardware and soft­
ware co-design, as well as SLI application-specific integrated circuits (ASICs) sold to one 
user and SLI application-specific standard products (ASSPs) sold to more than one user. 
Today, the SLI ASIC market is about $1.1 billion and accopmts for about 10 percent of the 
ASIC market (gate arrays and cell-based ICs). Dataquest predicts the SLIASIC market will 
reach $14 billion by the year 2000 and account for about 60 percent of the ASIC market. 
In this document, Dataquest explores SLI applications, leading suppliers, and technology 
drivers. We also forecast the future of this dynamic market. 
By Bryan Lewis 

System-Level Integration: Profits on a Chip 
We are entering a new era of electronic system design that we are calling 
"system-level integration" (SLI). We now have the technology to incorporate 
the entire system on a single chip. Design methodology design reuse, and 
intellectual property will play vital roles in determining the winners among 
both suppliers and users. Companies such as LSI Logic and VLSI Technol­
ogy have proven to Wall Street that ASIC suppliers can be profitable if bets 
are placed in the right areas. System suppliers are finding many benefits to 
using SLI technology including improved design times, improved perfor­
mance, and improved product differentiation, all of which help increase 
profit margins. SLI is the well-paved road to profits for both suppliers and 
users. 
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Product Code: ASIC-WW-PD-9502 
Publication Date: December 18, 1995 
FiliRg: Perspective 
(For Cross-Industry, file in the Semiconductors, Volume 2 of 3 binder betiind the ASICs 
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SLI Definition 
At its October 1995 Semiconductor Conference, Dataquest introduced a 
new term and area of research to the industry—system-level integration. 
Other terms used in the industry today that have a similar meaning include 
"system on a chip" or "systems on silicon." We have not chosen these terms 
because they imply that the system is hardware only. We strongly believe 
that future system design will include hardware/software co-design, so we 
have chosen a broader term that encompasses both elements. This docu­
ment focuses on the hardware portion of the market, and we define the 
hardware market as follows: 

• System-Level Integration: An integrated circuit that contains a compute 
engine, memory, and logic on a single chip and has more than 100,000 
utilized gates. 

There are two types of SLI devices: ASICs (application-specific integrated 
circuits that are sold to a single user) and ASSPs (application-specific stan­
dard products that are sold to more than one user). 

iVIarlcet Size and Applications 
Dataquest's preliminary 1995 estimate for the SLI ASIC market is $1.1 bil­
lion, and we estimate $0.9 billion for SLI ASSPs. About half of the 1995 SLI 
ASSP market is in telecom chips, including LANs, modems, switching, 
wireless, and Asynchronous Transfer Mode (ATM). The other half of the SLI 
ASSP market is in graphics, audio, core logic, and consumer. 

SLI ASICs are entering the market at a rapid pace, with many high-volume 
applications slated to use the technology, including the following: 

• Personal electronics 

• Video games 

• Set-top boxes 

• Portable computing 

• Portable communications 

• Multimedia 

There are three primary reasons to move to SLI technology: improved f tmc-
tionality, improved performance, and reduced size. The majority of SLI 
applications today beni|fit frqm improved functionality and reduced size, 

. ^ but we believe that speed improvements will soon play a role. 

We believe that SLI ASICs accbunt for about 10 percent of the combined 
total of the 1995 gate array and cell-based IC market and will account for 
about 60 percent of the market by the year 2000 (see Figure 1). 

As a cross-check to our forecast, we looked back six years, when 50,000-to-
100,000-gate technology was just being introduced and mainstream was 
5,000 to 10,000 gates. In 1989, about 15 percent of ASIC designs were greater 
than 20,000; 85 percent of designs were less than 20,000 gates. In 1995, about 
25 percent of ASIC designs are less than 20,000 gates and about 15 percent 
are greater than 100,000 utilized gates. We believe that average ASIC 

•^^'' . complexity in 2000 will be about 125,000 gates and that SLI ASICs will 
suns -îvT t account for the majority of allASICs. Judging from history, our SLI forecast 

could be conservative. 

ASIC-WW-PD-9502 ©1995 Dataquest Incorporated December 18,1995 
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Figure 1 
Preliminary Worldwide SLI ASIC Market 
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Leading SLI Suppliers 
Nearly all ASIC companies have targeted this market for growth. Leading 
companies in this market include the following: 

• LSI Logic 

• IBM 

• AT&T 

• VLSI Technology 

• Toshiba 

• NEC ;r. \ ' ' -''^^'z'],' 

Otix^T compafiies actiXrely-purShing the SLI market with increasing revenue 
include Hewlett-Packard/Motorola, Texas Instruments, Mitsubishi, Fujitsu, 
Hitachi, Oki, Symbios, Samsung, and LG Semicon. 

LSI Logic is the largest supplier in this market and has proven that ASIC 
companies can be profitable with a strong focus on system-level integration 
and intellectual property. Although LSI Logic struggled to post profits in its 
first ten years of operation, the company continued to invest in advanced 
system design methodology and intellectual property that paved the road 
to profitability. The company has now been highly profitable for over two 
years and is experiencing record revenue and record profits. 

VLSI Technology is another publicly owned ASIC/ASSP company that has 
pursued the same strsategy as LSI Logic and is also posting record revenue 

ASIC-WW-PD-9502 ©1995 Dataquest Incorporated December 18,1995 
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and profits. Other companies with a strong focus on the SLI market with 
profits that are more difficult to track include IBM, AT&T, Toshiba, and 
NEC. All of the leading SLI companies have or are close to announcing 
0.35-micron processes that are capable of over 2 million gates; they are also 
investing heavily in advanced system design methodology and intellectual 
property, including dedicated cell libraries tailored to specific applications. 

New Technologies Enable SLI 
System-level integration has been dreamed of for many years, but the tech­
nologies required to execute SLI have only recently emerged. Five key areas 
are critical for the success of the SLI market, as follows: 

• 0.35-micron processes with up to 5 million usable gates 

• Comprehensive focused cell libraries 

• Improved test capabilities 

• Improved design tools 

• New packages with high pin coxints 

While the mainstream market is still designing in gate counts far below 
1 million gates, leading ASIC suppliers are announcing 0.35-micron prod­
ucts with up to 5 million usable gates. The 0.35-micron product families not 
only give a high maximum gate count but also increase the usable gate 
count of the cost-effective solution. The cost-effective solution, or sweet 
spot, of 1995 ASIC designs is in the 50,000-to-100,000-gate range (see 
Figure 2). We are seeing a much higher percentage of designs with 
greater than 100,000 usable gates as system designers use 0.6-micron and 
0.5-micron ASIC families. As system designers strive for system-level 
solutions and embrace 0.35-micron ASIC families, the sweet spot of these 
product families will be close to 1 million gates, which offers considerable 
sUicon real estate for incorporating system functions on a single chip. 

Today, orUy a small portion of gate arrays and cell-based ICs have on-chip 
compute engines or microprocessors. The microprocessor cores have sim­
ply been too large and therefore not cost-effective for incorporation into the 
ASIC design. We believe that with the new 0.35-micron and 0.25-micron 
product families, we will see a much higher percentage of compute engines, 
such as the MIPS and ARM cores, going on chip. Memory and logic are 
available today and are practical, as shown in Figure 3. 

Test is also critical for SLI designs. Over 40 percent of cell-based designs in 
1995 had on-chip test (see Figure 3), and most designs over 100,000 gates 
had on-chip test. 

ASlC-WW-PD-9502 ©1995 Dataquest Incorporated December 18,1995 
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Figure 2 
1995 ASIC Design Start Distribution by Average Utilized Gate Count: North America 
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Source: Dataquest (December 1995) 

Figure 3 
Cell-Based IC Design Starts by Cell Use: North America 
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Design reuse is of paramount importance when designing high-complexity 
ASICs or SO devices. System designers must design on tfie block level and 
be able to reuse and alter the intellectual property (D?) in a number of subse­
quent designs. Hardware description languages, specifically VHDL and 
Verilog, are the wave of the future. While Verilog still has a strong following 
and must be supported by SLI vendors, most system designers plan to use 
VHDL for their next-generation designs, as shown in Figure 4. 

New developments in packaging technology are also spurring the growth 
of the SLI market. Ball grid array packages (BGA) have made major strides 
in the high-pin-count area (greater than 250 pins), and we believe that 
EGAs will be the package of choice for mainstream SLI designs of the 
future. EGAs now account for about 10 percent of gate array designs today 
(see Figure 5) and we believe that they will accotmt for over 40 percent of all 
ASIC designs and over 70 percent of SLI designs in the year 2000. 

Figure 4 
Use of Hardware Description Languages: North America 
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Figure 5 
Gate Array Design Starts by Package Type: North America 
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The SLI market is poised for rapid growth. Advances in manufacturing pro­
cesses, cell libraries, design tools, and packaging will fuel this market. At 
this point, design tools are the weakest link and must improve to bring 
widespread acceptance of SLI technology. 

The benefits to suppliers and users are many. For suppliers, SLI is the 
well-paved road to profitability. Suppliers must focus on advanced system 
design methodology, advanced processes, design reuse, and IP, including 
focused cell libraries dedicated to specific applications. Supplier differentia­
tion will be determined by system knowledge of the specific application, 
library offering, and track record in the specific application. 

The benefits of SLI to users or system designers include the following: 

• Improved design cycle times 

• Improved design flexibility 

• Improved performance 

• Improved fxmctionality 

• Improved system profit margins 

The bottom line is that if system designers receive improved system profit 
margins by using SLI technology, SLI suppliers will also receive improved 
profit margins. Invest now or be left behind! 

©1995 Dataquest Incorporated December 18,1995 
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Dataquest Predicts 

SLI to Dominate ASIC Market by 2000 
Abstract*. Dataquest is introducing a new area of research called "system-level integration" 
(SLI), also known as "system on a chip." Under the SLI umbrella is both hardware and soft­
ware co-design, as well as SLI application-specific integrated circuits (ASICs) sold to one 
user and SLI application-specific standard products (ASSPs) sold to more than one user. 
Today, the SLI ASIC market is about $1.1 billion and accojints for about 10 percent of the 
ASIC market (gate arrays and cell-based ICs). Dataquest predicts the SLI ASIC market will 
reach $14 billion by the year 2000 and account for about 60 percent of the ASIC market. 
In this document, Dataquest explores SLI applications, leading suppliers, and technology 
drivers. We also forecast the future of this dynamic market. 
By Bryan Lewis 

System-Level Integration: Profits on a Chip 
We are entering a new era of electronic system design that we are calling 
"system-level integration" (SLI). We now have the technology to incorporate 
the entire system on a single chip. Design methodology, design reuse, and 
intellectual property will play vital roles in determining the winners among 
both suppliers and users. Companies such as LSI Logic and VLSI Technol­
ogy have proven to Wall Street that ASIC suppliers can be profitable if bets 
are placed in the right areas. System suppliers are finding many benefits to 
using SLI technology, including improved design times, improved perfor­
mance, and improved product differentiation, all of which help increase 
profit margins. SLI is the well-paved road to profits for both suppliers and 
users. 

DataQuest 
Program: ASICs Worldwide 
Product Code: ASIC-WW-PD-9502 
Publication Date: December 18, 1995 
Filing: Perspective 
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SLI Definition 
At its October 1995 Semiconductor Conference, Dataquest introduced a 
new term and area of research to the industry—system-level integration. 
Other terms used in the industry today that have a similar meaning include 
"system on a chip" or "systems on silicon." We have not chosen these terms 
because they imply that the system is hardware only. We strongly believe 
that future system design will include hardware/software co-design, so we 
have chosen a broader term that encompasses both elements. This docu­
ment focuses on the hardware portion of the market, and we define the 
hardware market as follows: 

• System-Level Integration: An integrated circuit that contains a compute 
engine, memory, and logic on a single chip and has more than 100,000 
utilized gates. 

There are two t57pes of SLI devices: ASICs (application-specific integrated 
circuits that are sold to a single user) and ASSPs (application-specific stan­
dard products that are sold to more than one user). 

iVlarlcet Size and Applications 
Dataquest's preliminary 1995 estimate for the SLI ASIC market is $1.1 bil­
lion, and we estimate $0.9 billion for SLI ASSPs. About half of the 1995 SLI 
ASSP market is in telecom chips, including LANs, modems, switching, 
wireless, and Asynchronous Transfer Mode (ATM). The other half of the SLI 
ASSP market is in graphics, audio, core logic, and consumer. 

SLI ASICs are entering the market at a rapid pace, with many high-volume 
applications slated to use the technology, including the following: 

• Personal electronics 

• Video games 

• Set-top boxes 

• Portable computing 

• Portable communications 

• Multimedia 

There are three primary reasons to move to SLI technology: improved func­
tionality, improved performance, and reduced size. The majority of SLI 
applications today benefit from improved ftmctionality and reduced size, 
but we believe that speed improvements will soon play a role. 

We believe that SLI ASICs account for about 10 percent of the combined 
total of the 1995 gate array and cell-based IC market and will account for 
about 60 percent of the market by the year 2000 (see Figure 1). 

As a cross-check to our forecast, we looked back six years, when 50,000-to-
100,000-gate technology was just being introduced and mainstream was 
5,000 to 10,000 gates. In 1989, about 15 percent of ASIC designs were greater 
than 20,000; 85 percent of designs were less than 20,000 gates. In 1995, about 
25 percent of ASIC designs are less than 20,000 gates and about 15 percent 
are greater than 100,000 utilized gates. We believe that average ASIC 
complexity in 2000 will be about 125,000 gates and that SLI ASICs will 
account for the majority of all ASICs. Judging from history, our SLI forecast 
could be conservative. 

ASlC-WW-PD-9502 ©1995 Dataquest Incorporated December 18,1995 
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Figure 1 
Preliminary Worldwide SLI ASIC Market 
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Source: Dataquest (December 1995) 

Leading SLI Suppliers 
Nearly aU ASIC companies have targeted this market for growth. Leading 
companies in this market include the following: 

• LSI Logic 

• IBM 

• AT&T 

• VLSI Technology 

• Toshiba 

• NEC 

Other companies actively pursuing the SLI market with increasing revenue 
include Hewlett-Packard, Motorola, Texas Instruments, Mitsubishi, Fujitsu, 
Hitachi, Oki, Symbios, Samsung, and LG Semicon. 

LSI Logic is the largest supplier in this market and has proven that ASIC 
companies can be profitable with a strong focus on system-level integration 
and intellectual property. Although LSI Logic struggled to post profits in its 
first ten years of operation, the company continued to invest in advanced 
system design methodology and intellectual property that paved the road 
to profitability. The company has now been highly profitable for over two 
years and is experiencing record revenue and record profits. 

VLSI Technology is another publicly owned ASIC/ASSP company that has 
pursued the same strategy as LSI Logic and is also posting record revenue 

ASIC-WW-PD-9502 ©1995 Dataquest incorporated December 18,1995 
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and profits. Other companies with a strong focus on the SLI market with 
profits that are more difficult to track include IBM, AT&T, Toshiba, and 
NEC. All of the leading SLI companies have or are close to announcing 
0.35-micron processes that are capable of over 2 million gates; they are also 
investing heavily in advanced system design methodology and intellectual 
property, including dedicated cell libraries tailored to specific applications. 

New Technologies Enable SLI 
System-level integration has been dreamed of for many years, but the tech­
nologies required to execute SLI have only recently emerged. Five key areas 
are critical for the success of the SLI market, as follows: 

• 0.35-micron processes with up to 5 million usable gates 

• Comprehensive focused cell libraries 

• Improved test capabilities 

• Improved design tools 

• New packages with high pin cotmts 

While the mainstream market is still designing in gate counts far below 
1 million gates, leading ASIC suppliers are announcing 0.35-micron prod­
ucts with up to 5 million usable gates. The 0.35-micron product families not 
only give a high maximum gate count but also increase the usable gate 
count of the cost-effective solution. The cost-effective solution, or sweet 
spot, of 1995 ASIC designs is in the 50,000-to-100,000-gate range (see 
Figure 2). We are seeing a much higher percentage of designs with 
greater than 100,000 usable gates as system designers use 0.6-micron and 
0.5-micron ASIC families. As system designers strive for system-level 
solutions and embrace 0.35-micron ASIC families, the sweet spot of these 
product families will be close to 1 million gates, which offers considerable 
silicon real estate for incorporating system functions on a single chip. 

Today, orUy a small portion of gate arrays and cell-based ICs have on-chip 
compute engines or microprocessors. The microprocessor cores have sim­
ply been too large and therefore not cost-effective for incorporation into the 
ASIC design. We believe that with the new 0.35-micron and 0.25-micron 
product families, we will see a much higher percentage of compute engines, 
such as the MIPS and ARM cores, going on chip. Memory and logic are 
available today and are practical, as shown in Figure 3. 

Test is also critical for SLI designs. Over 40 percent of ceU-based designs in 
1995 had on-chip test (see Figure 3), and most designs over 100,000 gates 
had on-chip test. 

ASIC-WW-PD-9502 ©1995 Dataquest Incorporated December 18,1995 
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Figure 2 
1995 ASIC Design Start Distribution by Average Utilized Gate Count: North America 
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Figure 3 
Cell-Based IC Design Starts by Cell Use: North America 

RAM 

ROM 

Microcontroller 

Microprocessor 

Microperipheral 

DSP 

Analog 

Scan Path Test 

Percentage of Designs 

Source: Dataquest (December 1995) 

ASIC-WW-PD-9502 ©1995 Dataquest Incorporated December 18,1995 



ASICs Worldwide 

- ^ 

"O 

Design reuse is of paramount importance when designing high-complexity 
ASICs or SLI devices. System designers must design on the block level and 
be able to reuse and alter the intellectual property (IP) in a number of subse­
quent designs. Hardware description languages, specifically VHDL and 
Verilog, are the wave of the future. While Verilog still has a strong following 
and must be supported by SLI vendors, most system designers plan to use 
VHDL for their next-generation designs, as shown in Figure 4. 

New developments in packaging technology are also spurring the growth 
of the SLI market. Ball grid array packages (BGA) have made major strides 
in the high-pin-count area (greater than 250 pins), and we believe that 
EGAs win be the package of choice for mainstream SLI designs of the 
future. BGAs now account for about 10 percent of gate array designs today 
(see Figure 5) and we believe that they will account for over 40 percent of all 
ASIC designs and over 70 percent of SLI designs in the year 2000. 

Figure 4 
Use of Hardware Description Languages: North America 
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Source: Dataquest (December 1995) 
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Figxire 5 
Gate Array Design Starts by Package Type: North America 
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Dataquest Perspective 
The SLI market is poised for rapid growth. Advances in manufacturing pro­
cesses, cell libraries, design tools, and packaging will fuel this market. At 
this point, design tools are the weakest link and must improve to bring 
widespread acceptance of SLI technology. 

The benefits to suppliers and users are many. For suppliers, SLI is the 
well-paved road to profitability. Suppliers must focus on advanced system 
design methodology, advanced processes, design reuse, and IP, including 
focused cell libraries dedicated to specific applications. Supplier differentia­
tion will be determined by system knowledge of the specific application, 
library offering, and track record in the specific application. 

The benefits of SLI to users or system designers include the following: 

• Improved design cycle times 

• Improved design flexibility 

• Improved performance 

• Improved functionality 

• Improved system profit margins 

The bottom line is that if system designers receive improved system profit 
margins by using SLI technology, SLI suppliers will also receive improved 
profit margins. Invest now or be left behind! 

ASIC-WW-PD-9502 ©1995 Dataquest Incorporated December 18,1995 
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Market Analysis 

Cell-Based ICs Soar In 1994 ASIC Market Share 
AbStrSCt: Cell-based IC reventie growth outpaced that ofMOS PLDs and gate arrays, 
according to Dataquest's 1994 market share survey. In this article, Dataquest examines the 
1994 ASIC market share rankings by company and product and explores the key areas where 
suppliers can invest to maximize profits. 
By Bryan Lewis 

Traditional ASIC Suppliers Move to Higher Ground 

9 

Leading ASIC suppliers are shifting their focus from low-value commodity 
gate arrays to higher-margin, value-added cell-based ICs (CBICs). Accord­
ing to Dataquest's 1994 market share estimates, the top five ASIC suppliers 
experienced a combined 50 percent increase in CBIC sales over 1993, com­
pared to a 15 percent increase in MOS gate array sales. LSI Logic, the largest 
merchant ASIC suppUer and second-largest MOS gate array supplier, 
posted an outstanding 176 percent increase in CBIC sales, compared to a 
meager 4 percent increase in gate array sales. The entire worldwide MOS 
CBIC market had the highest growth rate of aU the ASIC products, posting 
a 29 percent increase, followed by MOS PLDs with a 23 percent increase 
and MOS gate arrays with a 19 percent increase. Traditional ASIC suppHers 
are moving to higher-density devices (more than 100,000 gates) using large 
functional blocks where margins are higher, while FPGA and CPLD suppU-
ers are moving in on the lower-density market to fill the void. 

During 1994, NEC extended its lead over Fujitsu in total ASIC sales (see 
Figure 1) by increasing its CBIC sales 87 percent. LSI Logic strengthened its 
position in total ASIC sales by jumping from the No. 12 position in 1993 
total CBIC sales to No. 6 in 1994 sales. Xilinx was one of the big winners in 
1994 and set the record for the first exclusively MOS PLD company to make 
the top 10 in total ASIC sales. Xilinx's success in making the top 10 supplier 

Dataqyest 
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Figure 1 
1994 Top 10 Worldwide ASIC SuppUers 
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Source: Dataquest (March 1995) 

list is proof that MOS PLDs are filling the gap as traditional ASIC suppUers 
are abandoning the lower-density market. 

Two important points should be kept in mind when examining the follow­
ing market share rankings. First, yen appreciation against the dollar helped 
most Japanese companies post better-than-average growth rates (the yen 
appreciated about 8 percent against the dollar). Second, Dataquest esti­
mates include sales to internal division (intracompany sales). Although 
NEC is the largest total ASIC suppHer, LSI Logic is the largest merchant 
market ASIC suppHer. 

1994 ASIC Market Share 
Table 1 shows the 1994 top 20 ASIC suppKers. 

The following are footnotes to the ASIC market estimates: 

• Total ASIC rankings include gate arrays plus CBICs plus PLDs. 

• Rankings are based on doUar shipments, which include the following 
five sources of revenue: 

a Intracompany revenue (sales to internal divisions) 

Q Nonrecurring engineering (NRE) revenue 

Q ASIC software revenue t 
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Table 1 
1994 Worldwide Market Share Ranking: Total MOS/BiCMOS and Bipolar ASIC 
(Millions of Dollars) 

1994 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1993 
Rank 

1 

2 

3 

5 

6 

4 

7 

8 

9 

12 

11 

10 

14 

13 

17 

18 

19 

16 

25 

20 

NEC 

Fujitsu 

LSI Logic 

Toshiba 

IBM 

Texas Instruments 

AT&T 

Hitachi 

VLSI Technology 

Xilinx 

Motorola 

Advanced Micro Devices 

NCR 

Hewlett-Packard 

SGS-Thomson 

Matsushita 

Altera 

GEC Plessey 

Mitsubishi 

Mietec 

1993 
Revenue 

851 

832 

642 

542 

540 

556 

499 

428 

344 

231 

269 

288 

202 

230 

168 

154 

140 

170 

73 

139 

1994 
Revenue 

1,082 

956 

823 

700 

613 

596 

564 

561 

372 

321 

316 

281 

273 

255 

212 

212 

199 

173 

170 

165 

Percentage 
Change(%) 

27 

15 

28 

29 

14 

7 

13 

31 

8 

39 

17 

-2 

35 

11 

26 

38 

42 

2 

133 

19 

1994 Market 
Share (%) 

10.0 

8.8 

7.6 

6.5 

5J 

5.5 

5.2 

5.2 

3.4 

3.0 

2.9 

2.6 

2.5 

2.4 

2.0 

2.0 

1.8 

1.6 

1.6 

1.5 

Source: Dataquest (March 1995) 

Product Overview 

• PLD development kit revenue 

• Device production revenue 

Full-custom IC revenue is excluded from ASIC inarket share. 

ASIC product revenue is based on the combined revenue from digital, 
mixed analog/digital, and emalog product. 

The U.S. dollar depreciated 8.4 percent against the yen during 1993. 
Dataquest's exchange rates are: U.S.$1 = ¥111.20 (1993), U.S.$1 = ¥101.81 
(1994). 

Figure 2 presents the composition of the ASIC market by product. 
Although gate arrays continue to dominate the market, CBICs are gaining 
market sheire. Total PLDs lost market share because bipolar PLDs had a 
dismal year, declining 29.4 percent (see Table 2). Bipolar PLDs are being 
replaced by MOS PLDs, which had a solid 22.6 percent growth rate, exceed­
ing the growth rate of the total ASIC market. 
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Figure 2 
Estimated 1993/1994 Worldwide ASIC Consumption, by Product 

1993 1994 

Total = $9.11 Billion 

Total s $10.84 Billion 

Source: Dataquest (March 1995) 

Table 2 
Estimated 1993A994 Worldwide ASIC Consumption, by Product (Millions of Dollars) 

MOS/BiCMOS Gate Array 

Bipolar Gate Array 

MOS/BiCMOS Cell-Based IC 

Bipolar Cell-Based IC 

MOS/BiCMOS PLD 

Bipolar PLD 

Total Market 

1993 

3,785 

873 

3,201 

82 

925 

248 

9,114 

1994 

4,520 

818 

4,116 

77 

1,134 

175 

10,840 

Percentage Change 

19.4 

-6.3 

28.6 

-6.1 

22.6 

-29.4 

18.9 

Source: Dataquest (March 1995) 

Gate Arrays 
The year 1994 was good for the MOS/BiCMOS gate array market, which 
had 19.4 percent growth, and an above-average year for bipolar gate arrays, 
with a 6.3 percent decline. MOS/BiCMOS gate array growth was fueled by 
strong market performance in personal computers/workstations and tele­
communications. The bipolar gate array market was expected to decline 
faster than the 6 percent reported because of declining mainframe sales. 
Companies such as Fujitsu had a temporary increase in mainframe com­
puter sales, which reduced the percentage decline in bipolar gate arrays. 

Figure 3 shows the 1994 worldwide gate array suppliers' revenue by tech­
nology of the top 10 companies. Figure 4 shows the top 10 1994 MOS/ 
BiCMOS gate array suppliers, while Figure 5 ranks the same suppHers by 
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Figures 
1994 Top 10 Worldwide Gate Array Suppliers 
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Figure 4 
1994 Top 10 Worldwide MOS/BiCMOS Gate Array Suppliers 
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Figures 
1994 Top 10 Worldwide MOS/BiCMOS Gate Array Suppliers, by Type of Sale 
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Source: Dataquest (March 1995) 

size of estimated merchant sales. Table 3 lists the hotly contested top 
201994 worldwide MOS gate array suppliers and their respective revenue, 
growth rates, and market shares. Figure 6 takes a snapshot of leading 
MOS/BiCMOS gate array suppliers in North America. 

North America-based companies grew 9 percent in 1994 worldwide MOS/ 
BiCMOS gate array sales, compared with 28 percent growth (including 
8.4 percent yen appreciation) for Japan-based compiinies, 4 percent growth 
for Europe-based companies, and 27 percent growth for Asia/Pacific 
companies. 

Noteworthy points regarding the 1994 gate array riinkings include the 
following: 

• NEC passed LSI Logic to become the No. 1 MOS/BiCMOS gate array 
supplier. However, a significant portion of NEC's sales are to internal 
divisions. LSI Logic remains the largest merchant gate array supplier, as 
shown in Figure 5. 

• VLSI Technology had a weak year in MOS/BiCMOS gate arrays because 
the compeiny focused on the CBIC market, where it had a solid year. 

• Mitsubishi had an outstanding year, leaping from the No. 16 position in 
1993 to No. 9 in 1994 MOS/BiCMOS gate arrays. Mitsubishi's 140 percent 
growth was driven by a few high-volume designs in the PC/workstation 
market. 
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Table 3 
1994 Worldwide Market Share Ranking: MOS/BiCMOS Gate Array 
(Millions of Dollars) 

1994 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1993 
Rank 

2 
1 
3 
4 
6 
5 
7 
9 

16 
8 

13 
11 
10 
12 
15 
17 
18 
23 
19 
20 

NEC 
LSI Logic 
Fujitsu 
Toshiba 
Hitachi 
IBM 
Motorola 
Texas Instruments 
Mitsubishi 
VLSI Technology 
Matsushita 
Seiko Epson 
GEC Plessey 
SGS-Thomson 
OKI 
Samsung 
Sharp 
AMI 
National Semiconductor 
Sony 

1993 
Revenue 

550 
552 
466 
427 
235 
243 
147 
99 
58 

145 
73 
80 
83 
73 
61 
57 
48 
21 
42 
25 

1994 
Revenue 

705 
575 
542 
525 
307 
280 
187 
162 
139 
109 

95 
91 
88 
80 
78 
68 
62 
43 
40 
36 

Percentage 
Change(%) 

28 
4 

16 
23 
31 
15 
27 
64 

140 
-25 
30 
14 
6 

10 
28 
19 
29 

105 
-5 
44 

1994 Market 
Share (%) 

15.6 
12.7 
12.0 
11.6 
6.8 
6.2 
4.1 
3.6 
3.1 
2.4 
2.1 
2.0 
1.9 
1.8 
1.7 
1.5 
1.4 
1.0 
0.9 
0.8 

Source: Dataquest (March 1995) 

Figure 6 
1994 Top 10 North American MOS/BiCMOS Gate Array Suppliers 
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Cell-Based iCs 
The CBIC market was the place to be for ASIC suppliers in 1994. MOS/ 
BiCMOS CBICs had a record year with 28.6 percent growth. One key reason 
for this record growth was the increased use of CBICs in Japan, primarily 
by large vertically integrated Japanese companies. 

Although many North American companies had a good year in CBICs, 
total North America-based companies grew 23 percent in 1994 worldwide 
MOS/BiCMOS CBIC sales, compared with 54 percent growth for Japan-
based companies, and 23 percent growth for Europe-based companies. 
Japan-based companies continue to target this market for future growth. 

Figure 7 shows the top 101994 worldwide CBIC suppliers' revenue by tech­
nology. Table 4 shows the top 201994 worldwide MOS CBIC suppliers by 
their respective revenue, growth rates, and market shares. Figure 8 illus­
trates the top 10 worldwide MOS/BiCMOS CBIC suppliers, while Figure 9 
shows the same supphers ranked by estimated merchant sales. Figure 10 
examines the top 10 1994 North American MOS/BiCMOS CBIC supphers. 

Noteworthy points regarding the 1994 CBIC rankings include the 
following: 

• LSI Logic had a stellar year in CBICs, jumping from No. 11 in 1993 
MOS/BiCMOS CBIC sales to No. 6 in 1994. LSI Logic's Core-ware prod­
ucts are primarily CBICs, and many previously captured computer and 
telecom designs moved into high-volume production in 1994. 

Figure 7 
1994 Top 10 Worldwide CBIC SuppUers 
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Table 4 
1994 Worldwide Market Share Ranking: MOS/BiCMOS CeU-Based IC 
(Millions of Dollars) 

1994 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1993 
Rank 

1 
2 
3 
5 
4 

11 
7 
9 

10 
6 
8 

12 
13 
14 
18 
15 
21 
17 
16 
19 

AT&T 
Texas Instruments 
IBM 
VLSI Technology 
Hewlett-Packard 
LSI Logic 
NCR 
NEC 
Toshiba 
Mietec 
Fujitsu 
Matsushita 
SGS-Thomson 
Austria Mikro Systeme 
Hitachi 
GEC Plessey 
OKI 
National Semiconductor 
Harris 
AMI 

1993 
Revenue 

419 
344 
297 
199 
230 
90 

137 
117 
114 
139 
134 
81 
80 
67 
39 
63 
35 
58 
62 
39 

1994 
Revenue 

473 
338 
333 
263 
255 
248 
238 
219 
173 
165 
163 
117 
113 
86 
86 
67 
62 
58 
47 
45 

Percentage 
Change (%) 

13 
-2 
12 
32 
11 

176 
74 
87 
52 
19 
22 
44 
41 
28 

121 
6 

T7 
0 

-24 
15 

1994 Market 
Share (%) 

11.5 
8.2 
8.1 
6.4 
6.2 
6.0 
5.8 
5.3 
4.2 
4.0 
4.0 
2.8 
2.7 
2.1 
2.1 
1.6 
1.5 
1.4 
1.1 
1.1 

Source; Dataquest (March 1995) 

Figure 8 
1994 Top 10 Worldwide MOS/BiCMOS CBIC SuppKers 
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Figtire9 
1994 Top 10 Worldwide MOS/BiCMOS CBIC SuppHers, by Type of Sale 
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Figure 10 
1994 Top 10 North American MOS/BiCMOS CBIC Suppliers 
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• Texas Instruments maintained its No. 2 position in CBICs. However, the 
company had a submarket performance in CBICs in part because it is 
changing its focus to gate array products. Furthermore, TI has a large 
portion of its CBIC sales in Japiin in older designs that are starting to be 
phased out. 

• AT&T had a good year in the merchant market and is tied with TI in 1994 
merchant CBIC sales, as shown in Figure 9. 

• Companies on the move in the CBIC market with high 1994 growth rates 
include: VLSI Technology, NCR (now called Symbios), NEC, and 
Toshiba. 

PLDs 
MOS/BiCMOS PLD growth continued at a sohd pace in 1994 (22.6 percent), 
while bipolar PLDs had the worst year in history (down 29.4 percent). Of 
the MOS/BiCMOS products, CPLDs lead the pack with an annual growth 
rate of 45.7 percent, followed by FPGAs with 36.8 percent and SPLDs with a 
decline of 2.1 percent. Growth rates can be deceiving because of the differ­
ences in the dollar bases. FPGAs continued to dominate the market by 
growing about $121 million in 1994 for a total market of $450 million, 
compared to a $96 million dollar increase for CPLDs for a total market of 
$306 milhon in 1994. SPLDs declined about $8 million in 1994 for a total 
market of $378 million. MOS/BiCMOS PLD growth came at the expense 
of bipolar PLDs, which dropped $73 million for a total 1994 market of 
$175 million. 

Figure 11 shows the top 101994 worldwide PLD suppliers' revenue by tech­
nology, while Figure 12 and Table 5 show the leaders in the hotly contested 
MOS/BiCMOS PLD market. 

Figure 11 
1994 Top 10 Worldwide PLD SuppKers 
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Figure 12 
1994 Top 10 Worldwide MOS/BiCMOS PLD SuppUers 
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Table 5 
1994 Worldwide Market Share Ranking: MOS/BiCMOS PLD (MiUions of Dollars) 

1994 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1993 
Rank 

1 

3 

2 

4 

5 

6 

8 

9 

7 

11 

Xilinx 

Altera 

Advanced Micro Devices 

Lattice 

Actel 

Cypress Semiconductor 

AT&T 

Texas Instruments 

Intel 

Atmel 

1993 
Revenue 

231 

140 

160 

127 

60 

47 

32 

29 

45 

12 

1994 
Revenue 

321 

199 

188 

134 

76 

55 

42 

30 

26 

15 

Percentage 
Change(%) 

39 

42 

18 

6 

27 

17 

31 

3 

-42 

25 

1994 Market 
Share (%) 

28.3 

17.5 

16.6 

11.8 

6.7 

4.9 

3.7 

2.6 

2.3 

1.3 

Source: Dataquest (March 1995) 

Noteworthy points regarding the 1994 PLD rankings include the following: 

• Xihnx passed AMD for the No. 1 suppUer in total PLDs with an exclusive 
MOS PLD product line. 

• Altera passed AMD to capture the No. 2 position in MOS PLDs by grow­
ing 42 percent, compared to AMD's 18 percent. 
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• To accurately reflect the sale of Intel's PLD Division to Altera, the first 
three quarters of Intel's 1994 PLD revenue is included under Intel, and 
the last quarter's revenue is included in Altera's revenue. 

• Actel outpaced the MOS PLD market in 1994 with 27 percent growth and 
is well-positioned with the recent acquisition of TI's FPGA business for a 
battle with Lattice for the No. 4 position. 

• Although Lattice's MOS PLD sales only grew 6 percent in 1994, the com­
pany doubled its CPLDs sales, which helps position it for stronger 
growth in 1995. 

Dataquest Perspective 
The ASIC wave continues to grow in size and power as the 1994 market 
exceeded $10 billion with nearly 20 percent growth. LSI Logic, the largest 
merchant ASIC supplier, posted record sales and profits during 1994. LSI 
Logic's net income after tax (profits) increased from 7.5 percent of its 1993 
sales to 12.1 percent of 1994 sales. The ASIC market is growing and is prof­
itable for those companies that have invested in three key areas: intellectual 
property, value-added cell libraries, and system knowledge. 

The low-density market (fewer than 20,000 gates) is now being ruled by a 
half dozen FPGA and CPLD suppliers that have a major patent position in 
device architectures. These companies enjoy rising revenue streams as well 
as healthy profit margins because of their intellectual property position. 

On the other end of the spectrum, the high-density market (more than 
100,000 gates), ASIC suppliers that have established value-added ceU 
libraries targeted at specific applications are the most profitable. System 
knowledge is critical in developing complete, focused cell libraries where 
system designers can differentiate their systems. The market is quickly 
moving to system-level integration (SLI) where the entire system or sub­
systems can be implemented on a single chip. Such high integration 
requires a soHd understanding of system design, design tools, library sup­
port, and test methodologies. 

Cell-based ICs are gaining momentum as the preferred ASIC product for 
high-density designs and SLI because of their small die size. Embedded 
gate arrays (megaceUs such as SRAM diffused into the gate array base 
wafer) have also become a viable option for the high-end market because of 
their improved time to market over CBICs. As sub-0.35-micron, four- and 
five-layer-metal, 2-million-gate ASICs become common, we believe that 
CBICs will offer only minor advantages over the high utilization and quick 
time-to-market benefits of embedded gate arrays. 

The need for system designers to differentiate their systems to achieve 
higher profit margins is driving the growth of the ASIC market. Although 
revenue will continue to grow for most ASIC suppUers, profits will only 
increase for those suppHers that continue to invest in intellectual property, 
focused cell Hbraries, and system knowledge. 
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ASICs Worldwide 

Dataquest Predicts 

Cell-Based ICs to Dominate Gate Arrays In 1998 
Abstract: Dataquest predicts that cell-based ICs will be the largest ASIC market by 1998. 
Dataquest also predicts that embedded arrays will account for half the gate array con­
sumption by the year 2000. In this newsletter, Dataquest forecasts all ASIC products by 
technology through 1999. For more details on ASIC forecasts and assumptions, please see 
the ASIC Market Statistics report entitled "Worldwide ASIC Forecast," dated May 22,1995 
(ASIC-WW-MS-9502). 
By Bryan Lewis 

Cell-Based ICs Strike It Rich 
According to Dataquest's new ASIC forecast, total cell-based IC (CBIC) 
revenue is expected to surpass total gate array revenue in 1998. Further­
more, MOS CBIC revenue should exceed MOS gate array revenue in 1996. 

To some, the crossover between CBIC revenue and gate array revenue may 
come as a great surprise. CBICs are winning in high-volume applications 
where cost is critical and in high-density applications where increased 
functionality is important. In North America and Europe, CBIC revenue 
has been larger than gate array revenue for some time. Japan, once the 
die-hard gate array nation, is now moving to CBICs to reduce cost and 
improve functionality. Japan's move toward CBIC technology is causing 
the shift in worldwide ASIC consumption from gate array to CBIC. 

One important point that should be considered, when examining the ASIC 
product trends, is that embedded arrays (megacells such as SRAM blocks 
defused in the gate array base wafer) historically have been counted under 
the gate array category. In this newsletter, we have estimated the portion 
of the MOS gate array market we beUeve will be embedded array versus 
traditional gate arrays. Some ASIC suppliers have been counting embedded 
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arrays under the CBIC category in their reporting to Dataquest, and we 
have attempted to pull this revenue out of CBICs and report it under the 
gate array category. It is possible that some embedded array revenue 
slipped into the CBIC category during market collection. To avoid this con­
fusion, Dataquest wiU start breaking out embedded arrays as a separate cat­
egory versus traditional arrays and CBICs in 1995 market share collection. 
Embedded arrays are a very competitive product to CBICs in high-volume 
and high-density applications. 

ASIC Consumption by Product 
The worldwide 1995 ASIC market is expected to experience the highest 
growth rate in recent history (20.7 percent, excluding full-custom ICs). 
Although yen appreciation against the dollar will increase 1995 doUar 
growth rates (we factored in 10 percent yen appreciation at the time of the 
forecast), we believe the ASIC market will post outstanding growth rates 
because of a fundamental change in the products being shipped. Leading 
ASIC suppliers are shifting their focus from low-value commodity gate 
arrays to higher-margin, value-added CBICs. CBICs had the highest growth 
rate of all ASIC products in 1994 (28 percent), and we believe this trend will 
hold true for 1995 in all regions. 

Figure 1 shows ASIC consumption from 1992 through 1999 for total gate 
array, total CBIC, and total PLD. Table 1 shows a detailed product forecast 
for all the ASIC products by technology. Figure 2 illustrates the 1995 to 1996 
crossover between MOS gate array and MOS CBIC on a worldwide basis, 
while Figure 3 illustrates the point that MOS CBIC revenue has been larger 
than MOS gate array revenue in North America for more than three 
years. 

Figure 1 
Estimated Worldwide ASIC Consumption by Product 

Billions 
of Dollars 

Total Gate Array 

Total CBIC 

Total PLD 

1992 1993 1994 1995 1996 1997 1998 1999 

Source: Dataquest (May 1995) 
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Table 1 
Estimated Worldwide ASIC Consumption by Technology (Millions of Dollars) 

Total ASIC 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Total Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Total PLD 

MOS PLD 

Bipolar PLD 

Total Cell-Based IC 

MOS Cell-Based IC 

Bipolar Cell-Based IC 

BICMOS Cell-Based IC 

Total Full-Custom IC 

MOS Full-Custom IC 

Bipolar Full-Custom IC 

1992 

9,648 

7,632 

1,746 

270 

3,861 

2,701 

969 

191 

957 

677 

280 

2,486 

2,313 

94 

79 

2,344 

1,941 

403 

1993 
11,657 

9,739 

1,543 

375 

4,658 

3,544 

873 

241 

1,173 

925 

248 

3,283 

3,067 

82 

134 

2,543 

2,203 

340 

1994 

13,309 

11,448 

1,388 

473 

5,338 

4,232 

818 

288 

1,309 

1,134 

175 

4,193 

3,931 

77 

185 

2,469 

2,151 

318 

1995 

15,430 

13,540 

1,267 

623 

6,214 

5,087 

768 

359 

1,515 

1,388 

127 

5,359 

5,022 

73 

264 

2,342 

2,043 

299 

1996 
17,397 

15,500 

1,078 

819 

6,929 

5,844 

642 

443 

1,795 

1,705 

90 

6,466 

6,022 

68 

376 

2,207 

1,929 

278 

1997 

19,419 

17,475 

906 

1,038 

7,668 

6,612 

524 

532 

2,150 

2,087 

63 

7,545 

6,978 

61 

506 

2,056 

1,798 

258 

1998 

21,866 

19,883 

747 

1,236 

8,604 

7,555 

412 

637 

2,614 

2,569 

45 

8,757 

8,105 

53 

599 

1,891 

1,654 

237 

1999 

25,088 

22,960 

613 

1,515 

9,820 

8,733 

317 

770 

3,202 

3,170 

32 

10,327 

9,535 

47 

745 

1,739 

1,522 

217 

CAGR (%) 
1994-1999 

13.5 

14.9 

-15.1 

26.2 

13.0 

15.6 

-17.3 

21.7 

19.6 

22.8 

-28.8 

19.8 

19.4 

-9.4 
32.1 

-6.8 

-6.7 

-7.3 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (May 1995) 

Figure 2 
Estimated Worldwide MOS ASIC Consumption by Product 

Billions of Dollars 

1992 1993 1994 1995 1996 1997 1998 

Gate Array CBIC PLD 

1999 

9502592 

Source: Dataquest (May 1995) 
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Figure 3 
Estimated North American M O S ASIC Consumption by Product 

Billions of Dollars 

4-

1992 1993 1994 1395 1996 1997 1998 1999 

Gate Array CBIC PLD 

Source; Dataquest (May 1995) 

Gate Array 
Although CBIC growth rates are higher than those of gate array, we still 
expect strong gate array growth in 1995. The worldwide MOS gate array 
market is expected to grow 20.2 percent in 1995, compared with the 
19.4 percent experienced in 1994. Part of the increase is because of the 
strong yen appreciation against the dollar. MOS gate array revenue growth 
by region in 1995 is forecast as follows: almost 19 percent increase for North 
America, 24 percent increase for Japan, 7 percent increase for Europe, and 
27 percent increase for Rest of World (ROW). Europe is expected to experi­
ence a very high growth rate in CBICs at the expense of gate arrays. 

As mentioned, embedded arrays are coimted under the gate array category. 
Our belief is that embedded arrays will experience rapid growth over the 
next five years (see Figure 4). Embedded arrays offer the reduced turn­
around times of gate arrays, along with the increased functionality of 
CBICs. Traditional sea-of-gates gate array growth will flatten out over the 
next three years, then decline because they are being squeezed by PLDs on 
the low end (fewer than 20,000 gates) and embedded arrays and CBICs on 
the high end (more than 100,000 gates). Furthermore, Dataquest predicts 
that about half the gate arrays consumed in the year 2000 will be embedded 
arrays. 
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• 

Figure 4 
Estimated Worldwide M O S Gate Array Consumption by Product 

Billions of Dollars 

9^1 

8 -

7 -

6 -

Embedded Array 

Traditional Array 

1992 1993 1994 1995 1996 1997 1998 1999 

9502S94 

Source: Dataquest (May 1995) 

Cell-Based ICs 
Worldwide 1995 MOS CBIC growth is expected to be the highest of all the 
ASIC products (27.7 percent). MOS CBIC revenue growth by region in 1995 
is forecast as follows: 22.5 percent increase for North America, 34 percent 
increase for Japan, 32.9 percent increase for Europe, and 26 percent increase 
for ROW. The shift in focus from gate array to CBIC in Japan is increasing 
the worldwide MOS CBIC growth rate and causing the 1996 crossover in 
revenue from gate array to CBIC. 

Strong CBIC growth is a result of CBlCs winning the battle with gate 
arrays in high-volume and high-density applications. According to prelimi­
nary results from our 1995 User Wants and Needs survey of more than 
650 system designers in North America, Japan, and Europe, CBlCs have a 
higher percentage of designs with greater than 100,000 usable gates. 
Figure 5 shows preliminary 1995 North American ASIC design starts by 
gate count by product. CBICs clearly are winning the battle above 100,000 
usable gates. 
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Figure 5 
Preliminary 1995 North American ASIC Des ign Starts by Gate Count 

Percentage of Design Starts 

30 tr 

<S|K 5-1 OK 10-20K 20-50K 50-75K 

Utilized Gates 

75-1OOK >100K 

9502595 

• 

Source; Dataquest preliminary 1995 User Wants and Needs survey (IVIay 1995) 

PLDs 
Worldwide MOS PLD growth in 1995 is expected to be very similar to that 
of 1994 (22.4 percent in 1995 versus 22.6 percent in 1994). On a regional 
basis, we are expecting about 20 percent growth in North America, 
32.5 percent in Japan, 21.5 percent in Europe, and 32.2 percent in ROW. The 
MOS PLD dollar base in North America and Europe is quite large in com­
parison to Japan and ROW, and therefore it is much more difficult for these 
regions to experience growth rates in the 30 percent range. 

Key products contributing to the growth of the PLD market are field-
programmable gate arrays (FPGAs) and complex PLDs (CPLDs). We expect 
31.8 percent growth in 1995 for FPGAs and 42.4 percent growth for CPLDs. 
Contrasting with these two rapidly growing segments is a 5.1 percent 
decline in simple PLDs (SPLDs), which are being swept into high-density 
programmable logic. FPGA and CPLD growth stems from the replacement 
of standard logic, SPLDs, and low-end gate arrays (fewer than 20,000 
gates). Figure 6 illustrates the size of the worldwide MOS PLD market by 
logic complexity. 
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Figure 6 
Estimated Worldwide M O S PLD Consumption by Logic Complexity 

Millions of Dollars 

,600 

1992 1993 1994 1995 1996 1997 1998 1999 
9502566 

Source: Dataquest (May 1995) 

Dataquest Perspective 
The year 1995 will be outstanding for the ASIC market. Many ASIC suppU-
ers posted record sales, bookings, and profits during the first quarter of 
1995. We believe that 1995 ASIC growth rates will be the highest in recent 
history. High ASIC growth rates are being fueled by booming electronic 
equipment markets coupled with the need for systems integration and 
system differentiation. 

Dataquest predicts that traditional gate arrays will start to decline in 
revenue within three years as they wrestle with PLDs for the low-density/ 
low-volume business and with CBICs for the cost-sensitive business such as 
video games, printers, and disk drives. Furthermore, we predict that 
embedded array will account for half the gate array revenue by the year 
2000. Embedded arrays and CBICs will battle for the largest pot of gold, 
namely the high-volume and high-density market. Each market can be 
profitable for suppliers with the appropriate intellectual property and 
system knowledge. 
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Introduction 

Segmentation 

Definitions 

This document contains detailed information on Dataquest's view of the 
application-spedfic integrated circuit (ASIC) market. Included in this 
document are the following: 

• 1995-1999 ASIC consumption forecast 

• 1995-1999 gate array consumption forecast 

• 1995-1999 cell-based IC (CBIC) consumption forecast 

• 1995-1999 programmable logic device (PLD) consumption forecast 

More detailed data on this market may be requested through 
Dataquest's client inquiry service. Qualitative analysis of this data is 
provided in the Dataquest Market Trends and other documents located 
in the binder of the same name. 

This section outlines the market segments that are specific to this 
document. Dataquest's objective is to provide data along lines of 
segmentation that are logical, appropriate to the industry in question, 
and immediately useful to clients. 

Dataquest defines the ASIC market according to the segmentation 
scheme in Figure 1. 

Figure 1 shows Dataquest's segmentation into the two main categories 
of standard logic and ASIC. The ASIC family tree breaks out ASICs as 
follows: PLDs, gate arrays, CBICs, and full-custom ICs. CBICs and full-
custom ICs are personalized by altering the full set of masks, whereas 
PLDs and gate arrays are personalized by electrically programming the 
devices or by altering only the final layers of interconnect. ASICs are 
further classified according to process technology: MOS, bipolar, and 
BiCMOS. 

This section lists the definitions used by Dataquest to present the data in 
this document. 

Product Definitions 
Application-Specific Integrated Circuits (ASICs) 
This term is used to describe all IC products customized for a single 
user. ASIC products are a combination of digital, mixed-signal, and 
analog products. Customized ICs purchased by more than one user 
become standard products and are no longer counted as ASICs. 

ASIC-WW-MS-9503 ©1995 Dataquest Incorporated 



ASICs Worldwide 

Figure 1 
ASIC Family Tree 
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Programmable Logic Devices (PLDs) 
PLDs are defined as ICs progrartuned after assembly. Memory devices 
such as PROMs and ROMs are not included in this market segment. 
PLDs are subdivided into three main categories: 

• Simple programmable logic devices (SPLDs): SPLDs have fixed or pre-
cormected architectures capable of providing up to two levels of logic 
without using additional input, output, or I/O cells or pins. 

• Complex programmable logic devices (CPLDs): CPLDs are product-
term or segmented PAL-based devices that may or may not imple­
ment multiple levels of logic without using additional input, output, 
or I/O cells or pins. 

• Field-programmable gate arrays (FPGAs): FPGAs are based on seg­
mented programmable intercormect and typically consist of an X-Y 
matrix of logic modules typically fed by a limited number of precon-
nected signals. 

Gate Arrays 
Gate arrays are ASICs that contain a configuration of imcommitted 
elements in a prefabricated base wafer. They are customized by intercon­
necting these elements with one or more routing layers. Included in this 
category are traditional gate arrays (channeled and sea-of-gates architec­
ture) and embedded gate arrays (channeled or sea-of-gates architecture 
that also include megacells such as SRAM diffused into the gate array 
base wafer). 

CBICs 
CBICs are ASICs that are customized using a full set of masks and use 
automatic place-and-route tools. Included in this category are traditional 
standard cells (fixed-height/fixed-width cells) as well as megacells 
(variable-height/variable-width cells) and compiled cells. 
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Full-custom ICs 
Full-custom ICs are defined as ASIC devices that are produced for a 
single user using a full set of masks. This process involves manual rout­
ing and placement of cells. 

Revenue Classification 
Because systems may be fabricated, assembled, and sold in several 
different locations, Dataquest's regional device consumption is defined 
according to the shipping destination. 

Consumption estimates include the following five sources of revenue: 

• Intracompany revenue (sales to internal divisions) 

• Nonrecurring engineering (NRE) revenue 

• ASIC software revenue 

• PLD development kit revenue 

• Device production revenue 

Despite the care taken in gathering, analyzing, and categorizing the data 
in a meaningful way, careful attention must be paid to tike definitions 
and assumptions used herein when interpreting the estimates presented 
in this document. Various companies, government agencies, and trade 
associations may use slightly different definitions of product categories 
and regional groupings, or tiiey may include different companies in their 
summaries. These differences should be kept in mind when making 
comparisons between data and numbers provided by Dataquest and 
those provided by other suppliers. 

Mercliant versus Captive Consumption 
Dataquest includes all revenue, both merchant and captive, for semicon­
ductor suppliers selling to the merchant market. Dataquest's consump­
tion estimates do not include captive-only manufacturing companies 
represented by companies such as Digital Equipment Corporation, 
Northern Telecom, or Unisys that do not sell semiconductor products in 
the merchant market. 

Regional Definitions 
North America: Includes Canada, Mexico, and the United States 

Europe: Western Europe and eastern Europe 

Japan: Japan 

Asia/Pacific-Rest of World: All other countries 

Forecast Methodology and Assumptions 
Dataquest publishes five-year factory revenue forecasts for the ASIC 
market during the first and third quarter of each year. In doing so, 
Dataquest utilizes a variety of forecasting techniques (both qualitative 
and quantitative) that vary by technology area. An overview of 
Dataquest forecasting techniques can be found in the Dataquest Research 
Methodology guides. 
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ASIC Forecast Methodology 
Dataquest's forecast methodology includes the following steps: 

• Formally and informally survey the leading ASIC vendors (in gate 
arrays, CBICs, and PLDs) throughout the year for their expectations, 
as well as for their views of the application markets in which they 
participate 

• Formally survey ASIC users for their expected buying patterns, in 
addition to their views on the growth of the application markets in 
which they participate 

• Examine statistics provided by a number of industry and government 
organizations (such as the World Semiconductor Trade Statistics, the 
Japanese Ministry of International Trade and Industry, and the U.S. 
Department of Commerce) for up-to-date monthly trends 

• Perform time-series analysis as well as apply judgmental industry 
knowledge to product and application trends 

ASIC Forecast Assumptions 

ASIC 
The worldwide 1995 ASIC market is expected to experience the highest 
growth rate in recent history (23.7 percent, excluding full-custom ICs). 
Although yen appreciation against the dollar will increase the 1995 dol­
lar growth rate of the ASIC market (we factored in about 10 percent yen 
appreciation at the time of the forecast), we believe the market will post 
outstanding growth rates because of a fundamental change in the 
products being shipped. Leading ASIC suppliers are shifting their focus 
from low-value commodity gate arrays to higher margin, value-added 
cell-based ICs. Cell-based ICs had the highest growth rate of all ASIC 
products in 1994 (30.4 percent), and we believe this trend will hold true 
for 1995 in all regions. Furthermore, Dataquest predicts the size of the 
worldwide cell-based IC market to surpass that of the gate array market 
by 1998, and for it to become the largest ASIC market. 

Gate Arrays 
MOS Gate Arrays 
CMOS continues to be the dominant gate array technology for the fore­
seeable future because of its low cost, low power consumption, and high 
integration. 

The North American CMOS gate array market will closely track the 
computer market because more than 60 percent of all gate arrays are 
corisumed in data processing applications. 

The Japanese MOS gate array market continues to see severe price 
erosion. However, margins will improve as Japanese companies start to 
invest in unique cell libraries to gain intellectual property. 
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The low-end CMOS market (fewer than 20,000 gates) will continue to be 
adversely impacted by field-programmable gate arrays (FPGAs). 

Embedded gate arrays (that is, megacells such as SRAMs that are 
diffused in the array base wafer) are included in the gate array category 
and are expected to fuel gate array growth by the mid- to late 1990s. 

Although we believe that the price per gate will continue to drop, 
average selling prices (ASPs) still are expected to rise because of the 
increasing use of on-chip functions such as SRAM, ALU, multiplier, 
multiplier-accumulator, FIFO, DMA controller, cache controller, and 
82XX microperipherals. 

Bipolar Gate Arrays 
Bipolar gate arrays are being replaced by CMOS, BiCMOS, and GaAs 
ASICs because of their high cost and high power consumption. The TTL 
gate array market is declining, primarily because there have been no 
new TTL arrays designed in the past three years, and production of 
these devices is accordingly winding down. 

The ECL gate array market is decliiung at a rapid rate in all regions 
because most ECL arrays are consumed in large mainframe and super­
computers, which are declining markets. 

BiCMOS Gate Arrays 
BiCMOS gate array growth has been lowered substantially from our 
previous forecast because of the lack of high-volume production from 
vertically integrated comparues such as Fujitsu, NEC, and AT&T. At this 
point, the costs of these BiCMOS devices do not outweigh the benefits 
from BiCMOS in comparison to CMOS. According to Dataquest's world­
wide end-user survey of more than 500 systems designers, demand for 
BiCMOS ASICs in their next-generation systems design is dropping 
significantly from two years ago. 

Cell-Based ICs 

IVIOS CBICs 
There will be an increased use of CBICs in North America in high-
density applications (greater than 100,000 gates) and/or high-volume 
applications (greater than 50,000 units a year) such as dataprocessing, 
telecom, and consumer. 

There will be an increasing use of CBICs in Japan (at the expense of gate 
arrays) in high-volume applications such as video games, printers, and 
disk drives, mainly because of the smaller die size of CBICs. CBICs are 
also penetrating high-complexity applications in Japan such as 
computers and HDTV. 

Telecom applications are driving the CBIC growth in Europe. 

Bipolar CBICs 
Bipolar CBIC growth stems from two product tjrpes: ECL CBICs and 
analog CBICs. ECL CBICs are expected to experience negative growth, 
primarily because system designers do not want macros supplied by 
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ASIC vendors; they want to design their own macros on the transistor 
level to optimize their designs for their unique applications. 

Analog CBICs, such as National's "Classic" line, are expected to 
experience flat to modest growth. 

BiCMOS CBICs 
BiCMOS CBICs are a good solution for mixed analog/digital applica­
tions. The analog portion can be implemented using bipolar technology 
and the digital portion with CMOS technology. 

BiCMOS CBICs are expected to be used in many telecommunications 
applications. 

PLDs 

CMOS PLDs 
CMOS PLD growth stems from three types of devices: simple PLDs 
(SPLDs), complex PLDs (CPLDs), and field-programmable gate arrays 
(FPGAs). The critical element for the success of all three device types is 
the time to market. 

The SPLD market is expected to experience negative growth rates during 
the next few years. The current market is driven by the conversion from 
bipolar SPLDs and standard logic. However, the decline in growth will 
accelerate as these small devices are replaced with higher-density CPLDs 
and FPGAs, which can now match all but the fastest SPLDs for particu­
lar functions. 

Dataquest believes that CPLDs will continue to grow faster than the 
semiconductor industry. The CPLD growth rate has outpaced the FPGA 
growth rate for the last five years and will continue to do so for the 
duration of this forecast. However, FPGA total dollars remain higher 
than CPLD dollars and are expected to remain higher through 1998. 
Although CPLDs hold a slight ease-of-use and speed advantage over 
FPGAs, FPGAs have traditionally offered higher gate coimts (than 
CPLDs), which users are demanding for future system design. As 
CPLDs and FPGAs approach similar density and functionality, we expect 
the CPLD growth and FPGA growth to stabilize just beyond 1998. 

The FPGA market is expected to show excellent growth over the next 
five years for the following reasons: 

• The shift continues from TTL- and PAL-based designs toward FPGA 
usage. 

M FPGAs will attack not only the low-end gate array market (fewer than 
10,000 gates), but also tiie 10,000- to 40,000-gate array market in the 
1995 to 1997 time frame as prices drop and gate array vendors migrate 
to higher-density devices. 

• Additional market impetus will come from the introduction of new 
architectures in 1995 and 1996. New entrants into the market may also 
contribute to increased growth. 
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Dataquest believes that FPGAs will encounter increased price competi­
tion in the 1994 to 1996 time frame as lagging suppliers try to buy 
market share and entrenched competitors shore up their positions. 

The factors influencing CMOS PLD growth are as follows (by region): 

• Europe: Designs here tend to favor lower volume and lower gate 
counts, a category that PLDs fit well. As a result, PLD growth will 
continue to be strong. 

• Japan: PLDs will penetrate internal development and play a signifi­
cant role in prototyping, increasing growth. 

• North America: The U.S. market is maturing, and concomitant 
decrease in growth rates will ensue. 

• ROW: As design expertise increases, deniand for CPLD and FPGA 
products will also increase. 

Bipolar PLDs 
The PC boom ended in 1993, and with it the surge in bipolar PLD sales. 
The ensuing negative growth will again help bipolar PLDs to resume the 
previous market dynamics; the bipolar PLD market will decline as users 
shift from bipolar PLDs to MOS PLDs. Furthermore, we believe that the 
bipolar PLD market will continue to decline imtil only a few high-speed 
ECL devices and specialty high-drive PLDs remain. 

Exchange Rates 
Dataquest used an average aimual exchange rate in converting revenue 
to U.S. dollar amounts. Table 1 outlines these rates for 1992 through 
1994. The 1995 rates are based on a weighted average. 

Table 1 
Exchange Rates 

Japan (Yen/U.S.$) 

France (Franc/U.S.$) 

Germany (Deutsche Mark/U.S.$) 

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

European Community (U.S.$/ECU) 

1992 

126.45 

5.27 

1.56 

1.77 

0.770 

1993 

112.20 

5.67 

1.66 

1.50 

0.858 

1994 

101.96 

5.91 

1.74 

1.49 

0.896 

1995 

88.48 

4.92 

1.41 

0.63 

0.76 

Source: Dataquest (May 1995) 

ASIC-WW-MS-9503 ©1995 Dataquest Incorporated October 23,1995 



3> 
Crt 

o S o cr 
CO 

ro 
CO 

<£> 
CO 
CJ1 

Table 2 
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Bipolar ASIC 

BICMOS ASIC 

Total Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Total PLD 

MOSPLD 

Bipolar PLD 

Total Cell-Based IC 

MOS Cell-Based IC 

Bipolar Cell-Based IC 

BICMOS CeU-Based IC 

Total Full-Custom IC 

MOS Full-Custom IC 

Bipolar Full-Custom IC 

1992 

9,648 

7,632 

1,746 

270 

3,861 

2,701 

969 

191 

957 

677 

280 

2,486 

2,313 

94 

79 

2,344 

1,941 

403 

1993 

11,657 

9,739 

1,543 

375 

4,658 

3,544 

873 

241 

1,173 

925 

248 

3,283 

3,067 

82 

134 

2,543 

2,203 

340 

1994 
13,309 

11,448 

1,388 

473 

5,338 

4,232 

818 

288 

1,309 

1,134 

175 

4,193 

3,931 

77 

185 

2,469 

2,151 

318 

1995 

15,749 

13,817 

1,288 

644 

6,237 

5,089 

789 

359 

1,704 

1,577 

127 

5,466 

5,108 

73 

285 

2,342 

2,043 

299 

1996 

17,783 

15,870 

1,094 

819 

6,963 

5,862 

658 

443 

2,061 

1,971 

90 

6,552 

6,108 

68 

376 

2,207 

1,929 

278 

1997 

19,948 

17,992 

918 

1,038 

7,706 

6,638 

536 

532 

2,521 

2,458 

63 

7,665 

7,098 

61 

506 

2,056 

1,798 

258 

1998 

22,535 

20,543 

756 

1,236 

8,640 

7,582 

421 

637 

3,109 

3,064 

45 

8,895 

8,243 

53 

599 

1,891 

1,654 

237 

Note: Columns may not add to totals stiown because of rounding. 
Source: Dataquest (October 1995) 



§ Table 3 
2 Estimated Worldwide ASIC Consumption by Product (Percentage Growth) 

CO 
tn 

s 

@ 
. .X 
(D 
CO 
cn 
O 
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O 
o •3 o 

I 
CD 
Q. 

i 
rs3 
CO 

CD 
CO 
cn 

Total ASIC 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Total Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICiVIOS Gate Array 

Total PLD 

MOS PLD 

Bipolar PLD 

Total Celt-Based IC 

MOS Cell-Based IC 

Bipolar Cell-Based IC 

BICMOS CeU-Based IC 

Total FuU-Custom IC 

MOS FuU-Custom IC 

Bipolar Full-Custom IC 

1992 

1.4 

3.7 

-9.3 

16.4 

-1.4 

1.1 

-9.8 

• 13.0 

6.1 

21.1 

-18.4 

10.1 

10.0 

2.2 

25.4 

-4.1 

-4.4 

-3.0 

1993 

20.8 

27.6 

-11.6 

38.9 

20.6 

31.2 

-9.9 

26.2 

22.6 

36.6 

-11.4 

32.1 

32.6 

-12.8 

69.6 

8.5 

13.5 

-15.6 

1994 

14.2 

17.5 

-10.0 

26.1 

14.6 

19.4 

-6.3 

19.5 

11.6 

22.6 

-29.4 

27.7 

28.2 

-6.1 

38.1 

-2.9 

-2.4 

-6.5 

1995 

18.3 

20.7 

-7.2 

36.2 

16.8 

20.3 

-3.5 

24.7 

30.2 

39.1 

-27.4 

30.4 

29.9 

-5.2 

54.1 

-5.1 

-5.0 

-6.0 

1996 

12.9 

14.9 

-15.0 

27.2 

11.6 

15.2 

-16.6 

23.4 

21.0 

25.0 

-29.1 

19.9 

19.6 

-6.8 

31.9 

-5.8 

-5.6 

-6.9 

1997 

12.2 

13.4 

-16.1 

26.7 

10.7 

13.2 

-18.5 

20.1 

22.3 

24.7 

-30.0 

17.0 

16.2 

-10.3 

34.6 

-6.9 

-6.8 

-7.4 

Source: Dataquest (October 1995) 



i Table 4 
2 Estimated Worldwide ASIC Consumption by Technology (Millions of Dollars and Percentage o 

CO 

en 
C 3 

oo 

CO 
CO 
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O 
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I 
CD 
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O 
G o 
CT 
CD 

N ) 
CO 

CO 
CD 

cn 

Total ASIC 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Total ASIC (%) 

MOS ASIC {%) 

Bipolar ASIC (%) 

BICMOS ASIC (%) 

1992 

9,648 

7,632 

1,746 

270 

100.0 . 

79.1 

18.1 

2.8 

1993 

11,657 

9,739 

1,543 

375 

100.0 

83.5 

13.2 

3.2 

1994 

13,309 

11,448 

1,388 

473 

100.0 

86.0 

10.4 

3.6 

1995 

15,749 

13,817 

1,288 

644 

100.0 

87.7 

8.2 

4.1 

1996 

17,783 

15,870 

1,094 

819 

100.0 

89.2 

6.2 

4.6 

1997 

19,948 

17,992 

918 

1,038 

100.0 

90.2 

4.6 

5.2 

1998 

22,535 

20,543 

756 

1,236 

100.0 

91.2 

3.4 

5.5 

@ Source: Dataquest (October 1995) 
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Table 5 
Estimated Worldwide ASIC Consumption by Region (Millions of Dollars) 

Worldwide Total ASIC 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

North America 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Japan 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Western Europe 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

ROW 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

1992 

7,304 

5,691 

1,343 

270 

3,168 

2,501 

609 

58 

2,326 

1,650 

547 

129 

1,370 

1,130 

163 

77 

440 

410 

24 

6 

1993 

9,114 

7,536 

1,203 

375 

3,943 

3,346 

528 

69 

2,810 

2,164 

486 

160 

1,592 

1,304 

158 

130 

769 

722 

31 

16 

1994 

10,840 

9,297 

1,070 

473 

4,562 

4,070 

408 

84 

3,435 

2,725 

507 

203 

1,860 

1,569 

131 

160 

983 

933 

24 

26 

1995 

13,407 

11,774 

989 

644 

5,532 

5,082 

346 

104 

4,327 

3,547 

518 

262 

2,301 

1,952 

111 

238 

1,247 

1,193 

14 

40 

1996 

15,577 

13,940 

817 

820 

6,369 

5,970 

269 

130 

4,919 

4,147 

444 

329 

2,691 

2,297 

92 

302 

1,598 

1,527 

12 

59 

1997 

17,892 

16,194 

660 

1,038 

7,266 

6,904 

205 

157 

5,464 

4,694 

369 

401 

3,125 

2,650 

75 

399 

2,037 

1,946 

10 

81 

Note: Columns may not add to totals shown because ot rounding, Full-Custom ICs are excluded from this table. 

Source: Dataquest (October 1995) 
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Table 6 
Estimated Worldwide ASIC Consumption by Region (Percentage Growth) 

1992 1993 1994 1995 1996 1997 1998 

@ 
CD 
CD 
cn 
O 

c: 

Worldwide Total ASIC 

North America 

Japan 

Western Europe 

ROW 

Woddwlde MOS ASIC 

Nortli America 

Japan 

Western Europe 

ROW 

Worldwide Bipolar ASIC 

North America 

Japan 
Western Europe 

ROW 

Worldwide BICMOS ASIC 

North America 

Japan 

Western Europe 

ROW 

3.3 

5.4 

-6.1 

8.5 

34.1 

6.7 

10.0 

-3.6 

8.3 

34.9 

-11.0 

-10.3 

-15.6 

1.2 

14.3 

16.4 

11.5 

9.3 

30.5 

100.0 

from this table. 

24.8 

24.5 

20.8 

16.2 

74.8 

32.4 

33.8 

31.2 

15.4 

76.1 

-10.4 

-13.3 

-11.2 

-3.1 

29.2 

38.9 

19.0 

24.0 

68.8 

166.7 

18.9 

15.7 

22.2 

16.8 

27.8 

23.4 

21.6 

25.9 

20.3 

29.2 

-11.1 

•22.7 

4.3 

•17.1 

•22.6 

26.1 

21.7 

26.9 

23.1 

62.5 

23.7 

21.3 

26.0 

23.7 

26.8 

26.6 

24.9 

30.2 

24.4 

27.8 

-7.6 

-15.2 

2.2 

-15.4 

NA 

36.1 

23.8 

29.1 

48.7 

53.2 

16.2 

15.1 

13.7 

17.0 

28.2 

18.4 

17.5 

16.9 

17.6 

28.0 

-17.4 

-22.3 

-14.3 

-16.5 

NA 

27.3 

24.8 

25.5 

26.9 

47.8 

14.9 

14.1 

11.1 

16.1 

27.5 

16.2 

15.6 

13.2 

15.4 

27.5 

-19.2 

-23.6 

-16.8 

-18.7 

NA 

26.6 

20.8 

22.0 

32.1 

37.4 

15.4 

14.5 

12.4 

13.8 

28.7 

16.6 

15.6 

14.2 

14.8 

28.6 

-21.4 

-26.8 

-19.6 

-17.6 

NA 

19.0 

21.3 

21.0 

12.9 

35.3 

Note: Full-custom ICs are excluded 
NA = Not available 
Source; Dataquest (October 1995) 
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> § Table 7 
2 Estimated Worldwide ASIC Consumption by Region (Percentage of Revenue) 

CO 
I 

(O 
en 
CD 
CO 

@ 
<£> 
CD 

cn 
o 
.a 

o o 
•3 
o 

o 
cr 
CD 
—1 
hO 
CO 
CO 
CO 
cn 

Worldwide Total ASIC 

North America 

Japan 

Western Europe 

ROW 

Worldwide MOS ASIC 

North America 

Japan 

Western Europe 

ROW 

Worldwide Bipolar>^^ilO 

North America 

Japan 

Western Europe 

ROW 

Worldwide BICMOS ASEC 

North America 

Japan 

Western Europe 

ROW 

1992 

100.0 

43.4 

31.8 

18.8 

6.0 

100.0 

43.9 

29.0 

19.9 

7.2 

100.0 

45.3 

40.7 

12.1 

1.8 

100.0 

• 21.5 

47.8 

28.5 

2.2 

1993 

100.0 

43.3 

30.8 

17.5 

8.4 

100.0 

44.4 

28.7 

17.3 

9.6 

100.0 

43.9 

40.4 

13.1 

2.6 

100.0 

18.4 

42.7 

34.7 

4.3 

1994 

100.0 

42.1 

31.7 

17.2 

9.1 

100.0 

43.8 

29.3 

16.9 

10.0 

100.0 

38.1 

47.4 

12.2 

2.2 

100.0 

17.8 

42.9 

33.8 

5.5 

1995 

100.0 

41.3 

32.3 

17.2 

9.3 

100.0 

43.2 

30.1 

16.6 

10.1 

100.0 

35.0 

52.4 

11.2 

1.4 

100.0 

16.2 

40.7 

37.0 

6.2 

1996 

100.0 

40.9 

31.6 

17.3 

10.3 

100.0 

42.8 

29.7 

16.5 

11.0 

100.0 

32.9 

54.3 

11.3 

1.5 

100.0 

15.8 

40.1 

36.9 

7.1 

1997 

100.0 

40.6 

30.5 

17.5 

11.4 

100.0 

42.6 

29.0 

16.4 

12.0 

100.0 

31.1 

56.0 

11.4 

1.5 

100.0 

15.1 

38.6 

38.5 

7.8 

Note: Columns may not add to totals shown because of rounding. Full-custom ICs are excluded from this table. 

Source: Dataquest (October 1995) 



^ Table 8 
2 Estimated Worldwide Gate Array Consumption by Technology (Millions of Dollars and Percent 

1 

CO 

@ 

Total ASIC 

Total Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Total Gate Array (%) 

MOS Gate Array (%) 

Bipolar Gate Array (%) 

BICMOS Gate Array (%) 

1992 

9,648 

3,861 

2,701 

969 

191 

100.0 

70.0 

25.1 

4.9 

1993 

11,657 

4,658 

3,544 

873 

241 

100.0 

76.1 

18.7 

5.2 

1994 

13,309 

5,338 

4,232 

818 

288 

100.0 

79.3 

15.3 

5.4 

1995 

15,749 

6,237 

5,089 

789 

359 

100.0 

81.6 

12.7 

5.8 

1996 

17,783 

6,963 

5,862 

658 

443 

100.0 

84.2 

9.4 

6.4 

1997 

19,948 

7,706 

(5,638 

536 

. 532 

100.0 

86.1 

7.0 

6.9 

1998 

22,535 

8,640 

7,582 

421 

637 

100.0 

87.8 

4.9 

7.4 
CO 

a 

I 
3 
o 
o 
•3 
o 

3. 

o a 
o 
cr 
CD 
—1 

ro 
00 CD 

(a 
CJl 

Source: Dataquest (October 1995) 



^ Table 9 
2 Estimated Worldwide Gate Array Consumption by Region (Millions of Dollars) 

I 

C/5 
• 

CO 
CJl 

o 
OJ 

@ 
CO 
CD 

cn 
O Si cu 
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a 
o cr 
CD 
N J 
CO 
CO 
CO 
CJl 

Worldwide Total Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

North America 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

-Japan 
MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Western Europe 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

ROW 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

1992 

3,861 

2,701 

969 

191 

1,423 

992 

379 

52 

1,699 

1,081 

498 

120 

529 

426 

89 

14 

210 

202 

3 

5 

1993 

4,658 

3,544 

873 

241 

1,728 

1,333 

337 

58 

1,950 

1,361 

446 

143 

635 

517 

89 

29 

345 

333 

1 

11 

1994 

5,338 

4,232 

818 

288 

1,923 

1,596 

259 

68 

2,331 

1,677 

475 

179 

640 

533 

84 

23 

444 

426 

0 

18 

1995 

6,237 

5,089 

789 

359 

2,144 

1,832 

231 

82 

2,823 

2,113 

485 

226 

703 

602 

74 

27 

566 

541 

0 

25 

1996 

6,963 

5,862 

658 

443 

2,374 

2,094 

180 

100 

3,094 

2,400 

417 

177 

769 

675 

62 

32 

727 

693 

0 

34 

1997 

7,706 

6,638 

536 

532 

2,602 

2,350 

135 

117 

3,347 

2,667 

350 

330 

839 

749 

51 

39 

918 

873 

0 

45 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (October 1995) 



^ 
1 , 

k 
CO 

1 
CO 
tn 

s 

@ 
CO 
CO 

o 
Si sr 
. 0 
1— 

5" 
0 
0 

-3 
0 

1 
C1> 
Q . 

0 
G 
0 cr 
CD 

N> 
5*̂  
CO 
CO 
CJ1 

Table 10 
Estimated Worldwide Gate 

Worldwide Total Gate 

North America 

Japan 

Western Europe 

ROW 

Worldwide MOS Gat^ 

North America 

Japan 

Western Europe 

ROW 

Array 

A^s^ 

Worldwide Bipolar Ga^Aistitf 

North America 

Japan 

Western Europe 

ROW 

Worldwide BICMOS Gl^J^my 

North America 

Japan 

Western Europe 

ROW 

NA = Not available 
Source: Dataquest (October 1995) 

Array Consumption 

1992 

-1.4 

1.3 

-7.8 

6.2 

25.0 

1.1 

4.8 

-7.1 

6.5 

25.5 

-9.8 

-7.6 

-12.5 

-2.2 

-25.0 

13.0 

8.3 

8.1 

100.0 

66.7 

1993 

20.6 

21.4 

14.8 

20.0 

64.3 

31.2 

34.4 

25.9 

21.4 

64.9 

-9.9 

-11.1 

-10.4 

0 

-66.7 

26.2 

11.5 

19.2 

107.1 

120.0 

by Region 

1994 

14.6 

11.3 

19.5 

0.8 

28.7 

19.4 

19.7 

23.2 

3.1 

27.9 

-6.3 

-23.1 

6.5 

-5.6 

-100.0 

19.5 

17.2 

25.2 

-20.7 

63.6 

(Percentage Growth) 

199S 

16.8 

11.5 

21.1 

9.9 

27.5 

20.2 

14.8 

26.0 

13.0 

27.0 

-3.5 

-11.0 

2.0 

-11.9 

NA 

24.7 

20.0 

26.0 

17.0 

40.0 

1996 

11.7 

10.7 

9.6 

9.3 

28.4 

15.2 

14.3 

13.6 

12.0 

28.0 

-16.5 

-22.0 

-14.0 

-16.2 

NA 

23.4 

22.0 

23.0 

19.0 

36.0 

1997 

10.7 

9.6 

8.2 

9.1 

26.3 

13.2 

12.2 

11.1 

11.0 

26.0 

-18.6 

-25.0 

-16.0 

-17.7 

NA 

20.0 

18.0 

19.0 

22.0 

32.0 

1998 

12.1 

11.0 

9.6 

9.1 

27.1 

14.2 

13.0 

12.3 

10.0 

27.0 

-21.5 

-30.0 

-19.0 

-15.7 

NA 

19.7 

19.0 

18.0 

24.0 

30.0 
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Table 11 
Estimated Worldwide Gate 

Worldwide Total Gate 

North America 

Japan 
Western Europe 

ROW 

Worldwide MOS Gate 

North America 

Japan 
Western Europe 

ROW 

Array 

AlK^ 

Worldwide Bipolar Gate Array 

Nortii America 

Japan 
Western Europe 

ROW 

Worldwide BICMOS Gate Array 

North America 

Japan 

Western Europe 

ROW 

Array Consumption by Region (Percentage of Revenue) 

1992 

100.0 

36.9 

44.0 

13.7 

5.4 

100.0 

36.7 

40.0 

15.8 

7.5 

100.0 

39.1 

51.4 

9.2 

0.3 

100.0 

27.2 

62.8 

7.3 

2.6 

1993 

100.0 

37.1 

41.9 

13.6 

7.4 

100.0 

37.6 

38.4 

14.6 

9.4 

100.0 

38.6 

51.1 

10.2 

0.1 

100.0 

24.1 

59.3 

12.0 

4.6 

1994 

100.0 

36.0 

43.7 

12.0 

8.3 

100.0 

37.7 

39.6 

12.6 

10.1 

100.0 

31.7 

58.1 

10.3 

0 

100.0 

23.6 

62.2 

8.0 

6.3 

1995 

100.0 

34.4 

45.3 

11.3 

9.1 

100.0 

36.0 

41.5 

11.8 

10.6 

100.0 

29.2 

61.4 

9.4 

0 

100.0 

22.7 

62.8 

7.5 

7.0 

1996 

100.0 

34.1 

44.4 

11.0 

10.4 

100.0 

35.7 

41.0 

11.5 

11.8 

100.0 

27.3 

63.3 

9.4 

0 

100.0 

22.5 

62.6 

7.2 

in 

1997 

100.0 

33.8 

43.4 

10.9 

11.9 

100.0 

35.4 

40.2 

11.3 

13.1 

100.0 

25.2 

65.3 

9.5 

0 

100.0 

22.1 

62.1 

7.3 

8.5 

o a 
o cr 
CD 

to 
CO 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (October 1995) 
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i Table 12 
I Estimated Worldwide Cell-Based IC Consumption by Technology (Millions of Dollars and Perce 

I 

CO 

SR 
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CO 
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en 

Total ASIC 

Total Cell-Based IC 

MOS Cell-Based IC 

Bipolar Cell-Based IC 

BICMOS Cell-Based IC 

Ifotal Cell-Based IC (%) 

MOS Cell-Based IC {%) 

Bipolar CeU-Based IC (%) 

BICMOS Cell-Based IC (%) 

1992 

9,648 

2,486 

2,313 

94 

79 

100.0 

93.0 

3.8 

3.2 

1993 

11,657 

3,283 

3,067 

82 

134 

100.0 

93.4 

2.5 

4.1 

1994 

13,309 

4,193 

3,931 

77 

185 

100.0 

93.8 

1.8 

4.4 

1995 

15,749 

5,466 

5,108 

73 

285 

100.0 

93.5 

1.3 

5.2 

1996 

17,783 

6,552 

6,108 

68 

376 

100.0 

93.2 

1.0 

5.7 

1997 

19,948 

7,665 

7,098 

61 

506 

100.0 

92.6 

0.8 

6.6 

1998 

22,535 

8,895 

8,243 

53 

599 

100.0 

92.7 

0.6 

6.7 @ 

CO Source: Dataquest (October 1995) 
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Table 13 
Estimated Worldwide Cell-Based IC Consumption by Region (Millions of Dollars) 

1992 1993 1994 1995 1996 1997 

@ 
CO 
CO 
en 
O 
05 

i 

Worldwide Total Cell-Based IC 

MOS Cell-Based IC 

Bipolar Cell-Based IC 

BICMOS CeU-Based IC 

North America 

MOS Cell-Based IC 

Bipolar CeU-Based IC 

BICMOS CeU-Based IC 

japan 
MOS Cell-Based IC 

Bipolar CeQ-Based IC 

BICMOS Cell-Based IC 

¥festem Europe 

MOS Cell-Based IC 

Bipolar CeU-Based IC 

BICMOS CeU-Based IC 

K 0 W 

MOS Cell-Based IC 

Bipolar CeU-Based tC 

BICMOS CeU-Based IC 

2,486 

2,313 

94 

79 

1,155 

1,094 

55 

6 

540 

507 

24 

9 

629 

551 

15 

63 

162 

161 

0 

1 

3,283 

3,067 

82 

. 134 

1,499 

1,443 

45 

11 

739 

701 

21 

17 

728 

611 

16 

101 

317 

312 

0 

5 

4,193 

3,931 

17 

185 

1,837 

1,775 

46 

16 

965 

922 

19 

24 

976 

827 

12 

137 

415 

407 

0 

8 

5,466 

5,108 

73 

285 

2,311 

2,246 

43 

22 

1,307 

1,254 

17 

36 

1,320 

1,096 

13 

211 

527 

513 

0 

15 

6,552 

6,108 

68 

376 

2,698 

2,628 

40 

30 

1,583 

1,517 

14 

51 

1,596 

1,312 

14 

270 

676 

651 

0 

25 

7,665 

7,098 

61 

506 

3,070 

2,995 

36 

39 

1,827 

1,745 

11 

71 

1,898 

1,525 

13 

360 

869 

834 

0 

36 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (October 1995) 
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Table 14 
Estimated Worldwide Cell-Based IC Consumption by Region (Percentage Growth) 

1992 1993 1994 1995 1996 1997 1998 

@ 
CO 
(£> 
tn 
O 

M 

8 

i 

Worldwide Total Cell-Based IC 

North America 

Japan 

Western Europe 

ROW 

Worldwide MOS Ce l t^S j s i | C 

North America 

Japan 

Western Europe 

ROW 

Worldwide Bipolar C^-Jfe^edjC 

North America 

Japan 

Western Europe 

ROW 

Worldwide BICMOS OiK^e^Sed IC 

North America 

Japan 

Western Europe 

ROW 

10.1 

10.2 

5.1 

8.1 

42.1 

10.0 

10.5 

5.8 

6.0 

41.2 

2.2 

1.9 

14.3 

50.0 

NA 

25.4 

50.0 

28.6 

21.2 

NA 

32.1 

29.8 

36.9 

15.7 

95.7 

32.6 

31.9 

38.3 

10.9 

93.8 

-12.8 

-18.2 

-12.5 

6.7 

NA 

69.6 

83.3 

88.9 

60.3 

400.0 

27.7 

22.5 

30.6 

34.1 

30.9 

28.2 

23.0 

31.5 

35.4 

30.4 

-6.1 

2.2 

-9.5 

-25.0 

NA 

38.1 

45.5 

41.2 

35.6 

60.0 

30.3 

25.8 

35.5 

35.2 

27.1 

29.9 

26.5 

36.0 

32.5 

26.0 

-5.6 

-5.7 

-12.0 

5.0 

NA 

53.8 

40.0 

52.0 

54.0 

83.0 

19.9 

16.7 

21.1 

20.9 

28.1 

19.6 

17.0 

21.0 

19.7 

27.0 

-6.2 

-7.0 

-15.0 

8.0 

NA 

32.2 

35.0 

41.0 

28.0 

68.0 

17.0 

13.8 

15.4 

18.9 

28.6 

16.2 

14.0 

15.0 

16.2 

28.0 

-10.9 

-9.7 

-20.0 

-5.0 

NA 

34.5 

30.0 

38.0 

33.3 

45.0 

16.0 

12.9 

16.5 

14.5 

29.5 

16.1 

13.0 

16.0 

15.3 

29.0 

-13.2 

-10.0 

-25.0 

-12.0 

NA 

18.3 

28.0 

35.0 

11.7 

42.0 

NA = Not available 
Source: Dataquest (October 1995) 
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Table 15 
Estimated Worldwide Cell-Based IC Consumption by Region (Percentage of Revenue) 

1 

i : CO 
1 

<o 
en o 
03 

@ 
CO to tn 
O 

cu . o 
CD 

JO. 
5" o o 
• 3 o 
a 
CD 

a. 

Worldwide Total Cell-Based IC 

North America 

Japan 

Western Europe 

ROW 

Worldwide MOS CeU-Basa^K: 

North America 

Japan 

Western Europe 

ROW 

Worldwide Bipolar 

North America 

Japan 

Western Europe 

ROW 

C^r l i^ed l iC: 

Worldwide BICMOS C ^ - B d i ^ JC 

North America 

Japan 
Western Europe 

ROW 

1992 

100.0 

46.5 

21.7 

25.3 

6.5 

100.0 

47.3 

21.9 

23.8 

7.0 

100.0 

58.5 

25.5 

16.0 

0 

100.0 

7.6 

11.4 

79.7 

1.3 

1993 

100.0 

45.7 

22.5 

22.2 

9.7 

100.0 

47.0 

22.9 

19.9 

10.2 

100.0 

54.9 

25.6 

19.5 

0 

100.0 

8.2 

12.7 

75.4 

3.7 

1994 

100.0 

43.8 

23.0 

23.3 

9.9 

100.0 

45.2 

23.5 

21.0 

10.4 

100.0 

59.7 

24.7 

15.6 

0 

100.0 

8.6 

13.0 

74.1 

4.3 

1995 

100.0 

42.3 

23.9 

24.1 

9.7 

100.0 

44.0 

24.5 

21.5 

10.0 

100.0 

59.7 

23.0 

17.3 

0 

100.0 

7.9 

12.8 

74.2 

5.1 

1996 

100.0 

41.2 

24.2 

24.4 

10.3 

100.0 

43.0 

24.8 

21.5 

10.7 

100.0 

59.2 

20.9 

20.0 

0 

100.0 

8.0 

13.7 

71.8 

6.5 

1997 

100.0 

40.1 

23.8 

24.8 

11.3 

100.0 

42.2 

24.6 

21.5 

11.7 

100.0 

60.0 

18.7 

21.3 

0 

100.0 

7.8 

14.0 

71.2 

7.0 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (October 1995) 
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Table 16 
Estimated Worldwide PLD Consumption by Technology (Millions of Dollars and Percentage of 

• 

•i' 
se 
en 

8 
Total ASIC 

Total PLD 

MOSPLD 

Bipolar PLD 

Total PLD (%) 

MO& PLD (%) 

Bipolar PLD {%) 

1992 

9,648 

957 

677 

280 

100.0 

70.7 

29.3 

1993 

11,657 

1,173 

925 

248 

100.0 

78.9 

21.1 

1994 

13,309 

1,309 

1,134 

175 

100.0 

86.6 

13.4 

1995 

15,749 

1,704 

1,577 

127 

100.0 

92.5 

7.5 

1996 

17,783 

2,061 

1,971 

90 

100.0 

95.6 

4.4 

1997 

19,948 

2,521 

2,458 

63 

100.0 

97.5 

2.5 

1998 

22,535 

3,109 

3,064 

45 

100.0 

98.6 

1.4 

Source: Dataquest (October 1995) 
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Table 17 
Estimated Worldwide PLD 

Worldwide Total PLD 

MOS PLD 

Bipolar PLD 

North America 

MOS PLD 

Bipolar PLD 

Japan 
MOS PLD 

Bipolar PLD 

Western Europe 

MOS PLD 

Bipolar PLD 

ROW 

MOS PLD 

Bipolar PLD 

Consumption by Region (Millions of Dollars) 

1992 

957 

677 

280 

590 

415 

175 

87 

62 

25 

212 

153 

59 

68 

47 

21 

1993 

1,173 

925 

248 

716 

570 

146 

121 

102 

19 

229 

176 

53 

107 

77 

30 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (October 1995) 

1994 

1,309 

1,134 

175 

802 

699 

103 

139 

126 

13 

244 

209 

35 

124 

100 

24 

1995 

1,704 

1,577 

127 

1,077 

1,005 

72 

197 

180 

17 

278 

254 

24 

153 

139 

14 

1996 

2,061 

1,971 

90 

1,298 

1,249 

49 

242 

229 

13 

327 

310 

17 

195 

183 

12 

1997 

2,521 

2,458 

63 

1,593 

1,559 

34 

290 

282 

8 

388 

377 

11 

250 

240 

10 
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Table 18 
Estimated Worldwide PLD Consumption by Region (Percentage Growth) 

1992 1993 1994 1995 1996 1997 1998 

@ 
CO 
to en 
O 

M 
c: 
CD 
CO 

O 
O 

•a 
o 

a 

Worldwide Total PLD 
North America 

Japan 

Western Europe 

ROW 
Worldwide MOS PLD 

North America 

Japan 
Western Europe 
ROW 

Worldwide Bipolar PLD 
North America 

Japan 
Western Europe 

ROW 

6.1 

6.9 

-28.1 

15.8 

47.8 

21.1 

23.1 

-11.4 

24.4 

62.1 

-18.4 

-18.6 

-51.0 

-1.7 

23.5 

22.6 

21.4 

39.1 

8.0 

57.4 

36.6 

37.3 

64.5 

15.0 

63.8 

-11.4 

-16.6 

-24.0 

-10.2 

42.9 

11.6 

12.0 

14.9 

6.6 

15.9 

22.6 

22.6 

23.5 

18.8 

29.9 

-29.4 

-29.5 

-31.6 

-34.0 

-20.0 

30.2 

34.2 

41.7 

14.0 

23.3 

39.1 

43.7 

42.9 

21.5 

38.9 

-27.3 

-30.1 

30.8 

-30.9 

-41.7 

20.9 

20.5 

22.8 

17.5 

27.5 

25.0 

24.3 

27.2 

22.0 

31.7 

-28.9 

-32.6 

-23.5 

-30.2 

-14.3 

22.3 

22.8 

19.8 

18.7 

28.2 

24.7 

24.8 

23.1 

21.5 

31.1 

-30.0 

-29.9 

-38.5 

-33.4 

-16.7 

23.3 

23.3 

20.0 

20.5 

31.7 

24.7 

24.5 

21.6 

22.1 

33.3 

-29.3 

-32.4 

-37.5 

-33.0 

-8.2 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (October 1995) 
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Table 19 
Estimated Worldwide PLD 

Worldwide Total PLD 

North America 

Japan 

Western Europe 

ROW 

Worldwide MOS PLD 

North America 

Japan 
Western Europe 

ROW 

Worldwide Bipolar PLD 

North America 

Japan 

Western Europe 

ROW 

Consumption 

1992 

100.0 

61.7 

9.1 

22.2 

7.1 

100.0 

61.3 

9.2 

22.6 

6.9 

100.0 

62.5 

8.9 

21.1 

7.5 

by Region (Percentage of Revenue) 

1993 

100.0 

61.0 

10.3 

19.5 

9.1 

100.0 

61.6 

11.0 

19.0 

8.3 

100.0 

58.9 

71 

21.4 

12.1 

Note: Columns may not add to totals shown because of rounding. 
Source: Dataquest (October 1995) 

1994 1995 

100.0 100.0 

61.3 63.2 

10.6 11.6 

18.6 16.3 

9.5 9.0 

100.0 100.0 

61.6 63.7 

11.1 11.4 

18.4 16.1 

8.8 8.8 

100.0 100.0 

58.9 56.6 

7.4 13.4 

20.0 19.0 

13.7 11.0 

1996 

100.0 

62.9 

11.7 

15.9 

9.5 

100.0 

63.4 

11.6 

15.7 

9.3 

100.0 

53.7 

14.4 

18.7 

13.3 

1997 

100.0 

63.2 

11.5 

15.4 

9.9 

100.0 

63.4 

11.5 

15.3 

9.8 

100.0 

53.8 

12.7 

17.8 

15.8 
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Table 20 
Estimated Worldwide PLD Consumption by Logic Complexity (Millions of Dollars) 

Total PLD 

Total SPLD 

Total High Density (CPLD + FPGA) 

Total CMOS PLD 

SPLD 

CPLD 

FPGA 

Total Bipolar PLD 

SPLD 

1992 
957 

589 

369 

677 

309 

128 

241 

280 

280 

1993 
1,173 

634 

539 

925 

386 

210 

329 

248 

248 

1994 
1,309 

553 

756 

1,134 

378 

306 

450 

175 

175 

1995 
1,704 

517 

1,187 

1,577 

390 

519 

668 

127 

127 

1996 

2,061 

466 

1,596 

1,971 

376 

715 

881 

90 

90 

1997 

2,521 

412 

2,110 

2,458 

348 

967 

1,143 

63 

63 

1998 

3,109 

362 

2,747 

3,064 

317 

1,292 

1,455 

45 

45 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (October 1995) 
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2 Estimated Worldwide PLD Consumption by Logic Complexity (Percentage Growth) 

@ 

CO Note: Columns may not add to totals shown because of rounding. 
o Source: Dataquest (October 1995) 

X3 
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Total PLD 

Total SPI.D 

Total High Density (CPLD + FPGA) 

Total CMOS PLD 

SPLD 

CPLD 

FPGA 

Total Bipolar PLD 

SPLD 

1992 

6.1 

-6.4 

35.0 

21.1 

7.9 

51.9 

27.5 

-18.4 

-18.4 

1993 

22.5 

7.7 

46.2 

36.6 

25.1 

64.6 

36.5 

-11.4 

-11.4 

1994 

11.6 

-12.8 

40.3 

22.6 

-2.1 

45.7 

36.8 

-29.4 

-29.4 

1995 

30.2 

-6.4 

57.0 

39.1 

3.2 

69.6 

48.5 

-27.3 

-27.3 

1996 

20.9 

-10.0 

34.4 

25.0 

-3.7 

37.7 

31.8 

-29.1 

-29.1 

1997 

22.3 

-11.6 

32.2 

24.7 

-7.3 

35.2 

29.8 

-29.9 

-29.9 

199 

23. 

-12. 

30. 

24. 

-9. 

33. 

27. 

-29. 

-29. 
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(Millions of Dollars and Percentage) 18 

13 Estimated Worldwide CBIC Consumption, by Region 
(Millions of Dollars) 19 

14 Estimated Worldwide CBIC Consumption, by Region 
(Percentage Growth) 20 

15 Estimated Worldwide CBIC Consumption, by Region 
(Percentage of Dollars) 21 

16 Estimated Worldwide PLD Consumption, by Technology 
(Millions of Dollars and Percentage) 22 

17 Estimated Worldwide PLD Consumption, by Region 
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18 Estimated Worldwide PLD Consumption, by Region 
(Percentage Growth) 24 
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Complexity (Percentage Growth) 27 

Note: All tables show estimated data. 
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Introduction 

Segmentation 

Definitions 

This document contains detailed information on Dataquest's view of the 
application-specific integrated circuit (ASIC) market. Included in this 
document are the following: 

• 1995-1999 ASIC consumption forecast 

• 1995-1999 gate array consumption forecast 

• 1995-1999 cell-based IC (CBIC) consiimption forecast 

• 1995-1999 programmable logic device (PLD) consumption forecast 

More detailed data on this market may be requested through Data-
quest's client inquiry service. Qualitative analysis of this data is 
provided in the Dataquest Market Trends and other documents located 
in the binder of the same nam^e. 

This section outlines the market segments that are specific to this 
document. Dataquest's objective is to provide data along lines of 
segmentation that are logical, appropriate to the industry in question, 
and immediately useful to clients. 

Dataquest defines the ASIC market according to the segmentation 
scheme in Figure 1. 

Figure 1 shows Dataquest's segmentation into the two main categories 
of standard logic and ASIC. The ASIC family tiee breaks out ASICs as 
follows: PLDs, gate arrays, CBICs, and full-custom ICs. CBICs and full-
custom ICs are personalized by altering the full set of masks, whereas 
PLDs and gate arrays are personalized by electrically programming the 
devices or by altering only the final layers of interconnect. ASICs are 
further classified according to process technology: MOS, bipolar, and 
BiCMOS. 

This section lists the definitions used by Dataquest to present the data in 
this document. 

Product Definitions 
Application-Specific integrated Circuits (ASICs) 
This term is used to describe all IC products customized for a single 
user. ASIC products are a combination of digital, mixed-signal, and ana­
log products. Customized ICs purchased by more than one user become 
standard products and are no longer counted as ASICs. 
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Figure 1 
ASIC Family Tree 

Standard Logic ASIC 

Programmable 
Logic Devices 

(PLDs) 

Gate 
Arrays 

Cell-Based ICs 
{CBICs) 

Full-Custom 
ICs 

Note: Data for full-custom ICs Is not Included. G30«H13 

Source: Dataquest (April 1995) 

Programmable Logic Devices (PLDs) 
PLDs are defined as ICs programmed after assembly. Memory devices 
such as PROMs and ROMs are not included in this market segment. 
PLDs are subdivided into three main categories: 

• Simple programmable logic devices (SPLDs): SPLDs have fixed or pre-
connected architectures capable of providing up to two levels of logic 
without using additional input, output, or I/O cells or pins. 

• Complex programmable logic devices (CPLDs): CPLDs are product-
term or segmented PAL-based devices that may or may not imple­
ment multiple levels of logic without using additional input, output, 
or I/O cells or pins. 

• Field-programmable gate arrays (FPGAs): FPGAs are based on seg­
mented programmable intercormect and tj^ically consist of an X-Y 
matrix of logic modules typically fed by a limited number of precon-
nected signals. 

Gate Arrays 
Gate arrays are ASICs that contain a configuration of imcommitted 
elements in a prefabricated base wafer. They are customized by inter-
cormecting these elements with one or more routing layers. Included in 
this category are traditional gate arrays (channeled and sea-of-gates 
architecture) and embedded gate arrays (charmeled or sea-of-gates 
architecture that also include megacells such as SRAM diffused into the 
gate array base wafer). 

CBICs 
CBICs are ASICs that are customized using a full set of masks and use 
automatic place-and-route tools. Included in this category are traditional 
standard cells (fixed-height/fixed-width cells) as well as megacells 
(variable-height/variable-width cells) and compiled cells. 
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Full-custom ICs 
Full-custom ICs are defined as ASIC devices that are produced for a sin­
gle user using a full set of masks. This process involves manual routing 
and placement of cells. 

Revenue Classification 
Because systems may be fabricated, assembled, and sold in several 
different locations, Dataquest's regional device consumption is defined 
according to the shipping destination. 

Consumption estimates include the following five sources of revenue: 

• Intracompany revenue (sales to internal divisions) 

• Noru'ecurring engineering (NRE) revenue 

• ASIC software revenue 

• PLD development kit revenue 

• Device production revenue 

Despite the care taken in gathering, analyzing, and categorizing the data 
in a meaningful way, careful attention must be paid to the definitions 
and assumptions used herein when interpreting the estimates presented 
in this document. Various companies, government agencies, and trade 
associations may use slightly different definitions of product categories 
and regional groupings, or ti\ey may include different companies in their 
summaries. These differences should be kept in mind when making 
comparisons between data and numbers provided by Dataquest and 
those provided by other suppliers. 

Mercliant versus Captive Consumption 
Dataquest includes all revenue, both merchant and captive, for semicon­
ductor suppliers selling to the merchant market. Dataquest's consump-

• tion estimates do not include captive-only manufacturing companies 
represented by companies such as Digital Equipment Corporation, 
Northern Telecom, or Unisys that do not sell semiconductor products in 
the merchant market. 

Regionai Definitions 
North America: Includes Canada, Mexico, and the United States 

Europe: Western Europe and eastern Europe 

Japan: Japan 

Asia/Pacific-Rest of World: All other countries 

Forecast Methodology and Assumptions 
Dataquest publishes five-year factory revenue forecasts for the ASIC 
market during the first and third quarter of each year. In doing so, 
Dataquest utilizes a variety of forecasting techniques (both qualitative 
and quantitative) that vary by technology area. An overview of 
Dataquest forecasting techniques can be found in the Dataquest Research 
Methodology guides. 
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ASIC Forecast Methodology 
Dataquest's forecast methodology includes the following steps: 

• Formally and informally survey the leading ASIC vendors (in gate 
arrays, CBICs, and PLDs) throughout the year for their expectations, 
as well as for their views of the application markets in which they 
participate 

• Formally survey ASIC users for their expected bujdng patterns, in 
addition to their views on the growth of the application markets in 
which they participate 

• Examine statistics provided by a number of industry and government 
organizations (such as the World Semiconductor Trade Statistics, the 
Japanese Ministry of International Trade and Industry, and the U.S. 
Department of Commerce) for up-to-date monthly trends 

• Perform time-series analysis as well as apply judgmental industry 
knowledge to product and application trends 

ASIC Forecast Assumptions 

ASIC 
The worldwide 1995 ASIC market is expected to experience the highest 
growth rate in recent history (20.7 percent, excluding full-custom ICs). 
Alhough yen appreciation against the dollar will increase the 1995 dollar 
growth rate of the ASIC market (we factored in 10 percent yen apprecia­
tion at the time of the forecast), we believe the market will post out­
standing growth rates because of a fundamental change in the products 
being shipped. Leading ASIC suppliers are shifting their focus from low-
value commodity gate arrays to higher margin, value-added cell-based 
ICs. Cell-based ICs had the highest growth rate of all ASIC products in 
1994 (28 percent), and we believe this tiend will hold true for 1995 in all 
regions. Furthermore, Dataquest predicts the size of the worldwide cell-
based IC tnarket to surpass that of the gate array market by 1998, and 
for it to become the largest ASIC market. 

Gate Arrays 
MOS Gate Arrays 
CMOS continues to be the dominant gate array technology for the fore­
seeable futtire because of its low cost, low power consumption, and high 
integration. 

The North American CMOS gate array market will closely track the 
computer market because more than 60 percent of all gate arrays are 
consumed in data processing applications. 

The Japanese MOS gate array market continues to see severe price 
erosion. However, margins will improve as Japanese companies start 
to invest in imique cell libraries to gain intellectual property. 
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The low-end CMOS market (fewer than 20,000 gates) will continue to be 
adversely impacted by field-programmable gate arrays (FPGAs). 

Embedded gate arrays (that is, megacells such as SRAMs that are 
diffused in the array base wafer) are included in the gate array category 
and are expected to fuel gate array growth by the mid- to late 1990s. 

Although we believe that the price per gate will continue to drop, 
average selling prices (ASPs) still are expected to rise because of the 
increasing use of on-chip functions such as SRAM, ALU, multiplier, 
multiplier-accumulator, FIFO, DMA controller, cache controller, and 
82XX microperipherals. 

Bipolar Gate Arrays 
Bipolar gate arrays are being replaced by CMOS, BiCMOS, and GaAs 
ASICs because of their high cost and high power consumption. The TTL 
gate array market is declining, primarily because there have been no 
new TTL arrays designed in the past three years, and production of 
these devices is accordingly winding down. 

The ECL gate array market is declining at a rapid rate in all regions 
because most ECL arrays are consumed in large mainframe and super­
computers, which are declining markets. 

BiCMOS Gate Arrays 
BiCMOS gate array growth has been lowered substantially from our 
previous forecast because of the lack of high-volume production from 
vertically integrated companies such as Fujitsu, NEC, and AT&T. At this 
point, the costs of these BiCMOS devices do not outweigh the benefits 
from BiCMOS in comparison to CMOS. According to Dataquest's world­
wide end-user survey of more than 500 systems designers, demand for 
BiCMOS ASICs in their next-generation systems design is dropping 
sigiuficantly from two years ago. 

Cell-Based ICs 

IVIOS CBICs 
There will be an increased use of CBICs in North America in high-
density applications (greater than 100,000 gates) and/or high-volume 
applications (greater than 50,000 imits a year) such as dataprocessing, 
telecom, and consumer. 

There will be an increasing use of CBICs in Japan (at the expense of gate 
arrays) in high-volume applications such as video games, printers, and 
disk drives, mainly because of the smaller die size of CBICs. CBICs 
are also penetrating high-complexity applications in Japan such as 
computers and HDTV. 

Telecom applications are driving the CBIC growth in Europe. 

Bipolar CBICs 
Bipolar CBIC growth stems from two product types: ECL CBICs and 
analog CBICs. ECL CBICs are expected to experience negative growth, 
primarily because system designers do not want macros supplied by 
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ASIC vendors; they want to design their own macros on the transistor 
level to optimize their designs for their unique applications. 

Arialog CBICs, such as National's "Classic" line, are expected to 
experience flat to modest growth. 

BiCMOS CBICs 
BiCMOS CBICs are a good solution for mixed analog/digital applica­
tions. The analog portion can be implemented using bipolar technology 
and the digital portion with CMOS technology. 

BiCMOS CBICs are expected to be used in many telecommunications 
applications. 

PLDs 

CMOS PLDs 
CMOS PLD growth stems from three types of devices: simple PLDs 
(SPLDs), complex PLDs (CPLDs), and field-programmable gate arrays 
(FPGAs). The critical element for the success of all three device types is 
the time to market. 

The SPLD market is expected to experience negative growth rates during 
the next few years. The current market is driven by the conversion from 
bipolar SPLDs and standard logic. However, the decline in growth will 
accelerate as these small devices are replaced with higher-density CPLDs 
and FPGAs, which can now match all but the fastest SPLDs for particu­
lar fimctions. 

Dataquest believes that CPLDs will continue to grow faster than the 
semiconductor industry. The CPLD growth rate has outpaced the FPGA 
growth rate for the last five years and will continue to do so for the 
duration of this forecast. However, FPGA total dollars remain higher 
than CPLD dollars and are expected to remain higher through 1998. 
Although CPLDs hold a slight ease-of-use and speed advantage over 
FPGAs, FPGAs have traditionally offered higher gate coimts (than 
CPLDs), which users are demanding for future system design. As 
CPLDs and FPGAs approach similar density and functionality, we expect 
the CPLD growth and FPGA growth to stabilize just beyond 1998. 

The FPGA market is expected to show excellent growth over the next 
five years for the following reasons: 

• The shift continues from TTL- and PAL-based designs toward FPGA 
usage. 

• FPGAs will attack not only the low-end gate array market (fewer than 
10,000 gates), but also the 10,000- to 40,000-gate array market in the 
1995 to 1997 time frame as prices drop and gate array vendors migrate 
to higher-density devices. 

• Additional market impetus will come from the introduction of new 
architectures in 1995 and 1996. New entrants into the market may also 
contribute to increased growth. 

ASIC-WW-l\/IS-9502 ©1995 Dataquest Incorporated May 22,1995 



Worldwide ASIC Forecast 

Dataquest believes that FPGAs will encounter increased price competi­
tion in the 1994 to 1996 time frame as lagging suppliers try to buy 
market share and entrenched competitors shore up their positions. 

The factors influencing CMOS PLD growth are as follows (by region): 

• Europe: Designs here tend to favor lower volume and lower gate 
counts, a category that PLDs fit well. As a result, PLD growth will 
continue to be strong. 

• Japan: PLDs will penetrate internal development and play a sigiufi-
cant role in prototyping, increasing growth. 

• North America: The U.S. market is maturing, and concomitant 
decrease in growth rates will ensue. 

• ROW: As design expertise increases, demand for CPLD and FPGA 
products will also increase. 

Bipolar PLDs 
The PC boom ended in 1993, and with it the surge in bipolar PLD sales. 
The ensuing negative growth will again help bipolar PLDs to resume the 
previous market dynamics; the bipolar PLD market will decline as users 
shift from bipolar PLDs to MOS PLDs. Furthermore, we believe that the 
bipolar PLD market will continue to decline imtil only a few high-speed 
ECL devices and specialty high-drive PLDs remain. 

Exchange Rates 
Dataquest used an average annual exchange rate in converting revenue 
to U.S. dollar amounts. Table 1 outlines these rates for 1992 through 
1994. The 1995 rates are based on a weighted average. 

Table 1 
Exchange Rates 

Japan (Yen/U.S.$) 

France (Franc/U.S.$) 

Germany (Deutsche Mark/U.S.$) 

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

European Community (U.S.$/ECU) 

1992 

126.45 

5.27 

1.56 

1.77 

0.770 

1993 

112.20 

5.67 

1.66 

1.50 

0.858 

1994 

101.96 

5.91 

1.74 

1.49 

0.896 

1995 

88.12 

4.94 

1.41 

1.61 

0.770 

Source: Dataquest (May 1995) 

ASIC-WW-MS-9502 ©1995 Dataquest Incorporated May 22,1995 



> 
CO 

o 

Table 2 
Estimated Worldwide ASIC Consumption by Technology (Millions of Dollars) 

1 

CO 
1 

CO 
en 
CD 

^^ 

@ 
CO 
CO 

en 

X3 
CD 

JiS-
5 " C} 

o 
"O o 

o. 

Total ASIC 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Total Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Total PLD 

MOSPLD 

Bipolar PLD 

Total Cell-Based IC 

MOS Cell-Based IC 

Bipolar CeU-Based IC 

BICMOS CeU-Based IC 

Total Full-Custom IC 

MOS FuU-Cusiom IC 

Bipolar Full-Custom IC 

1992 

9,648 

7,632 

1,746 

270 

3,861 

2,701 

969 

191 

957 

677 

280 

2,486 

2,313 

94 

79 

2,344 

1,941 

403 

1993 

11,657 

9,739 

1,543 

375 

4,658 

3,544 

873 

241 

1,173 

925 

248 

3,283 

3,067 

82 

134 

2,543 

2,203 

340 

1994 

13,309 

11,448 

1,388 

473 

5,338 

4,232 

818 

288 

1,309 

1,134 

175 

4,193 

3,931 

77 

185 

2,469 

2,151 

318 

1995 

15,430 

13,540 

1,267 

623 

6,214 

5,087 

768 

359 

1,515 

1,388 

127 

5,359 

5,022 

73 

264 

2,342 

2,043 

299 

1996 

17,397 

15,500 

1,078 

819 

6,929 

5,844 

642 

443 

1,795 

1,705 

90 

6,466 

6,022 

68 

376 

2,207 

1,929 

278 

1997 

19,419 

17,475 

906 

1,038 

7,668 

6,612 

524 

532 

2,150 

2,087 

63 

7,545 

6,978 

61 

506 

2,056 

1,798 

258 

1998 

21,866 

19,883 

747 

1,236 

8,604 

7,555 

412 

637 

2,614 

2,569 

45 

8,757 

8,105 

53 

599 

1,891 

1,654 

237 

Note: Columns may not add to totals shown because of rounding. 

Source: Dataquest (May 1995) 
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Table 3 
Estimated Worldwide ASIC 

Total ASIC 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

l&tal Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Total FLD 

MOS PLD 

Bipolar PLD 

mtal CeU-Based IC 

MOS Cell-Based IC 

Bipolar Cell-Based IC 

BICMOS Cell-Based IC 

Total Full-Custom IC 

MOS Full-Custom IC 

Bipolar FuU-Custom IC 

Consumption 

1992 

1.4 

3.7 

-9.3 

16.4 

-1.4 

1.1 

-9.8 

13.0 

6.1 

21.1 

-18.4 

10.1 

10.0 

2.2 

25.4 

-4.1 

-4.4 

-3.0 

by Technology (Percentage Growth) 

1993 

20.8 

27.6 

-11.6 

38.9 

20.6 

31.2 

-9.9 

26.2 

22.6 

36.6 

-11.4 

32.1 

32.6 

-12.8 

69.6 

8.5 

13.5 

-15.6 

1994 

14.2 

17.5 

-10.0 

26.1 

14.6 

19.4 

-6.3 

19.5 

11.6 

22.6 

-29.4 

27.7 

28.2 

-6.1 

38.1 

-2.9 

-2.4 

-6.5 

1995 

15.9 

18.3 

-8.7 

31.7 

16.4 

20.2 

-6.1 

24.7 

15.7 

22.4 

-27.4 

27.8 

27.8 

-5.2 

42.7 

-5.1 

-5.0 

-6.0 

1996 

12.7 

14.5 

-14.9 

31.5 

11.5 

14.9 

-16.4 

23.4 

18.5 

22.8 

-29.1 

20.7 

19.9 

-6.8 

42.4 

-5.8 

-5.6 

-6.9 

1997 

11.6 

12.7 

-16 

26.7 

10.7 

13.1 

-18.4 

20.1 

19.8 

22.4 

-30.0 

16.7 

15.9 

-10.3 

34.6 

-6.9 

-6.8 

-7.4 

Source: Dataquest (May 1995) 
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2 Estimated Worldwide ASIC Consumption by Technology (Millions of Dollars) 
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Total ASIC 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Total ASIC (%) 

MOS ASIC (%) 

Bipolar ASIC {%) 

BICMOS ASIC (%) 

1992 

9,648 

7,632 

1,746 

270 

100.0 

79.1 

18.1 

2.8 

1993 

11,657 

9,739 

1,543 

375 

100.0 

83.5 

13.2 

3.2 

1994 

13,309 

11,448 

1,388 

473 

100.0 

86.0 

10.4 

3.6 

1995 

15,430 

13,540 

1,267 

623 

100.0 

87.8 

8.2 

4.0 

1996 

17,397 

15,500 

1,078 

819 

100.0 

89.1 

6.2 

4.7 

1997 

19,419 

17,475 

906 

1,038 

100.0 

90.0 

4.7 

5.3 

1998 

21,866 

19,883 

747 

1,236 

100.0 

90.9 

3.4 

5.7 

Source: Dataquest (May 1995) 
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Table 5 
Estimated Worldwide ASIC 

Worldwide Total 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

North America 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Japan 
MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Western Europe 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Asia/Pacific-Rest of World 

MOS ASIC 

Bipolar ASIC 

BICMOS ASIC 

Consumption 

1992 

7,304 

5,691 

1,343 

270 

3,168 

2,501 

609 

58 

2,326 

1,650 

547 

129 

1,370 

1,130 

163 

77 

440 

410 

24 

6 

by Region 

1993 

9,114 

7,536 

1,203 

375 

3,943 

3,346 

528 

69 

2,810 

2,164 

486 

160 

1,592 

1,304 

158 

130 

769 

722 

31 

16 

(Millions of Dollars) 

1994 

10,840 

9,297 

1,070 

473 

4,562 

4,070 

408 

84 

3,435 

2,725 

507 

203 

1,860 

1,569 

131 

160 

983 

933 

24 

26 

Notes: Columns may not add to totals shown because of rounding. Full-custom ICs are excluded from this table. 

1995 

13,087 

11,497 

968 

623 

5,336 

4,906 

326 

104 

4,254 

3,482 

510 

262 

2,251 

1,923 

111 

217 

1,246 

1,186 

20 

40 

1996 

15,171 

13,551 

801 

820 

6,104 

5,719 

256 

130 

4,836 

4,070 

437 

329 

2,638 

2,243 

92 

302 

1,594 

1,519 

15 

59 

1997 

17,362 

15,677 

647 

1,038 

6,897 

6,546 

195 

157 

5,378 

4,611 

366 

401 

3,059 

2,585 

75 

399 

2,028 

1,935 

12 

81 

Source: Dataquest (May 1995) 

r\3 ro 

CO 
CO 

tn 



12 ASICs Woridwide 

2 
a> 
00 

d 
a> 
u 
i-i 
0̂  

o 
'5b 
Cil 
>^ 

A 
G 
O 

• ̂ N 

*^ 
(X 

s 
CA 

o 

u 
75 
< 
V 

13 

I 
V 

^ 6 
^ • J C 
^rt « 
H W 

>—K 

rf=i 

< 
u 

o\ ON 
ON 
r-l 
1 

-<* 
ON 
ON 

0\ 
ON 
ON 

N O L n c ^ J o q p t N f ^ N O l - ; v H r - ; \ 0 ' * o o o o ( N ^ N p ^ ^ l t ^ 
N O T } i L o v o o d o d N O f N K o 6 o d r o ' < * t v T - H N O c s > 5 ) i i > ; i - H 
r H T - H r - I T H c N t - l r - l T - l i - l C N i - I C S i - l , - I C N C ^ C N l C N < N ' ^ 

O N N O O N i - H L r i N o c s i r N j T j j ' ^ ' t ^ o q 
N O T j H T d 5 v d o < i N L r S N ^ N O O N C N t r i 

NO CN NO NO NO \ 0 t ^ 

( N 1-1 
_ _ . _ . O C S I r g c M I M C T N L n 

i - I C M C S r N l ( N ( N C N C N C N f N i T H C C l 

o l ^ > ^ ^ o ^ l J ^ c o • « ^ L n o ^ > o c n c < ^ c o N o p o c < 5 0 0 ^ c o 
i r i c ' J r N i c o o d N O ' ^ T j H ' ^ o d r H N O C T N K i n o N T - J T - H f N i L r i 
r - l r H i - H i — I C N T - H > - < T — I I - I C S C N C ^ I T - I I — I C N r H C S C N r H C D 

I I I I I 

• * 

1-H 

O 
CO 
T—1 

CN 

S 
O 
NO 
1—1 

CN 

CM 

t̂  

s 
ITi 

1—1 

<« 
2 

CM 
in 
1—1 

• ^ 

CM 

ON CO C^ O 

d O N C O N O O O ^ _ _ . . , . _ 
r - I C M i - H i - I C M C N C S C M C O C O 

NO 00 O 1-̂  •<* 
NO O CN C^ K 

ON 
in 
l-H 

1^ 

• * 

1—1 

C^ 
CO 
l-< 

CM 
C^ 
1—1 

ON 

r̂  CN 

ON 
C^ 
1-1 

NO 
NO 
1-1 

ON 

NO 
T-l 

NO 
NO 
1—1 

1—( 

00 
CN 

CM 
tx 
1—1 

tv 
1—1 

CN 

CO Cv p >o 00 un CM 
1^ NO in 1-! •<d' iri o< 

i N O O N p c ^ i N i n o q 
C S K C O T H N O C O O K 

NO 

CN 

NO 

_ . _ _ ( N t s i O N C D O 
C M ( N C M C M C N C N C N C M ' C N I 

CM CO CM CN CO •«* 

p c - s C N C ^ t - > . o q i - ; > o c N j 
' iri NO rH CO ON iri CO 

1-1 1-1 CO CM CM CO i n 

O N t ^ s C N i o q o o i ^ N O O N C O c N 
o 6 i n c N N £ 5 K c o r - ! i n c 5 o N 
i - l r H C M i - l C M C M C M C N C N C N 

t ^ CO 1-1 NO t^ ON 1-1 i n 
C N ' ^ t v C N N X ) i - i > O C O C N 
CN 1 - I C N C N C M C M C N N O 

00 m 00 CN 
•^ Tj5 c:5 NO 
CN CM CN 1-1 

00 •* 00 CM •<}( •»}( CO CM 
CM CO T H in NO o CO 
CO CO CO 1-1 Cv 1-1 1-1 

CM ON p p 00 ts. 
CO pN 00 O N ^ 00 NO 

CN CO CM NO 

c o ' ^ i - j i n i - i t N O N O c o o N p c O N O c M c O ' ^ i n f o i n p 
c o i r i N o o d ' t ^ o c J c o o o ' ^ r H o i n i - H ' ^ N O 

U 
l-H 

(B . y 

ES I 

I 
z 

^ 

I 
a, [2 en 5 

2 i 9 •= 
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§ Table 7 
£ Estimated Worldwide ASIC Consumption by Region (Percentage of Dollars) 

CO 
t n 
CD 
N> 

@ 
CO 
CO 
en 
O K. 
{u 

J3 
c: 
CD 

1 

to 

CO 
CO 
tn 

Worldwide Total ASIC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide MOS ASIC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide Bipolar ASIC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide BICMOS ASIC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

1992 

100.0 

43.4 

31.8 

18.8 

6.0 

100.0 

43.9 

29 

19.9 

7.2 

100.0 

45.3 

40.7 

12.1 

1.8 

100.0 

21.5 

47.8 

28.5 

2.2 

1993 

100.0 

43.3 

30.8 

17.5 

8.4 

100.0 

44.4 

28.7 

17.3 

9.6 

100.0 

43.9 

40.4 

13.1 

2.6 

100.0 

18.4 

42.7 

34.7 

4.3 

1994 

100.0 

42.1 

31.7 

17.2 

9.1 

100.0 

43.8 

29.3 

16.9 

10.0 

100.0 

38.1 

47.4 

12.2 

2.2 

100.0 

17.8 

42.9 

33.8 

5.5 

1995 

100.0 

40.8 

32.5 

17.2 

9.5 

100.0 

42.7 

30.3 

16.7 

10.3 

100.0 

33.7 

52.7 

11.5 

2.0 

100.0 

16.7 

42.1 

34.8 

6.4 

1996 

100.0 

40.2 

31.9 

17.4 

10.5 

100.0 

42.2 

30.0 

16.6 

11.2 

100.0 

31.9 

54.6 

11.6 

1.9 

100.0 

15.8 

40.1 

36.9 

7.2 

1997 

100.0 

39.7 

31 

17.6 

11.7 

100.0 

41.8 

29.4 

16.5 

12.3 

100.0 

30.0 

56.5 

11.6 

1.8 

100.0 

15.1 

38.6 

38.5 

7.8 

Note: Columns may not add to totals shown because of rounding. Full-custom ICs are excluded from this table, 

Source: Dataquest (May 1995) 



^ Table 8 
2 Estimated Gate Array Consumption by Technology (Millions of Dollars) 

U 3 
U l 
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ro 

@ 
_a. 
CO 

to 
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o 
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.a 

Z3 
O 

o 

i 

ro ro 

<o 
CO 
O l 

Total ASIC 

Total Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Total Gate Array (%) 

MOS Gate Array (%) 

Bipolar Gate Array {%) 

BICMOS Gate Array (%) 

1992 

9,648 

3,861 

2,701 

969 

191 

100.0 

70.0 

25.1 

4.9 

1993 

11,657 

4,658 

3,544 

873 

241 

100.0 

76.1 

18.7 

5.2 

1994 

13,309 

5,338 

4,232 

818 

288 

100.0 

79.3 

15.3 

5.4 

1995 

15,430 

6,214 

5,087 

768 

359 

100.0 

81.9 

12.4 

5.8 

1996 

17,397 

6,929 

5,844 

642 

443 

100.0 

84.3 

9.3 

6.4 

1997 

19,419 

7,668 

6,612 

524 

532 

100.0 

86.2 

6.8 

6.9 

1998 

21,866 

8,604 

7,555 

412 

637 

100.0 

87.8 

4.8 

7.4 

Source: Dataquest (May 1995) 
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Table 9 
Estimated Worldwide Gate Array Consumption by Region (Millions of Dollars) 

Worldwide Total Gate Array 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

North America 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Japan 
MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array-

Western Europe 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

Asia/Pacific-Rest of World 

MOS Gate Array 

Bipolar Gate Array 

BICMOS Gate Array 

1992 

3,861 

2,701 

969 

191 

1,423 

992 

379 

52 

1,699 

1,081 

498 

120 

529 

426 

89 

14 

210 

202 

3 

5 

1993 

4,658 

3,544 

873 

241 

1,728 

1,333 

337 

58 

1,950 

1,361 

446 

143 

635 

517 

89 

29 

345 

333 

1 

11 

1994 

5,338 

4,232 

818 

288 

1,923 

1,596 

259 

68 

2,331 

1,677 

475 

179 

640 

533 

84 

23 

444 

426 

0 

18 

1995 

6,214 

5,087 

768 

359 

2,187 

1,896 

210 

82 

2,790 

2,079 

485 

226 

671 

570 

74 

27 

566 

541 

0 

25 

1996 

6,929 

5,844 

642 

443 

2,430 

2,167 

164 

100 

3,056 

2,362 

417 

277 

716 

622 

62 

32 

727 

693 

0 

34 

1997 

7,668 

6,612 

524 

532 

2,672 

2,432 

123 

117 

3,305 

2,625 

350 

330 

773 

683 

51 

39 

918 

873 

0 

45 

Note: Columns may not add to totals shown because of rounding, 

Source: Dataquest (May 1995) 
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Table 10 
Estimated Worldwide Gate Array Consumption by Region (Percentage Growth) 

CO 
en 
o 
r\3 

1992 1993 1994 1995 1996 1997 1998 

@ 
CO 
<o 
01 
o 
K. 
(U 

I 

Worldwide Total Gate Array 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide MOS Gate Array 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide Bipolar Gate Array 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide BICMOS Gate Array 

North America 

Japan 

Western Europe 

Asia/Facific-Rest of World 

-1.4 

1.3 

-7.8 

6.2 

25.0 

1.1 

4.8 

-7.1 

6.5 

25.5 

-9.8 

-7.6 

-12.5 

-2.2 

-25 

13.0 

8.3 

8.1 

100.0 

66.7 

20.6 

21.4 

14.8 

20.0 

64.3 

31.2 

34.4 

25.9 

21.4 

64.9 

-9.9 

-11.1 

-10.4 

0 

-66.7 

26.2 

11.5 

19.2 

107.1 

120.0 

14.6 

11.3 

19.5 

0.8 

28.7 

19.4 

19.7 

23.2 

3.1 

27.9 

-6.3 

-23.1 

6.5 

-5.6 

-100.0 

19.5 

17.2 

25.2 

-20.7 

63.6 

16.4 

13.8 

19.7 

4.9 

27.5 

20.2 

18.8 

24.0 

7.0 

27.0 

-6.1 

-19.0 

2.0 

-11.9 

NM 

24.7 

20.0 

26.0 

17.0 

40.0 

11.5 

11.1 

9.6 

6.6 

28.4 

14.9 

14.3 

13.6 

9.0 

28.0 

-16.4 

-22.0 

-14.0 

-16.2 

NM 

23.4 

22.0 

23.0 

19.0 

36.0 

10.7 

9.9 

8.1 

8.0 

26.3 

13.1 

12.2 

11.1 

9.9 

26.0 

-18.5 

-25.0 

-16.0 

-17.7 

NM 

20.0 

18.0 

19.0 

22.0 

32.0 

12.2 

11.3 

9.6 

9.0 

27.1 

14.3 

13.0 

12.3 

10.0 

27.0 

-21.3 

-30.0 

-19.0 

-15.7 

NM 

19.7 

19.0 

18.0 

24.0 

30.0 

MM = Not meaningful 

Source; Dataquest (May 1995) 
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§ Table 11 
2 Estimated Worldwide Gate Array Consumption by Region (Percentage of Dollars) 

en 
I 

CO 
tn o ô 

@ 
CO 
CO 
en 
O 
K. 
03 

ja 

o 
o 
•3 
o 

I 
CD 

[̂  
CD 
CO 
tn 

Worldwide Total Gate Array 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide M 0 5 Gate Array 

North America 

Japan 
Western Europe 

Asia/Pacific-Rest of World 

Worldwide Bipolar Gate Array 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide BICMOS Gate Array 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

1992 

100.0 

36.9 

44.0 

13.7 

5.4 

100.0 

36.7 

40.0 

15.8 

7.5 

100.0 

39.1 

51.4 

9.2 

0.3 

100.0 

27.2 

62.8 

7.3 

2.6 

1993 

100.0 

37.1 

41.9 

13.6 

7.4 

100.0 

37.6 

38.4 

14.6 

9.4 

100.0 

38.6 

51.1 

10.2 

0.1 

100.0 

24.1 

59.3 

12.0 

4.6 

1994 

100.0 

36.0 

43.7 

12.0 

8.3 

100.0 

37.7 

39.6 

12.6 

10.1 

100.0 

31.7 

58.1 

10.3 

0 

100.0 

23.6 

62.2 

8.0 

6.3 

1995 

100.0 

35.2 

44.9 

10.8 

9.1 

100.0 

37.3 

40.9 

11.2 

10.6 

100.0 

27.3 

63.1 

9.6 

0 

100.0 

22.7 

62.8 

7.5 

7.0 

1996 

100.0 

35.1 

44.1 

10.3 

10.5 

100.0 

37.1 

40.4 

10.6 

11.9 

100.0 

25.5 

64.9 

9.7 

0 

100.0 

22.5 

62.6 

7.2 

7.7 

1997 

100.0 

34.8 

43,1 

10. 

12.0 

100.0 

36.8 

39.7 

10.3 

13.2 

100.0 

23.4 

66.8 

9.7 

0 

100.0 

22.1 

62.1 

7.3 

8.5 

Note: Columns may not add to totals shown because of rounding, 

Source; Dataquest (May 1995) 



^ Table 12 
S Estimated CBIC Consumption by Technology (Millions of Dollars) 

05 
I 

CO 
tn o ro 

@ 
CD 
CO 
CJl 

o 
K. 
a> 
.o 

rj o o 
•3 o 

i 

ro 
fVD 

CO 
CO 

tn 

Total ASIC 

Total Cell-Based IC 

MOS Cell-Based IC 

Bipolar Cell-Based IC 

BICMOS Cell-Based IC 

Total CeU-Based IC (%) 

MOS CeU-Based IC (%) 

Bipolar CeU-Based IC (%) 

BICMOS CeU-Based IC (%) 

1992 

9,648 

2,486 

2,313 

94 

79 

100.0 

93.0 

3.8 

3.2 

1993 

11,657 

3,283 

3,067 

82 

134 

100.0 

93.4 

2.5 

4.1 

1994 

13,309 

4,193 

3,931 

77 

185 

100.0 

93.8 

1.8 

4.4 

1995 

15,430 

5,359 

5,022 

73 

264 

100.0 

93.7 

1.4 

4.9 

1996 

17,397 

6,446 

6,002 

68 

376 

100.0 

93.1 

1.1 

5.8 

1997 

19,419 

7,545 

6,978 

61 

506 

100.0 

92.5 

0.8 

6.7 

199 

21,86 

8,75 

8,10 

5 

59 

100. 

92. 

0. 

6. 

Source: Dataquest (May 1995) 



> 
C/5 
O 

CO I 
CO 
CJl 

Table 13 
Estimated Worldwide CBIC Consumption by Region (Millions of Dollars) 

@ 

I 

I 

Worldwide Total Cell-Based IC 

MOS CeU-Based IC 

Bipolar Cell-Based IC 

BICMOS CeU-Based IC 

North America 

MOS Cell-Based IC 

Bipolar Cell-Based IC 

BICMOS CeU-Based IC 

Japan 
MOS CeU-Based IC 

Bipolar CeU-Based IC 

BICMOS CeU-Based IC 

Western Europe 

MOS Cell-Based IC 

Bipolar CeU-Based IC 

BICMOS CeU-Based IC 

Asia/PacLKc-Rest of World 

MOS Cell-Based IC 

Bipolar CeU-Based IC 

BICMOS CeU-Based IC 

1992 

2,486 

2,313 

94 

79 

1,155 

1,094 

55 

6 

540 

507 

24 

9 

629 

551 

15 

63 

162 

161 

0 

1 

1993 

3,283 

3,067 

82 

134 

1,499 

1,443 

45 

11 

739 

701 

21 

17 

728 

611 

16 

101 

317 

312 

0 

5 

1994 

4,193 

3,931 

T7 

185 

1,837 

1,775 

46 

16 

965 

922 

19 

24 

976 

827 

12 

137 

415 

407 

0 

8 

1995 

5,359 

5,022 

73 

264 

2,240 

2,174 

43 

22 

1,289 

1,235 

17 

36 

1,302 

1,099 

13 

190 

527 

513 

0 

15 

1996 

6,446 

6,002 

68 

376 

2,614 

2,544 

40 

30 

1,560 

1,495 

14 

51 

1,596 

1,312 

14 

270 

676 

651 

0 

25 

1997 

7,545 

6,978 

61 

506 

2,976 

2,900 

36 

39 

1,802 

1,719 

11 

71 

1,898 

1,525 

13 

360 

869 

834 

0 

36 

Note: Columns may nol add to totals shown because of rounding, 

Source: Dataquest (May 1995) 
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Table 14 
Estimated Worldwide CBIC Consumption by Region (Percentage Growth) 

Worldwide Total Cell-Based IC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide MOS Cell-Based IC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide Bipolar Cell-Based IC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide BICMOS Cell-Based IC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

1992 

10.1 

10.2 

5.1 

8.1 

42.1 

10.0 

10.5 

5.8 

6.0 

41.2 

2.2 

1.9 

-14.3 

50.0 

NM 

25.4 

50.0 

28.6 

21.2 

NM 

1993 

32.1 

29.8 

36.9 

15.7 

95.7 

32.6 

31.9 

38.3 

10.9 

93.8 

-12.8 

-18.2 

-12.5 

6.7 

NM 

69.6 

83.3 

88.9 

60.3 

400.0 

1994 

27.7 

22.5 

30.6 

34.1 

30.9 

28.2 

23.0 

31.5 

35.4 

30.4 

-6.1 

2.2 

-9.5 

-25.0 

NM 

38.1 

45.5 

41.2 

35.6 

60.0 

1995 

27.8 

21.9 

33.5 

33.4 

27.1 

27.7 

22.5 

34.0 

32.9 

26.0 

-5.6 

-5.7 

-12.0 

5.0 

NM 

42.4 

40.0 

52.0 

38.7 

83.0 

1996 

20.3 

16.7 

21.1 

22.6 

28.1 

19.5 

17.0 

21.0 

19.4 

27.0 

-6.2 

-7.0 

-15.0 

8.0 

NM 

42.8 

35.0 

41.0 

42.1 

68.0 

1997 

17.0 

13.8 

15.4 

18.9 

28.6 

16.3 

14.0 

15.0 

16.2 

28.0 

-10.9 

-9.7 

-20.0 

-5.0 

NM 

34.5 

30.0 

38.0 

33.3 

45.0 

199 

16. 

12 

16 

14 

29 

16 

13 

16 

15 

29 

-13 

-10 

-25. 

-12 

NM 

18. 

28. 

35. 

11. 

42. 

NM = Not meaningful 

Source: Dataquest (May 1995) 
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Table 15 
Estimated Worldwide CBIC Consumption by Region (Percentage of Dollars) 

@ 
to 
9° 
O 

c 
CD 

(n 

E 
I 
CD 
O . 

Worldwide Total Cell-Based IC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide MOS CeU-Based IC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

IVorldwide Bipolar Cell-Based iC 

North America 

Japan 

Western Europe 

Asia/PacLfic-Rest of World 

Worldwide BICMOS Cell-BasedlC 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

1992 

100.0 

46.5 

21.7 

25.3 

6.5 

100.0 

47.3 

21.9 

23.8 

7.0 

100.0 

58.5 

25.5 

16.0 

0 

100.0 

7.6 

11.4 

79.7 

1.3 

1993 

100.0 

45.7 

22.5 

22.2 

9.7 

100.0 

47.0 

22.9 

19.9 

10.2 

100.0 

54.9 

25.6 

19.5 

0 

100.0 

8.2 

12.7 

75.4 

3.7 

1994 

100.0 

43.8 

23.0 

23.3 

9.9 

100.0 

45.2 

23.5 

21.0 

10.4 

100.0 

59.7 

24.7 

15.6 

0 

100.0 

8.6 

13 

74.1 

4.3 

1995 

100.0 

41.8 

24.1 

24.3 

9.8 

100.0 

43.3 

24.6 

21.9 

10.2 

100.0 

59.7 

23.0 

17.3 

0 

100.0 

8.5 

13.8 

72.1 

5.6 

1996 

100.0 

40.6 

24.2 

24.8 

10.5 

100.0 

42.4 

24.9 

21.9 

10.9 

100.0 

59.2 

20.9 

20.0 

0 

100.0 

8.0 

13.7 

71.8 

6.5 

1997 

100.0 

39.4 

23.9 

25.2 

11.5 

100.0 

41.6 

24.6 

21.9 

11.9 

100.0 

60.0 

18.7 

21.3 

0 

100.0 

7.8 

14.0 

71.2 

7.0 

Note: Columns n\ay not add to totals shown because of rounding. 

Source: Dataquest (May 1995) 
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Estimated PLD Consumption by Technology (Millions of Dollars) 

Total ASIC 

Total PLD 

MOSFLD 

Bipolar PLD 

Total PLD (%) 

MOS PLD i%) 

Bipolar PLD (%) 

1992 

9,648 

957 

677 

280 

100.0 

70.7 

29.3 

1993 

11,657 

1,173 

925 

248 

100.0 

78.9 

21.1 

1994 

13,309 

1,309 

1,134 

175 

100.0 

86.6 

13.4 

1995 

15,430 

1,515 

1,388 

127 

100.0 

91.6 

8.4 

1996 

17,397 

1,795 

1,705 

90 

100.0 

95.0 

5.0 

1997 

19,419 

2,150 

2,087 

63 

100.0 

97.1 

2.9 

1998 

21,866 

2,614 

2,569 

45 

100.0 

98.3 

1.7 

Source; Dataquest (May 1995) 
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Table 17 
Estimated Worldwide PLD 

Worldwide Total PLD 

MOSPLD 

Bipolar PLD 

Nortti America 

MOSPLD 

Bipolar PLD 

Japan 
MOSPLD 

Bipolar PLD 

Western Europe 

MOSPLD 

Bipolar PLD 

Asia/Pacific-Rest of World 

MOSPLD 

Bipolar PLD 

Consumption 

1992 

957 

677 

280 

590 

415 

175 

87 

62 

25 

212 

153 

59 

68 

47 

21 

Note: Columns may not add to totals shown because of rounding, 

Source: Dafaquest (May 1995) 

by Region 

1993 

1,173 

925 

248 

716 

570 

146 

121 

102 

19 

229 

176 

53 

107 

77 

30 

(Millions of Dollars) 

1994 

1,309 

1,134 

175 

802 

699 

103 

139 

126 

13 

244 

209 

35 

124 

100 

24 

1995 

1,515 

1,388 

127 

909 

835 

73 

176 

167 

9 

278 

254 

24 

152 

132 

20 

1996 

1,795 

1,705 

90 

1,059 

1,007 

52 

219 

213 

6 

326 

310 

17 

191 

176 

15 

1997 

2,150 

2,087 

63 

1,249 

1,214 

35 

272 

267 

4 

388 

377 

11 

241 

229 

12 

0> 

t\3 

CO 
CO 
cn 
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Estimated Worldwide PLD Consumption by Region (Percentage Growth) 

Worldwide Total PLD 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Worldwide MOS PLD 

North America 

Japan 

Western Europe 

Asia/Pacific-Kest of World 

Worldwide Bipolar PLD 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

1992 

6.1 

6.9 

-28.1 

15.8 

47.8 

21.1 

23.1 

-11.4 

24.4 

62.1 

-18.4 

-18.6 

-51.0 

-1.7 

23.5 

1993 

22.6 

21.4 

39.1 

8.0 

57.4 

36.6 

37.3 

64.5 

15.0 

63.8 

-11.4 

-16.6 

-24.0 

-10.2 

42.9 

1994 
11.6 

12.0 

14.9 

6.6 

15.9 

22.6 

22.6 

23.5 

18.8 

29.9 

-29.4 

-29.5 

-31.6 

-34.0 

-20.0 

1995 

15.7 

13.3 

26.7 

14.1 

22.6 

22.4 

19.5 

32.5 

21.5 

32.3 

-27.7 

-28.9 

-29.8 

-30.1 

-17.7 

1996 

18.5 

16.6 

24.4 

17.3 

25.6 

22.8 

20.6 

27.4 

21.9 

32.7 

-28.7 

-29.6 

-30.1 

-31.0 

-21.8 

1997 

19.7 

18.0 

24.1 

18.8 

26.1 

22.4 

20.5 

25.7 

21.7 

30.4 

-30.3 

-31.4 

-30.1 

-33.4 

-23.1 

1998 

21.6 

19.4 

25.6 

20.5 

30.2 

23.1 

20.8 

26.5 

22.1 

32.9 

-29.1 

-30.1 

-28.9 

-33.0 

-22.7 

@ 
CD 
CD 
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S Source: Dataquest (May 1995) 
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Table 19 
Estimated Worldwide PLD 

Worldwide Total PLD 

North America 

Japan 
Western Europe 

Asia/Pacific-Rest of WorM' 

Worldwide MOS PLD 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of W o ^ 

Worldwide Bipolar PLD 

North America 

Japan 

Western Europe 

Asia/Pacific-Rest of World 

Consumption 

1992 

100.0 

61.7 

9.1 

22.2 

7.1 

100.0 

61.3 

9.2 

22.6 

6.9 

100.0 

62.5 

8.9 

21.1 

7.5 

Note: Columns may not add to totals shown because of rounding* 

Source: Dataquest (May 1995) 

by Region 

1993 

100.0 

61.0 

10.3 

19.5 

9.1 

100.0 

61.6 

11.0 

19.0 

8.3 

100.0 

58.9 

7.7 

21.4 

12.1 

(Percentage of Dollars) 

1994 

100.0 

61.3 

10.6 

18.6 

9.5 

100.0 

61.6 

11.1 

18.4 

8.8 

100.0 

58.9 

7.4 

20.0 

13.7 

1995 

100.0 

60.0 

11.6 

18.4 

10.0 

100.0 

60.2 

12.0 

18.3 

9.5 

100.0 

57.9 

7.2 

19.3 

15.6 

1996 

100.0 

59.0 

12.2 

18.2 

10.6 

100.0 

59.1 

12.5 

18.2 

10.3 

100.0 

57.1 

7.1 

18.7 

17.1 

1997 

100.0 

58.1 

12.6 

18.0 

11.2 

100.0 

58.2 

12.8 

18.1 

11.0 

100.0 

56.2 

7.1 

17.8 

18.9 

ro 

CO 
CO 
CJI 
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Table 20 
Estimated Worldwide PLD Consumption by Logic Complexity (Millions of Dollars) 

Total PLD 

Total SPLD 

Total High Density (CPLD + FPGA) 

Total CMOS PLD 

SPLD 

CPLD 

FPGA 

Total Bipolar PLD 

SPLD 

1992 

957 

589 

369 

677 

309 

128 

241 

280 

280 

1993 

1,173 

634 

539 

925 

386 

210 

329 

248 

248 

1994 

1,309 

553 

756 

1,134 

378 

306 

450 

175 

175 

1995 

1,515 

486 

1,029 

1,388 

359 

436 

593 

127 

127 

1996 

1,795 

419 

1,376 

1,705 

329 

598 

778 

90 

90 

1997 

2,150 

358 

1,792 

2,087 

295 

802 

991 

63 

63 

199 

2,61 

30 

2,31 

2,56 

25 

1,06 

1,24 

4 

4 

Note: Columns may nol add to totak shown because of rounding. 

Source: Dataquest (May 1995) 
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^ Table 21 
2 Estimated Worldwide PLD Consumption by Logic Complexity (Percentage Growth) 

Total PLD 

Total SPLD 

Total High Density (CPLD + FPGA) 

Total CMOS PLD 

SPLD 

CPLD 

FPGA 

Total Bipolar PLD 

SPLD 

1992 

6.1 

-6.4 

35.0 

21.1 

7.9 

51.9 

27.5 

-18.4 

-18.4 

1993 

22.5 

in 
46.2 

36.6 

25.1 

64.6 

36.5 

-11.4 

-11.4 

1994 

11.6 

-12.8 

40.3 

22.6 

-2.1 

45.7 

36.8 

-29.4 

-29.4 

1995 

15.7 

-12.1 

36.1 

22.4 

-5.1 

42.4 

31.8 

-27.3 

-27.3 

1996 

18.5 

-13.7 

33.7 

22.9 

-8.3 

37.2 

31.2 

-29.1 

-29.1 

1997 

19.8 

-14.6 

30.3 

22.4 

-10.4 

34.1 

27.3 

-29.9 

-29.9 

199 

21. 

-15. 

28. 

23. 

-12. 

32. 

26. 

-29. 

-29. 

Source: Dataquest (May 1995) 
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Cell-Based ICs Soar In 1994 ASIC Market Share 
Abstract: Cell-based IC revenue growth outpaced that of MOS PLDs and gate arrays, 
according to Dataquest's 1994 market share survey. In this article, Dataquest examines the 
1994 ASIC market share rankings by company and product and explores the key areas where 
suppliers can invest to maximize profits. 
By Bryan Lewis 

Traditional ASIC Suppliers Move to Higher Ground 
Leading ASIC suppliers are shifting their focus from low-value commodity 
gate arrays to higher-margin, value-added cell-based ICs (CBICs). Accord­
ing to Dataquest's 1994 market share estimates, the top five ASIC suppliers 
experienced a combined 50 percent increase in CBIC sales over 1993, com­
pared to a 15 percent increase in MOS gate array sales. LSI Logic, the largest 
merchant ASIC suppUer and second-largest MOS gate array supplier, 
posted an outstanding 176 percent increase in CBIC sales, compared to a 
meager 4 percent increase in gate array sales. The entire worldwide MOS 
CBIC market had the highest growth rate of aU the ASIC products, posting 
a 29 percent increase, followed by MOS PLDs with a 23 percent increase 
and MOS gate arrays with a 19 percent increase. Traditional ASIC suppUers 
are moving to higher-density devices (more than 100,000 gates) using large 
functional blocks where margins are higher, while FPGA and CPLD suppH-
ers are moving in on the lower-density market to fQl the void. 

During 1994, NEC extended its lead over Fujitsu in total ASIC sales (see 
Figure 1) by increasing its CBIC sales 87 percent. LSI Logic strengthened its 
position in total ASIC sales by jumping from the No. 12 position in 1993 
total CBIC sales to No. 6 in 1994 sales. Xilinx was one of the big winners in 
1994 and set the record for the first exclusively MOS PLD company to make 
the top 10 in total ASIC sales. Xihnx's success in making the top 10 supplier 

OataQuest 
Program: ASICs Worldwide 
Product CodB:ASIC-WW-MA-9501 
Publication Data: March 20,1995 
Filing: Market Analysis 



ASICs Worldwide 

Figure 1 
1994 Top 10 Worldwide ASIC SuppUers 
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Source: Dataquest (March 1995) 

list is proof that MOS PLDs are filling the gap as traditional ASIC suppHers 
are abandoning the lower-density market. 

Two important points should be kept in mind when examining the follow­
ing market share rankings. First, yen appreciation against the dollar helped 
most Japanese companies post better-than-average growth rates (the yen 
appreciated about 8 percent against the dollar). Second, Dataquest esti­
mates include sales to internal division (intracompany sales). Although 
NEC is the largest total ASIC supplier, LSI Logic is the largest merchant 
market ASIC supplier. 

1994 ASIC Market Share 
Table 1 shows the 1994 top 20 ASIC supphers. 

The following are footnotes to the ASIC market estimates: 

• Total ASIC rankings include gate arrays plus CBICs plus PLDs. 

• Rankings are based on doUar shipments, which include the following 
five sources of revenue: 

Q Intracompany revenue (sales to internal divisions) 

Q Nonrecurring engineering (NRE) revenue 

a ASIC software revenue 

ASIC-WW-IVIA-9501 ©1995 Dataquest Incorporated March 20,1995 
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Table 1 
1994 Worldwide Market Share Ranking: 
(Millions of Dollars) 

Total MOS/BiCMOS and Bipolar ASIC 

1994 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1993 
Rank 

1 

2 

3 

5 

6 

4 

7 

8 

9 

12 

11 

10 

14 

13 

17 

18 

19 

16 

25 

20 

NEC 

Fujitsu 

LSI Logic 

Toshiba 

IBM 

Texas Instruments 

AT&T 

Hitachi 

VLSI Technology 

Xilinx 

Motorola 

Advanced Micro Devices 

NCR 

Hewlett-Packard 

SGS-Thomson 

Matsushita 

Altera 

GEC Plessey 

Mitsubishi 

Mietec 

1993 
Revenue 

851 

832 

642 

542 

540 

556 

499 

428 

344 

231 

269 

288 

202 

230 

168 

154 

140 

170 

73 

139 

1994 
Revenue 

1,082 

956 

823 

700 

613 

596 

564 

561 

372 

321 

316 

281 

273 

255 

212 

212 

199 

173 

170 

165 

Percentage 
Change (%) 

27 

15 

28 

29 

14 

7 

13 

31 

8 

39 

17 

-2 

35 

11 

26 

38 

42 

2 

133 

19 

1994 Market 
Share (%) 

10.0 

8.8 

7.6 

6.5 

5.7 

5.5 

5.2 

5.2 

3.4 

3.0 

2.9 

2.6 

2.5 

2.4 

2.0 

2.0 

1.8 

1.6 

1.6 

1.5 

Source: Dataquest (March 1995) 

Product Overview 

Q PLD development kit revenue 

• Device production revenue 

Full-custom IC revenue is excluded from ASIC market share. 

ASIC product revenue is based on the combined revenue from digital, 
mixed analog/digital, and emalog product. 

The U.S. dollar depreciated 8.4 percent against the yen during 1993. 
Dataquest's exchange rates are: U.S.$1 = ¥111.20 (1993), U.S.$1 = ¥101.81 
(1994). 

Figure 2 presents the composition of the ASIC market by product. 
Although gate arrays continue to dominate the market, CBICs are gaining 
market shetre. Total PLDs lost market share because bipolar PLDs had a 
dismal year, declining 29.4 percent (see Table 2). Bipoleir PLDs are being 
replaced by MOS PLDs, which had a soHd 22.6 percent growth rate, exceed­
ing the growth rate of the total ASIC market. 

ASIC-WW-MA-9501 ©1995 Dataquest Incorporated March 20,1995 
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Figure 2 
Estimated 1993/1994 Worldwide ASIC Consumption, by Product 

1993 1994 

Total = $9.11 Billion 

Total = $10.84 Billion 

Source: Dataquest (March 1995) 

Table 2 
Estimated 1993^994 Worldwide ASIC Consumption, by Product (Millions of Dollars) 

MOS/BiCMOS Gate Array 

Bipolar Gate Array 

MOS/BiCMOS Cell-Based IC 

Bipolar Cell-Based IC 

MOS/BiCMOS PLD 

Bipolar PLD 

Total Market 

1993 

3,785 

873 

3,201 

82 

925 

248 

9,114 

1994 

4,520 

818 

4,116 

77 

1,134 

175 

10,840 

Percentage Change 

19.4 

-6.3 

28.6 

-6.1 

22.6 

-29.4 

18.9 

Source: Dataquest (March 1995) 

Gate Arrays 
The year 1994 was good for the MOS/BiCMOS gate array market, which 
had 19.4 percent growth, and an above-average year for bipolar gate arrays, 
with a 6.3 percent decline. MOS/BiCMOS gate array growth was fueled by 
strong market performance in personal computers/workstations and tele­
communications. The bipolar gate array market was expected to decline 
faster than the 6 percent reported because of declining mainframe sales. 
Companies such as Fujitsu had a temporary increase in mainframe com­
puter sales, which reduced the percentage decline in bipolar gate arrays. 

Figure 3 shows the 1994 worldwide gate array suppliers' revenue by tech­
nology of the top 10 companies. Figure 4 shows the top 10 1994 MOS/ 
BiCMOS gate array suppliers, while Figure 5 ranks the same suppUers by 

ASIC-WW-MA-9501 ©1995 Dataquest Incorporated March 20,1995 
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Figures 
1994 Top 10 Worldwide Gate Array Suppliers 
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Figure 4 
1994 Top 10 Worldwide MOS/BiCMOS Gate Array Suppliers 
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Source; Dataquest (March 1995) 
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Figure 5 
1994 Top 10 Worldwide MOS/BiCMOS Gate Array Suppliers, b y Type of Sale 
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Source: Dataquest (March 1995) 

size of estimated merchant sales. Table 3 Hsts the hotly contested top 
201994 worldwide MOS gate array suppliers and their respective revenue, 
growth rates, and market shares. Figure 6 takes a snapshot of leading 
MOS/BiCMOS gate array supphers in North America. 

North America-based companies grew 9 percent in 1994 worldwide MOS/ 
BiCMOS gate array sales, compared with 28 percent growth (including 
8.4 percent yen appreciation) for Japan-based companies, 4 percent growth 
for Europe-based companies, and 27 percent growth for Asia/Pacific 
compatnies. 

Noteworthy points regarding the 1994 gate array rankings include the 
following: 

• NEC passed LSI Logic to become the No. 1 MOS/BiCMOS gate array 
supplier. However, a significant portion of NEC's sales are to internal 
divisions. LSI Logic remains the largest merchant gate array suppHer, as 
shown in Figure 5. 

• VLSI Technology had a weak year in MOS/BiCMOS gate arrays because 
the company focused on the CBIC market, where it had a solid year. 

Mitsubishi had an outstanding year, leaping from the No. 16 position in 
1993 to No. 9 in 1994 MOS/BiCMOS gate arrays. Mitsubishi's 140 percent 
growth was driven by a few high-volume designs in the PC/workstation 
market. 

ASIC-WW-IVlA-9501 ©1995 Dataquest Incorporated March 20,1995 
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Table 3 
1994 Worldwide Market Share Ranking: MOS/BiCMOS Gate Array 
(Millions of Dollars) 

1994 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1993 
Rank 

2 
1 
3 
4 
6 
5 
7 
9 

16 
8 

13 
11 
10 
12 
15 
17 
18 
23 
19 
20 

NEC 
LSI Logic 
Fujitsu 
Toshiba 
Hitachi 
IBM 
Motorola 
Texas Instruments 
Mitsubishi 
VLSI Technology 
Matsushita 
Seiko Epson 
GEC Plessey 
SGS-Thomson 
OKI 
Samsung 
Sharp 
AMI 
National Semiconductor 
Sony 

1993 
Revenue 

550 
552 
466 
427 
235 
243 
147 
99 
58 

145 
73 
80 
83 
73 
61 
57 
48 
21 
42 
25 

1994 
Revenue 

705 
575 
542 
525 
307 
280 
187 
162 
139 
109 

95 
91 
88 
80 
78 
68 
62 
43 
40 
36 

Percentage 
Change(%) 

28 
4 

16 
23 
31 
15 
27 
64 

140 
-25 
30 
14 

6 
10 
28 
19 
29 

105 
-5 
44 

1994 Market 
Share (%) 

15.6 
12.7 
12.0 
11.6 

6.8 
6.2 
4.1 
3.6 
3.1 
2.4 
2.1 
2.0 
1.9 
1.8 
1.7 
1.5 
1.4 
1.0 
0.9 
0.8 

Source: Dataquest (March 1995) 

Figure 6 
1994 Top 10 North American MOS/BiCMOS Gate Array Suppliers 
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Cell-Based ICs 
The CBIC market was the place to be for ASIC suppUers in 1994. MOS/ 
BiCMOS CBICs had a record year with 28.6 percent growth. One key reason 
for this record growth was the increased use of CBICs in Japan, primarily 
by large vertically integrated Japanese companies. 

Although many North American companies had a good year in CBICs, 
total North America-based companies grew 23 percent in 1994 worldwide 
MOS/BiCMOS CBIC sales, compared with 54 percent growth for Japan-
based companies, and 23 percent growth for Europe-based companies. 
Japan-based companies continue to target this market for future growth. 

Figure 7 shows the top 10 1994 worldwide CBIC suppliers' revenue by tech­
nology. Table 4 shows the top 201994 worldwide MOS CBIC suppUers by 
their respective revenue, growth rates, and market shares. Figure 8 illus­
trates the top 10 worldwide MOS/BiCMOS CBIC suppliers, while Figure 9 
shows the same suppliers ranked by estimated merchant sales. Figure 10 
examines the top 10 1994 North American MOS/BiCMOS CBIC suppliers. 

Noteworthy points regarding the 1994 CBIC rankings include the 
following: 

• LSI Logic had a stellar year in CBICs, jumping from No. 11 in 1993 
MOS/BiCMOS CBIC sales to No. 6 in 1994. LSI Logic's Core-ware prod­
ucts are primarily CBICs, and many previously captured computer and 
telecom designs moved into high-volume production in 1994. 

Figure 7 
1994 Top 10 Worldwide CBIC SuppUers 
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Table 4 
1994 Worldwide Market Share Ranking: MOS/BiCMOS CeU-Based IC 
(Millions of Dollars) 

1994 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1993 
Rank 

1 
2 
3 
5 
4 

11 
7 
9 

10 
6 
8 

12 
13 
14 
18 
15 
21 
17 
16 
19 

AT&T 
Texas Instruments 
IBM 
VLSI Technology 
Hewlett-Packard 
LSI Logic 
NCR 
NEC 
Toshiba 
Mietec 
Fujitsu 
Matsushita 
SGS-Thomson 
Austria Mikro Systeme 
Hitachi 
GEC Plessey 
OKI 
National Semiconductor 
Harris 
AMI 

1993 
Revenue 

419 
344 
297 
199 
230 
90 

137 
117 
114 
139 
134 
81 
80 
67 
39 
63 
35 
58 
62 
39 

1994 
Revenue 

473 
338 
333 
263 
255 
248 
238 
219 
173 
165 
163 
117 
113 

86 
86 
67 
62 
58 
47 
45 

Percentage 
Change(%) 

13 
-2 
12 
32 
11 

176 
74 
87 
52 
19 
22 
44 
41 
28 

121 
6 

77 
0 

-24 
15 

1994 Market 
Share (%) 

11.5 
8.2 
8.1 
6.4 
6.2 
6.0 
5.8 
5.3 
4.2 
4.0 
4.0 
2.8 
2.7 
2.1 
2.1 
1.6 
1.5 
1.4 
1.1 
1.1 

Source: Dataquest (March 1995) 
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Figure 9 
1994 Top 10 Worldwide MOS/BiCMOS CBIC SuppUers, by Type of Sale 
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Figure 10 
1994 Top 10 North American MOS/BiCMOS CBIC Suppliers 
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• Texas Instruments maintained its No. 2 position in CBICs. However, the 
compemy had a submarket performance in CBICs in part because it is 
changing its focus to gate array products. Furthermore, TI has a large 
portion of its CBIC sales in Japan in older designs that are starting to be 
phased out. 

• AT&T had a good year in the merchant market and is tied with TI in 1994 
merchant CBIC sales, as shown in Figure 9. 

• Companies on the move in the CBIC market with high 1994 growth rates 
include: VLSI Technology, NCR (now caUed Symbios), NEC, and 
Toshiba. 

PLDs 
MOS/BiCMOS PLD growth continued at a soHd pace in 1994 (22.6 percent), 
while bipolar PLDs had the worst year in history (down 29.4 percent). Of 
the MOS/BiCMOS products, CPLDs lead the pack with an annual growth 
rate of 45.7 percent, followed by FPGAs with 36.8 percent and SPLDs with a 
decline of 2.1 percent. Growth rates can be deceiving because of the differ­
ences in the dollar bases. FPGAs continued to dominate the market by 
growing about $121 milUon in 1994 for a total market of $450 million, 
compared to a $96 million doUar increase for CPLDs for a total market of 
$306 milhon in 1994. SPLDs dechned about $8 milhon in 1994 for a total 
market of $378 milHon. MOS/BiCMOS PLD growth came at the expense 
of bipolar PLDs, which dropped $73 milHon for a total 1994 market of 
$175 milhon. 

Figure 11 shows the top 101994 worldwide PLD suppliers' revenue by tech­
nology, while Figure 12 and Table 5 show the leaders in the hotly contested 
MOS/BiCMOS PLD market. 

Figure 11 
1994 Top 10 Worldwide PLD SuppKers 
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Figure 12 
1994 Top 10 Worldwide MOS/BiCMOS PLD SuppUers 
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Table 5 
1994 Worldwide Market Share Ranking: MOS/BiCMOS PLD (MilUons of Dollars) 

1994 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1993 
Rank 

1 

3 

2 

4 

5 

6 

8 

9 

7 

11 

Xilinx 

Altera 

Advanced Micro Devices 

Lattice 

Actel 

Cypress Semiconductor 

AT&T 

Texas Instruments 

Intel 

Atmel 

1993 
Revenue 

231 

140 

160 

127 

60 

47 

32 

29 

45 

12 

1994 
Revenue 

321 

199 

188 

134 

76 

55 

42 

30 

26 

15 

Percentage 
Change(%) 

39 

42 

18 

6 

27 

17 

31 

3 

-42 

25 

1994 Market 
Share (%) 

28.3 

17.5 

16.6 

11.8 

6.7 

4.9 

3.7 

2.6 

2.3 

1.3 

Source: Dataquest (March 1995) 

Noteworthy points regarding the 1994 PLD rankings include the following: 

• Xilinx passed AMD for the No. 1 suppHer in total PLDs with an exclusive 
MOS PLD product line. 

• Altera passed AMD to capture the No. 2 position in MOS PLDs by grow­
ing 42 percent, compared to AMD's 18 percent. 
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• To accurately reflect the sale of Intel's PLD Division to Altera, the first 
three quarters of Intel's 1994 PLD revenue is included under Intel, and 
the last quarter's revenue is included in Altera's revenue. 

• Actel outpaced the MOS PLD market in 1994 with 27 percent growth and 
is weU-positioned with the recent acquisition of TI's FPGA business for a 
battle with Lattice for the No. 4 position. 

• Although Lattice's MOS PLD sales only grew 6 percent in 1994, the com­
pany doubled its CPLDs sales, which helps position it for stronger 
growth in 1995. 

Dataquest Perspective 
The ASIC wave continues to grow in size and power as the 1994 market 
exceeded $10 billion with nearly 20 percent growth. LSI Logic, the largest 
merchant ASIC supplier, posted record sales and profits during 1994. LSI 
Logic's net income after tax (profits) increased from 7.5 percent of its 1993 
sales to 12.1 percent of 1994 sales. The ASIC market is growing and is prof­
itable for those companies that have invested in three key areas: intellectual 
property, value-added cell libraries, and system knowledge. 

The low-density market (fewer than 20,000 gates) is now being ruled by a 
half dozen FPGA and CPLD suppHers that have a major patent position in 
device architectures. These companies enjoy rising revenue streams as well 
as healthy profit margins because of their intellectual property position. 

On the other end of the spectrum, the high-density market (more than 
100,000 gates), ASIC suppHers that have established value-added cell 
Hbraries targeted at specific applications are the most profitable. System 
knowledge is critical in developing complete, focused cell libreiries where 
system designers can differentiate their systems. The market is quickly 
moving to system-level integration (SLI) where the entire system or sub­
systems can be implemented on a single chip. Such high integration 
requires a soHd understanding of system design, design tools, Hbrary sup­
port, and test methodologies. 

Cell-based ICs are gaining momentum as the preferred ASIC product for 
high-density designs and SLI because of their small die size. Embedded 
gate arrays (megaceUs such as SRAM diffused into the gate array base 
wafer) have also become a viable option for the high-end market because of 
their improved time to market over CBICs. As sub-0.35-micron, four- and 
five-layer-metal, 2-milhon-gate ASICs become common, we believe that 
CBICs wiU offer only minor advantages over the high utihzation and quick 
time-to-market benefits of embedded gate arrays. 

The need for system designers to differentiate their systems to achieve 
higher profit margins is driving the growth of the ASIC market. Although 
revenue wiU continue to grow for most ASIC suppliers, profits will only 
increase for those suppHers that continue to invest in intellectual property, 
focused cell Hbraries, and system knowledge. 
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Chapter 1 
Introduction 

Fundamental to the way Dataquest conducts its research is the underlying 
philosophy that the best research and analysis uses appropriate methodol­
ogy. Such methodology includes a balance between primary and second­
ary data collection; between supply-side, vendor-based analysis and 
demand-side, consumer-preference analysis; between focused, industry-
specific research and coordinated, "big picture" analysis; and between the 
informed, insightful perspectives of experienced industry professionals 
and the rigorous, disciplined techniques of seasoned market researchers. 
Ultimately, this leads to a balance between data and analysis — the combi­
nation of which provides unique insight and maximum tangible value to 
our clients. 

The purpose of the Dataquest Research Methodology Guide is to provide 
a clear and concise overview of Dataquest's research methodologies. This 
guide discusses research methodology as it pertains to vendor-based 
research, user-based research, and market forecasting. 

Each methodology is discussed separately for explanatory clarity. In no 
way does this organization imply that one type of research is done in 
isolation of the other types. For example, vendor-based research, user-
based research, and market forecasts all rely on the services provided by 
both primary and secondary research. Also, results from vendor-based 
research and user-based research are inputs to market forecasting. Indeed, 
the free flow of iivformation among the different research specialties 
creates synergy that is key to Dataquest's research methodology. 

Dataquest is committed to a rigorous research methodology. Dataquest 
applies accepted market research techniques to the dynamic world of 
changing technology, fluctuating business conditions, and evolving client 
needs. The methodologies described in this document serve the multiple 
needs of our clients in a constantly changing marketplace. 
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Chapter 2 
Research Methods 

Primary Research 

Dataquest recognizes the importance of a variety of information sources 
and the impact they have on the value of the services we provide. 
Dataquest conducts primary market research as weU as secondary 
research to produce timely, detailed, and accurate analyses of high-
technology marketplaces. The combination of these two research 
approaches yields a rich pool of data that can be used to answer specific 
questions, to produce market statistics, and to analyze and forecast 
industry trends. 

Primary research can be distinguished from secondary research in several 
important ways, as follows: 

• Primary information is first-hand data collected by the researcher. 
Secondary research is information that already has been published and 
typically is bought for research purposes. 

• Primary research is custom research in areas where data or information 
does not previously exist. On the other hand, much of the secondary 
information has been compiled and published for some particular 
purpose other than market research. 

• Availability is another key distinction between primary and secondary 
research. Primary research is proprietary data and available on a selec­
tive basis. Secondary research is public information and is more readily 
available. 

Dataquest views primary and secondary research as complementary 
components in its data gathering, drawing on each to produce vital 
information for high-tech markets. 

Dataquest relies heavily on primary research as a means to collect original 
data. Primary research is conducted with end users in business, house­
holds, government, and schools; and with product vendors, suppliers, 
manufacturers, and distributors. Primary information is collected by 
Dataquest's in-house field interviewing groups as well as by industry 
analysts worldwide. 

There are three basic interviewing methods used by Dataquest: telephone 
interviews, mail interviews, and personal interviews. The method used is 
determined by the objective of the project. 

Telephone Interviews 
Dataquest uses telephone-based field interviewing for much of its primary 
research. This method is usually employed when the study design 
requires a large, randomly selected sample from a population, when 
eligibility is difficult to determine (necessitating many contacts for a 
completed interview), when the interview is relatively short, or when face-
to-face contact is impossible or unnecessary. In some cases, questionnaires 
are faxed to the respondent prior to the telephone interview. 
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Telephone interviewing is conducted regularly by Dataquest's in-house 
field interviewing groups in San Jose and the United Kingdom. The char­
ter of Dataquest's field interviewing groups is to collect and ensure quality 
data in a timely and cost-effective manner. These objectives are possible 
because of the following competitive advantages unique to Dataquest's 
interviewing group: 

• Dataquest uses interviewers who specialize by industry, ensuring 
consistent, high-quality information. 

• Dataquest has complete access to information-gathering resources. 

• Dataquest experiences increased productivity because of industry 
contacts and knowledge of technologies. 

Dataquest's San Jose facihty conducts interviews in North America, South 
America, Japan, and Asia/Pacific. Interviewing in Japan is also conducted 
from Dataquest's Tokyo office. Dataquest's Primary Research Centre, 
located in the United Kingdom, conducts interviews in 12 languages 
throughout the European region. 

Central location interviewing has many advantages. It allows for central 
monitoring to ensure that correct interviewing procedures are being fol­
lowed. Furthermore, if a respondent requests clarification on the meaning 
or intent of a question, it can be handled on the spot. 

Dataquest's field interviewers participate in a briefing on each project 
prior to implementation. Interviewers are trained specifically in handling 
open-ended questions and questions that ask for "other" responses. 

Mail Questionnaires 
Dataquest uses mail questionnaires infrequently for the following three 
reasons: 

• Low response rate—Mail surveys have a lower response rate than do 
personal or telephone interviews. The danger with low response rates is 
that those who return the questionnaires may be "different" from or not 
representative of the tmiverse of respondents, thereby introducing bias. 

• Accuracy — There is no interviewer in mail surveys who can explain the 
purpose of the project, clarify the questions, or resolve any problems. 
Respondent confusion about the questions can adversely affect survey 
accuracy. 

• Time—It takes several weeks to conduct a mail survey, and most clients 
cannot wait that long. 

Mail surveys cannot be used for an unstructured study in which the inter­
viewer formulates the questions as the interview progresses. Personal and 
telephone interviews are more flexible in that they can be terminated or 
altered at any point, whereas mail surveys are inflexible. 

Paper and pencil questionnaires are used in some specialized situations 
such as trade conferences and other group meetings. 
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Research Methods 

Personal Interviews 
Personal interviews are less structured and more intensive than phone 
interviews. There is a longer and more flexible relationship with the 
respondent, resulting in data that has more depth and richness. 

There are two basic types of personal interviews: nonstructured and semi-
structured. Nonstructured and semistructured interviews differ in the 
amount of guidance given by the interviewer. In the nonstructured inter­
view, the respondent is given considerable freedom to respond within the 
bounds of topics specified by the interviewer. In semistructured inter­
views, the interviewers have a specific list of topics to cover with the 
respondent. 

Focus groups are another form of personal interviews. Focus groups con­
sist of 8 to 12 people who gather for two to three hours with a trained 

• group facilitator to discuss a product, service, organization, or other mar­
keting entity. The participants are paid an honorarium for attending. The 
meeting is held in a focus group room equipped with a two-way mirror 
for filming and observation. The group facilitator encourages remarks 
from the participants, while at the same time focusing their discussion. 
The comments are tape-recorded and analyzed. 

Secondary Research 
Dataquest recognizes the importance of secondary research in all its ana­
lytical and intelligence functions. Although secondary information alone 
does not answer complex market research questions, secondary research 
has major advantages and roles in the market research process. Dataquest 
uses secondary information for the following: 

• Provide basic working knowledge of industries 

• Gather facts about the technology, products, and applications 

• Monitor developments 

• Explore new territory or emerging technologies 

• Gain insight for preliminary analysis 

• Signal need for primary research 

• Gather information quickly and at a lower cost than primary research 

In conducting secondary research, Dataquest employs a methodology to 
ensure that appropriate information is obtained to meet the diverse needs 
of its researchers. With a process-oriented approach, Dataquest is not only 
able to achieve time and cost efficiencies but is also able to focus on find­
ing the desired data from the pool of secondary information that exists. 
This process can be summarized as follows: 

• Define the topic and data points to be collected 

• Select secondary sources to search 

• Conduct information search through multiple sources, using electronic 
databases, CD-ROMs, and print resources 

• Assemble and review information from all sources 

• Present results of the information gathered 
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Because an impressive amount of secondary information exists concerning 
high-technology industries and the companies within these markets, 
Dataquest's researchers routinely use secondary research in the following 
key areas: 

• Market sizing 

• Validating estimates 

• Cross-checking information, such as market sheure 

• Checking trends that influence markets 

• Checking company growth rates 

• Verifying shipment totals and pricing information 

• Supporting assumptions used in forecasting 

Because our researchers and analysts are expected to review all types of 
information to keep abreast of market trends and industry events, 
Dataquest understands that access to information is a crucial part of the 
market research process. Dataquest has invested substantial resources to 
ensure that current information is available and accessible by all research 
staff. 

The secondary research process is managed by professional librarians 
who understand how and where to get the secondary information neces­
sary to support the needs of analysts and researchers. Dataquest's librari­
ans are expert not only in searching all types of information sources but 
also in selecting and obtaining key resources that researchers need on a 
frequent basis. The librarians work closely with the research staff to 
answer the complex questions that arise during the course of our market 
research. 

Each major Dataquest location maintains a library facility that typically 
offers a comprehensive collection of information sources covering the fuU 
range of high-technology companies, markets, and industries tracked by 
Dataquest. Sources of secondary information typically utihzed by 
Dataquest include the following: 

• Articles in the general business and trade press 

• Financial information from annual reports and other SEC documents 

• Company and product directories 

• Company press releases and product literature 

• Government reports, statistics, and economic data 

• Trade association data 

• Credit reports 

In-house research collections are supplemented by online database ser­
vices including Dialog, Lexis/Nexis, Dow Jones, Newsnet, Data-Star, 
CompuServe, and the Internet. Other specialized databases from such 
companies as Dun & Bradstreet and Thomson Financial are also available 
to the research staff. 
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The benefits of buying secondary information on CD-ROM were recog­
nized a number of years ago, and Dataquest became an early adopter of 
this information format. Today we have numerous CD-ROMs available in 
the library and on the local area network for retrieving financial informa­
tion, trade press articles, product information, and company profiles. 
Because of the high information content and ease of use of these products, 
these resources are used heavily by our research staff. 

In addition, Dataquest has made a significant investment and commit­
ment to supplying every analyst with current secondary information on 
the desktop. Our analysts use a state-of-the-art electronic information fil­
tering system, which delivers real-time information feeds from such com­
panies as Dow Jones, Business Wire, PR Newswire, and Ziff. In 1995, the 
analyst desktop will be further enhanced with several other news and 
wire services and full Internet access. 
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Chapter 3 
Vendor-Based Research 

Each year, Dataquest tracks the shipments and revenue of thousands of 
vendors worldwide. This research helps Dataquest maintain a dynamic 
database of product shipments by company, and product consumption by 
region of the world. 

Dataquest conducts product market share surveys on a quarterly, semi­
annual, or annual basis. The annual market share research actually 
includes two phases — a preUminary phase and a final survey. The 
preliminary estimates are completed by the end of the calendar year being 
reported, and the results are summarized in a report released early in the 
new year. Prelinninary vendor rankings are featured in a Dataquest press 
release. Final market share estimates are prepared during the first quarter, 
and the results are published in a reference report released in the spring. 

Dataquest believes that the estimates presented in its market share docu­
ments are the most accurate and meaningful statistics available. While 
Dataquest takes care in gathering, analyzing, and categorizing its data, 
chents must be aware of the definitions and assumptions that Dataquest 
uses when they interpret the estimates presented in the market statistics 
documents. Other companies, government agencies, and trade associa­
tions may use slightly different definitions of product categories and 
regional groupings, thereby reporting different results. These differences 
should be kept in mind when making comparisons between data pro­
vided by Dataquest and data provided by other suppliers. 

Dataquest's Methodology 
Dataquest's vendor-based research incorporates both market sizing and 
market share research activities. 

Market Size 
Market size is defined as the universe of all companies competing in a 
market. The universe of companies is based on a core list of companies 
that Dataquest has developed over time. Each year, Dataquest checks the 
list to add companies previously not included and to delete companies no 
longer competing in the market. 

Dataquest uses its proprietary market sizing bibliography as a foundation 
for market sizing research. The market sizing bibliography describes 
sources of information that identify companies participating in various 
markets. These sources include industry associations, business and finan­
cial sources, and other secondary sources. Dataquest analysts search these 
sources to develop a list of companies that is as comprehensive as possi­
ble. Special attention is devoted to identifying companies not included in 
our previous data collection. 

Once the universe of companies in an industry is identified, researchers 
estimate the approximate size of each company. Size is one of the variables 
used in identifying a company as a leading vendor and as a company that 
Dataquest will track in greater detail. The largest companies are usually 
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Definitions 

Siiipment Estimates 

considered to be leading vendors in an industry. In addition to size, iden­
tification of a company as a vendor that merits more detailed attention is 
based on our ongoing relationships with industry contacts and industry 
events. 

Smaller companies in each market are also noted. Shipments and revenue 
for smaller companies are estimated using the same general procedures 
apphed to larger companies. The data from smaller companies is usually 
aggregated and reported as "other companies." These estimates are incor­
porated into overall market size statistics. 

IVIarlcet Share 
The purpose of market share is to estimate the presence of a leading ven­
dor in a product market. Market presence may be measured in terms of 
unit shipments or revenue. Market share is critical for companies to assess 
their absolute and relative position in a market and thus to develop 
appropriate competitive strategies. 

The Dataquest Market Definitions books are the corporatewide reference 
for segmentation and definition of technologies and markets. Definitions 
explain Dataquest's understanding of technologies. Segmentation refers to 
the way in which a market is divided into different dimensions, including 
companies, products, regions, distribution, appUcations, and user envi­
ronments. Tliese dimensions are illustrated in Figure 3-1. The segmenta­
tion and definitions found in the Dataquest Market Definitions books are 
used consistently throughout Dataquest's products and within aU 
Dataquest's worldwide offices. 

Dataquest has defined regions of the world for the purposes of tracking 
and reporting markets, companies and products, and company produc­
tion and consumption. Those regions are North America, Europe, Japan, 
Asia/Pacific, and Rest of World. The country composition of these regions 
is given in the Dataquest Market Definitions books and in Appendix B. 

Dataquest prepares estimates of shipments for each product and company 
prior to market share data collection. Shipments are estimated at the most 
disaggregate level possible (such as by company, by product, or by 
region). These initial estimates are based on the following: 

• Company year-to-date performance 

• Validating information, such as press releases. Wall Street news items, 
industry contacts, and online sources 

• Dataquest forecasts of product revenue and shipments, by product and 
by regional market 

Initial estimates represent Dataquest's best estimate of company perfor­
mance during the previous year. The estimates are treated as confidential. 
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Figure 3-1 
Dataquest's Research Dimens ions 
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Data Collection 
Data collected in our vendor surveys is used in a bottom-up analysis 
defining market revenue, market size, and market share. Market share 
data collection involves virtually all Dataquest researchers and interview­
ers. Dataquest estimates of product shipments and revenue for the year 
are provided to each company. The company is asked to respond to 
Dataquest with revisions or corrections as appropriate. 

The accuracy of information provided to Dataquest varies. Some compa­
nies are known for consistently reporting accurate numbers, whereas 
other companies are less uniform in their reporting practices. With experi­
ence, analysts become familiar with the different and varied reporting 
styles of the companies involved. 

Dataquest analysts cross-check all information with the goal of defining 
the most accurate estimate possible. This effort requires the ability to 
integrate information from different sources. It relies on the analyst's abil­
ity to perceive and process information provided indirectly. The skill and 
sensitivity of the individual researcher is a critical element. 

Collection of top-level aggregate data (worldwide and regional unit ship­
ments and revenue) from a vendor is the responsibiHty of the Dataquest 
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office located within the same region of the world as the vendor being sur­
veyed. Collection of bottom-up disaggregate data (regional and country 
shipments of each vendor) is the responsibility of the Dataquest office 
located within the region of consumption. The rationale for this division of 
labor is that the Dataquest office located within a particular region is best 
suited to perform data collection tasks related to manufacturers located 
within that region. The local Dataquest office is also most able to comment 
on facets of consumption within that region, regardless of the location of 
company headquarters. 

For example, Dataquest San Jose is responsible for data estimation and 
collection for North America-based vendors and their worldwide and 
regional shipments. Similarly, Dataquest Europe estimates and collects 
data on worldwide and regional shipments for European vendors; 
Dataquest Japan is responsible for the estimates and collection of world­
wide and regional shipments for Japanese vendors. Dataquest Asia/ 
Pacific estimates and collects the worldwide shipments data for vendors 
in the Asia/Pacific region. Vendors located in the Rest-of-World region 
are, in most cases, the responsibility of Dataquest San Jose. This assign­
ment forces a reconciliation between Dataquest's analysts and Dataquest's 
offices, resulting in a single worldwide estimate for any given product. 

Once the vendor-based data is collected, it is compiled into a single, mar­
ket-specific database. Subsets of the data based upon the region of con­
sumption are then furnished to Dataquest's regional offices. The regional 
analysts examine their specific regional consumption data (worldwide 
vendors' shipments into their regions) and compare the estimates to the 
results of their individual regional data collection efforts. 

This methodology capitaUzes on the advantage provided by Dataquest's 
regional analysts. It supports regional analysts, by strength of their loca­
tion, in collecting data from vendors based within their region. Further­
more, it allows for differences in regional pricing, distribution methods, 
and application usages, and their effects on the market share estimates. At 
the same time, this methodology allows the regional analysts to examine 
the shipment data of worldwide vendors into their region in order to 
account for differences within their region of the marketplace. 

An additional advantage of this approach is the assignment of ultimate 
responsibility for a particular vendor to a particular analyst. This assign­
ment forces a running dialogue and information exchange among offices. 

Quality Control and Validation 
All market share data is validated through cross-checks to assure quality, 
including the following: 

• Checking aggregate data against at least two other data points 

• Checking large market share changes 

• Checking large volume changes 

• Checking current trends against historical trends 

• Checking against complementary or substitute products 
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• Checking against installed base 

• Checking against other Dataquest data 

• Checking company growth rates against competitors 

Dataquest utilizes both primary and secondary sources to produce market 
statistics data. Primary research is supplemented with secondary research 
to verify market size, shipment totals, and pricing information. Either pri­
mary or secondary information is used to validate estimates. Where data 
cannot be collected from primary sources, estimates are checked against 
secondary sources. Revenue reported in one market covered by a vendor 
is also evaluated against that vendor's revenue in other markets covered 
by Dataquest to nnake sure that revenue is not double counted. In addi­
tion, Dataquest may check with multiple sources at one company to verify 
data. 

The data collected in our vendor surveys is considered public information. 
The names of respondents are always kept confidential, and all data is 
published as Dataquest estimates. AU respondents are notified of 
Dataquest policies when market estimates are initially sent. 

Companies in the market share survey review Dataquest's initial esti­
mates and respond with their comments or revisions. If a company 
chooses not to participate in the data collection effort, Dataquest either 
uses initial estimates or adjusts the initial estimates based on responses by 
other companies. 

Documentation 
Detailed notes and documentation are maintained on each company 
surveyed in the market share sample, as well as the supplemental group 
of companies used to estimate total market size. Documentation includes 
handwritten notations indicating sources of data and any relevant second­
ary information. 

Quarterly and Semiannual Shipments and Pricing 
Dataquest monitors selected companies on a monthly, quarterly, or semi­
annual basis. Typically, this research and analysis focuses on unit ship­
ments and product pricing of the most important leading companies in a 
market. Companies selected for this in-depth research have products that 
meet the following criteria: 

• Significantly greater than average growth 

• "Bell-weather" indicators of future market activity 

• Receive disproportionate market-participant attention 

The purpose of this in-depth research is to assure that Dataquest estimates 
are timely and to report important market shifts. This research serves as 
valuable input for updating expectations of short-range market activity. 
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Chapter 4 
User-Based Research 

Project Design 

User-based research serves as a complement to Dataquest's vendor-based 
research. By focusing on the consumer, user-based research reflects the 
demand-side of product markets. Dataquest's user-based research 
includes studies of market penetration, installed base, technology plans, 
product configurations, product pricing and positioning, customer satis­
faction, and new product testing and concept evaluations. 

The most important aspect of user-based research is to define the purpose 
of the research. What question does the client want answered? If there are 
multiple questions, what is the main question? Once the project's purpose 
is identified, a project plan is prepared to guide research activity. The plan 
covers the entire range of research activity, including definition of 
research objectives, questionnaire development, sample design, field 
interviewing, statistical analysis, and the final report. It also includes a 
time line and milestones that can be used to assess progress. 

Questionnaire Development 
Questionnaires are developed in consultation with the project leader or 
client. Questions are phrased in a form that will facilitate complete and 
usable responses. Special attention is devoted to minimizing response 
biases potentially caused by such factors as answer order, question order, 
generalization, and scaling. 

Questionnaires typically contain the following three main sections: 

• Introduction and screener page that outlines the purpose of the study 
and identifies the correct person to participate in the interview 

• Specific questions to meet the project's objectives 

• Demographic questions that enable the respondents to be grouped 
together and the data analyzed in subsets 

Sample Design 
Sample design involves definition of sample parameters, determination of 
the sample approach, and the most appropriate source for the sample. 
Sample parameters are determined according to the population of interest 
in the study. For example, a survey of corporate computer use would 
likely include parameters such as the number of employees and annual 
sales. A study measuring users' interest level in video games would 
include sample parameters such as household composition and annual 
household income. 

Once the sample parameters have been defined, a sampling approach is 
developed. Dataquest uses two types of sampling approaches: probability 
sampling and quota sampling. 

Probability sampling is used for data to be projected to the population at 
large, such as market penetration data. In this approach, each potential 
respondent has an equal probability of being selected. A study that 
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requires 200 completed interviews would begin with names of 
1,000 potential respondents if the anticipated response rate is 20 percent. 

Quota sampling is an alternative to probability sampling and is used 
when simplicity and cost-effectiveness are important considerations. In 
quota sampling, a profile of the population to be studied is developed and 
quotas are set so that the final sample is forced to fit the main population 
profile. An example would be a study of U.S. business establishments with 
results reported by industry. The 1990 U.S. Census data reveal that gov­
ernment institutions represent approximately 3 percent of U.S. business 
establishments, services represent 31 percent, manufacturing represents 
7 percent, and other businesses represent 59 percent. For a study requiring 
500 completed interviews, quotas would be set so that 15 respondents 
would come from government institutions, 155 respondents would come 
from services, 35 respondents would be from manufacturing businesses, 
and 295 respondents would represent other businesses. 

Dataquest uses a variety of sampling sources depending on the nature of 
the research. Databases from Dun & Bradstreet, including Dun's Market­
ing Service databases of 10 milHon U.S. businesses, are frequently used. 
Other sources include UCCl filings that identify sites with specific com­
puter and telecommunications equipment, and mailing lists from industry 
trade publications. Dataquest also has proprietary respondent databases 
that are used for research in specific high-technology markets. 

Data Collection 
Data collection in end-user research relies heavily on primary research. 
Dataquest's primary research procedures are described in detail in an 
earlier section of this document. 

Dataquest maintains sizable primary research units in San Jose, California, 
and High Wycombe, United Kingdom. In addition, staff responsible for 
primary research data collection are located in Hong Kong, Singapore, 
Tokyo, Seoul, Taiwan, and Framingham, Massachusetts. 

Preparation for the primary research includes in-depth briefings with the 
interviewers to review details of the project, the questiormaire, and proce­
dures for collecting information. At the beginning of the project, prelimi­
nary interviews are conducted to vaUdate the effectiveness of the 
questionnaire. Suggested changes can then be discussed and incorporated 
into the final questionnaire. The actual interviews are conducted online or 
with hard copy, depending on the format most appropriate for the objec­
tive of the study. Considerable time goes into quality control. The inter­
view process is carefully monitored, and responses are reviewed for 
accuracy and completeness at all stages of a project. 

Data Analysis 
Dataquest uses a full range of methods to conduct statistical analysis of 
user-based data. After data collection is completed, the data is cleaned and 
prepared for analysis. As a quality-control check, frequency and percent­
age data are calculated for each response to every question. 

Specific cuts of data are determined jointly by Dataquest and the client. 
Initial tables are produced according to predetermined specifications. 
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Once the initial tables are reviewed, the need for further cuts of data often 
becomes apparent. An iterative process then occurs in which questions are 
formulated, additional analyses are conducted, and new sets of tables are 
prepared. 

A variety of data analysis techniques are used to answer Dataquest's 
research questions. Techniques commonly used include validity and reli­
ability testing, correlations, regression analysis, factor analysis, analysis of 
variances, and significance testing. Dataquest also measures customer sat­
isfaction and importance ratings using a matrix gap analysis technique. 
The statistical analysis packages used to analyze data at Dataquest include 
SPSS, Survey System, and ACA/Ci2. 
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Chapter 5 
Market Forecasting 

Dataquest's charter includes the task of forecasting high-technology mar­
kets. There are two important benefits of forecasting market activity, as 
follows: 

• Forecasting provides a structured and logically rigorous setting in 
which to clarify expectations about the future. This structured setting 
naaximizes the likelihood of generating forecasts that are internally 
consistent. 

• Forecasts help reduce business risk by aiding executives in planning 
strategy and tactics based on likely events and trends. 

There are two basic components to Dataquest's forecasting methodology: 
theory and facts. Theory and facts are complementary — one cannot be 
substituted for the other. Theory provides a simplified situation with the 
same logical structure as more coniplicated reality, and it uses the former 
to understand the latter. Facts may appear to be self-evident; however, 
facts do not "speak for themselves." To use facts effectively, they must be 
interpreted in terms of an underlying structure, embodied in a theory. 

Dataquest forecasts begin with facts about real-world events. Most gener­
ally, facts regarding the real world include level of economic activity, 
prices, technology characteristics, user demographics, political environ­
ment, and other exogenous or outside influences. 

Facts lead to data representing observations. Data is broadly classified as 
either demand-side or supply-side, depending on the side of the market it 
influences. Empirical methods combine data with economic theory to 
yield market analysis and forecasts. 

Figure 5-1 outlines the key elements and flow of Dataquest's forecasting 
methodology. 

Theoretical Framework, Variables, and Data 
High-technology markets are complex; furthermore, high-technology 
markets generate an abundance of facts. The volume of high-technology 
publications and information is evidence of this situation. Therefore, 
before generating a market forecast, it is necessary to reduce the market's 
complexity to a manageable level with a simplifying conceptual frame­
work, typically referred to as an analytical model. 

Dataquest uses standard microeconomic models as the basic theoretical 
framework for analyzing high-technology markets. These models include 
the following: 

• Models of consumer behavior to analyze the demand side of a market 

• Models of production, the company, and the industry to analyze the 
supply side of a market 

• Models of market supply and demand 
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Figure 5-1 
Dataquest's Forecasting Methodology 
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These models are the accepted paradigms for analyzing economic and 
market phenomena. They have withstood years of rigorous empirical test­
ing and verification. 

High-technology markets also yield an abundant flow of facts about real-
world events. These facts lead to a set of data, representing observations 
such as unit shipments, revenue, market share, and average selling prices. 
Dataquest classifies this data according to broad categories called vari­
ables that are grouped as demand-side variables or supply-side variables. 

Dataquest includes the following demand-side variables in its product 
forecasts: 

Overall level of economic and business activity, industry conditions, 
and related industry conditions 

Prices of substitute products 

Prices of complementary products 

Expected future prices of the product being forecast 
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m Consumer preferences 

• Demographics 

Dataquest also includes the following supply-side variables in its product 
forecasts: 

• Prices of resources and inputs used in a product's production 

• Technological improvements that allow for decreases in the cost of 
production 

• Outside factors that may alter supply or influence a company's produc­
tion costs, such as trade barriers 

Some variables are more easily quantified than others. For example, a 
country's overall level of economic activity can be measured directly by 
estimating its gross domestic product (GDP). Product prices and resource 
prices are normally directly observable as well. Other variables are more 
elusive and intangible. Information on consumer tastes and preferences 
may have to be sampled. Likewise, expectations of future products and 
resource prices are not directly observable but must be inferred. Thus, a 
variable's consideration does not necessarily imply collection of the corre­
sponding data. 

Examples of specific data used in Dataquest forecasts include the 
following: 

• Unit consumption and production 

• Consumption and production revenue 

• Average selling price (final user price, list price, and manufacturer 
price) 

• Installed base, saturation, and retirements 

• Input/output (I/O) ratios and tie ratios 

• Market penetration and total available market (TAM) 

Supply and demand market models have the added advantage of maxi­
mizing the internal consistency of Dataquest's numerous forecasts. By 
modeling and forecasting the supply side and the demand side of a prod­
uct, Dataquest analysts are able to check for "market clearing." The princi­
ple of market clearing states that whatever quantity of a product is 
supplied to a market must by necessity find a "home" in the market, 
either with the final or ultimate user or in inventory, and vice versa. In 
other words, after the fact, supply equals demand. (This does not imply 
that planned supply necessarily equals planned demand.) Whatever 
inconsistencies arise in the modeling and forecasting process must be 
eliminated or rationaHzed by changes in inventory levels or prices, or 
both. 

Another check for internal consistency makes use of the high-technology 
food chain (see Figure 5-2). The high-technology food chain is the simpli­
fied conceptual arrangement of the production of high-technology goods 
according to the order of utilization. In the food-chain approach, each 
product uses the preceding product as an input to production. For 
example, integrated circuits (ICs) are produced from silicon wafers, 
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Figure 5-2 
The High-Technology Food Chain 
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workstations are produced from ICs, and so on. By checking product 
flows through the food chain, Dataquest is able to monitor the consistency 
of its various forecasts at different stages of the food chain. In addition, 
modeUng the food chain enables Dataquest to forecast possible production 
bottlenecks and their implications for other product markets. 

At the beginning of each forecast cycle, Dataquest assesses current and 
expected international macroeconomic conditions. Dataquest uses the 
macroeconomic forecasts and analysis developed by the Economic Analy­
sis Department of The Dun & Bradstreet Corporation. 

In the next stage, given the macroeconomic outlook, forecasts of the elec­
tronic equipment systems markets are developed. At this stage, effort is 
concentrated on the systems markets and the important variables that 
influence these markets. All other things are held constant. 

In the final stage, given the macroeconomic outlook and the systems out­
look, forecasts of the semiconductor, software, and services markets are 
developed. Again, all other things are held constant; feedback from the 
semiconductor, software, and services markets to the systems markets, 
and the economy in general, are ignored. 
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The serial flow of effort just described should not be construed to imply 
that there is not a free forward or backward flow of conununication 
between, for example, workstation analysts emd semiconductor analysts; 
or lateral communication between, for example, mainframe analysts and 
personal connputer analysts, or between semiconductor analysts and soft­
ware analysts. The purpose of Dataquest's forecasting framework is to 
mirror real-world conditions and then to use the approach to logically 
analyze business conditions and to generate expectations about the future. 

The factors or variables that are given or "held constant" are referred to as 
forecast assumptions. Forecast assumptions are the conditions upon 
which a forecast is based. A typical set of forecast assumptions includes 
expectations about macroeconomic conditions, currency exchange rates, 
technology characteristics, productive capacity, end-user market condi­
tions, and political conditions. 

While some assumptions may be universally applied to all market fore­
casts (macroeconon\ic expectations and currency exchange rates), assump­
tions about other markets may themselves forecast markets further up the 
food chain. For example, a semiconductor market forecast will use the 
most recent PC market forecast as a given assumption. 

Long-Run Trends versus Short-Run Fluctuations 
The basic thrust of the Dataquest forecasting models is that high-technol­
ogy markets show short-term fluctuations around long-term trends. 

The long-run equilibrium movements determine the basic trends of the 
markets as they grow over time. The short-rvm movements around the 
long-run equilibrium are referred to as market fluctuations. 

Market fluctuations result from unexpected changes in market conditions 
or from changes in technology. Manufacturers' expectations about future 
market conditions may differ significantly from actual market conditions. 
As an example, personal computer manufacturers accumulated huge 
semiconductor inventories in 1984 and 1985 in anticipation of a boom in 
PC sales (see Figure 5-3). When actual PC sales fell short of the expected 
boom, the quantity of chips supplied to the market was greater than the 
quantity demanded at prevailing prices, and prices fell. Chip producers 
and consumers revised their plans in Ught of the new information and 
market conditions, and the market adjusted accordingly, albeit painfully. 
Discontinuous changes in technology may be either anticipated or unan­
ticipated. For example, the emergence of 1Mb DRAM technology (an 
anticipated technological change) put a discontinuity, or a kink, in what 
would have been an otherwise relatively smooth revenue growth path of 
DRAM devices. 

Seldom, if ever, does a high-technology market settle down to its long-run 
equilibrium long enough to grow along its trend growth path. Therefore, 
what we observe over time is a continuously fluctuating market tracing 
out its trend or long-run growth envelope. This is demonstrated in 
Figure 5-3. The solid line represents the actual growth path of North 
American market semiconductor revenue; the dotted line represents the 
trend growth path of revenue. 
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Figure 5-3 
North America Semiconductor Market 
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The further into the future one forecasts, the greater the level of uncer­
tainty about the expected state of a market. We have a clearer idea of 
events that we expect to disturb the market in the short term — and thus 
give rise to market fluctuations — than we do in the long term. The signifi­
cance of the trend value in the final year of the forecast is that it is simply 
the expected value —or midpoint —of an ever-widening confidence inter­
val or envelope. Of the range of possible future outcomes, it is the most 
likely or probable outcome. 

Although Dataquest is constrained to forecasting under conditions of 
incomplete information, by no means are we completely unaware of all 
future events. For example, the analysts that monitor technology markets 
usually have information regarding manufacturing capacity at some 
future date. Dataquest includes such information in its forecasts. 

In sumnaary, the trend or long-range values of a forecast represent the 
expected value of a probability distribution of likely future outcomes. In 
the absence of shocks and other disturbances, high-technology markets 
tend to converge toward a long-run equilibrium growth path. 
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Empirical IVIetliods 
Microeconomic models provide a general conceptual framework to ana­
lyze market behavior. The task of forecasting, however, requires more 
specific, empirical models. No single empirical model or method is neces­
sarily appropriate for forecasting all the different products and services 
that Dataquest follows. Furthermore, a strong case can be made for using 
more than one empirical model to forecast a product as a check of the 
robustness of a forecast. 

All Dataquest empirical models combine prior information with sample 
data to produce forecast estimates. Prior information includes historical 
data of an industry, product, or market; knowledge accumulated by 
Dataquest analysts from industry experience; and the collective body of 
knowledge resident at Dataquest. Sample data consists of information that 
Dataquest collects and analyzes describing recent events about an indus­
try, product, or market. Sample data is obtained through primary 
research, technical discussions with industry and company officials, 
aruiouncements and articles in the trade press, and judgmental data based 
on knowledge, experience, and professional intuition. 

There are four types of empirical techniques commonly used for forecast­
ing at Dataquest. 

Judgmental Methods 
Judgmental methods are useful in situations where past data is scarce, 
causal relationships have not been identified or quantified, or some other 
major change has occurred in the forecasting context (such as a war or a 
trade agreement) that is not accounted for by other techniques. The valid­
ity of using these methods by themselves is uncertain, although using 
them correctly can provide very good forecasts, especially in uncertain 
environments. The objective of these judgmental methods is to provide 
logical, unbiased, and systematic quantitative estimates. Examples of 
judgmental methods include the Jury of Executive Opinion and the Delphi 
method. 

Technological Methods 
Technological methods are particularly appropriate for very new technol­
ogies with little or no data, or for very long range forecasting. These meth­
ods are highly exploratory, and large errors are quite likely. Examples of 
technological methods include curve fitting, including trend extrapola­
tion, S-shaped curves, and envelope S-curves; and analogous data. 

Time Series Models 
Time-Series methods extrapolate past data into the future. The premise is 
that some underlying pattern exists in the variable being forecast. Exam­
ples of time series models include moving averages, exponential sniooth-
ing, decomposition models, and Box-Jenkins techniques. 

Causal Models 
The premise of causal models is that changes in the value of the variable of 
interest (for example, shipments of Product A) are closely associated with 
changes in some other variables (for example, the cost of Product B). Con­
sequently, if future values of these other variables (cost of Product B) can 
be estimated, they can be used to forecast the desired variable (shipments 
of Product A). Examples of causal models include regression analysis, 
leading indicator analysis, and I /O models. 
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Forecast Quality Control 
All forecasts must strictly adhere to the following guidelines to ensure 
internal consistency: 

• The same value of a variable must be used throughout Dataquest. 

• Analysts may vary the relationship between variables, according to 
their own research findings, but not the values of the variables. 

• Not all variable relationships hold true for all industries; therefore, 
analysts may specify which sets of data to use. 

• Data must conform to Dataquest standard segmentation. 

• Final forecasts must be approved before release. 

• All preliminary data is clearly stated as such. 

• The source of the information and date is always cited 

Ultimately, the most important and toughest quality check that Dataquest 
forecasts must pass before publication is the test of reasonableness. The 
test of reasonableness is imposed by the team of experienced Dataquest 
researchers and analysts. Empirical methods are indispensable to econo­
mize the task of generating forecast estimates, but they are no substitute 
for the seasoned intuition of practical experience. 
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Chapter 6 
Summary 

When Dataquest clients receive research and analysis with the familiar 
citation "Source: Dataquest," they receive the end result of a rigorous 
methodology involving primary and secondary data collection, supply-
side and demand-side market analysis, and the cross-industry perspective 
afforded by Dataquest's uniquely broad and in-depth worldwide cover­
age of high technology. 

Behind the published research is a thorough body of knowledge involving 
industry professionals and research experts. As a result, Dataquest's 
clients receive more than simply a single and solitary point of information 
for planning and decision making. Dataquest provides comprehensive 
market research to its clients, including the highest-quality vendor-based 
research, user-based research, and market forecasts. 
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Appendix A 
Currency Conversion 

As a worldwide company, Dataquest tracks high-technology markets and 
companies in five major regions of the world: North America (United 
States, Canada, and Mexico), Japan, Europe, Asia/Pacific, and Rest of 
World. 

Because most high-technology companies sell their products in more than 
one country, and because we cannot simply aggregate foreign currencies 
to estimate worldwide value, we have adopted a common currency, the 
U.S. dollar, by which we evaluate and compare all markets and all compa­
nies. We have chosen the U.S. dollar for the following reasons: 

• Since World War II, the U.S. dollar has been the major reserve currency 
of choice for industrialized nations, although its dominance has dimin­
ished in recent years. 

• Dataquest is a U.S.-headquartered corporation. 

Dataquest tracks data in five regions and deals with regional currencies 
and currency conversion issues in all regions. The currencies involved are 
the Austrian schilling, the Belgian franc, the Chinese renminbi, the Danish 
krone, the Dutch guilder, the Finnish markka, the French franc, the 
German mark, the Greek drachma, the Hong Kong dollar, the India rupee, 
the Irish punt, the Italian lira, the Luxembourg franc, the Malaysia ringgit, 
the Norwegian krone, the Portuguese escudo, the Singapore dollar, the 
Spanish peseta, the Swedish krona, the Swiss franc, the Thailand baht, the 
NT dollar, the U.K. pound, the European Currency Unit (ECU), the Japa­
nese yen, and the Korean won. Dataquest deals only in a U.S. dollar base 
for the North American and Rest of World markets for the following rea­
sons: 

• North America: Typically, the Canadian portion of the North American 
market is quite small (10 percent or less), and the relative values of the 
U.S. and Canadian dollars do not fluctuate widely. 

• Rest of World: This region is made up of hundreds of separate coun­
tries, each with its own currency, and accounts for less than 1 percent of 
most high-technology markets. 

Data Collection 
Data for Japanese, Asian, and European companies is usually collected in 
the local currency of the companies being tracked. For example, Dataquest 
collects Japanese companies' revenue in Japanese yen. If a company 
wishes to report data in U.S. dollars, we request that it use the most recent 
year-to-date currency exchange rate supplied by Dataquest. 

Average Currency Exchange Rates 
Once the data is collected, Dataquest uses the average currency exchange 
rate for the period of time of interest and converts the foreign currency 
into U.S. dollars. The average exchange rate for a quarter is calculated by 
summing the values for the three months of the quarter and dividing the 
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sum by three. Similarly, the average exchange rate for a year is calculated 
by summing the values for the 12 months of the year and dividing the sum 
by 12. 

The exchange rate used is determined by the precise period of time being 
evaluated. Most of our historical market sizing and market share data is 
evaluated in calendar-year or calendar-quarter time periods. However, in 
evaluating the fiscal-year or fiscal-quarter performance of an individual 
company, the exchange rate must be calculated for the specific fiscal 
period under review. For example, NEC Corporation's fiscal year ends 
March 31. Therefore, when evaluating NEC's financial performance in 
U.S. dollars, the proper exchange rate would be the average yen per dollar 
exchange rate for the 12 months beginning April 1 of the previous year 
and ending March 31 of the current year. 

Currency Conversion: Unweighted Excliange Rates 
Handling historical data reported in foreign currencies is relatively 
straightforward when unweighted exchange rates are used. Dataquest 
maintains a database of average monthly exchange rates for the currencies 
of major European and Asian countries. These exchange rates are com­
piled by Dun & Bradstreet. 

Conversion of U.S. Dollar to Currency Unit 
The formula for converting U.S. dollars to other currencies is as follows: 

(U.S. Dollar Value) x (Currency Unit per U.S. Dollar Exchange 
Rate) = Currency Unit Value 

Example: 

If U.S.$1 = £0.65, then 

$30,000 = £19,500 

The formula used is: $30,000 x £0.65/$ = £19,500. 

Conversion of Currency Unit to U.S. Dollar 
The formula for converting other currencies to U.S. dollars is as follows: 

(Currency Unit Value) / (Currency Unit per U.S. Dollar Exchange Rate) 
= U.S. Dollar Value 

Example: 

If £0.65 = U.S.$1, then 

£20,000 = $30,769 

The formula used is: £20,000 / £0.65/$ = $30,769. 

Exchange rates can be expressed in either of two ways: Currency Unit per 
U.S. Dollar, or U.S. Dollar per Currency Unit. The two are reciprocals of 
each other. Traditionally, the former is preferred for ease of use, as shown 
in the following example: 
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Currency Unit per U.S. DoUar: One U.S. dollar equals 134.68 Japanese yen. 

U.S. Dollar per Currency Unit: One Japanese yen equals .00743026 U.S. 
doUars. 

Currency Conversion: Weighted Excliange Rates 
In certain circumstances, it is desirable to weight exchange rates according 
to the chronological pattern of consumption in a market over a period of 
time, or according to the relative importance of various regional markets 
(a "basket of currencies"). 

Weighting According to a Chronological Pattern of Consumption 
Dataquest tracks consumption in certain markets on a calendar-quarter 
basis. Each quarter the European and Japanese currencies are valued dif­
ferently against the U.S. dollar. Simply summing the values of the four 
quarters and dividing by four would yield an arithmetic mean annual 
exchange rate; however, this exchange rate would not be the true, effective 
exchange rate for the year for that market. The example outlined in 
Table A-1 shows why. 

Table A-1 
Example of an Arithmetic Mean Annual Exchange Rate 

U.S.$ Size of Market 

Japanese Yen Size of Market 

Exchange Rate 
(Yen per U.S.$) 

Weighted Average Exchange 
Rate 

Arithmetic Mean 

Q i 
100 

16,270 

162.7 

Q2 

150 

23,145 

154.3 

Q3 

200 

26,420 

132.1 

Q4 

250 

27,625 

110.5 

Year 

700 

93,460 

133.5 

139.9 

Source: Dataquest (August 1992) 

In the example presented in Table A-1, the arithmetic mean is higher than 
the weighted average. The weighted average is calculated by the follow­
ing formula: 

93,460/700 = 133.5 

The arithmetic mean is calculated by the following formula: 

(162.7+154.3+132.1+110.5)/4 = 139.9 

When more than one market is tracked, and when a weighted average 
exchange rate is used, every market will have a different effective 
exchange rate because the pattern of consumption over four quarters will 
not be identical for every market. 

Weighting According to a Basket of Currencies 
The European Community (EC) has a ready-made basket of currencies, 
known as the ECU. The ECU, which was established in March 1979, is a 
basket of currencies composed of specific amounts of the currencies of the 
member countries of the EC (excluding Greece prior to September 1984 
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Forecasting 

and including Greece thereafter). Each currency's share in the ECU basket 
is weighted broadly in line with the respective country's GNP and foreign 
trade. 

Dataquest does not forecast exchange rates per se; however, we do forecast 
IT markets in several regions of the world, and we use the U.S. dollar as a 
common currency for intermarket comparisons and aggregation. In the 
forecast period, Dataquest assumes that the actual exchange rate of the full 
month prior to the month in which the forecast-input assumptions are 
set will apply throughout all future months of the forecast interval. For 
example, if a new forecast iteration begins, and forecast assumptions are 
set in the month of August of the current year, the following exchange rate 
assumptions are made: 

• Actual monthly exchange rates are used for all months in the historical 
interval up through July of the current year. 

• The July (current year) exchange rate is assumed to hold for all months 
in the August through December (current year) period, and throughout 
all future years. 

Quarterly or annual exchange rates (over either the historical or forecast 
interval) are calculated as the simple arithmetic mean of the appropriate 
3 or 12 monthly rates, respectively. 
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Appendix B 
Worldwide Geographic Region Definitions 
North America 

Japan 

Europe 

Asia/Pacific 

Rest of World 

Includes Canada, Mexico, and the United States (50 states). 

Japan is the only single-country region. 

Western Europe 
Includes Austria, Belgium, Denmark, Eire (Ireland), Finland, France, 
Germany (including former East Germany), Greece, Italy, Luxembourg, 
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, the United 
Kingdom, and the rest of western Europe (Andorra, Cyprus, Gibraltar, 
Liechtenstein, Monaco, San Marino, Vatican City, Iceland, Malta, and 
Turkey). 

Eastern Europe 
Includes Albania, Bulgaria, the Czech RepubHc and Slovakia, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, the republics of the former 
Yugoslavia, and the republics of the former USSR (Belorussia, Russian 
Federation, Ukraine, Georgia, Moldova, Armenia, Azerbaijan, 
Kazakhstan, Uzbekistan, Tajikistan, Kirgystan, and Turkmenistan). 

Includes Asia/Pacific's newly industrialized economies (NlEs) and the 
rest of the Asia/Pacific regions. NlEs include Hong Kong, Singapore, 
Korea, and Taiwan. The rest of the Asia/Pacific regions includes Austra­
lia, Bangladesh, Brunei, Cambodia, China, India, Indonesia, Laos, Malay­
sia, Maldives, Myanmar, Nepal, New Zealand, Pakistan, the Philippines, 
Sri Lanka, Thailand, and Vietnam. 

Includes Africa, the Caribbean, Central America, the Middle East, 
Oceania, and South America. 
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Competitive 
Dynamics 

ASICs Worldwide 

Product Analysis 

System Dissection: ASiCs Continue to Differentiate 
Systems 

AbStrSCtl Dataquest continues to investigate the inner workings of numerous systems, 
ranging from workstations and PCs through game machines and cellular phones. Time and 
time again, the silicon is the system or at least plays a critical role in delivering the func­
tionality required in the competitive marketplace. This newsletter takes a look at some of 
the technology trends found in the systems dissected by Dataquest's PC Teardown group. 
By Duane Kuroda 

ASICs Play Key Role in Successful Designs 
ASICs continue to make the news, with stories about multimillion-gate 
designs using a 0.35-micron process recently splashed across the press. 
Press releases are frequently filled with news of deep-submicron designs, 
with usable gate counts easily over 100,000 gates, sometimes stretching into 
the 600,000-gate realm. With all these grand design advances, where is the 
ASIC production today? Reports from Dataquest in Japan and aroxmd the 
world suggest that 1-micron and greater process geometries are still being 
used as production vehicles for a number of high-volume designs. While 
submicron-geometry designs have been discussed for a while, they can 
easily require a year to 18 months to reach any reasonable volume, and the 
systems torn down today may still include some chips fabricated on older 
processes. 

By tearing apart those systems that have reached volume production and 
are still on the market, Dataquest can analyze those that were successful. 
Dataquest ripped apart more than 20 systems this year to examine system 
as well as ASIC content, to double-check our end-user research, and to 
better understand the current configurations of successful systems. The 
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systems discussed in this newsletter were torn down and analyzed by 
Dataquest analysts in 1995 and represent only a sample of the systems 
available in 1995. As more systems are brought under the microscope, 
Dataquest will examine the changes or shifts in technology use. 

Systems Analyzed 
Dataquest's teardown analysts dissected numerous systems and created 
individual reports about their findings (available through the PC Teardown 
service). These reports include a bottom-up manufacturing cost estimate, 
descriptions of the constituent subsystems, and the analyst's perspective. 
The findings in this article are based on the following systems: 

• Notebook/subnotebook 

• Digital HiNote 

a Toshiba SatelHte Pro T2150CDT 

• HPOmnibook 

• Servers 

• Compaq Prosignia 500 

a ALR Revolution Q-SMP Pentium 90 

Q Proliant 4000 

• Workstations 

a HP 712/60 

a Motorola PowerStack DT603-66NTW 

• Game units 

a Sony Playstation 

Q Sega Saturn 

• Desktop 

Q Acer Acros 

Q Compaq Presario 954 CDS 

a Apple Perf orma 

Q IBMAptiva330 

• AST Bravo MS P/90 

• Dell Pentium 90 

a Digital Pentium 90 

a HPVectraXM4/100i 

a HPVectraVE 

a IBM PC 750 

• Packard Bell Legend 417CDT 
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• Palmtop 

• Motorola Marco 

a Sharp Zaurus 

Q Sony Magic Link 

• Others 

• Orion chipset 

• Cellular phones 

ASIC Technology Trends 
The evolution of ASIC design can be generally described in terms of move­
ment up and to the right for the ever-popular gate count and pin count dis­
cussions. However, that generalization ignores the nuances and dynamics 
of the ASIC market. By taking a closer look at metalization, line widths, pin 
counts, and packages, reality can be separated from hype and a deeper 
understanding realized. 

Teardown analysts f otmd 76 ASICs in the 1995 systems. Of those ASICs, 
CMOS designs were 36 percent digital cell-based designs, 52 percent digital 
gate array designs, and nearly 5 percent mixed-signal CMOS. The remain­
ing sockets were captured by BiCMOS and bipolar designs (7 percent). Gate 
counts ran across the board, from under 5,000 gates to more than 220,000 
gates. Some bipolar and BiCMOS parts were clearly designed in for their 
high drive capability. 

A note of caution is in order at this point. The ASICs from these systems 
represent a finite sample of the data-processing segment of the ASIC mar­
ket. This information covers only those systems torn down, and no claim is 
made that this sample represents the entire data-processing market or 
entire ASIC market. 

1LM, 2LM, 3LM or More? 
The systems torn down in 1995 to date provide a valuable look at the shift­
ing direction of metal layer usage. The industry is at a crossroads, where 
tried-and-proven two-layer metal is increasingly giving way to three-layer 
metal designs. Figure 1 shows that, for the systems torn down in 1995, the 
number of ASICs using three-layer metal equaled the number using two-
layer metal. This appears to be slightly optimistic, but could be expected 
because of the performance requirements of the data-processing market. 
However, three-layer metal, popularized and often hyped in marketing 
material, is generally closing the gap with two-layer metal. A major contrib­
uting factor is that processing technology and yields have improved to the 
point where three-, four-, and five-layer metal are not only possible, but 
have already been implemented. Four-layer metal design was found on a 
few chips, but the added costs to the wafer will prohibit widespread use for 
some time. 

More than Submicron Fabrication 
Another item in contrast to the design-start activity is the process geome­
tries of ASICs in production. The suppliers for these systems appear to 
be cranking out less than 20 percent of their production for designs at 
0.7 microns and below (see Figure 2). This contrasts with Dataquest's 
expectation that over 70 percent of design starts in 1996 will occur in those 
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Figure 1 
Layers of Metal Interconnect by Percentage of Design Capture 
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Figure 2 
Drawn Line Width by Percentage of Design Capture 
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geometries. The design activity in submicron families typically takes a year 
to 18 months to reach full production, and that swing should occur as 
planned. As expected, the use of 0.8 and 0.9 designs fared well as produc­
tion vehicles; at the same time, excess capacity at 1 micron and larger has 
been utilized to exhaust that declining technology. 

Package a Winner 
Dataquest collected and processed data describing the packages used in 
successful designs. QFPs clearly were the package of choice, capturing eas­
ily over 75 percent of the sockets. For systems designed so long ago, BGA 
usage was respectable, winning about 3 percent of sockets. Design activity 
in BGA has been growing rapidly, and Dataquest has predicted ("ASICs 
Fuel BGA Growth," July 31,1995, ASIC-WW-PA-9502) that BGAs will reach 
35 percent of design starts in 1999. Figure 3 shows the percentage of designs 
in each package type for the torn-down systems. These figures represent 
actual ASICs from the torn-down systems and should not be confused with 
design starts, which typically take a year to 18 months to reach production. 

Down for the Pin Count 
Pin counts were also analyzed for the torn-down systems. The most popu­
lar pin count fell at 208, with another strong showing at 100, followed by 
160. Figure 4 shows the relative number of ASICs in each pin-coimt range 
for the analyzed systems. The pin-coimt distribution suggests that these 
ASICs were not significantly affected by the need for 64-bit data and 
address buses, however, the ASICs with more than 195 pins still formed a 
significant portion of the systems. The number of low-pin ASICs was influ­
enced by the palmtop and mobile systems in the sample. 

Figures 
Package Types by Percentage of Des ign Capture 
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Figure 4 
Pin Count by Percentage of Design Capture 
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ASIC Snapshot of Socket Wins 
The leading ASIC suppliers and system vendors need to know who is win­
ning the most data processing sockets. The top six socket winners were (in 
alphabetical order): 

• LSI Logic 

• Motorola 

• NEC 

• SGS-Thomson 

• Texas Instruments 

• Toshiba 

North American suppliers accounted for half of the sockets, Japanese sup­
pliers covered a third, and a European supplier rounded out the group. 

Dataquest Perspective 
Feature sets continue to be a major factor in the system selection process. To 
tmderstand the role of custom and semicustom ASIC in these systems, 
Dataquest tore apart and analyzed the system ASIC content. We took a 
close look at some leading-edge systems and foimd that ASICs played an 
important role for many system OEMs by differentiating their products. 
The use of ASICs varied widely, but one trend was evident: The more com­
modity-like the system, the fewer ASICs involved. Tear downs revealed that 
low-end PCs used more standard chipsets, while high-end, value-added 
PCs, servers, and workstations incorporated many more ASICs. Also, fierce 
feature wars in the palmtop, cellular, and game console markets, all tar­
geted at consumer segments, have resulted in significant ASIC usage in 
those areas. 
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This trend suggests that ASIC suppliers that want their products to stand 
out need to provide valued-added products. Similarly, in order to target 
higher-margin solutions in the data-processing arena, ASIC suppliers need 
to develop a strategy to attack the workstation, server, and leading-edge PC 
markets. By establishing strong relationships, ASIC suppliers cem develop 
and maintain targeted cell libraries that enable them to capture early ASIC 
designs and develop generic chipsets, if they so desire. At the same time, 
these alliances or partnerships not only provide a foot in the door for the 
next design-win, but also place the supplier in a premium position for 
developing higher gate-coimt parts as well as the required enabling 
packages. 

Although many system manufacturers are trying to reduce the number of 
ASIC suppliers, this analysis showed that no ASIC suppliers met every 
need. The sheer number of ASIC vendors per system indicated that no 
single ASIC vendor had sufficient expertise to provide functionality across 
each subsystem. There are two main reasons for this trend. One is risk man­
agement, because single-sourced ASICs would expose the system OEM to 
too much risk of dependence on capacity and reduced negotiating power. 
The other reason is economics, because the expertise required to provide 
every optimized cell would cost the ASIC suppUer too much in terms of 
resources and capital. Also, ASIC suppliers have been choosing differentia­
tion strategies, with some refusing low gate-count or nonstrategic business, 
while others are subcontracting out price-sensitive and low value-added 
ASICs to other suppliers. So while chip counts and the number of ASIC 
suppliers are going down, opposing forces in the near term wiU continue 
the trend of multiple ASIC suppliers per board. 

This article has provided information about some trends found in the 
systems dissected by Dataquest's teardown analysts. It provides a single 
snapshot of products selling in 1995. As more systems are brought in and 
dissected through 1995, Dataquest wiU continue to track the ASIC changes 
and illuminate the product trends. 
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Packaging Update: ASICs Fuel BGA Growth 
AbStrSCt: Ball-grid array (BGA) packages are well on their way to being the greatest pack­
age since the plastic quad flat pack (PQFP), and ASICs are playing a vital role in the future 
development of this package. In this newsletter, Dataquest examines results of a BGA pack­
aging survey, looks at the market status of ASIC packaging, and provides a five-year ASIC 
package and pin-count forecast. Advantages and disadvantages of the BGA package are 
also explored to determine the future success of this exciting package. 
By Bryan Lewis and Mary Olsson 

BGA Developments 
Ball-grid array packages (EGAs) are being touted as the greatest IC package 
since the plastic quad flat pack (PQFP). It comes as no great surprise that 
ASICs are leading the charge in these high-pin-count packages. Maximum 
ASIC gate counts are now exceeding 1 million usable gates as suppliers 
stride for system-level integration (SLI) or system-on-a-chip. These high-
density designs pose the greatest challenge to system and packaging 
designers. Packaging suppliers, ASIC suppliers, and system suppliers are 
focusing and investing in BGA packages as the package type for future 
high-density design. 

To pinpoint new developments in BGA package use, Dataquest recently 
conducted a survey to determine direction and use of various BGA package 
styles. The majority of package suppliers and users stated that the emerging 
BGA packages would displace the traditional ceramic and plastic pin grid 
array (PGA) packages, all types of quad flat packs (metal, ceramic, plastic) 
beyond 300 pins, and quite possibly tape-automated bonding (TAB) 
directly on the printed circuit board. 
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Furthermore, the survey showed that ASICs dominated 1994 EGA produc­
tion (see Figure 1). Data processing and communications applications have 
had the largest use of EGAs to date, as shown in Figure 2. The vast majority 
of EGA use for all products had been in the 196-to-244-pin range (see 
Figure 3), whereas ASIC EGA use is primarily in the 225-to-475-pin range. 

Figure 1 
Estimated 1994 BGA Productioii by IC Product 
(Percentage of Production) 
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Figure 2 
Estimated 1994 Total BGA Production by Application Market 
(Percentage of Production) 
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Figure 3 
Estimated 1994 Total BGA Production by Pin Count 

Percentage of Production 

60-fl 

50 

40-

30-

20 

^^^^•^^^U^v-^^^ 
<44 44-84 85-132 133-195 196-244 245-308 309-475 476-672 >672 

Pin Range 
95D4015 

Source: Dataquest (July 1995) 

ASIC Packaging 

The majority of BGA volume shipped in 1994 for aU IC products was in the 
single-core plastic EGAs (PBGAs), often referred to as the OMPAC style, a 
Motorola acronym (see Table 1). As the lead pitch of QFPs drops to less 
than 0.5mm and 0.4mm, the cost efficiencies of QFPs decrease and the man­
ufacturing process yields diminish. BGAs have the advantage of having 
higher pin counts and a more relaxed lead pitch than QFPs (see Table 2). 

ASICs are in a unique position because of the wide product offering and the 
diverse set of applications they serve. ASIC products range from simple 
PLDs with 50 gates to embedded gate arrays and cell-based ICs (CBICs) 
with over 1 miUion usable gates. ASIC appHcations range from cost-driven 
consumer products such as camcorders where size is the issue, to super­
computers where speed is critical, to automobiles where heat is a factor. 

Table 1 
Estimated 1994 BGA Production by Product Type 

BGA Product 

Plastic BGA (Single Core) 

Plastic BGA (Peripheral Array) 

Enhanced PBGA (Multilayer) 

^iBGA (Tessera Compliant Chip, or TCC) 

Ceramic BGA 

Ceramic Column Grid Array (CGA) 

Tape BGA 

Percentage of Production 

87 

10 

0 

1 

1 

0 

1 

Source: Dataquest (July 1995) 
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Table 2 
Estimated 1994 BGA Production by Lead Pitch 

Lead Pitch 

0.060 Inches 

0.050 Inches (1.27mm) 

0.040 Inches (1.00mm) 
0.020 Inches (0.5mm) 
0.010 Inches (0.25mm)* 

Percentage of Production 

55 
14 
12 
19 
0 

*Pitch of direct die mount via flip chip (0.25mm) and TAB (pitcl^ varies from 0.16mm to 0.30mm) 
Source; Dataquest (July 1995) 

Because ASIC products and applications are unique, successful ASIC sup­
pliers must offer a wide variety of packaging options. LSI Logic, the largest 
merchant ASIC suppHer in the world, has a very extensive packaging offer­
ing (see Figure 4). 

Figure 4 
LSI Logic ASIC Package Options 

Type of Package 

E-PBGA 

TBGA* 

PBGA 

PQFP 

PQFPi 

TQFP (1.4mm) 

TQFP (1.0mm) 

MQUAD 

COT* 

PLOC 

CLDGG 

CPGA 

PPGA 

64 100 

M 80 

64 100 

44 80 

64 

44 80100 

100 

100 

28 44 68 84 

44 68 84 100 

169 

128 160 

225 256 272 

20144 184 208 240 

120144 176 

144 

160 

208 240 

208 

208 240 

313 

319 

313 

304 

304 

304 

224 284 296 

160 192 216 256 288 304 

144 

132 

68 95 120144 

64 84100 

68 84100 

132155 180 

20 

144 180 

96 224 256 

224 

223 279 

224 

299 

352 

344 

352 

340 

388 479 

379 419 

388 

412 

400 416 456 480 

^ 1 

3S3 447 

503 

503 560 

505 544 

527 

G13 

647 743 

Number of Pins 

'Standard family shown. Custom pin counts are also available. 9504016 

Source: LSI Logic 
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Market Status 
Our end-user ASIC research of 700 system designs indicates that the aver­
age ASIC user started with PLCC for low gate count devices, moved to 
PQFP for medium to high gate counts, and is now examining EGAs for 
higher gate count devices. PQFPs are the dominant package type in North 
America; however, EGAs are gaining acceptance primarily in the data pro­
cessing and communications markets (see Figure 5). 

As gate counts rise, system designers cry out for more pins. While many 
supphers are now offering packages with more than 500 pins, the vast 
majority of gate-array design starts have fewer than 304 pins (see Figure 6). 

Future ASIC Packages 
Dataquest beHeves that PQFPs (including the TQFP) will be the dominant 
package technology for the next five years. We foresee a continued decline 
in the use of low-pin-count packages such as DIPs and PLCCs and to some 
extent the PQFP because the system market is migrating to high-gate count 
ASICs. We are in a wait-and-see mode for multichip modules (MCM) pack­
ages because the market has progressed much slower than expected. Most 
important, Dataquest expects to see a sharp rise in BGA packages, as shown 
in Figure 7. 

High-pin-count packages are clearly the wave of the future. Dataquest 
believes that in excess of 56 percent of 1999 North American gate array 
design starts will be in packages with greater than 245 pins (see Figure 8). 
Exponential growth in pin counts wiU fuel growth in BGA packages. 

Figure 5 
Gate Array Des ign Starts by Package Type: North America 
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Figure 6 
Gate Array Design Starts by Pin Count North America 
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Figure 7 
Estimated 1999 Gate Array Design Starts by Package Type: North America 
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Figure 8 
Estiniated 1999 Gate Array D e s i g n Starts by Pin C o u n t North America 
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Dataquest Perspective 
ASIC suppliers and users have been wrestling with the decision of which 
package option will be the best long-term solution for their high-density/ 
high-prn-count ASICs. Large ASIC users including Apple, Compaq, IBM, 
and Sun believe that BGAs are just the ASIC package they have been look­
ing for. 

There are many considerations to take into account when choosing a high-
end ASIC package. Although we will not go into detail on all the packaging 
issues, some highlights of the BGA package compared to the PQFP are as 
foUows: 

• Reduced size 

• Smaller footprint 

a Low profile and low weight 

Q PC board savings 

• Improved nnanufacturability 

• Relaxed lead pitch 

Q Eliminates concerns over lead coplanarity and skew 

Q Vastly improved board manufacturing yields 

Q Lower manufacturing cost leveraged by high assembly yields 

a Repairable using hot air flow for removal and resoldering 
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• Improved electrical and thermal performance 

• Improved electrical performance with lower inductance 

Q Comparable or better thermal performance 

While the advantages are many, the primary disadvantages have been the 
limited number of suppliers and the increased package cost. In terms of the 
former, Dataquest is aware of many third-party EGA packaging suppliers, 
including Arnkor/Anam, AS AT, Citizen, lEM, iPAC, Kyocera, Motorola, 
Shinko, Selectron, Swire, and Tessera. Six of these suppliers have a Hcense 
from Motorola. On the pricing issue, while Dataquest believes that the price 
per EGA package will not reach the same level as the PQFP because of the 
increased cost associated with extra steps required to add the solder balls, 
we have seen and expect to see further cost reductions as volume produc­
tion increases. Dataquest believes the advantages of EGAs far outweigh the 
disadvantages. 

In conclusion, we believe that EGA packages are well on their way to being 
the greatest package since the PQFP. 

For More Information... 
Eryan Lewis, Director/Principal Analyst (408) 437-8668 
Internet address blewis@dataquest.com 
Via fax (408) 437-0292 
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HD-PLDs: Where Are We Growing? 

AbstrSCt: The high-density programmable logic market is ripe with opportunity. The 
combined standard logic and low-density gate array market alone represent a $4 billion 
opportunity. Buffed-up product lines and improved tools make that opportunity ripe for the 
taking, if the price is right. Before reaching for that apple, however, vendors need to under­
stand whether the opportunity is stagnant or whether there is more available. 
By Duane Kuroda 

HD-PLDs: The Future Looks Bright 
Sustained growth of more than 30 percent for the last five years — few chip 
markets can make this claim, and for that reason the combined markets of 
CPLDs and FPGAs (collectively called high-density PLDs or HD-PLDs) 
have garnered tremendous attention. The growth continues undaunted, as 
opportvmities exist in the low-density, low-volume gate array market, the 
disappearing SPLD market, and the remaining standard logic market. This 
article looks at current opportunities and at the current state of the indus­
try. The information is based upon results from a confidential supplier sur­
vey and a Dataquest User Wants and Needs study. 

Current Growth Opportunities 
The key current areas of focus for programmable logic are continuing to 
expand. Standard logic, low-density gate arrays, and SPLDs have been the 
traditional areas of focus. However, new architectures and development 
efforts have pushed the appUcation boundaries to include reconfigurable 
computing, DSPs, and data path computing. 
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Standard Logic Waits to Be Enveloped 
The standard logic market represents a $3 billion market opporttmity. 
Board space continues to be a premium, and the allocation status of stan­
dard logic makes it ripe for consoHdation into single silicon. Tools and 
design flows are a major issue here, as the implementation of programma­
ble logic needs to be incorporated into design flows to avoid the hand-
picked, tedious task of standard logic selection. Once tools or processes that 
easily map standard part libraries into programmable logic devices are 
developed and rehable, cost-effective comparisons will be made and we 
will see more market share captured from this segment. 

Converting SPLDs to High-Density PLDs 
The SPLD market represents more than $400 rmllion in potential growth. 
The conversion process, where SPLDs are swept up into HD-PLDs, contin­
ues to grow the sales of HD-PLDs. Continued cost-cutting has placed low-
end CPLDs and FPGAs near price parity of the multiple devices they are 
meant to replace. Not only are the prices competitive, but also many ven­
dors offer free or low-cost software to convert the SPLDs to other high-
density designs. When decreased inventory and reduced handling costs are 
factored in, conversion away from SPLDs almost becomes a nonissue. 

Gate Array Opportunities 
The low-end gate array business has been talked about frequently, but 
rarely quantified. Results from Dataquest's recent ASIC user survey suggest 
that the available market opporttmity for programmable logic in the gate 
array market is nearly $1 billion. This figure represents those designs ship­
ping at or below 1,000 units in designs of 10,000 gates or fewer. That figure 
grows when the plethora of architectures offering more than 10,000 gates is 
considered. Similarly, the introduction of multidevice FPGA partitioning 
not only wiU make higher-density designs possible, but also eventually eco­
nomically feasible. 

Otiier iVIarlcet Opportunities 
The growing popularity of DSP-type functionaUty in ASICs and on individ­
ual chips has transferred to programmable logic. AppUcation notes on 
FPGAs as FIR filters or even 3-D rendering engines are not uncommon. 
Other areas for adaptive computing have been developed and proven for 
systems where FPGAs are the processor. The working devices in many of 
these areas have been relegated to research or academia, although the archi­
tectures have been available for proof-of-concept designs. Before this mar­
ket takes off, however, there needs to be a re-education of the market about 
the capabiUties of programmable logic to perform DSP, processing, and 
adaptive functions. Likewise, other facets such as operating system devel­
opment, hardware-software development, and system vendor buying need 
to be established for this to amotmt to more than an interesting sidetrack. 

iVlal(ing Strides toward Higli Density 
The factors previously described clearly indicate an important future 
role for programmable logic. In this section, Dataquest looks at the 
current product offerings on the road to increased programmable logic 
proliferation. 

i 

ASIC-WW-PA-9501 ©1995 Dataquest Incorporated June 26,1995 



ASICs Worldwide 

Densities of Shipping Parts 
Dataquest predicted that SPLDs would start their decline in 1994, which 
proved true, contrary to other opinions. SPLDs have started to decline as 
those designs are migrated to higher-density PLDs. Similarly, current 
trends indicate many systems are starting to incorporate HD-PLDs as pro­
totyping and production solutions, altogether skipping SPLD use. PLD 
supphers reported that, on average, smaller CPLD and FPGA devices of 
1,500 to 3,000 gates were the most popular (see Figure 1). 

This unit data differed from user projections for programmable logic design 
starts for 1995. Results from the user survey, found in the 1995 ASIC User 
Wants and Needs document titled Systems Designers Uncover ASIC Opportu-
niHes (ASIC-WW-UW-9501, dated June 26,1995), suggest that designers' 
confidence is growing and that design activity is increasing in higher-
density products. Whether this translates to units will depend on the cost 
reductions that suppliers pass to the users. If the price perception remains 
high, programmable logic will remain prototyping and preproduction solu­
tions. If prices continue to drop, we may see higher unit volumes of higher-
density parts. 

Cloclc Frequency Trends 
Although there is little doubt that the 15ns SPLDs are capturing main­
stream designs, the abilities of gate arrays far exceed such capabilities. 
Consequently there have been questions about HD-PLDs being able to pro­
vide the required performance for SPLD conversion as well as low-end gate 
array design capture. CPLD suppliers reported that their customers defi­
nitely have a need for speed (see Figure 2). The most popular devices were 
those that shipped at 12ns and 15ns, speeds clearly chosen to provide a 
margin for error in the design process. In fact, nearly 65 percent of the 
CPLD units are based in the less-than-15ns range. 

Figure 1 
1994 M O S High-Density PLD Units by Usable Gates 
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FPGA suppliers, however, reported a bimodal need for speed (see 
Figure 3). The most popular devices were those that shipped supporting 
speeds above 75 MHz. Because of the many timing predictability concerns, 
designers of FPGA also have chosen to provide a margin for error in the 
design process. In fact, more than 70 percent of the FPGA units were 
shipped capable of 60-MHz-plus speeds. 

Figure 2 
1994 MOS CPLD Units by Total Propagation Delay 
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Source: Dataquest, Supplier Data (June 1995) 

Figure 3 
1994 MOS FPGA Units by dock Frequency 

Estimated Percentage of Units 
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Source; Dataquest, Supplier Data (June 1995) 

Mainstream ASIC design has not reached the high average speeds provided 
by many programmable logic vendors. However, the timing predictability 
problems continue to support perceptions of FPGAs as prototyping or emu­
lation tools. The introduction of timing-driven place-and-route should quell 
those complaints, as users will be able to actually achieve the clock speeds 
they desire on their targeted architecture. In the meantime, programmable 
logic vendors now claim to have devices with speeds easily topping 
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66 MHz, twice the PCI bus speed. And, with other appKcations such as 
asynchronous transfer mode on the design horizon, speed wiU be a critical 
factor for those emerging applications. 

I/Os and Pin Counts 
Although about two-thirds of the HD-PLDs were packaged in PLCCs, 
nearly 80 percent of the HD-PLDs shipped in 1994 were in packages of 84 
pins and less. This is evident in Figure 4, which shows that the largest con­
centration of HD-PLDs was in the 45- to 84-pin-count range (the upper limit 
of the PLCC) and suggests that designers may soon have to consider other 
package types for their next-generation designs. Dataquest expects that 
higher pin counts wiU follow higher-!/O and higher-density requirements 
in the near future. Form factor requirements also will drive PLDs into low-
profile QFPs and eventually EGAs for the higher-pin-count designs. 

As PLD designs move forward into higher densities, the gate arraylike 
functionality that programmable logic provides will require the high I /O 
requirements becoming more and more prevalent in the industry. The 
number of pad-limited gate array designs has provided programmable 
logic with an opportunity to meet the I /O requirements that gate arrays 
suppliers have sometimes missed. 

Figure 4 
1994 M O S PLDs by Pin Count 
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The Cost Factor 
Programmable logic vendors have been on a mission to dispel the high-
price myth. Time and time again, system vendors ask what 10,000 gates of 
FPGA logic cost, and they expect to hear $800 or $400 price points. Cost-cut­
ting programs are being implemented to pass yield and volume discounts 
to the users of programmable logic. Although 40 percent discounts, year to 
year, have all but smashed old perceptions. User Wants and Needs study 
results still suggest that pricing limits the choice of programmable logic 
nearly 60 percent of the time. Anecdotal evidence suggests a price multiple 
of less than 4-to-l, which really makes designers take a closer look. Mix in 
volume, time to market, and preproduction benefits, and a very compelling 
argument presents itself. 

Dataquest Perspective 
Programmable logic devices largely exhibited low-density ASIC character­
istics through 1994. As the industry grows, and niche applications expand 
into broader uses, not only will PLDs successfully impact the traditional 
standard logic and low-gate-count gate array market worth $4 billion, they 
also will expand into new emerging segments. Similarly, PLD vendors have 
realized that their devices must be modified to further meet their custom­
ers' needs. As a result, PLD product design continues to change, with the 
greatest advances coming from HD-MOS PLD architects providing size, 
speed, and packaging/pin count developments. 

PLD prices will continue to drop because of process shrinks, manttf acturing 
efficiencies, and new architectures. At the same time, flexibility and time-
to-market advemtages will contribute to increased PLD use in system 
designs. Design start information suggests that future unit growth may 
finally reach the more-than-3,000-gate range, as long as cost needs are being 
met. The current product trends in density, speed, and 1/Os all suggest that 
programmable logic has an opporttmity for continued growth. All these 
factors, coupled with the new product advances slated for 1995, promise 
that the programmable logic market is well worth the effort. Sit back and 
watch where they're growing. 

For More information... 
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The Fab Four 

Abstract: Real companies do not need fobs, at least at first. That's what the "lab Tour" 
might say if they were asked if real companies hadfabs. Originally a wild bunch of semi­
conductor companies bucking the trend, the Tab Tour—Actel, Altera, Lattice, andXilinx— 
have proven that thefabless model works, in the programmable logic market. Although pure 
size and wafer demand have led members of the Tab Tour to take equity stakes in their 
foundry partners, the companies insist that thefabless model allowed them the freedom and 
focus they need to become the Tabulous Tour—four pure play programmable logic compa­
nies experiencing explosive growth in 1995 with a promise of future growth. This document 
takes a current snapshot of the Tab Tour and reviews those factors contributing to their 
success. 
By Duane Kuroda 

Success by Design 
The Fab Four: The name may have meant fabless four at one time, but 
there's no doubt now that the name could easily translate to the fabulous 
four. The mix of programmable logic and the fabless semiconductor model 
has yielded four of the five leaders in the programmable logic market. 
Actel, Altera, Lattice, and Xilinx are pure play programmable logic ven­
dors; all have estimated 1995 revenue over $100 million. The fab model may 
have changed for a few of these vendors, but they have grown to dominate 
the programmable logic industry. Revenue has blown past expectations in 
1995 for these companies, and examining the factors behind their recent 
success reveals the dynamism of one of the most exciting opportvmities in 
the semiconductor market. 

PLD Market Overview 
The progranunable logic market is divided into two process technologies 
(bipolar and MOS) and three product categories (SPLD, CPLD, and FPGA). 
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The bipolar SPLDs represent a declining segment in which designs are 
being converted to MOS SPLDs and MOS high-density PLDs (CPLDs and 
FPGAs combined). However, the total SPLD market (bipolar and MOS) is 
expected to decline over 10 percent between 1994 and 1999. The growth is 
shifting to other segments of the programmable logic market —the high-
density segment. Most companies with a significant investment in high-
density PLDs are enjoying healthy growth this year and are looking for-
Wcird to more in the near future. In fact, a focus in MOS high-density PLDs 
is the key reason for the explosive growth of Actel, Altera, Lattice, and 
Xilinx, which combined represented 64 percent of the entire programmable 
logic market and 80 percent of the high-density programmable logic market 
in 1994. Table 1 shows the most recent forecast for high-density program­
mable logic. 

Table 1 
M O S High-Density Programmable Logic Consumpt ion 
(Millions of Dollars) 

Company Briefs 

CPLD 

FPGA 

1994 

306 

450 

1995 

519 

668 

1996 

715 

881 

1997 

967 

1,143 

1998 

1,292 

1,455 

1999 

1,714 

1,817 

CAGR (%) 
1994-1999 

41.1 

32.2 

Source; Dataquest (October 1995) 

The astonishing growth of the high-density products can be attributed to 
numerous factors, including the following: 

• Continued price reductions, typically from 20 percent to 40 percent each 
year 

• Better EDA tools for design at all levels, from SPLDs through FPGAs 

• An increased need for integration and reduced chip count 

• Increasing pressure on product life cycle 

The programmable logic market holds profits for most of its participants; 
however, the successful players have not made their mark by chance—they 
are successful by design. 

The Fab Four are discussed in alphabetical order in the following sections, 
with special attention to the factors behind the success of each company. 
Each has tackled the programmable logic market in its own way, and no 
two have identical strategies. As in the ASIC market, programmable logic 
players must diversify and focus on specific target markets. 

ASIC-WW-CA-9501 ©1995 Dataquest Incorporated October 30,1995 
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Actel Corporation 
Actel Corporation 
955 East Arques Avenue 
Sunnyvale, California 94086 
(408) 739-1010 

Key Product Offerings 
Actel's key product offerings in the FPGA segment as identified by the 
company are as follows: 

• ACT 1 family: 1,200- to 2,000-gate array equivalent gates 

• ACT 2 family: 2,500- to 8,000-gate array equivalent gates 

• ACT 3 family: 1,500- to 10,000-gate array equivalent gates 

• 1200XL family: 2,500-gate to 8,000-gate array equivalent gates 

• 3200DX family: 6500- to 40,000-gate array equivalent gates 

Actel is the only company in the Fab Four with products in a single market 
subsegment, FPGAs, and is also the only PLD vendor to use polysihcon 
antifuse in its products. As the pioneer and market leader of antifuse 
FPGAs, Actel proved that antifuse design was possible and that it could be 
a viable production solution. 

The company has been experiencing greater growth and expects to surpass 
$100 million in 1995 after buying out Texas Instruments' FPGA business, its 
second source. But other factors beyond its reclaimed ownership of the 
polysilicon antifuse market are contributing to Actel's growth. Such factors 
include: 

• The introduction of the 1200XL family 

• The introduction of the 3200DX family 

• Continued advances in software and software alliances 

On its march to provide higher integration and lower cost, Actel's newly 
introduced 1200XL family yields 50 percent higher performance at 50 per­
cent lower cost. Such benefits to the design community have been well 
received, and customers keep asking for more. By driving down cost and 
increasing performance, Actel continues to address customer's needs. And 
with the focus on tools discussed later, Actel covers three of the four design 
needs of the PLD needs pyramid, speed, cost, and ease of design, without 
ignoring the fourth, density. 

That's where the 3200DX family fits in. The 3200DX placed Actel back into 
the running as a major player in the density game. Not only that, Actel bor­
rowed a play from Altera's offensive play book and introduced a hybrid 
FPGA. With CPLD-Hke decode logic combined with embedded SRAM, 
Actel's 3200DX introduced a product with the features necessary for system 
logic integration. 

Actel deserves a great deal of credit for understanding the market and 
adjusting to it. A few years ago, Actel stepped aside and took a long hard 
look at the market and at where the company's strengths He. Since then, it 
has repositioned itself as a company where experience and leadership in 
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the antifuse market are paramount and where churning out the next big 
device does not supersede quality design. The quaHty of a design does not 
he solely in the hardware, and Actel also reahzed that software innovation 
plays a critical role. By understanding and predicting market needs, Actel 
has used alliances and partnerships in a way that makes the design of its 
parts less work and more of an art. The Actel team has brought the ActGen 
macro generator to the market as well as a feature-packed Designer Series 
of software that can be integrated into the Escalade top-down design meth­
odology. 

Table 2 shows a brief history of Actel's growth. 

Table 2 
Actel Revenue and Net Income (Mill ions of Dollars) 

Revenue 

Net Income 

Ql/94 

16.1 

1.2 

Q2/94 

18.9 

2.2 

Q3/94 

20.2 

2.2 

Q4/94 

22.0 

2.3 

Ql/95 

19.5 

-9.6 

Q2/95 

26.6 

1.7 

Q3/95 

29.8 

2.9 

Note; In the first quarter of 1995, Actel took a charge for the acquisition of Texas Instruments' FPGA 
business. 
Source: Dataquest (October 1995) 

Altera Corporation 
Altera Corporation 
2610 Orchard Parkway 
San Jose, California 95134-2020 
(408) 894-7000 

Key Product Offerings 
Altera's key product offerings as identified by the company are as follows: 

• SPLD (CMOS) segment 

Q Classic family: 150- to 900-gate array equivalent nominal gates 

• CPLD (CMOS) segment 

a MAX 5000 family: 300- to 3,800-gate array equivalent nominal gates 

• MAX 7000 family: 1,200- to 5,000-gate array equivalent nominal gates 

a MAX 9000 family: 6,000- to 12,000-gate array equivalent nominal gates 

• FLEX 8000 family: 2,500- to 16,000-gate array equivalent nominal gates 

• FLEX 10000 family: 10,000- to 100,000-gate array equivalent nominal 
gates 

a FlashLogic family: 2,500- to 7,000-gate array equivalent nominal gates 
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Altera has been recognized as the software leader of the programmable 
logic market for quite some time. Recently, however. Altera has made hard­
ware announcements the focus of the limelight, while steadily improving 
the software in the background. With this mix of hardware and software 
design. Altera has continued to lead the CPLD market in sales. The keys to 
Altera's success include the following: 

• Software widely recognized for ease of use 

• A broad range of products, from SPLDs through CPLDs 

• Innovations in product architectures 

In the programmable logic market, as in the microprocessor market, soft­
ware sells hardware. In fact, throughout much of the initial growing period 
of the programmable logic market, the strength of Altera's software pro­
gram was the deciding factor for many of the companies choosing its 
devices. Marketing managers were often asked if a package could accom­
plish the same things as Altera's, so other programmable logic vendors 
have sought to build "Altera-like" EDA programs. As a result. Altera lays 
claim to one of the largest installed bases of design software, but an innova­
tive distribution approach has allowed even wider dissemination of its 
popular design tools. 

Besides software, the availability of both simple and complex PLDs has 
made Altera the de facto upgrade vendor for many system designers 
migrating from PAL-class devices to higher-density CPLDs. In fact. Altera 
was a driving force in convincing designers that CPLDs were simply 
groups of PALs connected with a unique interconnect matrix. Its education 
program worked, and Altera's growth in the CPLD market reflects that 
success. 

Beyond product breadth and software ease of use. Altera also is known for 
innovative product architecture. It was the first to break the "box" around 
conventional CPLD architecture when it released the FLEX 8000, which was 
an SRAM-based hybrid FPGA-like CPLD. By providing CPLD-type timing 
with FPGA-type densities. Altera proved that CPLDs were not relegated to 
the low end while FPGAs had the glamour in the high end. The FLEX 8000 
has been a major success story for the company and competes well against 
the likes of Xilinx for high-density sockets. Altera was also the first to 
announce embedded SRAM in the FLEX 10000 family, which extends the 
FLEX 8000-type architecture to even higher densities where embedded 
SRAM is a must. By carefully analyzing its market. Altera correctly and 
appropriately recognized the need for memory that is prevalent in the gate 
array market, where much future growth lies. The FLEX 10000 family, 
based on the already-hybrid FLEX 8000 family, again presented new possi­
bilities for the CPLD market and programmable logic as a whole. 

Altera's product innovations were not limited to FPGA density competi­
tion. Altera was also the first to push beyond the 256-macrocell barrier that 
other combinatorial-intensive CPLDs faced. Thus, the MAX 9000 family 
proved that Altera's product innovation leadership was not limited to one 
or two products. With the acquisition of Intel's programmable logic busi­
ness, Altera also brought another hybrid under its wings, the FlashLogic 
family of CPLDs. The FlashLogic family mixes low-power SRAM technol­
ogy with standard, block-of-PALs CPLD design. 
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Table 3 shows a brief history of Altera's growth. 

Table 3 
Altera Revenue and Net Income (Mill ions of Dollars) 

Revenue 

Net Income 

Ql/94 

43.5 

7.7 

Q2/94 

47.1 

8.3 

Q3/94 

49.1 

8.4 

Q4/94 

59.2 

-9.8 

Ql/95 

75.0 

15.1 

Q2/95 

92.2 

19.6 

Q3/95 

109.1 

23.7 

Note; In the fourth quarter of 1994, Altera took a charge for the acquisition of Intel's PLD business. 
Source: Dataquest (October 1995) 

Lattice Semiconductor Corporation 
Lattice Semiconductor Corporation 
5555 Northeast Moore Court 
Hillsboro, Oregon 97124 
(503) 681-0118 

Key Product Offerings 
Lattice's key programmable logic product offerings are as follows: 

• SPLD (CMOS) segment 

• GAL product family: 100- to 1,000-gate array equivalent nominal gates 

• CPLD segment 

a pLSl/ispLSI 1000 product family: 1,000- to 4,000-gate array equivalent 
nominal gates 

a pLSI/ispLSI 2000 product family: 500- to 2,000-gate array equivalent 
nominal gates 

• pLSI/ispLSl 3000 product family: 4,000- to 7,000-gate array equivalent 
nominal gates 

Lattice Semiconductor is exhibiting the signs of a successful transformation. 
Just a few years ago, analysts and industry watchers were cautious about 
Lattice's prospects. An attempt to acquire QuickLogic failed, high-density 
products had not taken off, and price competition in the GAL market was 
on the upswing. Lattice looked like a SPLD supplier in a market where 
CPLDs and FPGAs were the next big thing. 

To its credit. Lattice saw its situation and moved to reposition itself. The 
keys to Lattice's success include: 

• Continued speed leadership in its bread-and-butter market 

• Expanded device coverage and software upgrades 

• Transition to CPLDs 

• Increased isp usage and endorsement by competitors 

While the industry appeared to move on to the more interesting CPLD and 
FPGA market. Lattice quietly chugged along and continued development 
of its GAL class devices. The result was faster and faster SPLDs, the fastest 
the market has seen, and Lattice maintained ownership of the title of "speed 
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leader." In the programmable logic market, bragging rights and company 
track record are valuable assets. 

Also important has been Lattice's attention to software. After analyzing the 
software ramp-to-revenue cycle so often talked about in the industry, 
Lattice jumped on the bandwagon and began moving an updated software 
package. Claiming software run rates nearly as high as those from Altera 
and Xilinx, Lattice is now reaping the rewards of the industry adage that 
software sells hardware. Its growth in revenue tells the story. 

Concomitant to the ramp in software. Lattice was busy introducing new 
devices in its isp2000 and isp3000 families. Providing both high speed and 
increased density gave Lattice a shot in the arm in product development as 
its competitors duked it out for bragging rights to the densest and fastest 
CPLDs. The pressure to move to high-density devices was successful. In 
just over a year. Lattice moved from receiving less than 10 percent of reve­
nue in high-density products to over 25 percent. By continuing to focus on 
the expanding high-density market. Lattice can remove customers' con­
cerns about its huge installed base in the declining SPLD market. 

Further, Lattice received indirect endorsements from its competitors using 
isp technology. The early evangelist of isp. Lattice held onto the idea of in-
system programming when others said it was a problem. Now every major 
programmable logic vendor competing in the CPLD market claims to use 
some version of isp. Altera and AMD, the two largest players in the CPLD 
market, have welcomed isp to the fold and heavily promote such devices 
for the time, manufacturing, and functional benefits they provide. 

Table 4 shows a brief history of Lattice's growth. 

Table 4 
Lattice Semiconductor Revenue and Net Income 
(Millions of Dollars) 

Revenue 

Net Income 

Ql/94 

30.2 

5.6 

Q2/94 

32.9 

6.0 

Q3/94 

34.5 

6.4 

Q4/94 

36.3 

6.9 

Ql/95 

40.3 

7.7 

Q2/95 

45.0 

8.8 

Q3/95 

48.6 

9.8 

ASIC-WW-CA-9501 

Source: Dataquest (Octobe r 1995) 

Xilinx Inc. 
Xilinx Inc. 
2100 Logic Drive 
San Jose, California 95124 
(408) 559-7778 

Key Product Offerings 
Xilinx's key CMOS product offerings as identified by the company are as 
follows: 

• CPLD segment 

a XC7200 family: 800- to 1,600-gate array equivalent nominal gates 

a XC7300 family: 800- to 3,000-gate array equivalent nominal gates 

Q XC9500 family: 800- to 12,800-gate array equivalent nominal gates 
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• FPGA segment 

Q XC2000 family: 600- to 1,500-gate array equivalent nominal gates 

• XC3000 family: 1,000- to 7,500-gate array equivalent nominal gates 

• XC4000 family: 2,000- to 25,000-gate array equivalent nominal gates 

Q XC5000 family: 2,200- to 18,000-gate array equivalent nominal gates 

• XC6200 family: 9,000- to 55,000-gate array equivalent nonvtnal gates 

a XC8100 family: 1,200- to 8,700-gate array equivalent nominal gates 

Xilinx fought its way to becoming the No. 1 supplier of programmable logic 
in 1994 and has kept its lead through 1995. The company has been introduc­
ing new famiUes and architectures as if previous devices were going out of 
style. Xilinx's success factors, which need to be understood by all who play 
the game, are as follows: 

• Large installed base of software seats 

• Aggressive pursuit of EDA technology 

• Continuous product innovation 

Xilinx enjoys one of the largest installed software bases for electronic design 
automation at any level. By marketing aggressively and assisting its cus­
tomers in the design process, Xilinx almost single-handedly created the 
FPGA industry. Being first had its benefits, as Xilinx quickly ramped up its 
installed base and did nearly everything it could to keep customers. By 
pursuing both hardware and software improvements, Xilinx graduated its 
customer base to increasingly high-density designs. 

This brings us to the company's focus on EDA technology. Xilinx made no 
bones about its acquisition of NeoCad, which instantly gave it a shot in the 
arm, providing the talent and experience necessary to support Xilinx's 
rapidly growing product portfolio. In a smooth stroke of the pen, Xilinx 
acquired engineers, incorporated highly regarded software, and placed sig­
nificant hurdles (at least perceived hurdles) in the paths of its competitors. 
Merging the existing and acquired software talent may be a challenge, but 
when the process is complete, Xilinx's software offering will be no less than 
top of the line. 

Xilinx's rapid-fire announcement of four major new architectures was a 
clever attempt to diversify its product portfolio while making competitors 
sweat. At a rate of one major announcement a quarter, Xilinx has flexed its 
R&D muscles to boost its EPLD effort, enter the antifuse fray, address the 
nascent coprocessing market, and drive toward low-cost solutions. The 
product map may appear confusing, but a deeper look will reveal that 
Xilinx is giving its customers a choice. By not forcing them into a single 
architecture, Xilinx can allow customers to pick and choose the 
architecture best suited for their application. 

Table 5 shows a brief history of Xilinx's growth. 
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Table 5 
Xilinx Revenue and Net Income (Mill ions of Dollars) 

Revenue 

Net Income 

Ql/94 

75.4 

19.3 

Q2/94 

75.2 

12.0 

Q3/94 

79.5 

11.8 

Q4/94 

91.3 

15.6 

01/95 

109.2 

19.9 

Q2/95 

125.8 

18.0 

Q3/95 

141.2 

29.8 

Source: Dataquest (October 1995) 

Dataquest Perspective 
System design continues to demand shorter and shorter product-design 
cycles, while gate array vendors face capacity constraints and seek to fill 
their fabs with high-gate-count, high-margin products. As a result, gate 
array vendors have been moving out of the low-density design market and 
have left a gap that PLD vendors are more than happy to fill. Find a market 
need and fill it, and the revenue is yours for the taking. The Fab Four 
continue to find that a winning proposition. 

So which is the best PLD company for your needs? It still depends. Each 
vendor has successfully positioned itself in the market. Pick your market, 
CPLD or FPGA, and whether you want service, software, or speed. Chances 
are that one of the Fab Four has the product that will meet your needs. 

Although the Fab Four as a group are a success story for the fabless semi­
conductor model, that does not mean that they have a lock on the program­
mable logic market. Broad-based semiconductor supplier AMD and 
vertically integrated AT&T have also made inroads recently with their 
high-density offerings. They were not discussed in this article because of 
their fab status, but they cannot be counted out. Such companies bring 
advantages unseen heretofore in the high-density programmable logic mar­
ket. As these companies bring their competitive technology to bear, look for 
increased competition to liven the market even further. 

The latest breed of fabless PLD vendors includes Zycad, QuickLogic, and 
Crosspoint, which are out to prove the model again in their own way. Of 
these three, only Zycad has multiple foundry sources using a reprogram­
mable technology. Each has its own strengths and weaknesses; however, 
each needs to assess its strengths and weaknesses in light of how the Fab 
Four are positioned. It may be possible for a company to fiU a particular 
niche better than the Fab Four, but a poorly positioned product may lead to 
more of a battle of resources than of design efficiency. Smaller competitors 
had better spend their marketing dollars wisely and prepare for a rocky 
ride. The programmable logic window has just about shut, and current 
competitors need to position themselves properly to ensure continued 
growth. 
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Chapter 1 
Executive Summary 

Report Structure 

Major Issues 

Multimedia and set-top box appHcations are hot topics in many circles. 
But, in the final analysis, much of the end-system fimctionality is depen­
dent on silicon. Dataquest expects that if companies are to be successful in 
these markets, they must have a thorough understanding of the target 
customer base as well as system design requirements. The purpose of 
Dataquest's Focus Reports is to provide our clients with the most in-depth, 
up-to-date information on electronic system design. Dataquest's ASICs 
Worldwide service surveys designers of electronic products extensively 
and reports upon their shifting priorities, desires, and demands to provide 
a valuable snapshot of user trends. 

This ASICs Focus Report is the second in a series of three reports that also 
includes North America and Japan User Wants and Needs {System Design­
ers Uncover ASIC Opportunities, by Duane Kuroda, June 26,1995, ASIC-
WW-UW-9501) and a European ASICs Focus Report. These reports are 
intended to be used by business executives to identify significant trends in 
electronic system design and to explore potential target markets for ASIC 
devices. The basis for these reports is the nearly 700 responses received 
from an end-user survey. 

This report, focusing on multimedia and set-top boxes in North America, 
is divided into five main chapters, with each investigating a particular 
aspect of the respective ASIC markets and the associated electronic system 
design. It begins with an executive summary that includes an overview of 
the major issues. 

Chapter 2 provides a general overview of the components of the multime­
dia and set-top boxes. Brief discussions cover the important functions 
being implemented in today's systems. 

Chapters 3 and 4 delve into system and device design trends and issues 
for multimedia and set-top boxes in North America. Besides the demo­
graphics of the sample, the systems portion of these chapters covers 
critical factors for market success, signal layers, and HDL usage. Gate 
counts, speeds, and packaging required for next-generation system design 
round out these chapters. 

In the final chapter, Dataquest explores the major implications of the find­
ings from this research and looks at how these trends will interact with the 
trend toward system-level integration (SLl). 

Our survey of multimedia ASICs and set-top box ASICs used by system 
designers provides insight into their preferences and consumption pat­
terns, as well as into the directions of future design. Later chapters expand 
on the following issues: 

• Group 1 multimedia ASICs (multiple-chip solutions) are on the 
way out. 
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• Group 2 multimedia ASICs (true system functionality on a chip) lead 
the pack in proving that system-level integration is a reality. 

• Group 3 multimedia ASICs (Group 2 with concurrent processing and 
hardware-software co-design) are on the horizon. 

• Group 4 multimedia ASICs (Group 3 exploiting device physics for 
performance) usher in the ultimate levels of performance. 

An important outgrowth of the above is the functional blocks that ASIC 
suppliers are providing to enable cutting-edge multimedia to become a 
reality. It is just not enough to create a Group 2 design with any cells that 
are available. See Chapter 2 for a special review of some of these issues. 

The profile for multimedia and set-top box designers in Chapters 3 and 4 
suggests an alignment on HDL choice. These chapters also reveal a diver­
gence in design preferences as designers move to gate array and cell-based 
technology for different reasons. 

The ASIC model is changing, with the emerging applications of multime­
dia and set-top boxes leading the way. ASIC suppHers and system design­
ers must understand this changing model to remain competitive. 

Project Manager: Duane Kuroda 
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Chapter 2 
Multimedia and Set-Top Box ASIC Trends 

Multimedia 
Gone are the days of working on the gate level or selecting low-level cells 
such as multipliers, accumulators, and up-down counters as the core of 
ASICs. Now, designers speak in terms of megafunctions, megacells, spe­
cialized cores, and system-level integration. The industry continues to 
move ahead, and the tried and true library cells that provided an edge a 
year ago are starting to accumulate dust. System designers are now say­
ing: "Optimize this function, optimize that function, and put it on a newly 
optimized and characterized process for die savings or performance." 

The ASIC market is getting more complex by the day in emerging applica­
tions such as multimedia and set-top boxes. The multimedia ASICs repre­
sent the core or critical system functionality at the heart of many of these 
system designs. Typically, buzzwords involve such terms as JPEG, MPEG 
1, YUV color space conversion, wavetable synthesis, FM synthesis, or 
TrueSpeech. Each of those functions can easily represent a single-chip 
solution today, but for future use, they must be cells in an ASIC library. 

Multimedia ASICs represent a wide array of topics, only a few of which 
are touched on in this report. The old and simple definition —combining 
audio and video—no longer suffices. Instead, communications functions, 
including fax, modem, and voice-over-data (DSP-type solutions), have 
been added to the mix. ASIC solutions have addressed each category 
separately in the past, but now more frequently combine functionality to 
provide high performance and cost savings. 

Audio 
An important part of the multimedia mix is functionality supplied by the 
audio ASIC. Capable of implementation as a custom solution performing 
various forms of sound synthesis, audio ASICs can vary widely in incor­
porating DMA controllers, bus interfaces, DACs, or emulation of PC 
peripherals such as UART, Soundblaster, and MIDI. Some implementa­
tions are performed by a DSP standard product, while others are DSPs 
integrated onto an ASIC that may include dedicated decode logic or cus­
tom audio processing features. No matter what the implementation, key 
functionality provided by audio subsystems includes: 

• Audio compression (TrueSpeech, MPEG, Dolby AC-3) 

• Sound synthesis (AM, FM, wavetable, waveguide) 

• Resonant filters for improved voice quality 

Video 
ASICs for video are an important group, not only as VGA or Super VGA 
accelerators but also as an umbrella including graphics and image pro­
cessing solutions. Designers responding to the user survey reported 
average speeds on their video designs at 60 MHz. Trends toward more 
integrated solutions have been notable. It is not uncommon to find combi­
nations that include a graphics accelerator, graphics controller, RAMDAC, 
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DMA controllers, and a local bus interface as standard features. Those 
looking to provide added value can pick and choose from a number of 
other functions to differentiate products. A few such options include: 

• FIFOs 

• DACs 

• LCD controllers 

• ISA interfaces 

• Frame buffers and interfaces 

• NTSC encoders 

• Color space converters 

Graphics 
As system feature requirements increase, the distinction between a video 
design and a graphics design blurs further. Standard video solutions are 
expected to include features formerly relegated to graphics chips. Many 
graphics subsystems have announced clock speeds of 50 MHz, although 
some newer designs claim to support speed specifications up to 100 MHz. 
Graphics/image processing designers reported in the survey that, in 1995, 
their designs ran at similar speeds, averaging near 50 MHz. The list of fea­
tures implemented by graphics and image processing designers is quite 
extensive, with vendors selecting feature sets for competitive advantage. 
Important functions include: 

• Raster ops engines 

• Texture mapping 

• Flat and Gouraud shading 

• Z buffering 

• Clock recovery 

• Error detection 

• Error recovery/correction (Reed Solomon or Viterbi) 

• Audio/video synchronization 

Integrating IVIultimedia Functionality 
However, the graphics category does not stand alone. The drive for 
multimedia is adding to the confusion about the fimctionality expected 
of graphics subsystems. Multimedia ASICs have garnered press attention 
because leading-edge technology is bringing a new level of reaUsm to 
consumers. Audio, video, and graphics solutions can be mixed and 
matched, then served up with even more functionality, such as MPEG or 
telephony — and the list of functions or cells needed to cover design 
requirements becomes even broader. Such features include, but are not 
limited to: 

• Custom motion estimation processors 

• 3-D transformation engines 
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• DigiCipher II 

• MPEG l / M P E G 2 - a u d i o and video 

• Motion JPEG 

• Data modems 

• Fax modems 

• Telephone answering machines 

Multimedia ASICs are not synonymous with MPEG, as some would have 
you believe. MPEG has many components, some of which have now been 
standardized, some of which have not. Also, many silicon vendors are 
taking the second-generation MPEG (MPEG 2) route in an attempt to leap­
frog early MPEG pioneers. MPEG decoders typically include: 

• Huffman decoder 

• Inverse quantizer 

• Inverse discrete cosine transform logic (DCT) 

• Color space conversion 

• Motion estimation logic 

Optional feature add-ons (in silicon) include zigzag decoding, interlace 
circuits, deblurring, or run-length decoding. Clearly, the available 
optional features make MPEG only a standard as the lead vendor imple­
ments it. Similarly, broadcast, or nonphysical, MPEG poses a challenge 
because it supports a different packet protocol than that agreed upon by 
the MPEG-2 working group. Add to that the potentially error-prone 
broadcast source, and buffering FIFOs or depacketizing silicon are now 
required to synchronize and accelerate audio and video data streams that 
may arrive asynchronously. 

Set-Top Box ASICs 
A specific technology to implement multimedia — the set-top box—has 
also attracted much attention. An early incarnation was very expensive 
and basically acted as a dedicated Silicon Graphics Indy workstation per­
forming cHent-type functions. Since then, many more designs have been 
developed. Set-top box technology is a focused combination of the above 
multimedia technologies to provide a fixed solution. The lack of standards 
has provoked controversy, and, as a result, there is a plethora of compet­
ing architectures. If one looked at the possibiHties for a set-top box's fea­
ture mix, the number of combinations would appear quite daunting. In 
reality, however, there are a number of generic features that can be inte­
grated as ASICs for the set-tops. Such features include: 

• SateUite downlink converter 

• Cable converter 

• VCR hookup/interface 

• Bus interface 

• Video controller 

• Audio controller 
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• DRAM controller 

• MPEG or MPEG 2 

• Audio decompression logic 

Not all the functionality required to design a single-chip ASIC for the set-
top box or multimedia solution may be available as an ASIC from a single 
vendor. However, by selecting the right provider, a tightly integrated 
solution can be designed to implement the majority of those fimctions 
cost-effectively. In this book, Dataquest takes a quick, first-pass look at 
multimedia and set-top box ASICs. 
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Chapter 3 
Multimedia- North America 
Demographics 

System Level 

Dataquest analyzed its user data for the multimedia market. More than 
45 respondents indicated that they worked on multimedia designs. Nearly 
65 percent of the respondents were either system or IC designers and 
another 20 percent were engineering managers, yielding nearly 85 percent 
of respondents who work closely with the specified designs. 

Designers in this category indicated that their products achieved a variety 
of unit volume sales, ranging from 100 units to more than one million 
vmits. Figure 3-1 shows the unit volumes shipped reported by designers 
responding. The bimodal graph clearly shows a demarcation between the 
high-end, high-value-added suppliers who ship in relatively low volumes 
and the low- to mid-end suppliers who typically ship in high volumes. 
Boards in this category average 5.1 signal layers for the current designs, 
and plans are to incorporate six signal layers in next-generation designs. 

Use of partial scan and built-in self-test (BIST) methodologies for ASIC 
testing is rising as design moves into the next generation. Full scan has lost 
some ground as fuUy tested, precharacterized cells have made partial scan 
feasible. The designers responding reported that use of partial scan wiU 
grow nearly 10 percent, from 30 percent in this generation to about 40 per­
cent in next-generation design. Use of full scan will drop only four percent 
in the next generation, from 43 percent to 39 percent. Board testing is a 
growing trend, as BIST for the board increased slightly. JTAG penetration 
is noteworthy, with JTAG for the board expected to increase from over 
47 percent in this generation to nearly 55 percent of next-generation 
designs. 

Figure 3-1 
Mtdtunedia: Average Board Volume Shipped 
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Multimedia designers claimed to be Verilog champions, and both Verilog 
and VHDL use is expected to increase for next-generation designs. Thirty-
six percent of respondents indicated that they used VHDL for this genera­
tion; nearly 50 percent would use it for next-generation design (see Figure 
3-2), an increase of 14 percent. Verilog use starts from a higher base and is 
also slated to increase, but moves only 10 percent, from 57 percent in this 
generation to 67 percent in the next generation. 

The factors determining market success in multimedia are worth analyz­
ing because of the nature of the market. Multimedia solutions have often 
been placed on add-in cards, a tough market in terms of margins and price 
competition. Reducing cost was the No. 1 success factor (see Figure 3-3). 
The second most important factor was reducing time to market, not unex­
pected for a market that historically has seen standards built around pio­
neering companies. Increasing functionaUty came in a close third, which is 
also expected because the right combination of bells and whistles (liter­
ally, in this case) determines who purchases the product. 

Device Trends 

Gate Array and CBIC 
Multimedia designers must, therefore, provide feature-rich products 
quickly and cheaply. Cost and functionality requirements suggest a lower 
design rate. Although time-to-market requirements suggest gate array 
design, and functionaUty requirements suggest cell-based design, design­
ers in this market are forced to take a close look at the costs and benefits of 
each technology and the life cycle of the products. 

Figure 3-2 
Multiinedia: Use of D e s i g n Languages 
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Figure 3-3 
Multiinedia: Factors Determinii ig Market Success 
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Gate counts for multimedia applications in 1995 are expected to reach 
55,000 and 114,000 gates for gate arrays and cell-based ICs, respectively. 
Clearly, gate array designs are used for lower-density designs (see Figure 
3-4) while CBICs are gaining favor for higher gate counts. Multimedia 
ASICs are incorporating more and more functionality, and the design start 
distribution (see Figure 3-5) provides a brief snapshot of this emerging 
market. This graph shows that multimedia designers have the bulk of 
their designs to the 20K to 50K range. 

Design activity also extends fairly evenly into the higher densities, even 
beyond the 100,000-gate mark, as many of the lower-density designs are 
being consolidated and/or integrated into larger designs on single chips. 

Cell Usage 
Because of the increasing functionahty required for multimedia designs, 
cell usage has been on the rise for both gate array and cell-based multime­
dia ASICs. Figure 3-6 shows the respective cell usage in both gate arrays 
and CBICs. Of note is the heavy use of RAM in cell-based designs. As gate 
counts increase and integration reaches unheard-of levels, memory use for 
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Figure 3-4 
Multimedia: ASIC Average Gate Counts, 1995 
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Figure 3-5 
Multimedia: ASIC Average Gate Count Distribution, 1995 
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Figiire 3-6 
Multimedia: ASIC Cell Usage, 1995 

Percentage of Designs 

Source; Dataquest (August 1995) 

buffering, FIFOs, and scratchpads is on the rise. High-speed memory is 
most efficiently implemented as compiled cells in CBICs or embedded 
gate arrays. Expectations for growth of processor use in multimedia seem 
optimistic; however, R3x00, R4x00, 68xxx, SH70xx, and custom processors 
are the buzzwords for the multimedia engines of tomorrow. Overall, the 
inclusion of specialized cells has played an important role in driving gate 
counts upward for both gate array and cell-based designs. 

Memory Usage 
Inclusion of memory for both gate arrays and cell-based ICs is not only 
growing in terms of percent of designs, but also in terms of total memory 
bits used. Figure 3-7 takes a brief look at the total memory bits in gate 
arrays for 1994 and 1995. The designs behind this distribution include 
many small distributed memories as well as designs using one or two 
large blocks on the higher-end ASICs. Designers claim that, for 1995, the 
total memory usage for those gate arrays using memory will approach a 
key shift —nearly 50 percent of memory users wiU require more than 16K 
total bits. 

Clock Frequencies 
Multimedia designs clocked in at an average of 49 MHz for 1995, ending 
only shghtly above the average. More information is available from the 
clock frequency distribution (see Figure 3-8). In 1994, very few designs 
were reported above 75 MHz. Designers plarmed to change that in 1995, 
extending ASIC speeds to the 100-MHz realm. Most designs in 1995 He in 
the 34-to 50-MHz range. The decline in design starts below 34 MHz 
reveals a noticeable shift toward higher-frequency solutions. 
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Figure 3-7 
Multimedia: Gate Array Memory Usage 
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Figure 3-8 
Multimedia: ASIC Clock Speeds 
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Packaging 
Package cost and pin counts are critical to multimedia designers because 
of board price margins and high I/O requirements. Figure 3-9 shows the 
gate array design starts by package type, clearly demonstrating that the 
top three packages are PQFPs, PLCCs, and EGAs. The introduction of 
thermally enhanced PQFPs has extended the life of PQFPs; however, high 
I/O requirements will continue to drive designers to consider more reli­
able packages near and above 300 pins. Current pin use falls largely in the 
44 to 244 range, with significant growth above 244 expected (including 
emerging designs requiring more than 300 pins). EGAs play well into this 
growth and are gaining in popularity. One chipset vendor has already 
released a modified EGA that does not require increased signal layers on 
the board. As these and sirrular parts reach the market in higher volumes, 
EGAs will take on more importance. 

Programmable Logic 
The model for multimedia solutions has typically reUed on high value-
added at a low price point. Such are the dynamics of the add-in board and 
PC markets. As a result, programmable logic has not made serious inroads 
into this market as a production solution. Clearly, simple PLDs continue 
to find use in glue functions and control logic. Smaller CPLDs and FPGAs, 
because of their more attractive price points, are sometimes included. 
However, most programmable logic use has occurred at the prototyping 
and emulation stage. 

Figure 3-9 
Multimedia: Packaging Trends 
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Figure 3-10 shows use of prograirunable logic by designers responding to 
Dataquest's survey. Prototyping use definitely ranked above the all-appH-
cation average, suggesting that designers have truly awakened to the ben­
efits of programmable logic. Programmable logic has begun to show 
movement toward achieving the status of a production solution and, for 
high-end boards (notorious for low volumes), programmable logic sup­
plies critical fxmctionality. PLD usage in emulation is relatively strong for 
both simple and high-density types. 

Figure 3-10 
Multimedia: Use of Programmable Logic 
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Chapter 4 
Set-Top Boxes-North America 
Demographics 

System Level 

Dataquest analyzed another burgeoning market, the set-top box market. 
There were more than 25 respondents who indicated that they worked on 
set-top box designs. Nearly 61 percent of the respondents were either 
system or IC designers and 27 percent were engineering managers, yield­
ing nearly 88 percent of respondents closely associated with the specified 
designs. Forty percent of designers reported 50 or fewer employees at 
their locations, suggesting that mimy of them came from small companies 
or tiger teams. 

While the press has reported orders for set-top boxes at up to 500,000 
units, nearly 50 percent of designers in this category indicated that their 
products shipped in volumes at or less than 10,000 to date. The set-top box 
market is in its infancy, with vendors introducing and testing many com­
peting models. Boards in this category average 4.4 signal layers for the 
current designs and are expected to incorporate five signal layers in next-
generation designs. 

ASIC testing by partial scan grew nearly 27 percent between current and 
next-generation design. However, there was a price paid: Full scan lost 
some popularity in the trade, losing one percent for each one percent 
gained by partial scan. Next-generation ASIC testing will be 40 percent by 
full scan and 55 percent by partial scan. JTAG penetration was also on the 
rise. JTAG for the board will grow 6 percent between current and next-
generation design, moving from over 44 percent percent to 50 percent of 
respondents incorporating that methodology. 

Like multimedia designers, set-top box designers claimed to be Verilog 
champions. Both Verilog and VHDL usage is expected to increase for next-
generation designs; however, use of Verilog is double that of VHDL for 
current and next-generation design (siee Figure 4-1). Seventy-three percent 
of respondents indicated that they used Verilog for current generation 
design, while 88 percent would use it for next-generation design, an 
increase of 15 percent. VHDL usage starts from a much lower base and is 
also slated to increase, but moves only 5 percent, from 31 percent to about 
36 percent. This would suggest that some design teams used both lan­
guages for current design, a trend Dataquest expects to increase. Addi­
tionally, the number of designers reporting that they would not use an 
HDL sank to near zero. 

Though similar to the multimedia market, the set-top box arena differs in 
some key aspects. First, the high number of competing architectures and 
overall lack of consumer buying has kept set-top box design in a state of 
innovation. Home trials represent a form of prototyping, even though 
actual orders can reach into the tens of thousands of units or more. Simi­
larly, broadcast stemdards and signal composition have not been standard­
ized, forcing designers to experiment with numerous incompatible 
solutions. 
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Figure 4-1 
Set-Top Box: Use of Des ign Languages 
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Device Trends 

Dataquest asked users to report the factors deternnining market success 
in this volatile market. Reducing cost was the No. 1 success factor (see 
Figure 4-2), tmsurprisingly. After seeing the troubles encountered by 
high-cost video games and reviewing the survey results showing that con­
sumers were sensitive to price, designers decided to heed the low-cost 
mandate. The second most important factor identified was increasing 
functionality. This is also expected, because the feature set may require 
not only such high-level features as video on demand, but also other back­
ground functions such as customer verification, billing/accounting, and 
channel locking, blocking, and filtering. Reducing time to market came in 
a close third and is clearly important for a market buUt around pioneering 
companies with the potential for hundreds of millions of customers. 

Gate Array and CBIC 
Although not in an explicitly tight-margin business, set-top box designers 
must still provide feature-rich products quickly and economically. The 
cost and functionality requirements favor cell-based ICs and a lower 
design rate, while time-to-market pressures favor gate array design. As a 
result, designers are forced to take a close look at the costs and benefits of 
each technology and the life cycle of the products. 

Set-top box applications in 1995 are expected to reach 43,000- and 105,000-
gate counts for gate arrays and cell-based ICs, respectively. Gate array 
designs have historically provided quick time to market and have been 
especially useful for products with short life cycles. Cell-based design, 
however, is quickly becoming the only choice for implementing 
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Figure 4-2 
Set-Top Box: Factors Determining Market Success 
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timing-critical functions that cannot fit using a randomized logic 
approach. Figure 4-3 shows that set-top box designers have a dual tech­
nology preference: gate arrays for lower-density designs and cell-based 
technology for high-density solutions. While the average gate counts are 
high/ the distribution (see Figure 4-4) makes it clear that a solid group of 
designers is creating high value-added at high densities —greater than 
100,000 gates. Other designers continue to create ASICs that fit the tradi­
tional curve. 

Cell Usage 
As a result of the increasing functionality required for set-top box designs^ 
cell usage has been on the rise for both gate array and cell-based set-top 
box ASICs. Figure 4-5 (note the high :cnicroproces5or numbers) shows the 
respective cell usage in both gate arrays and CBICs. As in multimedia 
designs, there is heavy use of RAM and scan path test in cell-based 
designs. Optimized memories continue to play a critical role in functional­
ity and die size savings. Similarly, high-speed memory is most efficiently 
implemented as compiled cells in CBICs or embedded gate arrays. 
Another important component of these systems, evident in users' 
responses, is DSP functionahty. DSP functionaUty has been available as an 
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Figure 4-3 
Set-Top Box: ASIC Gate Counts, 1995 
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Figure 4-4 
Set-Top Box: ASIC Average Gate Count Distribution, 1995 
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Figure 4-5 
Set-Top Box: ASIC Cell Usage, 1995 
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external (separate chip) solution. However, high-perfonrvance systems 
will bring this functionality on chip to eliminate off-chip delay and to 
localize such fvmctions as FM, wavetable, and waveguide synthesis. 
Overall, the inclusion of specialized cells has played an important role in 
driving gate counts upward for both gate array and cell-based designs. 

Memory Usage 
On-chip RAM has become more and more important as system-level inte­
gration becomes a reality. In fact, the dynannics and importance of RAM 
usage for both gate arrays and cell-based ICs is increasing not only in 
terms of percent of designs, but also in terms of total memory bits used. 
Figure 4-6 takes a brief look at the total memory bits in gate arrays for 1994 
and 1995. One noticeable trend is the movement of the high-end total 
memory usage peak, which shifts from the 32- to 64Kb range to the 64- to 
128Kb range between 1994 and 1995. In 1995, set-top box designers expect 
to use over 256Kb of memory on chip, most Hkely by the addition of extra 
large memory blocks. 

Clock Frequencies 
One question of interest to industry watchers is the motherboard of the 
set-top box. Will it be a PC-type board or will a whole new standard be 
developed? Dataquest examined the ASIC clock frequencies to be sup­
ported by this board. Set-top box designs for 1995 clocked in at an average 
of 47 MHz. However, clock frequency distribution tells a different story 
(see Figure 4-7). The majority of designs in 1994 fell into the 21- to 33-MHz 
range, probably built arovmd the fainiliar 33-MHz technology that has 
been arotmd for years. Designers planned to change that in 1995, extend­
ing ASIC speeds up to the 100 MHz realm, clearly suggesting clock 
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Figure 4-6 
Set-Top Box: Gate Array Memory Usage 
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Figure 4-7 
Set-Top Box: ASIC Clock Speed Distribution 
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doubling emd tripling mechanisms to boost overall system speeds. The 
bulk of designs in 1995 still lie in the 21- to 33-MHz range, with the great­
est design start growth in the 76- to 100-MHz range. 

Packaging 
The emerging set-top box market has very few standards, as companies 
continue to disagree as to what final designs wiQ look Uke, what functions 
they will perform, and how much they will cost. There are many other 
issues on the table, too many, in fact, to enumerate in this report. 
However, this moving target does affect the silicon inside. Semiconductor 
technology in first-generation systems was often (though not always) 
proof of concept. As a result, many standard parts in standard packaging 
were used. The coming generations, and those already in existence, go 
beyond "can it be done," into the realm of "let's make the best one." How­
ever, price and cost-effective packaging are significant issues. As in multi­
media, PQFPs, PLCCs, and BGA aU played important roles, representing 
49 percent, 16 percent, and 6 percent of design starts, respectively. Pin 
counts, which greatly influence cost and available bandwidth, are also 
important. Figure 4-8 shows gate array design starts by pin count, demon­
strating that high I/Os for set-top box designs are growing in importance. 
Nearly 20 percent of design starts for 1995 are in pin count ranges higher 
than 245 pins. 

Figure 4-8 
Set-Top Box: Gate Array Des ign Starts by Pin Count 
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Programmable Logic 
The emerging set-top box market stiU faces with many hurdles, as compet­
ing alliances fight to create the de facto standard. As described earlier, the 
plethora of competing architectures, multipHed by the number of content 
providers, results in a confusing, yet lucrative market for the company 
with the winning design. These factors, coupled with the low volumes 
likely and the flexibility the market requires, would favor a programmable 
logic solution. 

At the same time, however, the elusive price point puts pressure on 
designers to make the set-top box as economical as possible. These 
competing factors are reflected in designers' responses about using pro­
grammable logic. Both simple PLDs and high-density PLDs (CPLDs and 
FPGAs) found high usage in the design phase, with at least 50 percent of 
designs incorporating either form of programmable logic. CPLDs and 
FPGAs also found significant use in ASIC emulation (see Figure 9). Their 
use in production is somewhat lower than the aU-application average; 
again, this is the result of pressure to keep the system price low. 

Figure 4-9 
Set-Top Box: Use of Progranunable Logic 
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Chapter 5 
Conclusions 
Dataquest Perspective 

The movement toward system-level integration (SLl) is occurring across 
many applications markets. In the silicon world, the development of func­
tion-specific building blocks continues to meet the needs for the growing 
feature set demanded by next-generation design. This trend has been a 
crucial factor for multimedia, one of the first real applications to benefit 
from the new design methodology of system-level integration. The route 
toward SLI maps four main groups: 

• Group 1 consists of groups of individual chips. 

• Group 2 puts integrated system functionality on a single chip. 

• Group 3 is Group 2 design optimized with concurrent processing and 
hardware-software co-design. 

• Group 4 is Group 3 design exploiting capabilities of device physics for 
performance. 

Group 1 
In the beginning, most critical features were independent solution pieces 
(chips) scattered around a board or add-in card. Next, ASIC methodology 
from supphers combined two or more features to provide a cheaper, inte­
grated solution. Two-function integrated circuits quickly became standard 
for suppliers, and the coimpetitive advantage was again diminished. This 
process continues, and today we have graphic and video subsystems 
comprising multiple chijjs, with each chip providing a unique function,. 
multiple functions, or sharing a dedicated function with other chips. This 
multiple-chip solution is Group 1 multimedia silicon. This capability is 
provided by the ability of ASIC methodology to create both chipsets and 
custom ASICs. The same trend will continue, with the market again seeing 
a herd of newer designs combining the last year's four-chip solutions into 
two- or three-chip solutions with a few new, added features. 

Group 2 
The model keeps on churning, however, and companies with large invest­
ments in cell libraries, synthesizable cores, and intellectual property have 
been proving that providing more than just "me-too" solutions can reap 
big rewards in profits and pubUc perception. These same companies will 
be in a good position to take those two- or three-chip solutions and inte­
grate them into a single chip. It is old news that memory, logic, and a 
286 processor can fit on a single chip. Today's news is that vendors have 
already delivered sihcon with three processors and support logic on board 
that can perform motion JPEG, texture mapping, CD-quality sound, and 
parallax scrolling, all for an estimated cost of less than $30. These chips 
now provide system-level integration by incorporating processing, mem­
ory, and system logic on a single die. This is Group 2. 

MPEG 2 decoders are being announced almost faster than new car mod­
els, but, again, the truly innovative will take the next step and combine 
that core with other functionality to provide integrated high-performance 
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solutions. Vendors may be able to address this by supplying not only the 
MPEG core, but also competing cores such as DigiCipher II. Such integra­
tion allows the end system to process bit streams from content providers 
using either encoding scheme. System-level integration is no longer a 
distant possibility, and multimedia ASIC solutions have been and will 
continue to be the first benefactors of this technology. 

Group 3 
Along with this trend toward integration, running up the clocks will not 
necessarily be the panacea for increased performance. Smart designers 
will increasingly look for creative ways of implementing new algorithms. 
One such direction is concurrent processing, often implemented through 
parallelism. It is no coincidence that this is the same direction that micro­
processors and data processing in general have taken. Concurrent process­
ing of data streams will extend current board technology, while increased 
parallelism, clock multipliers, and dedicated execution units become more 
prevalent. The chip in the example in Group 2 reportedly processed 
200 mips while running at below 35 MHz. 

Future systems will take SLl to the next level: hardware-software co-
design. With careful planning and design simulation, an optimum balance 
of hardware and software code execution can again increase system 
performance. These systems, which will include massive integration, con­
current processing, and hardware-software optimization, can be called 
Group 3 multimedia ASICs. 

Group 4 
Even further into the future, process technology will be enhanced further 
to allow CMOS processing speeds to exceed current ECL capabilities. 
Combine improved clock rates with the Group 3 products, and realism 
levels will meet and eventually exceed those of Silicon Graphics' Reality 
Engine 1. This performance would represent Group 4 multimedia ASICs. 

The road to Group 4 functionality is long and rocky. Not only does the 
road map suggest that hardware designers must give up some of the 
crown jewels of design, but it also suggests an even greater dependence on 
software engineers. 

The Beginning of tlie End of Multichip Solutions 
The time-to-market, cost, form factor, and functionality requirements of 
next-generation multimedia and set-top box systems will make it harder 
and harder for multichip solutions to compete. In the video game arena, 
the press has focused on the processing engines of the Sony Playstation 
and Sega Saturn. Comparisons between the Playstation and Saturn 
amount to comparisons between the custom ASIC processing engine and 
standard processors and have focused on the quality of experience, where 
Sony's box appears to have an advantage. System specifications of the two 
suggest that the Sony engine may, in fact, cost less, yet provide equivalent 
or greater performance and functionality. The Sony engine is not a stan­
dard product and is unlikely to become one, because the integrated solu­
tion provides Sony with a cost and technology edge that translates into 
competitive advantage. The success of this design, however, lies in the 
ASIC cells of the ASIC supplier's hbraries and the skill used in stitching 
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them together. While the actual design may remain proprietary, the tech­
nology can be leveraged to standard products or other ASIC solutions. 

The capture of future ASIC and standard product designs is made possi­
ble by reusing cell libraries, especially those key elements that have been 
proven in the field. The resulting ability to pick and choose the desired 
functionality can allow system manufacturers to differentiate their prod­
ucts and earn increased margins. The resulting profits can then be rein­
vested in design technology to allow the OEMs to focus on design for 
competitive advantage. The competing model of manufacturing muscle to 
compete on price guarantees only low margins while ignoring the impor­
tance of system knowledge. 

In conclusion, Dataquest beUeves that the era of system-level integration 
has begun, and suppliers and users need to tmderstand the implications. 
As system design moves to the next generation, expect single-chip solu­
tions to incorporate the following features: many system function blocks 
stitched together, taking advantage of wide buses and concurrent process­
ing; high clock rates; and application code optimized to the chip architec­
ture. The ASIC market is going through a major transformation, and 
Dataquest will track it as it happens. 
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Chapter 1 
Executive Summary 

Report Structure 

Dataquest believes that if companies are to be successful, they must have a 
thorough understanding of their target customer base as well as their sys­
tem design requirements. The purpose behind Dataquest's User Wants 
and Needs studies is to provide our cUents with the most in-depth, up-
to-date information on electronic system design. Dataquest's ASIC World­
wide Service extensively surveys designers of electronic products and 
reports on their shifting priorities, desires, and demands, providing a 
valuable snapshot of user trends. 

This year, the survey process was modified to enhance the value to 
Dataquest's client base. First, coverage was extended to cover three 
regions: North America, Japan, and Europe. Second, new questions 
were added to answer common requests. These included questions 
about the amount of memory use on chip, which processor cores were 
being implemented, and the degree of progranimable logic device (PLD) 
implementation. With these modifications, the new survey received 
nearly 700 responses. 

ASIC User Wants and Needs report Systems Designers Uncover ASIC 
Opportunities is one of a series of three reports: North America and Japan 
User Wants and Needs, a vertical markets Focus Report, and a European 
ASIC Focus Report. These reports are intended to be used by business 
executives to identify significant trends in electronic system design and 
explore potential target markets for ASIC devices. 

This report, focusing on North America and Japan, is broken into seven 
main chapters with each investigating a particular aspect of ASIC and 
electronic system design. It begins with an executive summary that 
includes an overview of the major findings. 

Chapter 2 explains the research process Dataquest employed in gathering 
the information and the demographics of the survey respondents. Demo­
graphic breakdown includes respondents by job title, respondents by 
project team, and project team profiles. 

Chapters 3 and 4 delve into system design trends and issues for North 
America and Japan, respectively. Critical factors for market success, signal 
layers, and use of hardware description languages (HDLs) are only some 
of the topics covered. 

Chapters 5 and 6, the core of the book, shed Ught on the ASIC products 
being designed into systems in North America and Japan, respectively. 
ASIC users vote on the gate counts, speeds, and packaging they will need 
for their next-generation system design. These chapters cover gate arrays, 
cell-based ICs (CBICs), and programmable logic (including field program­
mable gate arrays). 

In the fined chapter, Dataquest explores the major findings from this 
research and makes recommendations to both ASIC suppliers and ASIC 
users. 
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Major Findings 
Our research of ASIC and systems designers provides an insightful look 
into their preferences and consumption patterns. Major findings from the 
survey include: 

• Cost is the dominating success factor. 

• Cell-based designs are on the rise. 

• On-chip memory and microprocessors contribute to functional density. 

• Ball grid array (BGA) packages are gaining significant momentum. 

• Pure 3V technologies are rapidly on the rise. 

Reducing cost beat out all other success factors to remain the No. 1 factor 
determining market success. Dataquest's last survey in both North Amer­
ica and Japan found that time to market, reducing cost, and increasing 
functionality were common leading success factors, with reducing cost 
commanding the lead for both regions, especially in Japan. Results from 
our new survey suggest that success dynamics have not changed much. 
Reducing system cost turned out to be the leading success factor by a mar­
gin of 6 percentage points in North America and by 25 percentage points 
in Japan. 

As the cost factor takes center stage, the data revealed that the tradition­
ally lower-cost ASIC, gate arrays, were being sacrificed for the lower-
piece-price CBlCs. One of the major shifts, evident in Chapter 4, is the 
large growth in design densities. Designers have responded that they are 
following a density map for gate array and cell-based designs. As design­
ers suggest in early chapters, gate arrays will dominate the low to 
midrange density designs, while CBlCs capture more designs in the more-
than-lOOk gate range. The switch to cell-based not only affords greater cell 
reuse for the consumer designs, but also gives them density and die size 
benefits—which also bring down the total cost of design. In fact, data in 
Chapter 5 will show that maximum densities for cell-based designs aver­
age nearly twice that of gate arrays. Users reports average maximums for 
data processing at around 250,000 gates, communications at around 
230,000 gates, military at over 220,000 gates, industrial at close to 150,000 
gates, and consumer at over 270,000 gates. 

What makes these high-density designs feasible for CBICs is the stitching 
together of functional cell blocks. By placing and connecting functional 
blocks and megacells, designers can quickly provide the desired function­
ality while quickly boosting gate counts. Thus, cell libraries become the 
remaining differentiator in the cell-based arena. 

One cell used in CBICs and gate arrays is memory. The new research in 
this year's survey indicated that the most designs used less than 16Kb of 
total memory. Oti the other hand, memory use is growing, and designers 
in both regions reported that memory use in general and even total mem­
ory bits larger than 128Kb are also on a healthy ramp. The implementation 
of such large amounts of memories will require optimized memory cells 
for both the ceU-based and embedded array designs. Another implemen­
tation (that is, traditional arrays) will severely inhibit design efficiency 
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Executive Summary 

The design and implementation of niegacells is also gaining importance. 
Beyond the use of large memory blocks, Dataquest added a question 
investigating the implementation of microprocessor cells. Users indicated 
that microprocessor cell use was an integral part of their system design; 
later information suggested the same for microcontrollers. 68xxx, MIPS, 
ARM, and DSPs are finding their way on-chip as functional integration 
collapses the chip count. 

Increased functionality and high densities can often translate to more I /O 
requirements. Combine that with high-frequency switching, and package 
choice is a major issue. Since cost was a driving factor, the use of 160- and 
208-quad flat packs would appear to be the natural choices for cost reduc­
tion; however, the high-density designs often require high bandwidth, 
and the extra-wide buses can push I/Os to the upper 200s and above. Sur­
vey respondents suggested that pin counts were rapidly rising and along 
with it, the use of BGAs in North America. BGAs address many of those 
problems, and the newer chip-scale versions address associated board real 
estate issues. Chapter 4 also discusses this further. 

The rush to low voltage has become more like a fast walk; thus, ASIC 
supphers stiU must support 5V Ubraries. Low- and mixed-voltage ASICs 
are on a design ramp but not nearly as rapidly as earlier beHeved. No 
doubt, mobile computing and size-conscious consumer appUcations have 
begun to affect the design of today's ASICs and will play a larger role in 
the ASICs of tomorrow. However, the sluggishness of the peripherals 
market to adopt low-voltage signaling technology and the economics of 
5V DRAMs have kept up demand for 5V ASIC products. As result, 
designs go where the dollars are, and while low- and mixed-voltage 
designs are expected to increase, 5V designs still represent the Uon's share 
of activity. 

Across the board, from design languages to test issues, through gate 
counts and clock speeds, opportunities exist for ASIC suppliers to further 
develop the ASIC market in North America and Japan. The breadth of 
changes is extremely important to both ASIC suppliers and ASIC users. 

In this report, Dataquest highlights the current shifts in the North Ameri­
can and Japanese ASIC markets and makes recoiiunendations on future 
directions for both ASIC suppliers and users. 

Project Manager: Duane Kuroda 
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Chapter 2 
Survey Methodology 

Dataquest demand-side, or end-user, data is gathered using extensive 
survey techniques. End users are identified through a variety of means, 
including databases of past survey respondents, the registered user and 
prospect Usts of the leading EDA companies, and relevant periodicals. 
Surveys were distributed throughout North America and Japan, enabling 
Dataquest to gather a snapshot from a user point of view of the current 
and future system design requirements and the applications driving 
ASIC use. 

This User Wants and Needs study includes data collected from the North 
American and Japanese surveys. Surveys were received and processed in 
the first quarter of 1995 from North American sites and received and pro­
cessed in the second quarter of 1995 from sites in Japan. The responses to 
the survey were entered in a statistical package for cleansing and analysis 
of the data. This statistical database allows Dataquest to cross-tabulate the 
data for improved analysis. Because of the timing of the survey, the 
responses are based on sufficient product planning to allow cohesive 
understanding of both 1994 and 1995 developments. 

Respondent Demographics 
Dataquest strives to gather an accurate representation of the design 
coirm\unity, making sure to survey a large cross section of designers. 
Data collected in North America is predominantly from system design 
engineers as well as IC designers, making up approximately 64 percent 
of the respondents. Engineering managers, the next-largest category, 
provided 17 percent of the responses. Data collected in Japan is split 
between system design engineers, engineering managers, and IC design­
ers making up approximately 34 percent, 21 percent, and 18 percent of the 
responses, respectively. Figures 2-1 and 2-2 show the breakdown of 
respondents by job title. Dataquest believes that the data represents a sta­
tistically significant sample to gauge the needs and trends of the electronic 
system design. 

There were 325 survey responses in North America, with almost 70 per­
cent of the respondents from locations with over 100 employees, and 
about 30 percent at locations with over 1,000 employees. Figure 2-3 shows 
the distribution of employee numbers at the respondents' locations in 
North America. In Japan, there were over 225 survey responses, with over 
80 percent of the respondents from locations with over 100 employees and 
about 50 percent at locations with over 1,000 employees. Figure 2-4 shows 
the distribution of employee numbers at the respondents' locations in 
Japan. 

Respondents answered with respect to their project teams. The average 
project team size was just over 10 in North America, but the size of project 
teams varied by appHcation market. Figure 2-5 shows the project team size 
as it varied by general appUcation market. The military designers were 
clearly pulling the average team size up. In Japan, we saw similar trends 
(see Figure 2-6). 
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Figure 2-1 
Respondents by Job Title: North America 
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Figure 2-2 
Respondents by Job Title: Japan 
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Figure 2-3 
Number of Employees at Location: Nortii America 
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Figure 2-4 
Number of Employees at Location: Japan 
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Figure 2-5 
Project Team Size by Application Market North America 
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Figure 2-6 
Project Team Size by Application Market Japan 
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Significant analysis can be derived by examining the types of system 
designed by the project teams. Figures 2-7 and 2-8 show the primary 
applications that project team members designed in North America and 
Japan, respectively. 

It is important to note that survey respondents were allowed to check 
more than one box for their project team's primary line of business. 
Because of this, certain responses have been classified for more thein one 
application area. 

For this year's survey, Dataquest expanded the application coverage to 
allow designers to more readily describe what applications they were 
designing. The categories that were added fall into our emerging applica­
tions category. These include graphics/image processing, mobile comput­
ing, ATM, wireless communication, multimedia, and set-top boxes. 

Figure 2-7 
Respondents by Application Market: North America 
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Figure 2-8 
Respondents by Application Market: Japan 
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Chapter 3 
Design Trends and Issues: North Amorina 

Next-generation product design can be quite complex. The amoimt of 
variables that interact can lead to quite a complex model, but tiiose consid­
erations should be addressed after covering other fundamental issues in 
system design. No one has a better grasp on these issues than the systems 
designers, so Dataquest asked them to show the way. The key to success­
fully opening the door to the ASIC market is in understanding how 
systems designers think and how they build their products. With a better 
understanding of systems designers' requirements, specific markets can be 
targeted and penetrated more effectively. 

In this chapter, Dataquest analyzes the critical factors that determine 
success for systems designers, the ASIC design cycle, and the characteris­
tics of the systems designed. 

Determining HiBtkei Success for Systems Designers 
Quantifying the factors that lead to successful products is of critical impor­
tance to all companies involved in the fast-paced electronics industry. Not 
surprisingly, electronics designers are cognizant of the attributes neces­
sary for developing successful systems. Dataquest requested that each 
respondent select the three attributes most important to their product's 
future ability to achieve market success. Figure 3-1 shows the most impor­
tant attributes that lead to market success for systems designers in North 
America. 

Figure 3-1 
Factors Influencing Market Success: North America 
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Source: Dataquest (June 1995) 
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While the magnitude of the response was varied on an application market 
basis, the overall results were consistent. The three most important factors 
were as follows: 

• Reducing cost 

• Increasing functionality 

• Reducing time to market 

Reducing cost was the most important success factor. The last time 
Dataquest surveyed users in North America, reducing cost was the No. 1 
driving force, beating out increasing functionality by a small margin. This 
year, cost reduction maintained a similar lead, while the next two factors, 
increasing functionahty and decreasing time to market, were indistin­
guishable in the race for No. 2. Increasing speed placed No. 4 as it did in 
the last survey. 

The success factor rankings in North America clearly indicate that cost has 
maintained its primacy at the forefront of designers' minds and that the 
other factors form a secondary tier not far behind. The close proximity of 
the top three factors, however, suggests the existence of a dehcate mix in 
the product development cycle. Failure to pay attention to any of the three 
could have disastrous effects, though just meeting the requirements does 
not guarantee success either. Thus it again boUs down to value, the 
meeting of price and functional performance, as the focus for product 
acceptance. 

The importance of cost as the leading success factor suggests that the 
recovering economy has left purchasers with a jaundiced eye toward the 
bottom hne. A rising consumer index and employment rate has not trans­
lated back to rising prices, and it seems that the hardship of the recent 
recession has left a cost-conscious trend burned into all of our minds. 
Having it now is still important, but the price still has to be right. 

Much talk has been made about the average selling price for computer 
systems, and time and time again, the figure of $1,500 to $2,000 comes up. 
But if that is the case, a natural conclusion would be that increased fimc-
tionahty and higher performance were added for free. But before products 
reach that stage, they must have the right mix of features and performance 
to migrate down the cost curve to that magical number. Those features 
then become the selling point for a differentiated product, especially since 
the efficient market drives similar products toward the same price level. 

Reducing time to market is still important, and few will debate that a 
delayed product can ruin its chances of success. However, the rapid 
shrinking of product life cycles has occurred across the board, and the 
high expectations almost make reducing time to market a nonissue. 
Dataquest has described that use of gate array technology as not only a 
product differentiator but also as an important factor contributing to quick 
design. Recently, cell-based design has improved to the point where cell 
reuse and structured design has also contributed to faster concept-to-
prototype times. ASIC vendors have improved their design efficiencies to 
the point where system level integration (SLI) is becoming more common­
place, again contributing to the shorter time-to-market trend. 
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In short, there is a delicate balance that designers manipulate that eventu­
ally determines product success. Largely affected by the recovering econ­
omy, systems designers are determined to provide increased functionality 
and time to market at a competitive price. Further analysis in this and later 
chapters will illuminate how this is accomplished and point out other 
significant trends. 

Design-Cycle Trends 

Signal Layers 

Design Languages 

Reducing design-cycle time has been an important factor in reducing time 
to market. In North America, this has been an issue as systems competi­
tors commonly experiment with varied team designs to reduce the prod­
uct design time. The frequently touted, and often overused, term 
concurrent engineering has become a competitive weapon with which 
design-cycle times have been reduced. 

In both North America and Japan, time to market has taken a back seat as 
cost has leaped to the forefront of importance. Designers in North Amer­
ica suggested that time to market held little value unless a product was 
sufficiently differentiated and cost-effective. At the same time, feedback 
from designers in Japan has made evident that the design cycle has 
reached a point of diminishing returns as smaU reductions in design-cycle 
time require large capital and personnel investments. As a result, design­
ers in both North America and Japan have indicated that design-cycle 
time will not drop dramatically. 

Increased chip complexity and system complexity naturally result in 
increased board complexity. Increased 1/Os in smaller spaces require 
designers to invent more efficient packing schemes. One such method is 
increasing signal layer use. Users indicate that current designs require an 
average of six signal layers per board, while next-generation designs will 
require seven layers. 

This increasing trend in signal layer use is driven by the data processing 
and aerospace/military arena (see Figure 3-2). Both apphcation markets 
strive to achieve higher functionality in smaller space, and both concerns 
directly affect signal layer use. 

HDLs have played an important role in speeding up system design devel­
opment times. Once a proprietary/internal-only arena, HDLs have grown 
into a multimillion dollar market. Dataquest asked their respondents to 
describe the current and future use of their design tools. Figure 3-3 shows 
that VHDL, the new standard, is gaining significant momentum in the 
marketplace. In fact, VHDL use was expected to grow significantly mov­
ing into 1994. Most of that growth was realized; however, Verilog use did 
not stagnate and also grew in 1994. Moving into 1995, designers reported 
that they would again step up their use of VHDL, with Verilog growth fol­
lowing at a slower pace. 
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Figure 3-2 
Average Number of Signal Layers per Board by Application Market: North America 
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Figure 3-3 
Use of HDLs: North America 
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Testing Issues 
Increased functionality may be a boon to the user, but it can lead to 
designs that are not 100 percent testable. Similarly/ higher-complexity 
designs can lead to lower die yields and increased costs. To circumvent 
some of these problems, designers have been increasing the use of testing 
features and functions on-chip and on boards. Figure 3-4 shows the trend 
toward increased testing on the board and device level. 

The figure displays an interesting trend for scan test. Users indicated that 
partial scan was losing popularity in comparison to fuU scan. Such a trend 
would suggest that the higher-density designs require more complete test­
ing solutions. This also agrees with the growing use of BIST for the ASIC, 
almost single-handedly implicating the growing use of memories as a gate 
count driver. Another trend that also points this out Is the large expected 
jump in JTAG testing for the board. 

ASIC complexity and the concomitant increase in system complexity has 
forced systems designers to boost their utilization of various testing tech­
nologies. Some suppliers have focused much energy on providing effi­
cient testing implementations, bringing down the die penalty to under 
5 percent in certain cases. As ASIC density continues to rise, the die-size 
penalty should decrease in importance and aUow designers to avoid the 
performance hit often associated with increased test functionality. 

Figure 3-4 
ASIC and Board Test Use: North America 
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Material Process Technology 
On the system and ASIC level, Dataquest wanted to find out if perceptions 
of new material technologies were gaining momentum. Systems designers 
reported the same trends as last year, which are expected to continue 
through 1995. Figure 3-5 shows that CMOS will still capture the main­
stream designs in both gate array and cell-based designs. Along with that 
trend, they also reported that ECL is experiencing little, if any, activity; 
that GaAs still addresses niche applications; and that BiCMOS has limited 
apphcation in areas where high speed and high drive are required. 
Survey respondents in Japan identified the same trends as those in North 
America. 

Voltage Requirement Trends 
In North America, the proliferation of "green" technologies and mobile 
computing has caused an ever-increasing interest in developing low-
power devices. Similarly, there has been much hype about the new micro­
processors running at 3.3V. What has occurred, however, is that the 
impact of 3.3V has been largely hype. Low-voltage design has not caught 
on, as people have not anted up for the mobile products quite as quickly 
as originally anticipated. Add to that the cost factor of 5V memories and 
the remainder of peripherals still running at 5V, and we have a perception 
mismatch. 

Figure 3-5 
1995 ASIC Use by Process Technology: North America 
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Results showed that about 60 percent or greater design starts in 1995 will 
occur in pure 5V technology. Suppliers must, therefore, maintain and sup­
port optimized 5V libraries for at least two years while 5V remains a sig­
nificant factor. There is still ongoing development for low- and mixed-
voltage products, but ASIC suppliers have seen the 5V drag effect and 
even released new 5V families to meet their customers' needs until actual 
low- and mixed-voltage demand catches up with the perceived demand. 
In the meantime, portable and mobile devices continue to drive low-volt­
age ASIC design and system design. Figure 3-6 shows the estimated 
design starts in various voltage requirements for both gate arrays and 
CBIC. The most noticeable trend is the increasing use of 3V technology in 
CBICs, which address high-density and mobile applications well. This 
trend also was consistent with results from Japan. 

Figure 3-6 
1995 ASIC Voltage Requirements: North America 
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Chapter 4 
Design Trends and Issues: '^p^" 

Just as software is adapted to kanji for the Japanese market, products 
designed in Japan for consumption in Japan need to be tailored to the mar­
ket's needs. To understand the intricacies and dynamics of the system 
market in Japan, Dataquest asked systems designers in Japan to explain 
the market. The key to successfully opening the door to the ASIC market is 
in understanding how systems designers think and how they build their 
products. With a better understanding of systems designers' require­
ments, specific markets can be targeted and penetrated more effectively. 

In this chapter, Dataquest analyzes the critical factors that determine suc­
cess for systems designers, the ASIC design cycle, and the characteristics 
of the systems designed. 

Determining IVIarlcet Success for Systems Designers 
Great design does not guarantee a successful product. In fact, there is a 
delicate mix of factors that combine to propel a product onto the road of 
success. The best design on the drawing board may never be successful if 
it takes too long to build or costs too much. Similarly, the system speed 
and reliability can determine how well the product fares down the line. To 
understand the designers' perspective on this issue, Dataquest requested 
that each respondent select the three attributes most important to their 
product's future ability to achieve market success. Figure 4-1 shows the 
most important attributes that lead to market success for systems design­
ers in Japan. 

Figure 4-1 
Factors Influencing Market Success: Japan 
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While the magnitude of the response was varied on an application market 
basis, the overall results were consistent. The four most important factors 
were as follows: 

• Reducing cost 

• Decreasing time to market 

• Decreasing form factor 

• Increasing functionality 

Reducing cost was by far the most critical success factor. The last time 
Dataquest surveyed users in Japan, reducing cost was the No. 1 driving 
force, beating out decreasing time to market by a 25 percent margin. This 
year, cost reduction again led with a similar margin over decreasing time 
to market. After reducing time to market, the next two factors were reduc­
ing form factor and increasing functionality. 

The success factor rankings in Japan clearly indicate that cost is primary 
and that the other factors form a tier of secondary importance factors. In 
fact, the general perception of products from Japan consists of two main 
points: high quality and very expensive. Because the quality is perceived 
to be so high, increasing quality has become less important —as a focus 
there would clearly lead to diminishing returns. But designers can address 
the other perception and focus on price. Japan's economy has been 
improving, but the country is cautious because of the strong yen. The 
natural tendency would be to focus their energy in directions that would 
strengthen their economy and ensure long-term success. This may be 
accomplished by utilizing the manufacturing skill prevalent throughout 
system houses. By streamlining the design to prototype cycle, cost-
reduction goals can be achieved. 

Once the cost issue is addressed, the other factors come into play: fimc-
tionahty, time to market, and form factor. The time-to-market factor has 
risen in importance over the last year, taking over No. 2. Increased compe­
tition from imports from North America, Taiwan, and Korea has put stress 
on the design cycle for those companies that want to enjoy the benefits of 
pioneering new products or features. Basically, the decreasing time-to-
market argument is based on the premise that potential revenue is lost for 
each week the product is not on the market. While this certainly may be 
the case, the quick cycle time and volume atmosphere in Japan also make 
time to market a cost and productivity issue. Concurrent engineering with 
special attention to design for test (DFT), design for assembly (DFA), and 
design for manufacturing (DFM), places a premium on engineers' time. 
Time is money, and decreased cycle time translates not only to quicker 
time to market, but also to reduced engineering costs. 

As in North America, increasing functionality in Japem continued to be an 
important factor because it acts as a differentiator. In Japan, the issue of 
increased functionality is not simply product differentiation, but it's also a 
way of life where the philosophical "bar" is raised as new functionality is 
introduced. One need look no further than the rapid introduction of con­
sumer products to see this at work. In the cost-competitive environment 
that has developed, the premium for functionaUty is not readily accepted. 
The most bells and whistles do not necessarily make a winning product, 
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but if priced right, the features can at least keep the customer and push a 
sale in the right direction. 

Decreasing form factor has also risen in importance. Form factor remks not 
only as a cost issue, but also as an opportunity cost. With space at a pre­
mium in Japan, form factor reduction can influence product acceptance. 
This is especially true in the consumer market, where form factor is a 
major thrust for handheld and "fits-in-your-pocket" products. Beyond 
that, at the board and chip level, board shrinks and total reduced silicon 
area are by definition less expensive. With those two factors working 
together, smaller, feature-rich products appeal not only to users, but also 
to management. 

In short, the cost factor remains the dominant force in determining prod­
uct success. Largely driven by the recovering economy, systems designers 
are determined to provide increased fiinctionaUty and tim.e to market at a 
competitive price, in the right form factor to meet customers' needs. Fur­
ther analysis in this and later chapters wiU illuminate how this is accom­
plished and point out other significant trends. 

Signal Layers 

Design Languages 

Increased chip complexity and system complexity naturally result in 
increased board complexity. Increased I /Os in smaller spaces require 
designers to invent more efficient packing schemes. One such method is 
increasing signal layer use. Users in Japan indicate that next-generation 
designs wiU require an increase in signal layers per board, from an aver­
age of 3.2 up to 4.4, While an ambitious percentage increase, the net gain 
will place the new designs at less signal layers per board than their North 
American counterparts. The fewer signal layers in the designs from Japan 
indicate a lower degree of complexity, one factor that allows the products 
to get to market faster. 

This increasing trend in signal layer use is driven by the data processing 
and communications markets (see Figure 4-2). Both application markets 
are facing competition to provide greater functionality in smaller space, 
and both concerns directly affect signal layer use. 

HDLs have played an important role in accelerating system design devel­
opment times. Once a proprietary/internal-only arena, HDLs have grown 
into a multimiUion dollar market. Dataquest asked our respondents to 
describe the use and planned use of their design tools. Figure 4-3 shows 
that VHDL, the new standard, is gaining significant momentum in the 
marketplace and narrowing the gap between it itnd VerUog. Looking into 
next-generation design, however, designers reported that there is an enor­
mous potential for VHDL to surpass Verilog. Closer examination suggests 
that much of VHDL's growth results from those who do not use an HDL 
currently. The planned use of HDLs also suggests that in many cases, both 
HDLs wiU be used. 
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Figure 4-2 
Signal Layers per Board Design: Japan 
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Figure 4-3 
Use of HDLs: Japan 
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Chapter 5 
Product Trends: North America 

To develop and market ASIC products that are competitive in North 
America, it is important to examine the integration levels used in ASIC 
designs for current-generation systems and plans for next-generation sys­
tem designs. 

In this chapter, Dataquest explores the ASIC product trends by appUca-
tion. The first section looks at gate arrays and cell-based designs, while the 
second section examines programmable logic devices. We further 
subdivided those sections covering gate counts, system clock speeds, and 
packaging when applicable. 

Gate Array and CBICs 
The trend toward system level integration and high-density design has 
been discussed by Dataquest in the past. To further quantify the design 
activity, Dataquest took a closer look at the trends defining and differenti­
ating the usage of gate arrays and CBICs. 

Design Starts by Gate Count 
Have ASIC designs increased significantly in size? What will be the face of 
ASIC densities profiles through 1995? In order to view design-size migra­
tion patterns, Dataquest asked respondents to indicate the average and 
maximum gate densities of their gate array and cell-based designs. Figures 
5-1 and 5-2 show the 1995 average and maximum estimates by utilized 
gate count for gate array and CBIC designs by overall application markets. 
Both charts show a trend Dataquest has been discussing for quite some 
time—that CBICs are leading gate arrays in the high-end market. For cost, 
design reuse, power, and speed considerations, CBICs have gained popu­
larity for high-density designs. 

Designers reported that the average gate array design wiU exceed the 
50,000 gates for 1995, averaging about 54,000 gates. Respondents also 
claim that the average CBIC gate count will climb to over 92,000 gates this 
year. Both the average and maximum gate sizes shotild continue to grow 
healthily as increases in ftmctionality drive multiple solutions onto a sin­
gle die. Furthermore, Dataquest believes that large SRAMs (128 Kb and 
256Kb) will be diffused in the gate array base wafers and used for cache 
memory. Other fimctions such as SCSI, ALU, multiplier, multiplier-accu­
mulator, FIFO, DMA controllers, cache controller, and 82XX microperiph-
erals will also be diffused in the gate array and will drive the average gate 
counts upward. 

Figure 5-3 shows the distribution of gate array and CBIC designs by aver­
age expected gate count in 1995. Dataquest analysis of these figures 
reveals the following important points: 

• Peak use for both gate arrays and CBIC designs is in the range of 20,000 
to 50,000 gates. 

• CBICs are expected to outpace gate array growth in the category of 
more than 100,000. 

• Gate arrays dominate designs with less than 20,000 gates. 
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Figure 5-1 
1995 ASIC Design Starts by Average Gate Cotmt by Application 
Market: North America 
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Figure 5-2 
1995 ASIC Design Starts by Average Maximum Gate Count by Application 
Market North America 
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Figure 5-3 
1995 ASIC Des ign Start Distribution by Average Uti l ized Gate C o u n t Nortih America 
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System Clock Speeds 
More speed! No one seems to get enough of it. Just as the designers are 
pushing for more functionality, bells, and whistles, the need for speed 
continues to rise. As more devices become intelligent and networked, the 
old coinmunications standards of last year are no longer acceptable. "More 
bandwidth!" is the accompanying clamor, as computers and communica­
tions devices fight for bus presence. ASIC designers described the trend 
toward more speed: slower devices are getting faster, average speeds are 
cHmbing, and maximum speeds are soaring. Figure 5-4 shows the increas­
ing speed trend. The average maximum clock speed will increase from 
75.6 MHz in 1994 to 102.1 MHz in 1995. For a true meeting of the minds, 
silicon providers need to meet the designers' needs with efficient silicon 
solutions at those high speeds. 

Last year was led by designs in the 21- to 33-MHz range (see Figure 5-5). 
However, the curve was relatively smooth except for a steep decline above 
the 50-MHz mark. In 1995, this will not be the case. Although the 21- to 
33-MHz range is still important, perceived demand of those products is 
not nearly as strong. The curve appears to be extending and shifting out, 
with the highest number of designs in the 34- to 50-MHz range. 

Cell Libraries 
Cell libraries have arisen as an important way to differentiate ASIC sup­
pliers. While some suppliers operate on a pricing strategy, others focus on 
developing numerous cells to allow them to address a variety of user 
needs. Dataquest asked users to indicate which cells they used in their 
1994 designs and planned for their 1995 designs. Figures 5-6 and 5-7, 
respectively, show gate array and CBIC cell use. 
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Figure 5-4 
ASIC Digital Clock Frequencies: North America 

Source: Dataquest (June 1995) 

Figure 5-5 
Average ASIC Digital Clock Frequency Distribution: Nortii America 
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Figure 5-6 
Gate Array Des ign Starts by Cell Use: North America 
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Important points about these figures are as follows: 

• RAM and Scan Path Test cells are the most popular cells for both gate 
arrays and CBICs. 

• The high use of Scan Path Test cells in CBICs is needed for the higher 
densities described earlier. 

• There is a rapid rise in on-chip microperipherals, primarily of the 82XX 
type such as DMA controllers. 

• Cell use in ASICs is increasing for all types, except analog in gate arrays, 
where pure analog arrays are being phased out. 

Memory Sizes 
The size and amount of memory used in gate arrays has been increasing, 
and Dataquest asked designers to describe the trend. Users indicated that 
over 50 percent of the designs that used memories implemented less than 
16Kb (see Figure 5-8). In fact, design starts using the glamorous large 
SRAMs of 128Kb or larger barely surpassed 5 percent of those design 
starts. However, users also indicated that they would be increasing their 
use of SRAM in 1995, where the use of over 256Kb will grow nearly 5 per­
cent in 1995. 
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Figure 5-7 
CBIC Design Starts by Cell Use: North America 
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Figure 5-8 
Gate Array Design Starts by Total Memory Size: North America 
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Microprocessor Use 
As available density increases on a single chip, other ftmctional blocks 
besides RAMs are being implemented. One such element gaining in popu­
larity are microprocessors. Dataquest found that the 68xxx were the most 
popular cells for gate arrays and embedded arrays (see Figure 5-9). MIPS 
and ARM cores were also popular for communications-type applications. 
Designer also indicated that custom or proprietary processors made up 
the balance of those not on the survey. 

Packaging Trends 

Packaging Types 
Packaging improvements have allowed complex designs to make the 
jump from esoteric curiosities to functional reahties. High I /O require­
ments are pushing packaging designers to rethink and reinvent pad-pitch 
relationships and capacitance issues. Thin-lead requirements and the 
accompanying problems have led designers to consider the future of their 
high-density designs alongside the packaging constraints. 

Figure 5-10 shows the trend of packages in the near future. Of importance 
is the slight resurgence of the PQFPs. With the introduction and ramp-up 
of thermally enhanced QFPs, designers have targeted their designs in the 
more cost-effective packages, effectively extending their popularity. As 
high I/Os become an issue, however, the PQFPs become less feasible 
design solutions as the fine lead pitch becomes a common handling prob­
lem. Pin Grid Arrays (PGA) can accommodate the I /O requirements but 
have a major drawback when board space is an issue because of the 
through-hole design requirements. To maintain the surface-mount design 
savings, many vendors have begun to look closely at the Ball Grid Array 

Figure 5-9 
Gate Array Des ign Starts by Microprocessor Cell: North America 
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Figure 5-10 
Gate Array Des ign Starts by Package Type: North America 
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Programmable Logic 

(BGA) package, which not only provides the benefits of surface-mount 
technology and the required 1/C3s but is also self-aligning. In fact, design­
ers suggested that close to 10 percent of their designs in 1995 will use some 
form of BGA, more that doubling the use in 1994. 

Pin Counts 
It is often said that ASICs drive future packaging requirements. As ASIC 
designs increase in size and complexity, the packages must be developed 
that enable full access to the ASIC's functionality. Dataquest asked users to 
estimate the percentage of designs using different pin counts. Figure 5-11 
shows how users responded. The bulk of packages had between 196 and 
244 leads for 1994, dominated by the 208 quad flat pack. In 1995, the pin-
count range of choice remains the same; however, there is almost a unilat­
eral shift upward in the pin-count ratings. The majority of packages will 
have 133 to 244 pins, with greatest growth occurring in the packages using 
over 244 pins. Again, increased functionality means higher integration, 
which can translate to more required pins. 

Rounding out the ASIC market are the PLDs. Living off the need for flexi­
ble solutions and quick time to market, prograimnable logic has fotmd its 
way into appHcations ranging from personal electronics on up to super­
computers. Last year even had high-density PLDs (CPLDs and FPGAs) on 
motherboards or as the primary logic for supercomputer-class designs. 
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Figure 5-11 
Gate Array Design Starts by Pin Count North America 

Percentage of Designs 

25-fl 

<44 44 to 84 85 to 132 133 to 195 

Number of Pins 

196 to 244 245 to 303 >304 

9$03Z64 

Source: Dataquest (June 1995) 

MOS PLDs are a fast-growing ASIC market with a compound annual 
growth rate of nearly 21 percent from 1993 through 1998. To gain 
insight into this market, Dataquest allocated a significant portion of its 
survey to PLDs. 

Development Seats 
To get a better understanding of PLD use, respondents were asked how 
many development seats their teams had. Respondents indicated that the 
average number of PLD development seats per team was 3.3. With an 
overall average team size of 10, this would indicate a situation where shar­
ing seats is required or where teams have a designated-PLD staff member. 
A typical development seat was responsible for 3 designs per year, though 
up to 5 designs per seat per team was not imcommon. 

Device Use 
Gate array suppliers often ask if PLDs eire viable production solutions or 
simply a prototyping vehicle. Dataquest investigated the uses for both 
simple PLDs (PALs and GALs) as well as for high-density devices (FPGAs 
and CPLDs). While it is true that a significant portions of PLDs are used 
for prototyping. Figure 5-12 shows that a high percentage of both simple 
and complex PLDs are used for production. 

High-Density PLD Designs by Gate Count 
Gate array suppHers have lost a portion of the low-end gate array market 
to PLDs. The question that remains is: What gate count ranges have PLDs 
penetrated? Dataquest asked users to indicate what percentage of their 
designs fell into various gate ranges. Figure 5-13 shows the gate count by 
design starts for 1993 and 1994 emd what users expect to use in 1995. In 
1994, the most popular density for programmable logic was the sub-1,500-
gate range followed by the l,500-to-3,000-gate range. Clearly, the work-
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Figure 5-12 
Use of Programmable Logic: North America 
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Figure 5-13 
High-Density PLD Design Starts by Gate Count North America 
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horse designs are on the low end, where PLDs are maturing and more 
cost-competitive with nonprogrammable solutions. The design profile is 
changing, however, and designers indicated that they will boost their 
average design density into the 3,000-to-5,000-gate range for 1995. In fact, 
confidence and interest has increased to the point where designs over 
10,000 gates wiU constitute over 15 percent of PLDs by year-end. The one 
caution that needs to be attached to this is that while design activity is 
extending upward, PLD units remain shipping at the lower densities in 
volume. 

Implementation and Limiting Factors 
Programmable logic has been gaining in popularity as designers' confi­
dence in tools, and their own experience, has increased. Dataquest asked 
users to indicate how they implemented small amounts of random logic 
(see Figure 5-14) to see how this has impacted system design. Users indi­
cated that nearly a third of systems used standard logic for the implemen­
tation while nearly 36 percent responded that gate arrays were used. Just 
below 50 percent of designers responded that they used high-density pro­
grammable logic for the implementation. A quick review of the data 
suggests that there is still significant opportunity to grow the use of pro­
grammable—the designs in gate arrays and standard logic represent 
growth markets for FPGAs and CPLDs with the exception of high-volume 
applications. It is important to note that designers indicated that they 
often used a combination of devices to implement random logic, and, 
therefore, PLDs and standard logic could coexist on the same board. Simi­
larly, designers were not asked if their response was limited to volume 
solutions, so it is likely that the programmable logic may have been used 
in prototyping and preproduction. 

Figure 5-14 
1994 Implementation of Random Logic: North America 
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What prevented the use of programmable logic? Dataquest also asked 
users to explain why (see Figure 5-15) they do not utilize it. It turns out 
that cost was the No. 1 reason designers did not implement programmable 
logic. In fact, it appears that cost may be the only issue for some, limiting 
their scope and narrowing their vision away from programmable logic 
solutions. Next most important was speed—a problem designers have 
raised their voices about because they have been unable to run many ASIC 
emulations at system speeds. Third in the hierarchy was density. Design­
ers also indicated other reasons for not using programmable logic. These 
included too few I/Os, too low output drive, excessive board space 
requirements, poor radiation resistance, and no budget for software tools. 
Respondents indicated their preferences in this question by selecting a 
box, and many responded that multiple factors affected their decisions. 

Figure 5-15 
Factors Limiting Programmable Logic Use: North America 
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Chapter 6 
Product Trends: Japan 

To develop and market ASIC products that are competitive in Japan, it 
is important to examine the integration levels used in ASIC designs for 
current-generation systems and plans for next-generation system designs. 
The ASICs designed in Japan provide a snapshot of regional design activ­
ity. This chapter was juxtaposed after the chapter on North America to 
allow the reader to understand how these designs compare to those from 
another region. 

In this chapter, Dataquest explores the ASIC product trends in Japan. The 
first section looks at gate arrays and cell-based designs, while the second 
section examines PLDs. We further subdivided those sections covering 
gate counts, system clock speeds, and packaging when applicable. For a 
more in-depth understanding of the Japanese and North American mar­
kets, Dataquest suggests that the current and previous chapters be read 
together. 

Gate Array and CBICs 
The trend toward system-level integration and high-density design has 
been the thrust of the ASIC industry for some time and equally discussed 
by Dataquest in the past. To further quantify the design activity in Japan, 
Dataquest took a closer look at the trends defining and differentiating the 
use of gate arrays and CBICs. 

Design Starts by Gate Count 
With maximum usable gates at over 1.5 million, the era of true system-
level integration can be reaUzed. But while the available densities reach 
that high, has actual design activity moved into that realm? To investigate 
design-size migration patterns, Dataquest asked respondents to indicate 
the average and maximum gate densities of their gate array and cell-based 
designs. Designers reported that the average gate array gate count moved 
to about 25,000 gates in 1994, and they expect densities to increase to 
41,000 gates by the end of 1995. While gate array gate counts have been 
rising, many recent discussions have focused on the growth of CBIC gate 
counts. Figures 6-1 cmd 6-2 show the 1995 average mean and average max­
imum estimates by utilized gate coimt for gate array and CBIC designs by 
overall application markets. Both charts show a trend Dataquest has been 
discussing for quite some time —CBICs are leading gate arrays into the 
high-gate-count market. It is important to note that the designers in Japan, 
who have traditionally been gate array advocates, indicate that cell-based 
design wiU lead high-density design, making even clearer the shift toward 
preconfigured cell-type solutions. For cost, design reuse, power, and 
speed considerations, CBICs have gained popularity for high-density 
designs. Needless to say, this is a tremendous opporttmity for suppliers 
that can facihtate this move. Those suppHers that can help the systems 
designers reach their goals wiU no doubt be credited as key members of 
the product development team. 
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Figure 6-1 
1995 ASIC Design Starts by Average Gate Count by Application Market Japan 
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Figure 6-2 
1995 ASIC Design Starts by Average Maximum Gate Count by Application 
Market Japan 

Thousands of Gates 

180-

160-

140-

120-

100-

SO-

SO-

40-

20-

0' 

Gate Array 

CBIC 

Data Processing Communication Industrial 
Application 

Transportation Consumer 

9503270 

Source: Dataquest (June 1995) 

ASIC-WW-UW-9501 ©1995 Dataquest Incorporated June 26,1995 



Product Trends: Japan 37 

Designers reported that the average CBIC gate count will cUmb to over 
60,000 gates in 1995. Both the average and maximum gate sizes should 
grow healthily as increases in functionality drive more complex solutions 
onto a single die. Furthermore, Dataquest believes that large SRAMs 
(128Kb and 256Kb) will be diffused in the gate array base wafers and used 
for cache memory. Other functions such as SCSI, ALU, multiplier, multi­
plier-accumulator, FIFO, DMA controllers, cache controller, and 82XX 
microperipherals will also be diffused in the gate array and wiU drive the 
average gate counts upward. 

Figure 6-3 shows the distribution of gate array and CBIC designs by aver­
age expected gate count in 1995. Like in North America, the designers in 
Japan were optimistic in their migration toward higher densities. None­
theless, the trend needs to be understood, and Dataquest analysis of these 
figures reveals the following important points: 

• Peak use for both gate arrays and CBIC designs is in the range of 20,000 
to 50,000 gates. 

• CBICs are expected to outpace gate array growth in the category of 
more than 75,000. 

• Gate arrays dominate designs with less that 20,000 gates. 

Figure 6-3 
1995 ASIC Des ign Start Distribution by Average Uti l ized Gate C o u n t Japan 
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System Clock Speeds 
Different applications need different features, and designers in Japan, 
which is dominated by a swelling consumer electronics industry, has not 
embraced the need for speed with both arms as designers have in North 
America. Nonetheless, speed requirements are still increasing, and the 
designers recognize that the designs of tomorrow will require higher and 
higher speeds. ASIC designers in Japan described the trend toward more 
speed: average speeds climbing slightly, and maximum speeds steadily 
increasing to higher levels. Figure 6-4 shows the increasing speed trend. 
The average ASIC design had a clock frequency of 26 MHz in 1994, which 
respondents believe will reach 37 MHz in 1995. The maximum clock, on 
average, will increase from 50 MHz in 1994 to 60 MHz in 1995. 

Cell Libraries 
Cell libraries have arisen as an important way to differentiate suppHers. 
While some suppliers continue to operate on a pricing strategy, others 
focus on developing numerous cells to allow them to address a variety of 
user needs. Dataquest asked users to indicate which cells they used in 
their 1994 designs and planned for their 1995 designs (see Figures 6-5 
and 6-6). 

Figure 6-4 
ASIC Digital Clock Frequencies: Japan 
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Figure 6-5 
Gate Array Design Starts by Cell Use: Japan 
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Figure 6-6 
CBIC Design Starts by Cell Use: Japan 
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Important points about this data is as follows: 

• RAM and Scan Path Test cells are the most popular cells for gate arrays. 

• RAM is the most popular for CBICs. 

• There is a rapid rise in on-chip microperipherals, primarily of the 82XX 
type such as DMA controllers. 

• While cell use is increasing in both gate arrays emd CBICs, the higher 
values for CBICs confirm that complex functions are more easily imple­
mented in cell-based technology. 

• Microprocessor ceUs, especially Z80s, have been popular in many appli­
cations, most notably, games. 

Designers from Japan generally reported the same cell use trends as those 
in North America; however, there was discrepancy in the use of Scan Path 
Test. North American designs incorporated 20 to 25 percent more of these 
types of cells than reported in Japan. As pointed out earlier, the testability 
issue wiU increase in importance as the designers expand their expertise to 
accommodate higher densities. 

Memory Sizes 
The size and amount of memory used in gate arrays has been increasing, 
and Dataquest asked designers in Japan to describe the trend. Users indi­
cated that over 40 percent of the designs in 1994 used memories less than 
16Kb (see Figure 6-7). However, design starts using the glamorous large 
SRAMs of 128Kb or larger surpassed 15 percent of those design starts in 
1994. Users indicated that they would be increasing their use of SRAM in 
1995, where the use of over 256Kb will exceed 10 percent in 1995. Data 
processing caches, telecommunications data biiffers, and increasing use 
of embedded memories in consumer products continue to drive these 
figures. 

Packaging Trends 

Packaging Types 
While increasing densities, speed, and cell use have been constantly men­
tioned throughout this report, the packaging factor acts as an invisible 
conduit through which the increased functionality is supposed to work. 
Packaging improvements arise every day, and today's standard quickly 
becomes tomorrow's old news. The hot package one year may be on the 
decline the next, and favorite packages in Japan may have reduced accep­
tance elsewhere. Such is the case when comparing package use in Japan 
with that on North America. A quick perusal would find that a noticeable 
gap exists between the two regions when looking at high-pin-count pack­
ages. The lesson to be learned from this gap is that designers in Japan have 
not focused as much energy into large designs as North American design­
ers. The cause could be both cost and time-to-market issues, but the chal­
lenge now arises for suppliers to introduce, promote, and support higher-
density designs as viable alternatives with complementary packages. The 
successful vendor that accomplishes this will not only bring the systems 
company into a greater competitive position, but it will also reap the 
rewards of experience and customer loyalty on the competitive edge. 
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Figure 6-7 
Gate Array Des ign Starts by Total Memory Size: Japan 
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One of the econonnic hurdles that supphers will have to overcome is the 
extensive relationship and attachment that the designers in Japan exhibit 
toward the PQFP. The PQFP has seen extremely high use across all appli­
cation markets, with no single market being the stronghold for that pack­
age type. In North America, the PQFP was favored only in selected areas. 
While there are definite economic advantages to adhering to a single pack­
age type, there are advantages, sometimes even economic, to migrating to 
other package types. 

Figure 6-8 shows the packaging trend for the near future. With the intro­
duction and ramp-up of thermally enhanced QFPs, designers have tar­
geted their designs in the more efficient packages, effectively extending 
their popularity. However, as high I /Os become an issue, the PQFPs will 
become less feasible as design solutions because bent leads and handling 
problems arise with fine-pitch QFPs. Clearly, designers in Japan have not 
run into this problem by either keeping design densities down or by clever 
engineering to avoid that particular situation. Pin Grid Arrays have not 
been a factor as through-hole design requirements conflict with the sur­
face-mount designs. To maintain the surface-mount design savings, many 
vendors in North America have begun to look closely at the Ball Grid 
Array — which provides the benefits of surface-mount technology, 
required I/Os, and a self-aligning benefit. While BGA technology has 
clearly been gaining momentum in North America, Japan has seen little 
action in that package. For 1994, designers in Japan have sparingly 
planned to design-in the BGA, while designers in North American indi­
cate that they will have five times the design activity in the BGA than what 
designers in Japan indicated. 
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Figure 6-8 
Gate Array Des ign Starts by Package Type: Japan 
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Programmable Logic 

Pin Counts. As ASIC designs increase in size and complexity, the packages 
must be developed that enable full access to the ASIC's functionality. By 
analyzing the package use in Japan, it is evident that the quick-concept-to-
production reputation Japan is famous for has enabled it to stemdardize on 
a single package type while also keeping them from the forefront of pack­
aging technology. Dataquest asked users to estimate the percentage of 
designs using different pin counts. Figure 6-9 shows how users 
responded. Looking at 1995, the pin-cotmt range of choice is 133 to 195, 
apparently revealing that designs from Japan lag those from North Amer­
ica in terms of I /Os. Further analysis indicates that the designs are shifting 
away from the low end of the range. A great example is the 5 percent of 
designs slated for packages at 304 and more pins. 

PLDs have penetrated every major regional market but has its own special 
dynamics in Japan. Because of the ability to turn gate arrays quickly and 
the perception of high price, FPGAs have not garnered as much favor as 
their other kindred, namely CPLDs. The PAL-like architecture of CPLDs 
has made it easier for designers in Japan to tmderstand the implementa­
tion of CPLDs. Based largely on this ability, CPLDs have enjoyed greater 
visibility and design success in Japan. 
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Figure 6-9 
Gate Array Des ign Starts by Pin C o u n t Japan 

Percentage of Designs 

35 

<44 
I I I 

44 to 84 85 to 132 133 to 195 196 to 244 245 to 303 
Number of Pins 

>304 

950327:' 

Source: Dataquest (June 1995) 

Development Seats 
To get a better understanding of PLD use, respondents were asked how 
many development seats their teams had. Respondents indicated that the 
average number of PLD development seats per team was 2.7. With an 
overall average team size of 17, this would indicate a situation where shar­
ing seats is required or where teams have a designated PLD staff member. 
A typical development seat was responsible for over 10 designs per year, 
though higher rates were not uncommon. 

Device Use 
Dataquest investigated the uses for both simple PLDs (PAL- and GAL-
class devices) as well as for high-density devices (FPGAs and CPLDs) in 
Japan. While a significant portions of PLDs are used for prototyping, 
Figure 6-10 shows that 45 percent of simple and 27 percent of complex 
PLDs are used for production. 

While the prototyping figures are comparable between North America 
and Japan, there are larger differences in the emulation and production 
categories. The emulation use in Japan averages nearly five percentage 
points greater in Japan than in North America. This is again a strong indi­
cator of the quick prototyping and cost-conscious atmosphere in Japan. 
Similarly, ASIC emulation facilitates concurrent design that has been 
proven to reduce cycle times and cut costs. The lower use of PLDs in pro­
duction is a testament to the low-cost drive of designers in Japan and the 
lingering perception that PLDs are big-ticket items. 

High-Density PLD Designs by Gate Count 
Glue logic has definitely felt the bite of programmable logic, but the ques­
tion remains: Have PLDs captured designs of higher complexity? Gate 
array and PLD suppliers need to look at the designs captured by program­
mable logic to properly plan their product rollouts. Dataquest asked users 
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Figure 6-10 
1994 Use of Programmable Logic: Japan 
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to indicate what percentage of their designs fell into respective gate 
ranges. Figure 6-11 shows that while the category of less than 1,500 gates 
was the most popular in 1993, the most popular density for programmable 
logic in Japan is the range of 5,000 to 10,000 gates in 1994. This is followed 
by less than 1,500 gates. Apparently, the distribution flattened out through 
1994, indicating that designers are comfortable with lower-density and 
higher-density designs. The workhorse designs were on the low end in 
1993, where PLDs are maturing and the most cost-competitive with non­
programmable solutions. In 1994, the increased confidence and use of pro­
grammable logic in prototyping and emulation has pushed design start 
densities up. However, the small number of designs with greater than 
10,000 gates is relatively small, suggesting that the price of the higher-den­
sity parts may play a big role in determining use. 

Implementation and Limiting Factors 
Dataquest asked users to indicate how they implemented small amounts 
of random logic (see Figure 6-12) to see how this has impacted system 
design. Users indicated that about 40 percent of systems used standard 
logic for the implementation while over 40 percent responded that gate 
arrays were used. Just above 35 percent of designers responded that 
they already used high-density programmable logic for the implementa­
tion. With low-end gate array and standcird logic use so high in Japem, 
suppUers should target the great opportunity there. It is important to note 
that designers indicated that they often used a combination of devices to 
implement random logic, and, therefore, PLDs and standard logic could 
coexist on the same board. Similarly, designers were not asked if their 
response was limited to volume production solutions, so it is likely 
that the progranmnable logic may have been used in prototyping and 
preproduction. 
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Figure 6-11 
High-Density PLD Design Starts by Gate Cotmfc Japan 
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Figure 6-12 
1994 Implementation of Random Logic: Japan 
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What prevented the use of programmable logic? Dataquest also asked 
users to explain why (see Figure 6-13) they did not use it. It turns out that 
cost was the No. 1 reason designers did not implement programmable 
logic. In fact, it appears that cost may be the only issue for some, limiting 
their scope and narrowing their vision away from programmable logic 
solutions. In fact, nearly 70 percent of respondents reported that cost was 
the biggest factor slowing programmable logic's acceptance in Japan. 
Next most important was speed, a problem designers have raised their 
voices about as they have been unable to run many ASIC emulations at 
system speeds. Third in the hierarchy was density. Designers also indi­
cated other reasons for not using programmable logic. These included 
board space requirements, too high power requirements, and no budget 
for software tools. Surprisingly, some designers reported that they did not 
understand, did not have access to iivformation about, or had difficulty 
programming their PLD solutions. Respondents indicated their prefer­
ences in this question by selecting a box, and many responded that multi­
ple factors affected their decisions. 

Figure 6-13 
1994 Factors Limiting Programmable Logic Use: Japan 
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Chapter 7 
Dataquest Conclusions 

The users have spoken, and suppliers should listen. There have been 
many noteworthy issues made clear by user perceptions, evident from the 
survey results. The major findings are as follows: 

• Cost reduction remains the driving force for market success. 

• CBIC use is on the rise in leading high-end products. 

• On-chip memory use and bit requirements are on the rise. 

• Megacells are playing increasingly critical roles. 

• BGA packages are gaining significant momentum. 

• Demand for 3V products is growing, but more slowly than previously 
believed. 

Systems designers came out waving the flag of cost reduction in 
Dataquest's last ASIC user survey. This result suggested that time to mar­
ket, the No. 1 factor for market success worldwide, no longer was the pri­
mary marching order for determining market success. In this year's 
continuation of the survey, users suggested that the market dynamics 
have not changed what determines success. Process engineers and prod­
uct planners have already reduced the design cycle to terms that are 
acceptable. Extensive effort in this area may lead to diminishing returns 
and higher costs as a premium for faster turnaround time. 

Reduced time to market and increased functionality were also key factors 
in both Japan and North America. Competition in the IT industry has 
designers pushing design cycles down while boosting the level of func­
tionality per system. As a result, designers have turned to ASICs for lead­
ing-edge differentiation while keeping costs reasonable. So, while the 
system prices remain nearly the same, the familiar phrase "what do I get 
for my money" has driven the idea of value deep into the hearts of design­
ers and even deeper into the margins of the semiconductor vendors. 

The cost and functionality concerns that designers iterated can clearly be 
addressed by cell-based design. Similarly, cell reuse in CBICs has been 
proven to speed large designs to market. As design ability increases and 
tools facilitate the placement and stitching of cells together, Dataquest 
expects CBICs to play an important role in enabling high-density design 
with system-level integration to become a reality. 

This current trend was also supported by the designers in our survey. 
Across the board, CBICs were leading the charge toward higher density 
and integration. As designers suggested in earlier chapters, gate arrays 
will dominate the low- to midrange-density designs while CBICs capture 
more designs in the category of more than 100,000 gates. What makes 
these high-density designs feasible for CBICs is the stitching together of 
functional cell blocks. By placing and connecting functional blocks and 
megacells, designers can quickly provide the desired functionality while 
quickly boosting gate counts. 
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Thus cell libraries become the remaining differentiator in the cell-based 
arena. In North America, suppliers targeted specific appHcation markets 
and worked with designers to build significant cell libraries. Because of 
this movement, vendors can compete by meeting customers' needs with 
optimized cells. As Japan is making a stronger thrust into cell-based 
design, we expect these cells to become fundamental building blocks for 
designing complex products. A stark example of this is the amount of inte­
gration that can be seen when comparing gate array to CBICs in North 
America and Japan. Designers in North America reported that while they 
expected gate array designs to reach over 50,000 gates in 1995, they also 
claimed that cell-based designs would exceed 90,000 gates. Designers in 
Japan reported that while they expected gate array designs to reach over 
40,000 gates in 1995, they also claimed that cell-based designs would soar 
past 60,000 gates. While those numbers may seem optimistic, designers in 
both regions indicate that cell-based design densities wiU outstrip that of 
gate arrays — no bones about it. 

One cell used in CBICs and gate arrays is memory. The new research in 
this year's survey indicated that the majority of designs used less than 
16Kb of total memory. On the other hand, memory use is growing, and 
designers in both regions reported that memory use in general and mem­
ory densities greater than 128Kb are also on a healthy ramp. The imple­
mentation of such large amounts of memories will require optimized 
memory ceUs for both the cell-based and embedded array designs. 
Another implementation (that is, traditional arrays) will severely inhibit 
design efficiency. 

The design and implementation of megacells is also gaining importance. 
Beyond the use of large memory blocks, Dataquest added a question 
investigating the implementation of microprocessor cells. Users indicated 
that microprocessor cell usage was an integral part of their system design; 
later information suggested the same for microcontrollers. 68xxx, MIPS, 
ARM, and DSPs are finding their way on-chip as functional integration 
coUapses the chip count. 

Increased fvmctionality and high densities can often translate to more I /O 
requirements. Combine that with high-frequency switching, and package 
choice is a major issue. Since cost was a driving factor, the use of 160 and 
208 quad flat packs would appear to be the natural choices for cost reduc­
tion; however, the high-density designs often require high bandwidth, 
and the extra-wide buses can push 1/Os to the upper 200s and above. Sur­
vey respondents suggested that pin counts were rapidly rising, and along 
with it, the use of BGAs in North America. In fact, design starts in BGAs 
climbed from 3 percent in 1994 and is expected to pass 9 percent of designs 
in 1995. BGAs address many of those problems designers have been fac­
ing, and the newer chip-scale versions address associated issues of board 
real estate. 

Low- and mixed-voltage ASICs are on a design ramp but not nearly as 
rapidly as earlier beUeved. The push toward "green" PCs and other low-
power products created an atmosphere that convinced designers that low-
voltage products would hit hke a tidal wave. Now that the hype has died 
down, the intricacies of low- and mixed-voltage design as well as the eco­
nomics have hit home. No doubt, mobile computing and size-conscious 
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consumer applications have begun to affect the design of today's ASICs 
and will play a larger role in the ASICs of tomorrow. However, the slug­
gishness of the peripherals market to adopt low-voltage signaling technol­
ogy and the economics of 5V DRAMs have kept up demand for 5V 
products. As result, designs go where the dollars are, and while low- and 
mixed-voltage designs are expected to increase, 5V designs stiU represent 
the Hon's share of activity. 

Supplier Recommendations 
ASIC users want and need higher-density ASICs for their next-generation 
system designs. This presents a great opportunity for ASIC suppUers that 
can supply the right value. 

First of all, ASIC suppliers must address the base needs of their clients. 
They must be able to meet cost, functionaUty, and time-to-market require­
ments. Without these basic elements, they must strive harder to create per­
ceived value. Second, above understanding their clients' needs, suppHers 
need to understand their relative positions and take action to increase 
and/or maintain competitiveness. One such example is to maintain and 
support the libraries for 5V ASICs, which will extend for about two more 
years. 

An importctnt area to improve is testing. ASIC testing is generally on the 
rise because of the inclusion of larger functional blocks on-chip. As densi­
ties increase, the margin for error must decrease, or the absolute error rate 
in units wiU grow. This is unacceptable, and to ignore the problem would 
hold technology back to the implementation of single functions on single 
chips, a state that many ASIC vendors left behind years ago. To move for­
ward, suppHers need to review innovative testing methodologies that add 
little real estate penalty or no performance hit and implement them to 
ensure that increasing densities are reHable. 

Amid the rash of price cuts and low-cost bidding, ASIC suppHers need to 
focus on a differentiation strategy. As mentioned earHer, cost has been the 
great equalizer, so a cost-cutting strategy may do even more harm than 
good because most ASIC suppHers offer similar process technologies, 
design tools, and/or design density. This low-cost strategy can help gain 
short-term market share but requires very low overhead, reduces margins, 
and can result in long-term lack of focus and loss of profitabiHty. Another 
way to differentiate is building focused cell libraries. EarHer, we described 
the growing importance of cell Hbraries and how they need to gain 
momentum. For this to occur, suppliers must work closely with their cus­
tomers to determine which cells to develop and the best cell mix for each 
appHcation. The suppliers that do not do so may quickly find themselves 
designed out of a cHent because of archaic or xmwanted technology. 

A combination of these factors suggests that suppliers should also focus 
on the design environment. Besides being able to support both VHDL and 
Verilog, which are both on the rise, suppHers need to further examine the 
ceU Hbrary portion on the tool equation. Even if HDL use increases and 
synthesis efficiency cuts design time and cost, there will stiU be a problem 
because of a lack of competitive ceUs. In North America, cell use is high 
and on the rise. On the other hand, ceU use in Japan is rising, but it is still 
comparatively low. The gap will decrease with proper planning and 
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execution, but the cell fimctionahty gap can serve to win more business 
only for those with better, up-to-date cells. 

However, an independent effort to develop cells may seem like a costly 
venture with no guaranteed returns. A more appropriate approach is to 
work closely with systems designers to develop optimal cells for their 
ASIC designs. These cells can then be leveraged for reuse in other 
designs — increasing reuse, and decreasing design time. The reusable cells, 
as part of an ASIC library, can be used to develop appHcation specific 
standard products (ASSPs) for a small investment. Hence, the ASIC-to-
ASSP link also becomes a factor in revenue generation, cost reduction, and 
fab filling. 

The low-cost model of ASSP development may seem an economical 
choice, as the standard products cem be used by multiple system suppliers. 
But before ASIC suppliers decide to place all their eggs in the ASSP basket, 
they must be sure to maintain the ASIC relationship. The ASIC develop­
ment is what will give the supplier the competitive cells and advantage. 
Similarly, we have seen system suppliers that actually benefit from the 
ASIC cost model as opposed to the ASSP route because the technology is 
optimized for their architecture. Hence the system is tuned to the ASICs 
for performance, as opposed to the system being compromised on perfor­
mance to save cost by using standard parts. 

The opportunity for improvement spans a plethora of issues. Although 
they might like to, no single supplier can afford to spend the R&D to 
develop the best software, best process technology, and best cell libraries 
alone. In order to effectively take advantage of the opportunities available, 
suppliers should look into strategic partnerships to build their competitive 
advantage. On the process side, manufacturers have been forced to look to 
partnerships to defray the high costs of leading edge submicron technol­
ogy. Similarly on the software side, suppliers need to form tighter alH-
ances with EDA companies from both Japan and North America to gain 
continued access to the leading-edge mapping, testing, and synthesis 
tools. All suppliers should be paying close attention to the recent series of 
mergers and acquisitions in the EDA market. The third-party tools have 
become a formidable force in the North American design cycle, making 
suppher differentiation a critical factor. 

User Recommendations 
As Dataquest believes that suppliers wiU become more focused to address 
particular markets, users must also enter the equation, forging relation­
ships with those suppliers and growing together with the particular appli­
cation. To choose the particular supplier, Dataquest encourages users to 
compare vendors on a variety of strengths, including tools, processes, 
packaging, test capability, cell Ubraries in their application area, system 
focus, system expertise, and service and price. 

This book reveals an opporttmity for suppliers and systems designers to 
come together and propel ASIC technology to the forefront of competitive 
market. Dataquest beUeves that users should pay more attention to indus­
try analysis and company benchmarks regarding supplier capacity, capa­
bilities, and rankings. ASIC designers must set up internal benchmarking 
as well as examine all independent third-party evaluations of their 

ASlC-WW-UW-9501 ©1995 Dataquest Incorporated June 26,1995 



Dataquest Conclusions 51 

suppliers. Furthermore, we advise users to continue monitoring all 
designs and suppliers on a timely basis. Competitive systems require com­
petitive ASIC supphers, and users need to work with those suppUers that 
can deliver competitive products. ASIC suppliers provide the critical key 
to differentiating users' systems, and users should place their bets wisely. 
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