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AGENDA 

7:00-8:00 a.m. Registration and Continental Breakfast 

8:00 a.m. Welcome and Introduction 
Joseph Grenier 
Director 
Semiconductor Equipment and Materials Service 

8:10 a.m. Electronic Equipment Outlook and the Next PC Boom 
Terrance Birkholz 
Semiconductor User and Applications Group 

8:40 a.m. Semiconductor Industry Status 
David Angel 
Vice President and Director 
Semiconductor Industry Service 

9:10 a.m. New Manufacturing in the Submicron Decade 
Mark Reagan 
Semiconductor Equipment and Materials Service 

9:40-9:55 a.m. Break 

10:00 a.m. Some Key Performance Measures of the Semiconductor Equipment Industry 
Joseph Grenier 
Director 
Semiconductor Equipment and Materials Service 

10:30 a.m. Fab Equipment Trends in the '90s 
Krishna Shankar 
Semiconductor Equipment and Materials Service 

11:00 a.m. Staying in the Materials Race through the '90s 
Mark FitzGerald 
Semiconductor Equipment and Materials Service 

11:30 a.m. Trends in Packaging 
Stan Bruederle 
Vice President 
Components Group Consulting 

Adjourn 
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Hotel Sofitel San Francisco Bay at Redwood Shores 
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1990 SEMia3N/WEST SIMINAR 
QUESnONN2m?E 

In order to continually inprove the Semiconductor Equipivent and Materials 
SEMZCJON/West Seminar, we need to better understand your information 
needs. Please help us by ccsipleting the following questionnaire. We 
would appreciate it if you would list your ccaaopany name and/or attach your 
business card. 

1. Is your ccnpary a Dataquest client? Yes No 

2. Which of the following best describes your compai^'s primary 
activities? 

Semiconductor manufacturer 

Semiconductor equipment si^plier, Front end , Back end_ 

Semiconductor materials supplier 

Other 
(Please specify) 

Which of the following best describes your positioiytitle? 

CEO, President, Vice President 

Strategic Planning/Business Develc^snent 

Sales and Marketing Management 

Product Develcpnent/R&D/Engineering Management 

Other 
(Please specif) 

4. How did you learn about this seminar? 

Ihe brochure was mailed directly to me 

Someone in my ccsmpany gave me the brochure 

Someone frcm Dataquest called me 

Other . 
(Please speciQ^) 
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5. Please list your main reasons for attending this seminar: 

6. 

7. 

How well did the seminar meet your objectives? 

Hicdiest 

5 4 

In the future, should the length of this seminar be: 
Shorter Longer Âbout the same? 

What is the best day and time to hold the seminar? 
Day Time? 

Please comment on this location? 

Lowest 

3 2 1 

8. Please rate the speakers and their speech content: 

Speaker Delivery 
Hicdiest Lowest 

Terrance BirWiolz 
Dave Angel 
Mark Reagan 
Joseph Grenier 
Krishna Shankar 
Mark FitzGerald 
Stan Brufiderle 

5 
5 
5 
5 
5 
5 
5 

4 
4 
4 
4 
4 
4 
4 

3 
3 
3 
3 
3 
3 
3 

2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 

Speech Content 
Hicdiest Lowest 

9. Topics you would like to hear about at next year's seminar: 

5 
5 
5 
5 
5 
5 
5 

4 
4 
4 
4 
4 
4 
4 

3 
3 
3 
3 
3 
3 
3 

2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
l' 

10. Please vise this space for your ccantiments on any aspect of our seminar: 

Name 
(C^ional) 
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Electronic Equipment Outlook 
and the Next PC Boom 

Terrance A. BIrkholz 
Industry Analyst 
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Dataquest Incorporated 
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AGENDA 

Near-term outlook 

Long-term outlook 

Summary 

NEAR-TERM OUTLOOK 
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U.S. COMPUTERS AND OFFICE EQUIPMENT 
Shipments Growth (1988-1990) 

Percent Change 

J F M A M J J A S O N D J F M A M J J A S O N D J F 
h 1988 4- 1989 H 1990 

Souice: VS. DepartmeniofConiineice 

U.S. COMPUTERS AND OFFICE EQUIPMENT 
Orders Growth (1988-1990) 

Percent Change 

J F M A M J J A S O N D J F M A M J J A S O N D J F 
h 1988 4- 1989 H 1990 

Sourae: U& DapufenartorOonmam 

© 1990 Dataquest Incorporated May 23 — Reproduction Prohibited 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



U.S. COMPUTERS AND OFFICE EQUIPMENT 

Weeks 
Inventory to Shipments Ratio 

J J 
Month 

A S O N D 

Souwe: US. Deptiwnt cf Ooiiimeice 

U.S. COMMUNICATIONS EQUIPMENT 

In February: 

• Three-month-ended orders: 11.1% atxyve year-earlier orders 

• Three-month-ended shipments: 10.5% above year-earlier 
shipments 

• Inventory at 9.9 wiseks was 1.1 vveeks less than 
February 1989 

Dataquest expects: 

• Orders growth to stabilize 

• Shipments growth to remain t>risk, then stabilize 
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U.S. INSTRUMENTS 

In February: 

• Three-month-ended orders: 6.1% above year-earlier orders 

• Three-month-ended shipments: 3.6% above year-earlier 
shipments 

• Inventory at 10.4 weeks was 0.4 week less than 
February 1989 

Dataquest expects: 

• Upcoming months to be marked by relatively stable growth 

ELECTRONIC EQUIPMENT 
PRODUCTION FORECAST 

(Billions of Dollars) 

Total Worldwide 
North America 
Japan 
Europe 
Asia/Pacific 

1989 

653.1 
269.2 
181.1 
149.0 
53.8 

1990 

689.7 
285.0 
183.7 
159.6 
61.5 

%A 

5.6 
5.8 
1.4 
7.1 

14.3 
SoiaoK IMaquM 
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NEAR-TERM SEMICONDUCTOR 
MARKET DRIVERS 

Billions of Dollars 

70 

Contributions to 1990 Growth ($M) 
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1989 

DOS PCs 

Fax 

1990 

Laser Printers 

Rigid Drives 

ODD LAN 
^ W o r k s t a t i o n s 

Other SemicondiJClor 

Soiaoa: MMquast 

LONG-TERM OUTLOOK 
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ESTIMATED WORLDWIDE ELECTRONIC EQUIPMENT 
PRODUCTION OUTLOOK BY REGION 

Growth, %A 
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ESTIMATED WORLDWIDE ELECTRONIC 
PRODUCTION OUTLOOK 

Growth, %A 
10 n 

9 -

B-

7 -

1990 

Communications 
Equipment 

Data Processing 
Equipment 

1 1 1 1 1 — 

50 100 150 200 250 300 
Revenue ($B) 

350 400 

SmKr 

© 1990 Dataquest Incorporated May 23 — Reproduction Prohibited 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



ESTIMATED WORLDWIDE 
ELECTRONIC EQUIPMENT PRODUCTION OUTLOOK 

Growth. %A 
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LONG-TERM SEMICONDUCTOR 
MARKET DRIVERS 

Estimated 
1989-1994 
Change in 
Worldwide 
Electronic 

Equipment 
Production 

Estimated 
1989-1994 
Change in 
Worldwide 

Semiconductor 
Production 

$Z72l3ilion 

PCs/Wbrto^abons 
Pef1pheratS| 

1^x3 MainframesMinis 
^ H Others 

I 
$55Binion 

20 40 60 80 100 
Percentage 

90UR9K 

WORLDWIDE LONG-TERM OUTLOOK 

Electronic equipment production growtii to accelerate 
to 7^% in 1991 from 5.4% in 1990 
Growth to peal( at 8.6% in 1992 
Noncomputer semiconductor growth up sharpiy 
Greatest semiconductor growth opportunities within data 
processing - smart peripherals and subsystems 
Asia/Pacific and Japan are fastest-growing regions In 1992 
Rising trade protectionist sentiment and production cost 
minimization necessitate evenly distritnited, regionalized 
production 
Eastern Europe and China - emerging markets (?) 
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SUMMARY 

In the near term: 
• 5.4% worldwide electronic equipment production growth 

forecast in 1990 
• Semiconductor consumption fueled by a few healthy 

application markets 
- (0.7%) worldwide overall semiconductor consumption growth 
- 3J6% worldwide nonmemory semiconductor consumption growth 

in the long term: 
• 8.6% worldwide electronic equipment production 

peak growth forecast in 1992 

• PC boom extending to smart peripherals 

© 1990 Dataquest Incorporated May 23 — Reproduction Prohibited 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



Dataoyest 
acon^nyof 
The Duri & Bradstreel Corporation 



tldtt'nmM& 04nanr>!]Biin 

Dataquest's Ninth Annual 
SEMICON/West Seminar 
Status 1990 
May 23, 1990 

Semiconductor industry Status 
David L. Angel 

Vice President and 
Director of Worldwide Research 
Semiconductor Industry Service 

Dataquest Incorporated 
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WORLDWIDE SEMICONDUCTOR MARKET 
Billions of U.S. Dollars 
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Forecast: 1990 and Beyond 
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WORLDWIDE SEMICONDUCTOR INDUSTRY 
REVENUE GROWTH FORECAST 

Percentage 

40 

1988 1989 1990 1991 1992 1993 1994 

Souice: Dataquest 
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OUTLOOK 

• Peak of next boom will be in 1993 

• Market will surpass $100 billion in 1993 

• MOS memory will remain fastest-growing segment 

• Bipolar digital memory and logic will continue 
to decline due to BiCMOS alternative 

• Stabilizing factors now occurring 

• 1990: A year of challenges 

Somce: Dataquest 
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REGIONAL OUTLOOK 

• 

North America 

CAGR 1989-1994 --15% (1990 down 3%) 
Slow, steady growth 

• Slower GNP growth In 1990 than in 1989 
• Workstations, PCs, laser printers, rigid disk 

drives are market drivers 
• Will grow slightly faster than Japan through 1994 
• Will remain second-largest market through 1994 
• Consolidation will become significant 

Somce: Dataquest 
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REGIONAL OUTLOOK 

Japan 

• CAGR 1989-1994 -13.5% (1990 down 2.0%) 
• Flat market in 1990 
• Changing from export-driven to domestic demand-driven 

economy 
• Will remain largest market through 1994 
• Will be slowest-growing market through 1994 
• Fax machines, laser printers, PCs are driving markets 
• China's political instability hurting Japanese exports 
• GNP will remain strong in 1990 

Somce: Dataquest 
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REGIONAL OUTLOOK 

Europe 

• CAGR 1989-1994 - 1 5 % (1990 up 2%) 
• PCs will continue to be market driver 
• Fierce PC and DRAM competition from Asian 

suppliers 
• GNP growth will be faster than in U.S., although 

U.K. is suffering 
• Long-term growth equal to North America 
• Will maintain market size position at #3 through 

1994, in spite of Asia/ROW 
Source: Dataguest 
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REGIONAL OUTLOOK 

Asia/Pacific 

• CAGR 1989-1994 -20.1% (1990 up 6.0%) 

• Personal computers are the name of the game in Taiwan 

• Mergers, acquisitions, marketing channels are key 

• Domestic demand picking up volume from decelerating exports 

• Hong Kong companies moving some operations to Thailand 
and Malaysia 

• Fastest-growing market through 1994 

• Will remain smallest market through 1994 

Souice: Oaiaquest 
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TOP 10 MERCHANT SEMICONDUCTOR 
COMPANIES' WORLDWIDE REVENUE IN 1989 

1988 Rankings 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

NEC 
,,, Toshiba 

Hitachi 
Motorola 

Fujitsu 
Texas Instruments 

Mitsubishi 
Intel 

Matsushita 
Philips 

2 3 
Billions of Dollars 

4 

Souice: Dalaquest 
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WORLDWIDE ELECTRONICS MARKETS 
1989 Shipments 

^ Data Processing 
^ Consumer 
M Industrial 
M Communications 
Ei Transportation 
M Military 

Total = $701.2 Billion 
Soufce: Dalaquest 
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WORLDWIDE SEMICONDUCTOR CONSUMPTION 
BY APPLICATION MARKET 

1989 

Total :» $57.0 Billion 

@ Data Processing 

^ Consumer 

H Communications 

M Industrial 

00 Transportation 

@ Military 

Soufce: Oalaquest 
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1989: ANATOMY OF A MARKET 
Memory and Micros: The Industry Drivers 

Billions of Dollars 
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PRODUCT FORECASTS 

Memory 

ASIC 

Micros 

Analog 

|flrti7tfi5.<Ufl o4ae/go:ANGl 

PRODUCT FORECASTS 

Micros 
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WORLDWIDE MOS MICROPROCESSOR 
FORECAST 

Millions of Dollars 

7,000 

feltoai^JUa oHiMrt-iUiai 

1989 WORLDWIDE MOS MICROCOMPONENTS 
TOP 10 SUPPLIERS 

1989 
Ranking 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1988 
Ranking 

1 
2 
3 
4 
5 
6 
7 
8 

13 
9 

(Millions of Dollars) 

Intel 
NEC 
Motorola 
Hitachi 
Mitsubishi 
Toshiba 
Texas Instruments 
Matsushita 
Chips & Technologies 
Fujitsu 

1988 
Revenue 

1,835 
790 
699 
525 
381 
346 
234 
230 
130 
202 

1989 
Revenue 

1,929 
937 
803 
554 
435 
407 
252 
217 
216 
211 

Percent 
Change 

5% 
19% 
15% 
6% 

14% 
18% 
8% 

(6%) 
66% 

4% 

1989 
Market 
Share 

23.5% 
11.40/b 
9.8% 
6.8% 
5.3% 
5.0% 
3.1% 
2.6% 
2.6% 
2.6% 

Souice: Dataquest 

© 1990 Dataquest Incorporated May 23 — Reproduction Prohibited 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



tt»ma.iK mtim.m6\ 

PRODUCT FORECASTS 

f . . . •' 
•lir - .; 

A$IC 

1 
' f 

• * • • f 

.1^ 

• • 
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ASIC FAMILY TREE 

Programmable 
Logic Devices 

(PLDs) 

ASIC 
Family Tree 

Gate Arrays Cell-Based ICs 
(CBICs) Fuil-Custom tCs 

WitimM» wyaaat/wai 

ESTIMATED WORLDWIDE ASIC CONSUMPTION 
BY TECHNOLOGY 

Millions of Dollars 

1988 1989 1990 1991 1992 1993 
Souice: Dataquest 
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1989 WORLDWIDE ASIC 
TOP 10 SUPPLIERS 

1988 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 

10 
9 

1989 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(Millions of Dollars) 

Fujitsu 
NEC 
LSI Logic 
Toshiba 
Advanced Micro Devices 
AT&T 
Texas Instruments 
Hitachi 
VLSI Technology 
National 

Total 
Nols: 1989 revenue estimaies are preCininary. 

Gate 
Arrays 

621 
548 
420 
299 
24 
46 
28 

263 
47 

106 
2,402 

ASIC TRENDS 

CBICs 

48 
27 
37 

101 
0 

257 
155 

6 
122 

12 
765 

PLDs 

0 
0 
0 
0 

314 
0 

91 
0 
0 

42 
447 

Total 

669 
575 
457 
400 
338 
303 
274 
269 
169 
160 

3,614 

Souice: Dataquest 

BRTUllM MMflo-AMSI 

Gate Arrays 

• Significant cut in design starts 

• Heavy revenue impact from chip sets 

• More complex PLDs will affect gate arrays 

• Severe price competition 

• BiCMOS: the new frontier 

• RISC processors going on-chip 
Souice: Dataquest 
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ASIC TRENDS 

Cell-Based ICs 

• Tied closely to application markets 
• Good growth forecast 
• Will not catch gate arrays 
• Mixed-mode designs grow in popularity 
• Testability a major challenge 
• RISC processors to become critical cell 

in CBIC library 

Souice: Oalaguest 

bithlAiM oiheii»jM&\ 

ASIC TRENDS 

PLDs 

PLDs will become alternative to gate arrays 
- Watch for offshore competition 

Market driven by diverse architectures and 
innovative applications 
- Growth In complex PLDs 

Most new ideas coming from new entrants 

Souioe: Dataquest 
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PRODUCT FORECASTS 

1 L>n-J!r • 

• 

Analog 

aii<'n>iT.rU& ouTrnttSS} 

ANALOG FAMILY TREE 

Analog 

Hd 
Monolithic ICs 

1 
Hybrids 

I 
General-Purpose 

Analog ICs 

I 

T 
special-Purpose 

Analog iCs 

1 
Analog ASICs 

I 
Consumer 

ICs 

1. 
Telecom 

ICs 

VsJtage 
Regulators/ 
References 
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WORLDWIDE ANALOG 10 FORECAST 
1988-1993 

Billions of Dollars 

20 

1988 1989 1990 1991 1992 1993 
Souree: Dalaquest 
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1989 WORLDWIDE ANALOG 
TOP 10 SUPPLIERS 

(Millions of Dollars) ,^ 
^ * 1989 

1989 1988 1988 1989 Percent Market 
Ranking Ranking Revenue Revenue Change Share 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
5 
3 
7 
6 
4 

11 
9 
8 

Toshiba 
National Semiconductor 
Sanyo 
Philips 
Motorola 
Texas Instruments 
NEC 
SGS-Thomson 
Mitsubishi 
Matsushita 

569 
540 
471 
466 
425 
426 
469 
352 
395 
423 

572 
558 
530 
522 
445 
417 
415 
393 
384 
376 

(1%) 
3% 

13% 
12% 
5% 

(2%) 
(12%) 
12% 
(3%) 

(11%) 

6 .1% 
5.9% 
5.6% 
5.6% 
4.70/b 
4.4% 
4.4% 
4.2% 
4 . 1 % 
4.0% 

Souice: Dataquest 

BiifaigJUa outttMj^i 

THE ANALOG MARKET 

• Rivals memory as largest IC segment 
• Less cyclical than digital products 
• Long life cycles 
• Design intensive rather than process intensive 
• Very fragmented in: 

- Products 
- Markets 
- Suppliers 
-Applications 
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THE ANALOG MARKET 

Analog Is key to . . . 

• Automotive electronics 

• HDTV and consumer electronics 

• Smart power and home automation 

• High-resolution computer graphics and video 

• Disk drive electronics 

• Mixed-signal ASICs 

lawiTOM.iiaa ovUho-Aiii 

PRODUCT FORECASTS 

Memory 

•-
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MOS MEMORY FORECAST 
Billions of Dollars 

20 

15 

10 

^ DRAM 
^ SRAM 

-Nonvolatile-
Other 

S 

^ 

11 ill 
ill 

il^i, 

I 

a 

* • 

^1 

1986 1987 1988 1989 1990 1991 1992 1993 
Souice: Dataquest 
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1989 WORLDWIDE MOS MEMORY 
TOP 10 SUPPLIERS 

1989 
Ranking 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1988 
Ranking 

1 
2 
3 
4 
5 
6 
7 

10 
9 
8 

(Millions of Doiletfs) 

Toshiba 
NEC 
Hitachi 
Fujitsu 
Mitsubishi 
Texas Instruments 
Samsung 
Sharp 
Oki Semiconductor 
Intel 

1988 
Revenue 

1,516 
1,490 
1,114 
1,067 

966 
834 
650 
344 
353 
392 

1989 
Revenue 

1,918 
1,739 
1,534 
1,265 
1,161 
1,095 

935 
476 
473 
433 

Percent 
Change 

27% 
17% 
380/0 
19% 
20% 
3 1 % 
44% 
38% 
34% 
10% 

1989 
Market 
Share 

11.7% 
10.6% 
9.40/b 
7.7% 
7.1% 
6.7% 
5.7% 
2.9<M) 
2.90/0 
2.6o^ 

Souice: Dataquest 
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ASP (Dollars) 

ESTIMATED WORLDWIDE 
1Mb DRAM PRICING 

Quarterly: 1987-1990 

18 

14 

10 

R 
-

1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 
1987 A^ 1988 4- 1989 4- 1990 • 

Source: Oataquest 

MlWwjUa otiitm-MISi 

1990 OUTLOOK FOR 1Mb DRAMs 

• First quarter oversupply 

• Continued price erosion 

• Possible political intervention 

• Throttle-back of DRAM production 

• Increased availability of SRAMs and PSRAMs 

• Potential supply glitch during recovery 

• Difficult 4Mb introduction 
SouiCK Dalaquest 
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WORLDWIDE SEMICONDUCTOR MARKET 
Billions of U.S. Dollars 
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Sourca: Ddaquesl 
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Dataquest*s Ninth Annual 
SEMICON/West Seminar 
Status 1990 
May 23. 1990 

New Manufacturing 
in tlie Submicron Decade 

Mark 7. Reagan 
Semiconductor Equipment and Materials Service 

Dataquest Incorporated 
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AGENDA 

Line geometries 

200mm manufacturing 

Newfabs 

Cost of a fab 

Capital spending 

pUMMJUB MBBBSgl 

AGENDA 

Line geometries 
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CONVERGING TECHNOLOGIES: 
ASIC AND DRAM LINE GEOMETRIES 

Line Geometry, Microns 

1.6 

1.4 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

\NX\\\\mV\VV\NN\x\ss\̂ ^^^^^ 

t""'t Average Gate Array 
Average DRAM-
Leading-Edge DRAM 

n̂ -̂ ^ • " ^ ^ 
16Mb 

'̂ 'i'iWjS^^S^^^S^^ îiSWl 

1989 1990 1991 1992 1993 1994 
Souice: Dolaquest 

THE ONE-MICRON BARRIER 

• 79 submicron lines worldwide 

• Submicron lines represent 10.4 percent 
of all installed fab lines 

• All 200mm lines have minimum linewidths 
at or below one micron 
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AGENDA 

Line geometries 

200mm manufacturing 

Writ«»<».M6 €»M.<htflai 

RUNNING TOTAL 
OF 200mm CAPACITY PER YEAR 

Four-Week Capacity MSI 

40 

1988 1989 1990 1991 1992 1993 1994 
Soiflce: Oataqueit 
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TOTAL 200mm CAPACITY 
BY COMPANY BY THE END OF 1992 

Four-Week Capacity US\ 

10 

IBM NEC Toshiba Texas Fujitsu NIhon Sam- Hitachi Mitsu- Atmel Siemens 
Instr. sung bishi 

Souce: DMaquest 
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AGENDA 

• Line geometries 

• 200mm manufacturing 

• New tabs 
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ESTIMATED NEW FAB LINES WORLDWIDE 
R&D and GaAs Not Included 

Number of Ribs 

60 

KMMflflHB-^V «•»•»*••«»• 

f * * • ' ' * ' « ' • • ••««v*vA. i**4«*F*» 
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1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Sounw: 

mtuiMMia asBssim 

NEW CAPACITY BY REGION 
1990 and 1991 

• Japan 
^ North America 
OD Asla/Paclfic-ROW 
• Europe 

Souioe: Daiaqiiest 
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NEW SUBMICRON CAPACITY BY REGION 

1990 and 1991 
• 49% of total capacity will be submicron 
• Submicron portion is split as follows: 

• Japan 
^ North America 
OD Europe 
• Asia/Pacific-ROW 

Some: Dataquest 

tmi^jMS laiMJiBti 

NEW PLAYERS IN JAPAN 

• Asahi Micro Systems 

• Honda 

• Isuzu 

• Kawasaki Steel 

• Kobe Steel 

• Nippon Steel 

• Nissan Motor 

• NKK Steel 

• Sumitomo Metal Mining 

•TDK 

• Toyota 
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AGENDA 

• Line geometries 

• 200mm manufacturing 

• New tabs 

• Cost of a fab 

imwtJUB hosassfEn 

ESTIMATED COST OF A NEW DRAM FAB 
Millions of Dollars 

600 

64K 256K 1Mb 4Mb 
DRAM Density 

16Mb 64Mb 

Souree: Oalaquest 
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FAB COST AMORTIZED 
OVER BOTH TIME AND PRODUCT 

Span of 12 to 15 Years 

DRAMs 
SRAMs 
Gate Arrays 

CBICs 
MPUsMCUs 
Gate Arrays 

Aneiiog 
Standard Logic 
Optoelectronic 

Now Later 

imwuiia mwfcftBki 

AGENDA 

Line geometries 

200mm manufacturing 

New tabs 

Cost of a fab 

Capital spending 
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WORLDWIDE CAPITAL SPENDING FORECAST 
Billions of Dollars 

30 

25 

20 

15 

10 

1984 1986 1988 1990 1992 1994 
Souree: Dalaquest 

us d^<fatWKI 

ESTIMATED TOP 10 SEMICONDUCTOR 
CAPITAL SPENDING, 1994 

Millions of Dollars 

1.400 

1.300 

1,200 

1.100 

1,000 

900 

800 

•liijiliilll 
•lililBlillllWIflM 

B E F 
Company 

H 

Somoe: Oolaquest 
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Dataquest's Ninth Annual 
SEMICON/West Seminar 
Status 1990 
May 23. 1990 

Some Key Performance 
IMeasures of tlie 

Semiconductor Equipment industry 
Joseph Grenier 

Semiconductor Equipment and Materials Service 
Dataquest Incorporated 
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AGENDA 

Three key performance measures of the 
semiconductor equipment industry 

Status of the industry 

MiMi^MUg 

THREE KEY PERFORMANCE MEASURES 

• Operating Income 

• R&D expenditures 

• Sales per employee 
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OPERATING INCOME 

Net sales 
Cost of sales 
SG&A expense 
R&D expenditures 

Operating income 
Interest expense (income) 
Extraordinary items 
Income taxes 

Net income 

\auuMm <*i«(tea«i 

OPERATING INCOME 
AS PERCENT OF SALES 

* Fiscal 1989 

Novellus 
Coqnex 
AoDlied 
Genus 

BTU 
SVG KLA 

Varian 
Tylan 

FSI 
Lam 
ASM 
K&S 

P/Therm 
MTI 

Teradvne 
Nanometrics 

OSI LTX 

•L/yfJA.'.fliVl^t^AfJJ-.'-JJXfJ-JJlfyfJJljJJ:^ 
-lU^iyUMUUkUWUUlAC^UVyYirtAA^^ 
y^K^AA^ftAf^!A^^*w^fJ*^>^^ 

^ ^ 

K!;i.«s»tKti 

t^'i>i'^sl 

Arerage ^ 10JO% 

-20 -to 10 
Percent 

20 30 40 

Sowce: Company Literature 
Dataquest 
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R&D EXPENDITURES 
AS PERCENT OF SALES 

Fiscal 1989 

LTX 
OSI 
Lam 

Nanometrics 
Coqnex 

"KLA 
Applied 

Teradyne 
FSl 

SVG 
Novellus 

K&S 
ASM 
MTI 

RTThenn 
Genus 

BTU 
Ty\sa\ 

^SSSSSISSSSSSSSSSSSSSSSSSSSSSSSSSSSS^^ 

'wwmmmmmmm!mi!g!^m>mm!3 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

mmmm 

^'imifmimiimmmi^m^^i 

immmmHi^m^ 

Airerage - ia4% 

10 15 

Percent 
20 25 30 
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OPERATING INCOME PLUS R&D 

A Pool of Funds 

Net sales 
- Cost of sales 
- SG&A expense 
- R&D expenditures 

Operating income 

Operating Income + R&D Expenditures 
Equals 

A Pool of Funds that Can Be Traded Off 
Souice: Oalaquest 
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OPERATING INCOME PLUS R&D 
EXPENDITURES AS PERCENT OF SALES 

Fiscal 1989 

Cognex 
Novellus 
Applied 
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SVG 
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MTI 
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Sowce: Company Literature 
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OPERATING INCOME PLUS 
R&D EXPENDITURES 

Rscal 1989 
Millions of Dollars 
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R&D EXPENDITURES 
Fiscal 1989 

Millions of Dollars 

80 

^V Sotnce: Coinpany t-iteraluie 
Oataquest 
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HOW DO EQUIPMENT COMPANIES 
STACK UP? 

1989 R&O Expenditures - U.S. Companies 

Percentage of Sales 

Equipment 
Companies 

Semiconductor 
Companies 

Electronics 
Industry 

IBM 

Souree: Dataquest 
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SALES PER EMPLOYEE 
Fiscal 1989 

Novellus 
Genus 

Applied 
Lam 

Cognex 
KLA 
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Nanometrics 
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RTThenn 
OSI 
MTI 
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K&S 
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FRONT-END VS. BACK-END COMPANIES 
1989 Sales Per Employee - US. Companies 

$190j000 
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$102,000 

Front-End 
Companies 

Back-End 
Companies 

SoMce: Oataquest 
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NET INCOME AS PERCENT OF SALES 
Front-End vs. Back-End 

U.S. Equipment Companies 
Percentage 
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HOW DO EQUIPMENT COMPANIES 
STACK UP? 

1989 Sales Per Employee - U.S. Companies 

$146,000 

$99,000 

$126,000 

$163,000 

Equipment Semiconductor Electronics 
Companies Companies Industry 

IBM 

Souce: EIA 
Company Utetatuie 
Odaquest 
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THE FABULOUS FABLESS 
1989 Sales Per Employee - U.S. Semiconductor Companies 

Average 
S/C Company 

Fabbed 
S/C Company 

Fabless 
S/C Company 

Souice: Oalaquest 

THE FABULOUS FABLESS 
1989 Net Income as Percent ot Sales -

U.S. Semiconductor Companies 
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Average 
S/C Company 

Fabbed 
S/C Company 

Fabless 
S/C Company 

Souice: t}ataquest 
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1989 SALES PER EMPLOYEE 
U.S. Semiconductor Companies with Fabs 

100 150 
Thousands of Dollars 

2&0 

Souce: Compaiy Literature 
Dataqusst 
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Status of the Industry 
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EQUIPMENT COMPANY SALES TRENDS 
Sales by Quarter 

Millions of Dollars 

800 

600 

400 

200 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Souice: CJataquest 
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ESTIMATED WAFER FAB EQUIPMENT MARKET 
Worldwide 

Billions of Dollars 

14 

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Souice: Oaraquest 
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1.2 

SEMICONDUCTOR EQUIPMENT 
BOOK-TO-BILL RATIO 

^ ^ Front End 
^ ^ Assembly 

Jan Feb Mar Apr May June July ^ j g Sep Oct Nov Dec Jan Feb Mar 
Soiiic«:SEMI 
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Dataquest's Ninth Annual 
SEMICON/West Seminar 
Status 1990 
May 23, 1990 

Wafer Fab Equipment 
Ik^ends In the 1990s 

Krishna Shankar 
Semiconductor Equipment and Materials Service 

Dataquest Incorporated 
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AGENDA 

Forces driving the fab equipment market 
in the 1990s 

Fab equipment market and technology trends 

Integrated processing market trends ' 

Future scenarios for fab equipment configuration 

Conclusions 
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CONVERGING TECHNOLOGIES: 
ASIC AND DRAM LINE GEOMETRIES 

Line Geometry, Microns 
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DRAMATIC INCREASE IN MASK/ETCH LAYERS 
Number of Mask/Etch Layers 

256K 1Mb 4Mb 
DRAM Generation 

16Mb 64Mb 

Soma: 

ASIC FABS DRIVE 
INTERCONNECT TECHNOLOGY 

Number of Interconnect Levels 

5 

10K 100K 200K 
Gate Array Density 

500K 

S(MO«: Dataquest 
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MICROPROCESSORS AS TECHNOLOGY DRIVERS 

Chip Feature 1989 1990 

Transistor Count 
Technology 
Clock Speed 
Instruction Execution 

283,000 
1.4^CM0S 

32 MHz 
29 mips peak 

580,000 
0.95^ CMOS 

61 MHz 
58 mips peak 

Sowce: ISSOC1990 
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16Mb DRAM AS TECHNOLOGY DRIVER 

IBM at the Leading Edge 

Feature 

• O^micron CMOS technology 
• Deep UV lithography 
• Excimer laser lithography 
• 0.15-micron shallow junctions 

• Tungsten plugs 
• Lithography cluster 
• Diffusion cluster 
• Thin films cluster 

Comment 

• Uses deep trench capacitor 
• Step-and-scan tool 
• 245nm excimer laser stepper 

• Titanium silicide used 

• Blanket tungsten etchtiack 
• Integrated track and steppers 
• Integrated thermal processing 
• Integrated deposition/etch 

8auree:iBM 
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ESTIMATED COST OF A NEW DRAM FAB 
Millions of Dollars 

600 

64K 256K 1Mb 4Mb 
DRAM Density 

16Mb 64Mb 

Sowce: 

AGENDA 

• Forces driving the fab equipment market 
in the 1990s 

• Fab equipment market and technology trends 

• Integrated processing market trends 

• Future scenarios for fab equipment configuration 

• Conclusions 
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FAB EQUIPMENT MARKET 
AND TECHNOLOGY TRENDS 

Engines Driving Submicron Processes 

• Lithography management 

• Thin films management 

mim*Miii msBfom 

LITHOGRAPHY MARKET TRENDS 
FOR THE 1990s 

Millions of Dollars 

3.500 
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LITHOGRAPHY 

Trends for the 1990s 

Interest reemerging in mix-and-match 
- 5:1 steppers with projection aligners 
- 5:1 steppers with 1:1 steppers 
Future mix-and-match strategy 
- 1-line with e-beam 
- Where does this leave excimer laser 

and x-ray aligners? 
Two compact SORs soon to see first "light" 
New e-beam machines being introduced 

SouiOO: DOMiquQSt 
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STEPPER TRENDS FOR THE 1990s 

Keep Your Eye on 1-Line 
G-line may fade faster than expected 
A lot of activity in i-line 
- Japanese semiconductor manufacturers 

very interested in i-line 
- Stepper manufacturers introducing new systems 
I-line lens heating problem is solved 
I-line advantages 
- More depth of focus 
- More process latitude 
- Good for two generations of DRAMs 

Source: Mbquest 

© 1990 Dataquest Incorporated May 23 — Reproduction Prohibited 
Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 

1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



FAB EQUIPMENT MARKET 
AND TECHNOLOGY TRENDS 

Engines Driving Submicron Processes 

• Lithography management 

• Thin films management 
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THIN FILMS MARKET TRENDS FOR THE 1990s 
Millions of Dollars 
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INTERCONNECT TRENDS FOR THE 1990s 

More than half the cost of submicron processes 
in the 1990s will be due to use of multilevel 
interconnect technology 

The choice of the optimum interconnect scheme, 
together with the appropriate processing 
equipment and materials, will be crucial to 
cost-effective submicron manufacturing 

Sowoe: Danquest 

CVD EQUIPMENT 

Trends for the 1990s 

• Development of cost-effective, production-
worthy CVD processes 

• Selective tungsten, aluminum, and copper 
for submicron processes 

• ECR CVD for low-temperature, planarized 
dielectrics 

• Integration of CVD into cluster tools 
Soufoe: EMaquest 

© 1990 Dataquest Incorporated May 23 — Reproduction Prohibited 
Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 

1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



PVD EQUIPMENT 

Trends for the 1990s 

Incorporation of PVD with CVD into cluster tools 

Growth of sputtering equipment market with 
three- and four-level metallization 

Excimer reflow of sputtered aluminum? 

Sowoe: Daiaqiiest 

DRY ETCH EQUIPMENT 

Trends for the 1990s 

• High-selectivity, low ion damage equipment 
development 

• Low-temperature etch processes for submicron 
processes 

• In situ particle monitoring, plasma diagnostics 

• Refinements to ECR and MERIE etch equipment 

Souce: maquea 
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AGENDA 

• 

• 

Forces driving the fab equipment market 
in the 1990s 

Fab equipment market and technology trends 

Integrated processing market trends 

Future scenarios for fab equipment configuration 

Conclusions 

THE PROBLEM 

• Increasingly complex submicron processes 
are more sensitive to process-related defects 

• Availability of reliable thin films 
deposition and etch equipment is a bottleneck 
in cost-effective submicron processing 

SOUOK 
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THE SOLUTION: 
INTEGRATED PROCESSING SYSTEMS -

THE WAVE OF THE '90s 

• Advantages of integrated processing systems: 
- In situ film deposition and etch 
- Lower defects 
- Faster turnaround time 
- Ease of automation 

• Today's rigid muitichamt>er tools (RMTs) are 
precursors to tomorrow's flexible cluster 
tools (FCTs) 

• FCTs will integrate areas such as dry clean, 
CVD, PVD, dry etch, RTP, and silicon epi 
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SCHEMATIC OF A 
RIGID MULTICHAMBER TOOL 
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SCHEMATIC OF A 
FLEXIBLE CLUSTER TOOL 
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INTEGRATED PROCESSING SYSTEMS 

Some Future Market Scenarios 

New players: Wafer handling platform vendors, 
systems integrators, service companies? 
Synergistic partnership among equipment vendors 
Big, vertically integrated device companies will 
procure modules and assume ownership 
Emergence of "super" equipment vendors offering 
one-stop hardware, process, and service 
Timely, practical, worldwide standards fail 
to develop: The status quo prevails! 

Souioe: OOtoquest 
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AGENDA 

Forces driving the fab equipment marlcet 
in the 1990s 

Fab equipment market and technology trends 

Integrated processing market trends 

Future scenarios for fab equipment configuration 

Conclusions 
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FAB EQUIPMENT TRENDS FOR THE 1990s 
Islands of Automation 

A 7 ^ ^ 
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Thin Films 
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Souree: 
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AGENDA 

• Forces driving the fab equipment market 
in the 1990s 

• Fab equipment market and technology trends 

• Integrated processing market trends 

• Future scenarios for fab equipment configuration 

• Conclusions 

CONCLUSIONS 

Skyrocketing costs of submicron fabs 

Fab equipment industry in consolidation 

Lithography and interconnects drive technology 

Increasing process and equipment integration 

Fab equipment industry faces a momentous decade 

Souioe: Dataquest 
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Dataquest's Ninth Annual 
SEMICONAVest Seminar 
Status 1990 
May 23, 1990 

Staying In the Materials Race 
through the '90s 

Mark FitzGerald 
Semiconductor Equipment and Materials Service 

Dataquest Incorporated 
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LEADING-EDGE TECHNOLOGY 

Leading-edge technology today will be the 
middle of the pack in the year 2000 

Leading 
Edge 

Technology Scale 
Souice: Dataquest 
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SETTING THE PACE . . . 

DRAM Technology 

Semiconductor 
Materials 
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THE MILESTONES 
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Sowce: Dataquest 
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SILICON WAFER SIZE TRENDS 

1988 1991 1994 1997 2000 
4Mb 16Mb 64Mb 256Mb Gigabit 

Wafer Size (mm) 
Wafer Size (inclies) 
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Souioe: Dalaquest 
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SILICON WAFER SIZE DISTRIBUTION 
North America 

1989 

1994 

1999 
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ZOOfnm 
Other 
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Souice: Dataquest 
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Density 

DRAM DIE DIMENSIONS 

350 300 250 200 150 100 50 
Mils 

200 400 600 800 1.000 
Mils 

Souioe: ISSCC Itehnical R^wis 
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HURDLES FOR SILICON WAFER 
MANUFACTURERS 

Invest in 200mm wafer equipment 

Expand epitaxial wafer capacity (64Mb) 

Meet tighter specs: flatness, resistivity 
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THE COMPETITORS 
Worldwide Sales 

Shin Etsu Handotai (SEH) 

Huels AG MEMO 

Mitsubishi Metal Corp. 

Osaka Titanium 

Komatsu Electronic Matls. 

Wacker 

Toshiba Ceramics 

Others 

100 200 300 400 500 600 700 

Millions of Dollars 
Somce: Dataquest 
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PHOTORESIST TRENDS 

1988 1991 1994 1997 2000 
4Mb 16Mb 64Mb 256Mb Gigabit 

Photoresist 
Type G-line G-line DUV DUV X-ray 

1-line X-ray 

SouRX: [MaqiM6t 

Wi*ttiJi5 UhjHioTni 

PUSH TO EXCIMER 

• G-line - the technology of the 1980s 

• G-line systems continue to improve 
- Alignment systems 
- High N.A. lenses 
- Wide-field lenses 

• Prevailing g-line strategy 
- Push g-line to limits 
- Excimer laser steppers 
- l-llne an interim technology 

Sowce: Dataquest 
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PUSH TO 1-LINE 

G-line may fade faster than expected 
A lot of activity in i-iine 
- Japanese semiconductor manufacturers very 

interested in i-line 
- Stepper manufacturers introducing new systems 
1-line lens heating problem is solved 
1-line advantages 
- More depth of focus 
- More process latitude 
- Good for two generations of DRAMs 

Source: Daiaquea 
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X-RAY RESISTS 

• Current market is insignificant 
- R&D evaluation 
- No production 

• X-ray resist volume anticipated in 1995 
- 2 years after linewidth crosses 0.4 micron (1993) 
- 256Mb DRAMs 

Sowoe: Dataquest 
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HURDLES FOR PHOTORESIST MANUFACTURERS 

• Position company for change at excimer 
and the x-ray stepper introduction 

• High degree of technical support 

• Globalization 

wiMt.iB wacgin 

TOP 10 RESIST SUPPLIERS, 1988 

(Estimated Revenue, Millions of Dollars) 

Company Worldwide U.S. 

1. Tokyo Ohka 
2. Shipley 
3. Hunt 
4. Hoechst 
5. KTI 
6. JSR 
7. Dynachem 
8. Giba-Geigy 
9. Macdermid 

10. Baker 

$ 70 
45 
36 
15 
14 
9 
6 
5 
3 
2 

$ 7 
25 
17 
10 
9 
0 
5 
1 
3 
2 

Total $205 $79 
Souree: Daiaquest 
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GASES TRENDS 

1988 1997 2000 
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THE MOVE TO HIGHER PURITY 
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PLANTS PRODUCING HIGHER PURITY 

Capital cost 

Operating cost 

Plant output reduced 
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GAS COMPANY INTERRELATIONSHIPS 
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CONCLUSION 

• Shift in technology 

• Closer materials vendor-equipment-
DRAM manufacturing relationship 

• Large capital investment 
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AGENDA 

• Worldwide IC package market 

• Emerging technologies analysis 

• Applications demand analysis and forecast 

• Strategic issues and opportunities 

• Summary 
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ESTIMATED 1989 
WORLDWIDE PACKAGING TRENDS 
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SURFACE-MOUNT TECHNOLOGY 
END-USE SEGMENTS -1989 

End Use 

Driving Force 
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In the next decade, 
more performance strides 

will be made through improvements 
in semiconductor packaging 

than through 
semiconductor technology 

Tomorrow, 
multichip modules will offer 
system-level cost savings 

AND 
significant performance 

improvements 
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MULTICHIP MODULE (MCM) 

A collection of multiple die anranged in a 
thin-film multilayer interconnect structure 
that functions as a single integrated circuit, 
bridging the gap between printed circuit 
boards and wafer scale integration 

AGENDA 

Worldwide IC package market 

Emerging technologies analysis 
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MCM DRIVERS 

Supercomputers 
Laptop PCs 
Workstations 
Graphics terminals 
Storage devices 
Switching devices 
Optical communications 
Personal office equipment 
Portable communications 
Satellite communications 

PACKAGING ROAD MAP 
Pin Count 
1.000-

500-

128-

1980 
Through 

Hole 

1985 
Surface 
Mount 

1990 
Systems 

Packaging 

1995 
Ctistom 

Packaging 

© 1990 Dataquest Incorporated May 23 — Reproduction Prohibited 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



PACKAGING EFFICIENCY AREA 
OF SILICON/PACKAGE 
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INTERCONNECT TECHNOLOGIES 
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MULTICHIP MODULE ACTIVITY 
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• Worldwide 10 package market 
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• Strategic issues and opportunities 

CRITICAL ISSUES 

DESIGN REOUIREMENTS 

SIMULATION OF MULTICHIP DESIGNS 

TEST PROGRAM GENERATION 

COMPLETE SOFTWARE DESIGN VERIFICATION 
REQUIRED 
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CRITICAL ISSUES 

MATERIALS REQUIREMENTS 

SUBSTRATE TECHNOLOGY 

INTERCONNECT TECHNOLOGY 

HEAT DISSIPATION REQUIREMENTS 

COST/PERFORMANCE TRADE-OFFS 

STANDARDS 

CRITICAL ISSUES 

MANUFACTURING REQUIREMENTS 

CRITICAL DIMENSIONS/TOLERANCES 
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MAKE/BUY ALTERNATIVE 

PPM QUALITY VS REWORK 
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MULTICHIP MODULES WILL CREATE 
A WHOLE NEW CLASS OF COMPANY 

Function 

Wafer Fab 

Assembly, Test 
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THE ELECTRONICS MANUFACTURING CHAIN 
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MULTICHIP MODULES ARE COMING 

• Semiconductor clock rates will push 
above 50 MHz in near future 

• Multichip modules provkJe means of taking 
advantage of these clock rates 

Price premiums in marketplace will support 
development of the technology 

Surface mount has prepared market to 
accept packaging innovations 

• 

MULTICHIP MODULES WILL 
CHANGE THE INDUSTRY 

Semiconductor and PCB assembly will be 
combined 
Leading semiconductor manufacturers will 
sell modules 
Opportunity will be created for module 
manufacturers 
System houses will license module technology 
Multichip module users will win in their markets 
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PACKAGE MARKET SHARE 

Percent 

1982 1984 1986 1988 1990 1992 1994 1996 2000 

Worldwide ViSI Packaging 
Issues and Tnnds 

. jp-^/' 

y >^"r=*- H i l 

V. / ^ -^y-N^ 

9 

19S8 / 

2000 

rfliill 
j f f 

J 

A multidient study examining existing and emerging VLSI packaghfig trends. 
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