Fiee
. - 1988
Conj%rence Information
Seizing Opportunities of Change:
Strategic Electronic Markets

Location o for Semiconductors
Sama Clara Marriott, 2700 Mission College Blwd,, Santa Clara, Califiritia 5054

Telephone: (408) 988-1500

Conference Fee—$445 September 29

Conference fee includes one copy of all materials presented, lunch, and'one seet ot the: Santa Clara Marriott
annual SIA forecast dinner o be held the night of the confersnce. Santa Clara, California
Registration

& Reserve your sear today—space is fimited.

Please register by cailing the Dataquest Conference Deparument ut (800) §24-3282. At the
time you make your reservation, please indicate whether or not you will be attending the
SIA forecast dinner. Tf you are planning 1o attend the S1A forecast dimner only, plesse call
the SIA directly at {408) $73-9973,

7 / /
Cancellation Policy
B Canceflation deadline is Monday, September 26, 1988,
All canceflations received by Datequest afier Sepiember 26, 1988, are subject to a 375 ser
vice charge unless the registrant sends a replacement. Registrants who do not cancel and
who fail to attend the conference will automaticaily be assessed a $75 service charge.
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A Special One-Day Executive Briefing Cosponsored by
the Semiconductor Industry Association and Dataquest
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Seizing Opportunities of Change:
Strategic Electronic Markets

for Semiconductors
A special one-day execuiive briefing on high-growih,
high-visibility, high-technology markets

Receive important information on the health and vitality of key:

electronics markets in a fact-filled, fast-paced day of suthorita-
tive industry briefings and forecasts.

Sponsored by the Semiconductor Industry Association and
Dataquest, Seizing Opportunities of Change will provide you
with insightful information and analysis on the prospects for
growth in the following electronics markets:

® Persopal computers

® Computer storage

® LANs

® HDTV/video

8 On-line transaction processing

® Graphics and imaging

® Voice processing

8 Military/aerospace

Conveniently Scheduled

Seizing Opportunities of Change has been scheduied to coincide
with the SIA’s annual forecast dinner, which will be held the
night of the conference. As an added bonus, conference regis-
tration entitles each participant to one free seat at the forecast
dinner.

Join semiconductor, systems, and peripheral manufacturers and
members of the financial community in this midyear update and
forecast on the future health and vitality of the electronics
industry.

Don't delay—mark your calendars and make your reservations
now! Call (800) 624-3282,

Agenda

Seizing Opportunities of Change:

Strategic Electronic Markets for Se

8 Thursday, September 29 B On-Line Transaction Processing
7:30 a.m. Registration Larry Larich
9:00 a.m. Conference begins Vmu P‘wSm Division
® Welcome and Introduction Thadem Computers,
And_t!w A. Procassini Limch
m”“‘"“' eonducior Industry Associaion = HDTV/Video
Richand Flkus, Jr.
quocu Incorporaed :
® Dataguest Electronics Outlook " Mitar AN
Semiconductor User and Applicaions Growp Dot Teegy
Danaquest Incorporated - noorporsted
u  Personal Computers . Dasiel Robertsan
prong . Distriboied yoEns Dmmn
Dennis W. Andrews 8 Graphics
I.ﬂhmry Dinc.tolr . Mike -I!yler
Entry Systerne Division Dircctor

IBM Corpotetion

& Computer Storage

George M., Scalise
President and CEO
Muxtor Corporation

® Vbice Processing
Robert Cohn

President and CEQ ,
Octel Commminicarions Corpéniclon

Graphics and Imaging Service
Dataguest Tecorporated

Conference Adjourns
Cockeails
I ! SIA R Di
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1987
Semiconductor Industry Conference
+Sponsored by

Semiconductor Industry Service and
Semiconductor Equipment and Materials Service

October 19-21, 1987
The Pointe at Squaw Peak
Phoenix, Arizona
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1290 Ridder Park Drive
San Jose, California 95131-2398
(408) 971-9000

Telex: 171973
Fax: (408) 971-9003
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panies, but is ot guaranteed as 10 accuracy or completdness. It does not contain material A A

provided to ws in confidence by our clients. . - e

This information is not Furmshed in connectlon with.a sale or offer to sell securities.
or in connection with the sélicitation of an offef to buy securities. This firm and its par-
ent and/or thedr officers, stockholders, or members of their families may, from time to
time, have a long or short pasition in the securities mentioned and may sell or buy such
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1987 SEMICONDUCTOR INDUSTRY CONFERENCE
Semiconductors: Midlife Crisis

October 19-21, 1987
The Pointe at Squaw Peak .
Phoenix, Arizona

SUNDAY, October 18
4:00 p.m. to

3:00 p.m. Registration ............... ... ..oty e e e Squaw Peak Ballroom Lobby
7:30 p.m. to
9:30 p.m. Cocktails .. .. .. e e e, South Garden
MONDAY, October 19
6:45 a.m. Registration Continues . .. ............. i i i iaiiiareans Squaw Peak Balfroom Lobby
Buffet Breaklast ... ...t e e e Grand Ballroom
8:00 a.m. Welcome and Imtroduction . .......... ... ... i s Squaw Peak Ballroom
Manny A. Fernandez
President
Dataquest Incorporated
8:15 a.m, Semiconductors: Midlife Crisis......... ... ... Squaw Peak Ballroom
Mel Thomsen

Director, Semiconductor Indusiry Service
Dataquest Incorporated ‘
. 8:30 a.m. World Economic Outlook ... ...ttt s Squaw Peak Ballroom

Joseph W. Duncan
Corporat¢ Economist and Chief Statistician
The Dun & Bradstreet Corporation

9:00 a.m. World Chip Industry: Same Game, Different Rules .............. P Squaw Peak Ballroom
Gene Norrett
Vice President
Director, Semiconductor Indusiry Group .
Dataquest Incorporated ' .

9:30 a.m. The Nature of Capital Spending .............. ... ... i i Squaw Peak Baliroom
Robert McGreary
Director, Semiconductor Equipment and Materials Service

Dataquest Incorporated . .
10:00 a.m, Coffee BIeaK .. ... . i e e e R s South Garden
10:30 a.m, VLSI Devices for the Human-Machine Interface . ........................ ........ Squaw Peak Ballroom

Michael J. Thompson
Executive Director, Integrated Circuit Design Division
AT&T Bell Laboratories

11:00 a.m. Past as Prologue ... ... . i e e Squaw Peak Ballroom
Jack Kilby
Consultant -

11:30 a.m. Technology after 40 ... .. ... ... . i Cr e e Squaw Pegk Ballroom

Gordon E. Moore
Chairman of the Board

Intel Corporation T .
12:00 Noon The Future of Manufacturing Technology .. ............... D e Squaw Peak Ballroom
Dr. Hiroe Osafune
Chairman of the Board w
NEC Electronics, Incorporated
. 12:30 p.m. Lunch . .. ... i e PP e s Grand Ballroom
* ' . o {over)
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1:30 pm. Panel Session—Surviving in the Land of the Giants .. _wa. ... v.oco..iivsizo . Squaw Peak Bullroom

Duvid L. Angel

Managtng Director .
DQ Alliances

J. Daniel McCranie

President and Chief Executive Officer

Seeq Technology

Michael Burton

President and Chief Executive Officer
Triad Semiconductors International B.V.

James V. Diiler
President and Chief Executive Officer
Sierra Semiconductor Corporation

Michael L. Hackworth
President and Chief Executive Officer
Cirrus Logic, [ncorporated

6:00 p.m. Buses for Pinnacle Peak (Casual Attire} ... .....o i voi e i Conference Center
Cocktails and Barbeque . v, .. .vcvsesnvorrsmmnt rpbia - oriisdiba oo oni v sivaniinansn. .o Pinnacle Peak

TUESDAY. October 20

7:00 a.m. Buffet Breakfast ... ... ... . e Grand Batlroom

8:15 am. IntrodUCtONS . . ... ... s Squaw Peak Batiroom

8:30 a.m. Manufacturing Competitiveness . .. ............... .. ... i Squaw Peak Ballroom
Charles E. Sporck

President and Chief Executive Officer
National Semiconductor
9:00 a.m. Formulas for Success of the U.S. Semiconductor Industries ......................... Squaw Peak Ballroom

Sanford L. Kane
Vice President, Industry Operations

General Technology Division
IBM Corporation
9:30 a.m. Opportunities for Gigascale Integration . ......................................... Squaw Peak Ballroom
Dr. James D. Meind|
Vice President, Academic Affairs and Provost
Rensselaer Polytechnic Institute

10:00 a.m. Colfer BReak . .. . ... . it e South Garden
10:30 a.m. U.S. Competitiveness in the 19908 . ........ ... .. ... ... . ... i, Squaw Peak Baliroom
William H. Reed

Executive Director
Semiconductor Equipment and Materials International
11:00 a.m. The Technology of Partmering . . ... ......... ... .. i Squaw Peak Ballroom
Irwin Federman ;
Vice Chairman of the Board
Advanced Micro Devices, Inc.
11:30 a.m. Perspective on Technology Acceleration. .. ......... .. ... ... .. ... ... ... ..., Squaw Peak Ballroom
Walden C. (Waily) Rhines
Vice President
Senior Vice President
Semiconductor Group
Texas Instruments, Incorporated
12:00 Noon LuBCh . . e e e s Grand Ballroom

1:30 p.m. Mergers, Acquisitions—The Forces that Are Shaping Gur Industry .................. Squaw Peak Ballroom
Donald W. Brocks
2:00 p.m. Alliances: Requirements for Leadership ............. ... ... ... ... .. ..o Squaw Peak Ballroom
Dr. Thomas D. George
Senior Vice President and Assistant General Manager
Semiconductor Product Sector .
Motorola Corporation
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2:30 p.m. Semiconductor Partnerships—Key 10 SUCCESS . .uiiviiuanr ipms rrae ppes vnnas pwe s o aaSQuaw Peak Ballroom

Alfred J. Stein
Chairman and Chiel’ Executive Qtficer

VLSI Technology
300 p.m. Coffee Break .. ... ... ciuetinino e e ey S S S - South Garden

3:30 p.m,_ Role of Silicon Foundry in the Future Semiconductor [ndustry . ... .cu.cen e Squaw Peuk Bullroom
Dr. Morris Chang
President
Industrial Technology Research Institute (ITRD
Chairman of the Board
Taiwan Semiconductor Manufacturing Company )
4:00 p.m. Status of Semiconductor Technology and ASIC Market in Korea.... ... . ........ ... Squaw Peak Ballroom
Dr. P. June Min
Senior Managing Director
R&D and Business Development Group
GoldStar Company, Lid.
4:30 p.m. Globalization: We're Not Too Old to Play . ......... .. ... . oot Squaw Peak Ballroom
Norman Neumann
President and Chief Executive Officer

Signetics Corporation '
6:30 p.m. Cocktails . ................. e e ie e raeeeetaee by fa e b s s s e e w00 SOUR Garden
7:30 p-m. Dinner ............ G h e R AT .‘..,..v. B L R RN - T PR .. .Grand Ballroom
Dinner Speaker

Dr. Sheldon Weinig
Chairman and Chief Executive Officer
Materials Research Corporation

WEDNESDAY, October 21

7:00 a.m Buffet Breaklast . .. ... ...ttt e Grand Ballroom
. 8:15 a.m. IntroduCt NS . . .. .. e e e e Squaw Peak Ballroom
8:30 a.m. Capital Formation for U.S. Semiconductor Manufacturing in the 1990s ...... AP Squaw Peak Baliroom

Dr. Wilmer R. Bottomns
Senior Vice President and General Partner
Alan Particof Associates, Inc.
9:00 a.m. Maskmaking: Life after Sex .................... .o iian o wiaiviaide . ia. . Squaw Peak Ballroom
Steven K. Dunbrack '
Marketing Manager
Ultratech Stepper
9:30 a.m. Semiconductor Manufacturing Industry—Its Role and Issues in 1990s................ Squaw Peak Ballroom
Tsuyoshi Kawanishi )
Senior Vice President and Director of the Board
Group Executive, Semiconductor Group
Toshiba Corporation
10:00 a.m. Coffer Break . . ... ... i e i South Garden
10:30 a.m. A Winning Strategy for U.S. Semiconductors................... ... ... .. .. Squaw Peak Baliroom
Dr. Edward E. David, Jr.
President
EED, Inc.
11:00 2.m. Semiconductors Processing Equipment, Competitive Issues, and Sematech—
Potential Impact ... . ... . Squaw Peak Ballroom
Larry Hansen
Executive Vice President
Varian Associates
11:30 a.m. International Competitiveness in Advanced Processing ............................. Squaw Feak Ballroom
Dr. Peter H. Rose
President
Semiconductor Equipment Division

. Eaton Corporation
12:00 Noon [T U Grand Ballroom
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Dataquest

acompany of

I
The Dun & Bradstreel Cor poration



Dataquest

]
5xi mB?adslreetmrpmmn

SEMICONDUCTOR INDUSTRY CONFERENCE
MARKET RESEARCH SURVEY

In order to continually improve the types of products and services Dataquest provides for the semiconductor industry, we need 1o better
understand your information needs. Please help us by completing the following questionnaire.

1. Which of the following best describes your company’s primary activities?

(3 Semiconductor manufacturer

Type: O Standard logic O ASIC O Dsp
O Memory O Microcomponents O Telecommunications
O Linear-Analog 2 Opto-Discrete O AR types

0 Supplier 1o semiconductor industry
Type: O Test equipment
J Design equipment/software
O Manufacturing equipment
O Materials
{1 Services

{3 User of semiconductor producis
2 Distributor, government agency, consultant, investment advisory

O Other
2. Which of the following best describes your position/title?
3 CEO, President, Vice President {3 Product Development/R&D/Engineering Management
O Strategic Planning/Business Developtent O Operations Management
(1 Sales and Marketing Management (] Purchasing/Vendor Selection
O Product Management 1 Other

3. How did you learn about this conference?
O The brochure was mailed directly to me.
(J Someone in my company gave me the brochure.
[ I saw the announcement in a newspaper or magazine.
(I T heard an announcement at a previous Dataquest meeting.
{J Someone from Dataquest called me.
O Other

{over)
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4., Rank the reasons you attend this conference in order of importance {1 being the most imporiant}.

Most Least

ta

To hear Dataquest’s forecasts 1
To hear industry leaders |
To meet my customers 1
To talk with Dataquest analysts ;
To meet my counterparts L
To hear about and discuss critical industry issues 1
To help evaluate our investment portfolio 1
To meet my suppliers !
To learn about my competition I
To examine new Dataquest products I've heard about 1
To learn about new markets and sales leads for my company’s products or services l

B R R R R R
W W W W W W W W Wt
o A T T T N S SN
h WA U W h Lh Lh th LA a

5. Check cach previous year that you persomally have attended an October Dataquest Semiconductor
Industry Coaference.
1986 1985 1984 1983 1982 __ 1981
1980 1979 1978 1977 1976 1975

6. From which Dataquest services do you personally receive information? Check all that apply.
O Semiconductor Industry Service
O Semiconductor Equipment and Materials Service
O Semiconductor User Information Service
O European Semiconductor Industry Service
03 fapanese Semiconductor Industry Service
0 Semiconducior Application Markets
O Telecommunications Indusiry Service
00 CAD/CAM Industry Service
{J Personal Computer Industry Service
0 Technical Computer Systems Industry Service
{1 Financial Services Program
{1 Other Dataguest Service

1 I'm not sure which Dalaques! services my company receives.

7. Should the length of this conference be: [ Shorter {0 Longer [ The same
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Semiconductors'
Midlife Crisis

Economic and Industr y
Outlook

. @ 1987 Dataquest Incorporated October 19 — Reproduction Prohibited
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October 18 through 21, 1987
i Phoenix, Arizona

Pinal List of Attendees

AMAYX Electronics Products, Inc.

AMP Incorporated
ANELVA Corporation

ASM Lithography, Inc.

ATST

ATAT Bell Laboratories

ATEQ Corporation

Ed Vhelan, Senlor Staff Metallurigist

Earl R. Kreinberg, Development Engineer
David McMullen, Marketing Manager

Oven Vilkinson, Marketing Applications
Engineer

Gary Emmons, Central Regional Sales
Manager

Paul Henry, Director, Marketing

L. David Sikes, Vice President,
Technical Qperations

Robert Ward, Vice President, Sales &
Marketing

John L. Bestel, Manager, Market
Management

Matt C. Bieber, Senior Product Planner

Thomas Egan, Department Chief, Strategic
Issues Analysis

Raymond Reusser, IPLM Manager

William Evang, Director, Computer
Aided Design & Test Laboratory
James Goldey, Director, Linear/High
Voltage ICS

Michael J. Thompson, Executive
Director Integrated Circuit Design
Division

Douglag Marsh, Vice President, Sales &
Marketing

1290 Ridder Park Drive, San Jose, CA 95131-2398, (408) 971-9000 Telex 171973 Fax (408) 971-9003




Actel Corporation Douglas Rankin, Senior Vice
President, Sales & Marketing .

Advanced Micro Devices, Inc. Irvin Federman, Vice Chairman of the
Board
¥. Curtis Francis, Vice President,
Strategic Planning

Advantest America Inc. Frederick Bihler, President

Aerospatiale Robert Zanotti, Components Engineering
Group Manager

Airco Electronic Gases Jeffrey D. Eagles, Manager, Electronic
Business Team

Alan Patricof Associates, Inec. Vilmer Bottoms, Senior Vice President &
General Partner
Diane Bottoms

Alcatel Jez Cunningham, Component Engineering
. Manager ‘I"
American Semiconductor Greg Reyes, President

Equipment Technologies

Amsterdam-Rotterdam Bank N.V. Lavrence Osborne, Vice President
Charles G. Riepe, Senior Vice President
Suzanne Riepe

Apollo Computer Inc. Art Krusinski, EDA Market Development
Manager
Apple Computer, Inc. John Jennings, Supply Base Manager

Jan Miksad, Supply Base Manager, ASIICS

Applied Materials, Inec. Dennis Hunter, Director, Corporate
Development

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-8000 / Telex 171973



Applied Micro Circuits Corporation

Arizona State University

Arthur Young & Company

Ashland Chemical Company

Aztek Associates

Bacher GmbH

Bank of Boston

Branson Internaticnal
Plasma Corporation

CHI

Capital Research Company

Chesapeake Group

Chips and Technologies, Inc.

Cirrus Logic, Inc.

Citicorp (USA), Ine.

Allyn Pon, Product Marketing Manager
Jim Macek, Deputy Director of CIMSYRC

Al Crawford, Partner
Dan Pereira, Audit Manager

HBerb Richardson, Operations Manager
Norman Jones, Vice President

Gene Miles, Consultant

Willi Bacher, President

Jeffrey A. Vellington, Vice Presiden;

Lou Perrone, Vice President, Marketing

Michael Placko, Director of Decision
Support Services
Kim Placko

Dick Yeung, Vice Pregident
Robert C. Gallagher, General Manager

Gordon A. Campbell, President &
Chief Execttive Qfficer

. Michael L. Hackworth, President,

Chief Executive Officer

Mano Appapillai, Vice Presiden:

Dataguest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Crive / San Jose, CA 95131-2398 / (408) 971-3000 / Telex 171973




Cogent Computer Corporation Ronald Kasper

Columbine Ventures Mark Kimmel, General Fartnher

Crosspoint Venture Partners Bob Hoff, Partner
Valter Kortschak, Associate

DQ Alliances David Angel, Managing Director

Data General Corporation Majid Ghafghaichi, Director,
Semiconductor Operations

Data I/Q Corporation David A. Hannaford, Manager, Corporate
Business Development

Dataquest Incorporated Carol Bender, Confersnce Assistant

Howard Bogert, Vice Pregident,
Semiconductor Industry Group

Michael Boss, Industry Analyst

Gary Bruder, Account Manager

Gaeprge Burns, Industry Analyst

Greg Chagaris, Director, Systems
Industry Sales .
Steve Cooper, Industrial Marketing
Manager

Nicholas J. Corcoleotes, Manager,
Industry Marketing

Maureen Davies, Conference Assistant

Victor De Digs, Senior Industry Analyst
Manny Fernandez, President

Patricia Galligan, Research Analyst

Joseph Grenier, Senier Industry Analyst
Barry Haaser, Account Manager

John B. Jackson, Vice President,
Semiconductor Industry Sales

Mimi Johnson, Customer Service
Representative

Lee-Anne Karcher, Conference Assistant
Isadore Katz, Senior Industry Analyst
Bart Ladd, Indugtry Analyst

Judith Larsen, Associate, Research
Operations

C. B. Lea, Industry Analyst

Alice Leeper, Industiry Analyst

Bryan Levis, Research Analyst

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive 7 San Jose, CA 95131-2398 / (408) 971-9000 / Tetex 171973



Dataquest Incorporated Dennis Lyftogt, Manager, Industrial

. Marketing
Bob HcGeary, Director, Semiconductor
Equipment & Material Service
Gene Norrett, Vice President & Director,
SIG
Mary Olsson, Industry Analyst
Janet Oncel, Account Manager
Jean Page, Account Manager, SES
Carole Phillips, Conference Assistant
Andy Prophet, Senior Industry Analyst
Robert Ragghanti, Manager, Industrial
Marketing
Mark Reagan, Research Analyst
Jim Riley, Senior Vice President,
Corporate
Anthea Stratigos, Associate Director,
SAM/SUIS
Sheridan Tatsuno, Senior Industry
Analyst
Mel Thomsen, Director, SIS
Barbara Van, Industry Analyst
Tom Vang, Associate Director, ASETS
Peggy Vood, Research Analyst
Fred Zieber, Executive Vice President

: Delco Electronics Corporation _J. Charles Tracy, Chief Engineer,
. Integrated Circuits
Dewey, Ballantine, Bushby, Tim Richards, Economist

Palmer & Vood

Digital Bgquipment Corporation Vivian Bridgevaters
David Richards, Planning Advisor
Frank Swiatowviec, Engineer Manager

Dun & Bradstreet Corporation Joseph W, Duncan, Corporate Economist &
Chief Statlstician

Dun & Bradstreet Informations Lee Krueger, Electronic Indusgtries

Resources Specialist

EED, Inc. Edward E. David, Jr., President

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / {408) 9719000 / Telex 171973




Baton Corporation Connie J. George, Manager, Strategy

Development .
Peter Rose, President-Semiconductor
Equipment Division

Edelson Technolegy Partners Anthony Buffa, President & Chief
Executive Officer

Electronic Business News Valerie Rice, Associate Editor

Electronic Engineering Times Loring Wirbel, Semiconductor
Correspondent

Electronic News Rich Bambrick, Managing Editor

Eriecszon Telecom 0la F. Ekholm, Chief Engineer

FSI International Charlie A. Peterson, Process Feasibility
Manager

Fairchild Semiconductor Corporation Francine Plaza, Corporate Communications
Manager .

Robert Strain, Director, Technical

Coordination

Fidelity Management Calvin Hori, Analyst

Ford Microelectronics, Inec. Harry Nystrom, Gallium Arsenide Sales
Manager

Fortune Magazine Gene Bylinsky, Member, Board of Editors

Fujitsu Components of America, Inc. Jack Foster, Semiconductor Vice President

& General Manager
Hal Mumma, National Sales Manager,
Distributien -

Fujitsu Microelectronics, Inc. Emi Igarashi, Strategic Planning Analyst
Gregory Leonard, Manager, Business

Development

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171973




G2 Incorporated Villiam 0O’Meara, President
GCA Corporation Peter Simone, President & CCO

Gemini Technology ' Glenn Aumack, Director, Semicon
. Development & Manufacturing

General Instrument : Stephen Maine, Vice President, Business
Microelectronics, Inc. Development
Donald Sorchych, President & Chief
Executive Officer

Genus, Inc. Villiam Elder, President
Kurt Lightfoot, Vice President,
Marketring
Paul Reagan, Executive Vice President
and C00Q

GigaBit Logic James Q. Brye, Vice Presgsident, Marketing
& Sales

GoldStar Company, Ltd. Dr. P. June Min, Senior Managing
. Director, R&D & Business Development
Group
Sue won Min

Goldstar Technologies Inc. Alan H., Portnoy, Chief Operating Officer

Gould AMI Semiconductors Joe (’'Neill, Vice President, North
American Sales

H & Q Technology Partners Joseph J. Curry, Vice President

Hampshire Instruments ] Tom Kulezyeki, Director, Sales

dewlett-Packard Company Jack Anderson, Group Manufacturing
Manager

Margie Anderson

Hill & Knowlton Inc. - Bruce LeBoss, Senior Vice President

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171973




B

Hitachi America, Ltd. Ron Schwarer, Marketing Manager

Hoechst Celanese Corporation Richard E. Hamilton, Managing Director

Honeywell Bull Italia Giovanni Pagliosa, Marketing Procurement
Manager

Honeywell, Ine. Bugene R. Hnatek, R & D Engineering
Manager

Hughes Aircraft Company Don Calhoun, Manager, Advanced

Technologies Laboratory

Paul Hart, Senior Scientist
Carroll Perkins, Marketing Manager
Carl Salanitro, Manager, Corporate

Manager
Hyundai Electronics America Iksu Kim, Director, Business Development
IBM Corporation Irv Abzug, GTD Vice President &

Director, CCP

Harriet Abzug

Shakil Ahmed, Director, Product Program .
Management

Ed Boerger, Manager, Competitive
Analysis

Tim Danko, Program Manager, Market
Research

Mark Derosiers, Staff Systems Analyst
Denis M. Fandel, Senior Business
Analyst/Planner

Cheryl Fandel

Sanford Kane, Vice President, Industry
Operations

Louise Kane

George Ling

Frank T. Martin, Program Manager,
Industry Operations

John Melgalvis, Advisory Engineer
Bruce $. Cdom, Communications Advisor
David Royse, Commercial Analyst

ICI Americas, Inc. Bill Robson, Board of Director
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ICI Array Technology

IDS Financial Services

IEEE Spectrum Magazine

Industrial Technology
Research Ingtitute

Ing. C. Olivetti & C., S.p.A.

Innovusg, Inc.

Inova Microslectronics Corporation

Instant Circuit Corporation

Institute of Defense Anslysis

Insystems, Inc,

Integrated Device Technology, Inc.

Intel Corporation

Bernie Aronson, President
Ray E. Hirsch, Senior Research Analyst
Elizabeth Corcoran, Associate Editor

Dr. Morris Chang, President

Tito Conti, Director, Corporate Quaiity
John 0’Lear, President

Vaemond . Crane, President & Chief
Executive Officer

Bruce Roesher, President

Richard Van Atta, Director, Technology
Policy
Peggy Van Atta

Chris Billat, President
Susan Billat, Vice President, Technology
Development

Larry Jordan, Vice President, Marketing
Bill Snow, Strategic Marketing Manager

Alan Allan, Marketing Manager

Leonard Hillsg, Manager, Industry
Research

Don Knowlton, Product Marketing Manager

Gordon Moore, Chajrman of the Board

Mark Norwood, Manager, Corporate Market
Research

Jane Roorda, Manager, Library &
Information Services

Steve Sanghi
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International CMOS Technology Drev Allen Osterman, President
Doris Osterman .

Intersil, Inec. R. Paul Gupta, President
Saroj Gupta

Ttaltel Gianalfredo Vecchi, Advanced Purchasing
Director

Itausa Export North America Tin Sek Lau, Vice President

J.P. Morgan Investment Fred V. Kittler, Vice President

John Hancock Venture Laurie Thomsen, Associate

Capital Management, Inc.

KLA Instruments Corporation Robert J. Boehlke, Senior Vice President
Keithley Instruments, Ine. Ed Morgan, Vice President & General
Manager
B. Karl Price, Special Systems .
Development Manager
Kemper Financial Services, Inc. Eric Stromquist, Investment Analyst
Krysalis Franc DeWeeger, President
L’Air Liquide Paul V. duSaillant, Manager, Cylinder

Sales & Marketing Elec

Lam Resgearch Corporation Roger D. Emerick, Chief Executive
Officer & Chairman of the Board
Rebecca Emerick
Henk Evenhuis, Vice President, Finance &
Administration

Lambda Semiconductors James Russell, Vice President and
General Manager
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Lattice Semiconductor Corporation Jan Jobannessen, Vice President, Finance

. & Adainistration
Paul T. Kollar, Vice President, Sales &
Marketing
Lehman Management Company Lavrence Phillips, First Vice President
Lepton Inec. Martin P. Lepselter, President

Joan Lapselter

Lex Electronics Milton Grannatt, Vice President,
Planning

Limburg Bank Raymond Bullens, President

. Catherine Bullens
Malcolm McCance, Acquisition Manager
Hans Shut, Vice President

Loomis Sayles & Co. Doug Pratt, Security Analyst
MIP Equity Fund Bang Severiens, Senior Investment
Advisor
. Barney Ussher, Associate

Roel Van der Heide, Project Manager

Mars Electronics Michael Magsari, Senior Buyer
Electronics
Materials Research Corporation Sheldon Weinig, Chairman & Chief

Executive 0Qfficer

Matrix Integrated Systems, Inc. Ted Gallagher, Pregident
Rick Hazard, Marketing Manager

Meadows Ventures John Farah, Venture Manager
Beth K. Petronis, Venture Manager

HMellon Bank Sushim Shah, Corporate Banking Officer
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Menlo Ventures

Micrion Corporation

Micro Component Technology

Micro-Rel

MicroIntelligence, Inc.

Micromanupulator Inc.

Micron Technology, Ine.

Mitgubishi International Corp.

Monolithic Memoriaes, Inc.

Monsanto Electronic Materials Company

Mocorola, Ine.

Douglas C. Carlisle, General Partner I
Villiam McMakin, President

David Barnes, Director, Systems Division

James T. Greener, Group Director
Marketing

Marshall Kidd, Editor and Publisher
John Hancock, President
Gene B. Cloud, Marketing Manager

Yasukazu Koinuma, President, EED
Ray Phillips, Senior Vice President, EED

Richard Helfrich

Haskell Vaddle, Vice President,
Commercial

Jamas A. Binneboese, Product Marketing
Manager

Oliver Edwards, Strategic Marketing
Manager

Dr. Thomas George, Senior Vice President
& Assistant General Manager, Semiconductor
Product Sector

Bill Huston, Tech Marketing Manager,

MCUs '

Gary Knudson, National Sales Manager

Bi1l Lane, Strategic Planning Manager

Don May, Vestern Regional Manager

Scott McKenney, Manager, Analytical
Research

Vayne R. McLerran, Product Planning &
Merchandiging

Douglag Powell, Vice President & Director
Comp Marketing

Robert Richardson, President, CTX
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Mutual of New York

NBK Corporation

NCR Corporation

NEC Corporation

NEC Electronics USA, Inc.

National Semiconductor Corporation

Netherlands Foreign Investment Agency

Nikon Precision, Inc.

Northern Telecom Electronics Ine.

OTC America Ine.

Oki Semiconductor

0lin Hunt Specialty Products, Inec.

Tony Blenk

Donna Felter, Vice President, Marketing
and Sales

James Van Tassel, Vice President,
Microelectronics Division

Hiroe Osafune, Advisor
Akiko Osafune

Aideo Nakao, President & Chief
Exgcutive Q0fficer
Sachiko Nakao

Steve Fields, Director of Strategic
Planning

Charles Sporck, President & Chief
Executive Officer

Adriaan Roosen, Director, Wast Coast
Operations

Rick La France, Director, Marketing
Takahiro Mogi, Manager, International
Market Planning

Sid Smith, Branch Manager

Frank Garbis, Assigtant Vice President
Mary Garbis

Monte Seifers, Director, Semiconductor
Group, External Business (perations

M. Ishiguro, Corporate Liaison

Leonard Distase, Vice President,
Marketing

Joe Daltner, Director, Marketing



Optical Specialties Inc.

Orbit Semiconductor, Ine.

Osaka Titanium Co., Ltd.

PMT Manufacturing Technology

Peak Systems, Inc.

Perkin-Elmer Corporation

Philips International B.V,

Phoenix Partners

Pitney Bowves, Inc.

PlanTek

Plessey Semiconductors

Plessey Semiconductors (USA)

Prudential-Bache Securities

Qronos Technology, Inc.
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John Dralla, Product Marketing Manager
Gary Kennedy, President

T. Noda, Executive Vice President

Bob Phillips, President

Robert MacKnight, Vice President
Timothy Stultz, President

Michael Saba
C. Krijgsman, Senior Managing Director

Villiam Beston, General Partner
Kathryn Johnston, Assistant Vice
President

Michael Y. Swaluk, Director, Advanced
Electronic Technology
Lynn Swvaluk

Larry Campbell, Senior Vice President
Dick Sheehy, Vice President

Melvyn Larkin, Director of Technology
Howvard Widdows, Business Planning
Manager

Robert Anslow, Vice President & General
Manager

Stephen Balog, Systems Vice President,
Regearch
Lisa H. Dorsey, Analyst

Ari Marcus, Marketing Manager
Kevin Ostby, Sales Manager



RAMAX Limited Peter Solomon, Executive Dirsctor

Ramtron Corporation Karl Stjernquist, Vice Pregident

Raychem Corporation Frederick Hoar, Director, WVorldwide
Communications

Raytheon Corporation Marty Geller, Diractor, Marksting,

Semiconductor Division
Shirley Geller
John Shea, Director, Military
Specialist Programs, Semiconductor
Division
Flor Shea

Regis MecKenna, Inc. Chris Hallivell, Vice President
Bob Ingols, Business Unit Manager

Reliance Insurance Co. Matt Shefler, Investment Analyst
Renggelaer Polytechnic Institute Dr. James Meindl, Vice President,
Academic Affairs & Provost
@
Republic Invegtment Company F. Vayne Mitchell, Vice President
Robert Bosch GabH Horst Fischer, Director, Microelectronic

Products Division

Iris Fischer

Gunter B. Matthai, Manager, Technical
Planning

Paula Matthai

Rockwvell International Corporation Armando Geday, Market Research
Analyst/Product Planning
Tal Klaus, Application Engineer
Gene Stanley, Product Manager

SAMES Geoffrey Hainebach, Managing Director

SEMELCO Jean Pierre Melia, Purchasing Manager
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SGS Microelettronica SpA Carl E. Johnson, Director, Product

Marketing .

Samulon Consulting Group Henry A. Samulon, President
San Jose Mercury News Mike Peibus, Buginess Writer
Seattle Silicon Technology, Inc. Sam Brown, Executive Vice President

Security Pacific Capital Corporation James McElwvee

Seeq Technology, Inc. J. Daniel McCranie, President & Chief
Executive Officer
Mike Villott, Vice President, Marketing

Semiconductor Equipment & Villiam Reed, BExecutive Director

Material International Steve Ricketts, Senior Data Collection
Administrator

Semiconductor Industry Association Doug Andrey, Manager, Industry Programs

Sharp Electronics Corporation Vijay Auluck, Product Marketing Manager .

Sharp Microelectronics Technolegy, Inc. Jon A. Shroyer, President & Chief
Executive Officer
Barbara Shroyer

Shinko Electric America, Inc. William Cruickshank, Executive Vice
President

Siemens Capital Corporation Michael A. Hyduk, Director

Siemens Components, Inc. Ed Caldvell, General Manager/Senior Vice
President
Michael Stark, Engineering Section
Manager :
Esther Stark
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Sierra Semiconductor Corporation James Diller, President & Chief
. Executive Officer
June Diller
Tom Reynolds, Vice President, Sales &
Marketing

Signetics Corporation Norman Neumann, President & Chief
Executive O0fficer
Payla Neumann,
Susan Scott, Public Relations Manager
Maria Tseng, Manager, Corporate
Strategic Marketing

Silicon Compilers, Inec. ) - Peter Rip, Vice President, Business
Development
Silicon Valley Group, Inc. Patrick O’Connor, Senior Vice President,

Corporate Development
Bonnie 0‘Connor

Simtek Corporation Gary Derbenwick, President
Richard L. Petritz, Chairman of the
Board
. Singapore Technology Corporation Kheng-Nem Lee, Director, Technology
Investment

M. 8. Lim, Deputy Chairman

Softstate Logic Rahul Sud, Pregident & Chief Executive
Officer
S0lid State Technology Magazine Sid Marshall, Editor
Stack GmbH Bernard Hadley, Managing Director
Standard Microsystems Corporation John Tweedy, Vice President, New Product
. Development
State Street Research Steve Orr
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Synergy Semiconductor Corporatiom Ralph 0. Cognac, Vice Fresident, Sales &
Marketing
Kenneth G. Wolf, President & Chief
Executive Officer

Taiwan Semiconductor Mfg. Co. Steve L. Pletcher, Vice President,
Marketing
Gale Pletcher
Tektronix, Inec. Michael Kondrat, Marketing Manager, STS
Division
Telic Alcatel Joel Delanoue, Purchasing Engineer

Jean Lemeunier, Purchasing Engineer

Teradyne, Inc. Fred Conrad, Purchasing Manager
Jane Manchester, Senior Buyer
John Ralen, Senior Buyer

Texas Instruments, Inc. . Larry Housey, Marketing Manager
Bill Jewell, Market Analyst
James Peternan, Vice President,
Semiconductor Group
Vally Rhines, Vice Presgident, .
Senior Vice President, Semiconductor

Group
The Arizona Republic Kathle Price, Reporter
The Capital Group Jim Martin, Senior Vice President

Loris K. Martin

Thomson/Mostek Steve Sparks, Vice President, Strategic
Planning

Toshiba America, Inc. Allan Cox, Director, Semicustom
Marketing

J. Litus, Jr., Director, Marketing
Hidenori Shinoda, Manager, Technology

Toshiba Corporation Tsuyoshi Kawanishi, Senior VP & Director

of the Board

Etsuko Kawanishi
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Triad Semicoenductor, Inc. Robert E. Welch, Executive Vice

. President

Triad Semiconductors International BV  Michael Burton, President and Chief
Executive Qfficer
Danielle Burton

Ultratach Stepper, Inc. Ken Agarval, Segmment Marketing Manager
Ray Campbell, Vice President, Finance &
Adminigtration
Steve Dunbrack, Marketing Manager
Debra Dunbrack

Daniel Rubin, Product Marketing Manager

Union Carbide Corporation John Barrere, Process Manager
Thomas Nelson, Nev Application Manager,
Electronics

Bill Schmeh, Region Sales Manager,
Electronic Gases

Thomas L. Singman, Marketing Manager,
Bulk Electronic Gases

VLSI Standard Inc. Joe Berger, President
. VLSI Technology, Inc. Peter Bagnall, Vice President, ASIC
Marketing

Doug Bartek, Vice President, Logic &
Govarnment Products Division

Doug Fairbairn, Vice President

Jim Miller, Vice President, Sales &
Marketing

Nancy Miller

Rex Naden, Director, ASIC Alliances

Alfred J. Stein, Chairman & Chief
Executive Officer

Varian Associates Larry Hanson, Vice President

Venture Grovth Associates Jim Berdell, Managing Partner
Villiam Velling, Managing Partner

Victorian Investment Corporation Allan G. Tapley, Managing Director
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Vacker Chemitronic GmbH Max Stallhofer, Manager, Market Analysis

Yaferscale Integration, Inc. Eli Harari, Chairman of the Board

Wall Street Journal Peter Waldman, Reporter

Vestern Digital Corporation Devey Atchley, Manager, Advanced
Technology
John Crosby, Vice President, LSI
Operations

Ken Hallam, Director, Product Planning

Xerox Corporation Sei Shohara, Manager, Technical Staff
James Vesely, Vice President,
Microelectronics Canter

Xicor, Inec. Vallace B. Tchon, Vice President,
Strategic Planning

¥ilinx James Barnett, Vice President,
Administration & Strategic Planning

Xynetics Gordon C. Vestwood, Vice President,
Corporate Marketing

Guest Speaker Donald Brooks, President & Chief
Executive Officer

Guest Speaker Jack Kilby, Consultant

Jim Downey
Eathleen Dowmey
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Dataquest

. msradslreetCOrpmauon ' .

Semiconductor Industry Conference
October 18 through 21, 1987
Phoenix, Arizona

Final List of Attendees

Harriet Abzug
Irv Abzug

¥en Agarwval
Shakil Ahmed
Alan Allan
Jack Anderson
Margie Anderson
Doug Andrey
David Angel
Robert Anslow
Mano Appapillal
Bernie Aronson
Devey Atchley
Vijay Auluck
Glenn Aumack
Villi Bacher
Peter Bagnall
Stephen Balog
Rich Bambrick
David Barnes

James Barnett

IBM Corporation

IBM Corporation
Ultratech Stepper, Inc.
IBM Corporation

Intel Corporation
Hewlett-Packard Company

Hewlett-Packard Company

Semiconductor Industry Association

DQ Alliances

Plessey Semiconductors (USA)
Citicorp (USA), Ine.

ICI Array Technology
Vestern Digital Corporation
Sharp Electronics Corporation
Gemini Technology

Bacher GmbH

VLSI Technology, Inc.
Prudential-Bache Securities
Electronic News

Micro Component Technoloéy
Xilinx
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John Barrere Union Carbide Corporation

Doug Bartek VLSI Technology, Inc. .
Carol Bender Dataquest Incorporated

Jim Berdell Venture Growth Associates

Joe Berger . VLSI Standard Ine.

John L. Bestel AT&T

Matt C. Bieber . AT&T

Frederick Bihler Advantest America Inc.

Chris Billat Insystems, Inc.

Susan Billat Insystems, Inc.

James A, Binneboese Motorola, Inc.

Tony Blenk Mutual of New York

Robert J. Boehlke KLA Instruments Corpoeration

Ed Boerger IBM Corporation

Howard Bogert Dataquest Incorporated .
Michael Boss Dataquest Incorporated

Diane Bottoms Alan Patricof Associates, Inc.

Vilmer Bottoams Alan Patricof Associates, Inc.

Vivian Bridgewvaters Digital Equipment Corporation

Dbnald Brooks

Sam Brown Seattle Silicon Technology, Inc.
Gary Bruder Dataquest Incorporated

James 0. Brye GigaBit Logic

Anthony Buffa Edelson Technology Partners
Catherine Bullens Limburg Bank

‘Raymond Bullens Limburg Bank
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George Burns
Danielle Burton
Michael Burton
Gene Bylinsky

Ed Caldwell

Don Calhoun

Gordon A. Campbell
Larry Campbell

Ray Campbell
Douglas C. Carlisle
Greg Chagaris

Dr. Morris Chang
Gene H. Cloud
Ralph 0. Cognac
FPred Conrad

Tito Conti

Steve Cooper

Nicholas J. Corcoleotes

Elizabeth Corcoran
Allan Cox

Vaemond H. Crane

Al Craviord

John Crosby

Villiam Cruickshank
Jez Cunningham

Joseph J. Curry

Dataquest Incorporated

Triaq Semiconductors International BV
Triad Semiconductors International BV
Fortune Magazine

Siemens Components, Inc.

Hughes Aircraft Company

Chips and Technologies, Inc.

PlanTek

Ultratech Stepper, Inc.

Menlo Ventures

Dataquest Incorporated

Industrial Technology Research Institute
Micron Technology, Inc.

Synergy Semiconductor Corporation
Teradyne, Inc.

Ing. C. Olivetti & C., S.p.A.
Dataquest Incorporated

Dataquest Incorporated

IEEE Spectrum Magazine

Toshiba America, Inc.

Inova Microelectronics Corporation
Arthur Young & Company

Western Digital Corporation

Shinko Electric America, Inc.

Alcatel

H & Q Technelogy Partners
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Joe Daltner

Tim Danko

Edward E. David, Jr.
Maureen Davies
Victor De Dios
Franc DeWeeger
Joel Delanocue’
Gary Derbenvick
Mark Derosiers
James Diller
June Diller
Leonard Distaso
Lisa H. Dorsey
Jim Dovney
Kathleen Dowvney
John Dralla
Debra Dunbrack
Steve Dunbrack
Joseph V. Duncan
Jeffrey D. Eagles
Oliver Edvards
Thomas Egan

0la F. Ekholnm
Villiam Elder

Rebecca Emerick

Olin Hunt Specialty Products, Inc.
IBM Corporation .
EED, Inc.

Dataquest Incorporated

Dataquest Incorporated

Krysalis

Telic Alcatel

Simtek Corporation

IBM Corporation

Sierra Semiconductor Corporation
Sierra Semiconductor Corpoeration
Oki Semiconductor

Pruden;ial-Bache Securities

Optical Specialties Inc.
Ultratech Stepper, Inc.
ifltratech Stepper, Inc.

Dun & Bradstreet Corporation
Airco Electronic Gases
Motorola, Inc.

ATET

Ericsson Telecom

Genus, Inc.

Lam Research Corporation
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Roger D. Emerick
Gary Emmons
Villiam Evans
Henk Evenhuis
Doug Fairbairn
Cheryl Fandel
Denis M. Fandel
John Farah

Irwin Federman
Mike Feibus

Donna Felter
Manny Fernandez
Steve Fields
HBorst Pischer
Iris Fischer
Jack Poster

V. Curtis Francis
Robert C. Gallagher
Ted Gallagher
Patricia Galligan
Frank Garbis

Mary Garbis
Armando Geday
Marty Geller
Shirley Geller

Lam Research Corporation

ASM Lithography, Inc.

ATAT Bell Laboratories

Lam Research Corporation

VLSI Technology, Inc.

IBM Corporation

IBM Corporation

Meadows Ventures

Advanced Micro Devices, Inc.

San Jose Mercury News

NBK Corporation

Dataquest Incorporated

National Semiconductor Corporation
Robert Bosch GmbH

Robert Bosch GmbH

Fujitsu Components of America, Inc.
Advanced Micro Devices, Inc.
Chesapeake Group

Matrix Integrated Systems, Inc.
Dataquest Incorporated

Northern Telecom Electronics Inc.
Northern Telecom Electronics Inc.
Rockwell International Corporation
Raytheon Corporation

Raytheon Corporation




Connie J. George Eaton Corporation

Dr. Thomas George ' Motorola, Inc. .
Majid Ghafghaichi Da;a General Corporation

James Goldey ATAT Bell Laboratories

Milton Grannatt Lex Electronics

James T. Greener Micro-Rel

Joseph Grenier Dataquest Incorporated

R. Paul Gupta Intersil, Inc.

Saro} Gupta Intersil, Inc.

Barry Haaser Dataquest Incorporated

Michael L. Hackworth Cirrus Logic, Inc.

Bernard Hadley Stack GmbH

Geoffrey Hainebach SAMES

Ken Hallam Vestern Digital Corporation
Chris Halliwell Regis McKenna, Inc. .
Richard E. Hamilton fHoechst Celanese Corporation
John Hancock Micromanupulator Inc.

David A. Hannaford Data 1/0 Corporation

Larry Hanson Varian Associates

Eli Harari Vaferscale Integration, Inc.
Paul Hart Hughes Aircraft Company

Rick Hazard Matrix Integrated Systems, Inc.
Richard Helfrich Monolithic Memories, Inc.

Paul Henry ASM Lithography, Inec.

Villiam Heston Phoenix Partners
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Leonard Hills
Ray E. Hirsch
Eugene R. Hnatek
Frederick Hoar
Bob Hoff

Calvin Hori
Larry Housey
Dennis Hunter
Bill Huston
Michael A. Hyduk
Emi Igarashi

Bob Ingols

M. Ishigure

John B. Jackson
John Jennings
Bill Jewell

Jan Johannessen
Carl E. Johnson
Mimi Johnson
Kathryn Johnston
Norman Jones
Larry Jordan
Louise Kane
Sanford Kane

Lee-Anne Karcher

Intel Corporation

IDS Financial Services
Honeywell, Inc.

Raychem Corporation
Crosspoint Venture Partners
Fidelity Management

Texas Instruments, Inc.
Applied Materials, Inc.
Motorola, Inc.

Siemens Capital Corporation
Fujitsu Microelectronics, Inc.
Regis McKenna, Inc.

OTC America Inc.

Dataquest Incorporated

Apple Computer, Inc.

Texas Instruments, Inc.
Lattice Semiconductor Corporation
SGS Microelettronica SpA
Dataquest Incorporated
Phoenix Partners

Athens, Inc.

Integrated Device Technology, Inc.
IBM Corporation

IBM Corporation

Dataquest Incorporated




Ronald Kasper Cogent Computer Corporation

Isadore Katz Dataquest Incorporated .
Etsuko Kawanishi Toshiba Corporation

Tsuyoshi Kawanishi Toshiba Corporation

Gary Kennedy Orhit Semiconductor, Inc.

Marshall Kidd MicroIntelligence, Inc.

Jack Kilby

Iksu Kim fyundai Electronics America

Mark Kimmel Columbine Ventures

Fred V. Kittler J.P. Morgan Investment

Tal Klaus Rockwvell International Corporation

Don Knowlton Intel Corporation

Gary Knudson : Motorola, Inec.

Yasukazu Koinuma Mitsubishi International Corp.

Paul T. Kollar Lattice Semiconductor Corporation .
Michael Kondrat Tektronix, Ine. .
Valter Kortschak Crosspoint Venture Partners

Earl R. Kreinberg AMP Incorporated

C. Krijgsman Philips International B.V.

Lee Krueger Dun & Bradstreet Informations Resources
Art Krusinski Apollo Computer Inc.

Tom Kulczycki Hampshire Instruments

Rick La France Nikon Precision, Inec.

Bart Ladd Dataquest Incorporated

Bill Lane Motorola, Inc.

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / {408) 971-9000 / Telex 171973



Melvyn Larkin
Judith Larsen
Tin Sek Lau
Bruce LeBoss

C. B. Lee
Kheng-Nam Lee
Alice Leeper
Jean Lemeunier
Gregory Leonard
Joan Lepselter
Martin P. Lepselter
Bryan Lewis
Kurt Lightfoot
M. S. Lim
George Ling

J. Litus, Jr.
Dennis Lyftogt
Robert MacKnight
Jim Macek
Stephen Maine
Jane Manchester
Ari Marcus
Douglas Marsh
Sid Marshall

Frank T. Martin

Plessey Semiconductors

Dataquest Incorporated

Itausa Export North America

Hill & Knowlton Inc.

Dataquest Incorporated

Singapore Technology Corporation
Dataquest Incorporated

Telic Alcatel

Fujitsu Microelectronics, Inec.

Lepton Inc.

Lepton Inec.

Dataquest Incorporated

Genus, Inc.

Singapore Technology Corporation
IBM Corporation

Togshiba America, Inc.

Dataquest Incorporated

Peak Systems, Inc.

Arizona State University

General Instrument Microelectronics,
Teradyne, Inc,

Qronos Technology, Ine.

ATEQ Corporation

Solid State Technology Magazine

IBM Corporation

Inc
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Jim Martin

Loris K. Martin
Michael Massari
Gunter E. Matthai
Paula Matthai

Don May

Malcolm McCance
J. Daniel McCranie
James McElwee

Bob MeGeary

Scott McKenney
Wayne R. McLerran
Villiam McMakin
David McMullen
Dr. James Meindl
John Melgalvis
Jean Plerre Melia
Jan Miksad

Gene Miles

Jim Miller

Nancy Miller

Dr. P. June Min
Sue von Min

F. Wayne Mitchell

Takahiro Mogi

The Capital Group

The Capital Group .
Mars Electronics

Robert Bosch GmbH

Robert Bosch GmbH

Motorola, Inc.

Limburg Bank

Seeq Technology, Inc.

Security Pacific Capital Corporation
Dataquest Incorporated

Motorola, Inc.

Motorela, Inc.

Micrion Corporation

AMP Incorporated

Rensselaer Polytechnic Institute .
IBM Corporation

SEMELCO

Apple Computer, Inc.

Aztek Associates

VLSI Technology, Inc.

VLSI Technology, Inc.

GoldStar Company, Ltd.

GoldStar Company, Ltd.

Republic Investment Company )

Nikon Precision, Inec.
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Gordon Moore
. Ed Morgan

Hal Mumma

Rex Naden

Hideo Nakao
Sachiko Nakao
Thomas Nelson
Norman Neumann
Paula Neumann
T. Noda

Gene Norrett
Mark Norwood
Harry Nystrom
Bonnie 0‘Connor
. Patrick 0’Connor
John O’Lear
Villiam 0’Meara
Joe O’Neill
Bruce S. Odom
Mary Olsson
Janet Oncel
Steve Orr

Akiko Osafune
Hiroe Osafune

Lawrence Osborne

Intel Corporation
Keithley Instfuments, Inc.
Fujitsu Components of America, Inc.
VLSI Technology, Inc.

NEC Electronics USA, Inc.
NEC Electronics USA, Inc.
Union Carbide Corporation
Signetics Corporation
Signetics Corporation
Osaka Titanium Co., Ltd.
Dataquest Incorporated
Intel Corporation

Ford Microelectroniecs, Inc.
Silicon Valley Group, Inc.
€1licon Valley Group, Inc.
Innovus, Inc.

G2 Incorporated

Gould AMI Semiconductors
IBM Corporation

Dataquest Incorporated
Dataquest Incorporated
State Street Research

NEC Corporation

NEC Corporation

Amgterdam-Rotterdam Bank N.V.
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Kevin Ostby Qronos Technology, Inc.

Doris Osterman International CMOS Technology .
Drew Allen Osterman International CMOS Technology

Jean Page Dataquest Incorporated

Glovanni Pagliosa Honeywell Bull Italia

Dan Pereira Arthur Young & Company

Carroll Perkins Hughes Aircraft Company

Lou Perrone Branson International Plasma Corporation
James Peterman Texas Instruments, Inc.

Charlie A. Peterson FSI International

Richard L. Petritz Simtek Corporation

Beth K. Petronis Meadows Ventures

Bob Phillips PMT Manufacturing Technology

Carole Phillips Dataquest Incorporated

Lawrence Phillips Lehman Management Company .
Ray Phillips Mitsubishi Internatiomal Corp.

Kim Placko CMI

Michael Placko CMI

Francine Plaza Fairchild Semiconductor Corporation
Gale Pletcher Taiwan Semiconductor Mfg. Co.

Steve L. Pletcher Taiwvan Semiconductor Mfg. Co.

Allyn Pon Applied Micro Circuits Corporation

Alan H. Portnoy Goldstar Technologies Inc.

Douglas Powell Motorola, Inc.

Doug Pratt Loomis Sayles & Co.
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B. Karl Price
Kathie Price
Andy Prophet
Robert Ragghanti
John Ralen

M. Douglas Rankin
Mark Reagan

Paul Reagan
William Reed -
Raymond Reusser
Greg Reyes

Tom Reynolds
Vally Rhines
Valerie Rice
David Richards
Tim Richards
Herb Richardson
Robert Richardson
Steve Ricketts
Charles G. Riepe
Suzanne Riepe
Jim Riley

Peter Rip

Bill Robson

Bruce Roesher

Keithley Instruments, Inc.

The Arizona Republic

Dataquest Incorporated

Dataquest Incorporated

Teradyne, Inc.

Actel Corporation

Dataquest Incorporated

Genus, Inc.

Semiconductor Equipment & Mat’l Int’l
ATST

American Semiconductor Equipment Tech.
Sierra Semiconductor Corporation
Texas Instruments, Inc.

Electronic Business News

Digital Bquipment Corporation
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. WORLDWIDE ECONCMIC OUTLOOK

You know that fundamentally, growth in the last couple of years has been
rather soft - under 2-1/2%. Most economists feel that 3% is the normal
growth rate that would lead to balanced, sustained growth. 2-1/2% is
typically labeled a soft economy. We have spurts, as you can see during
this period that goes back to 1984, where the overall econcmy grew nearly
6%, as we came out of the recession. Fundamentally, the current
statistics suggest a fairly soft economy when locked at from the point of
view of QWP. But I'd like to use a different figure to indicate what's
happening, at least in the U.S., and that's a statistic that you don't see
published but is calculated in final sales to domestic purchasers.
Basically what that statistic recognizes is—that exports we sell go to
another market place.

Exports to not represent what's happening in ocur market place; they do
represent demand for o mamfacturers, but they don't represent demand
inside aur borders. Imports which are consumed here do satisfy local
demands. Inventory change is basically a mistake somebody made when they
got too much inventory on the shelf. When they build inventories it is
because they didn't engage consumer demand. And when their inventory is
sharply dropped, they didn't have exactly what the consumer wanted, so
they're numing cut of stock. If you subtract inventory change because
it's not final demand, subtract exports hecause they are not consumed

. within these borders, add back into GNP imports, you get a differemt
picture, which is final sales to damestic purchasers

The negative in the first quarter is a statistical aberration caused by
the fact that farm sales from inventories held by the goverrment were
weaker than they should have been, sco it toock away from final demand.
But, basically when you compare final demand with gress national product,
our economy has bheen much stronger than GNP tells us. And the reason for
that of course, is the trade deficit.

The trade deficit subtracts fram ocur gross naticnal product when it's
increasing as it has been doirng. This is a picture of net exports which
is the balance between imports and exports, and you'll notice that for the
last several quarters it really was increasing very sharply. The deficit
was getting bigger and bigger. I still hold the view that it probably
peaked in the third quarter of 1986, but I must confess that some of the
preliminary mumbers that we have seen for the third quarter of this year
indicate that the third quarter may be almost as muich as the fourth
quarter of last year. It probably won't exceed the third quarter of
1986. But fundamentally we are in an improving trade situation and that's
particularly true if you look at the volume of imports, not the dollar
value. The volume of imports has been declining. The price is higher
because of the weaker dollar and therefore the nominal mmbers have been
quite weak. Exports have been pickirg up, both in dollars and in value.
My view 1is that we have turned the corner, but nevertheless, net exports
. have been a sericus drag on ocur total economy.
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Same other features of the recent economic period, of course, are personal .
incomes. Personal incomes grew very dramatically as we pulled cut of the
recession and there has been a lot of jcb growth. But if you notice the
1astthreeorfourquartam basically personal income has not been

growing wvery rapidly and that's partly because 15% of perscnal income is

interest income. And as you know interest rates have been declining;

that's means the pecple that had CDs, even those that got double digit

interest aboutthreeyaaxsago,axegettmgsingledigitinterestime
currently, and consecquently interest income has declined for several
quarters pulling down total perscnal income.

The housing industry as you know has been sluggish. Housing starts have
been dropping for four cut of the last five quarters and with the uptake
in interest rates that has ocaurred most recently, there is a lot of
concern in the housing industry about how healthy that industry will be in
future quarters. Interest rates have even peaked more than this chart
indicates, clearly they have been on an upward swing now for several
months. So there are signs of stress in our economic system while in
imports and exports, the net exports are improving a little bit, but there
is weakness in many other sectors of cur economy. So the question really
is, "what's the cutlcok for the next eighteen menths to two years?"

Before I get into the cutlook specifically, I'd@ like to give you scome of
the information we have at Dun & Bradstreet. My forecast is slightly
different from cother people's because I have a lot of data that we collect .
through our various divisions. I'd wauld 1like to imtroduce you to a
little of it very very aquickly. One of the things we lock at very
carefully, amnd certainly is of great interest to your industry is new
business start-ups. We track data from the fifty states in terms of new
incorporation activities, and for much of this bhusiness cycle new
incorporations have been increasing, pericd by period. This is monthly
data going back to the beginning of last year and you'll notice that
starting about mid-year, new business incorporations, with the exception
of a big spurt in December, were declining on a year-to-year basis,
fundamentally.

People were getting concerned about where future cpportunities were, but
the most important thing is, as you recall in 1986 as we moved from
February, everybody thought no tax reform like that would occur because
the congress was split. By mid-year there was talk that a tax reform was
going to happen. It introduced however, a lot of uncertainty. Business
pecple did not know where the final bill was going to came cut and so that
slowed down new incorporating activity.

We also loock at business starts. These are pecple now that do not just
incorporate legally, but actually get inte bhusiness and are in trade
transactions that are noted in Dun & Bradstreets business files. That too
began to decline and in fact has contimued to decline into this year.
There is less entreprenuerial activity in our economy today than there was
a year ago. I would peint cut, however, that the absolute level of both .
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. new incorporations and start-ups remains very high. There are rumber of
people forming new businesses, but that spirit of expansion and growth has
certainly weakened as a result of economic uncertainty and still remains
uncartain of the tax code.

on the other side of the coin are business start-ups and business
failures, and the first point I would like to make to you is with the
great spurt in entreprensural activity it's rather amazing that business
failures haven't increased more than they have, because inevitably a few
campanies will fail cut of every one hundred that are started up, and that
lifts the failure rate. There are a couple of cother factors that keep
failure rates high these days: cne is that while interest rates have
declined generally over the last several years, they remain very high to
the =mall bhusiness person. Small husinesses borrow at three and four
percentage points above prime rata. So there, you have very savere
financial stress on their balance sheets when thirngs slow down or their
plans don't fully occur. It is interesting that in the third quarter, for
the first time now in over two years, there has Peen an actual decline in
the level of failures over a each previocus quarter's level. I think it's
too early to get a trend cut of that, but clearly the level of failures
has slowed down 1recently as a by-product of the slow down in
entrepreneural activity.

The other thing that we do at Dun & Bradstreet is talk to business pecple
every oquarter. We ask them, "How are you doing?", "what's the ocutlock for

. the coming period in your business?® We focus primarily on marmufacturing
firms and wholesale and retail trade, we have same interviews with the
service sector, but that's not as volatile, as you know, as the
manufacturing sector. What we do is ask them a very simple question,
your company, do you expect sales next quarter to be higher or lower than
they were for the same quarter one year ago?" Then I calculate an index
which I call the “optimism index". It's the percentage of pecple that I
expected to increase, mimus the percentage of pecple that expect a
decrease. The result is an index which you can see here over a longer
time period, because I want to show you that during the recession pericds
in 1980, 1981, and 1982, husinesses were not seeing improved order books,
they were seeing weaker order books. So the optimism index was very very
low, and as we emerged from the recession optimism got very high.

In 1984 almost everybody was seeing improved orders over what they had
during the recession. What's impressive right at the moment is that
despite the softness I talked about Jjust a few mimutes ago, business
pecple feel increasing levels of optimism. COur cutlock for the fourth
quarter is the highest it has been since the end of 1984. That, to me, is
a very positive sign which is basically based on ancther survey we did
that asked them how their exports were doing based on improved export
orders. So the trade situation is begimming to particularly effect cur
marmfacturing sector.
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The bottom line, of course, for husinesses' profits is their ocutlock for .
profits and for those of you who are worried about the stock market, don't

forget that ultimately profits and how ocompanies perform will have an
influence on stock prices.

The profit outloock also retains a relatively high level of optimism given
the campetitive stress that you're going to hear a lot about during this
session. Finally, I do a swxrvey of five thousand cawpanies were I get
detailed point type information. I get the full income statement and
their balance sheet and I ask them questions about how their business is
doing. This is basically a panel that's representative of all U.S.
enterprises.

One of the things I do every Jamuary is ask them about their employment
outlock. Because it is representative of the entire econamy I can
estimate, for example, total employment gains as reported to me by
businesses at the begimnirg of the year and you'll notice the track record
is pretty good. The red line is the forecast that I made in Jarmary, the
blue line is the actual result that the Bureau of lLabor Statistics
reported at the the end of that year. I den't have the results for this
year yet, but we ars tracking very close to my forecast of about 2.6
million new Jjobs this year. Now that means that during this current
period of business expansion, the U.8. economy will have created 14
million new jcbs since the racession in 1982. That is a dramatic and
impressiva record and it's that job growth that is creating the incomes .
that are the socurce of our damestic demand. So one of the key questions
for next year will be, "How strong will job growth be?®, "Will we contimue
to add incomes and will pecple contimie to spend those incomes?*.

Before I go to the forecast, I want to make one other point from the
employment survey. What a lot of people don't recognize is that big
husiness is not the source of emplovment gains. As a matter of fact, if
you look at businesses that have a total employment of over 25,000
workers, there will be an absolute decline in the total employment of all
those companies. One estimate I saw not too long age said that during the
last seven years +those businesses have lost nearly two million jcbs in
agyregate. An enormous reduction has been ocourring amorg big businesses
as they cut their overheads. They in effect have been cutsocurcing their
labor force. Part-time employment is the second fastest growing industry
today. Many pecple are working in small companies that are providing
services to large campanies, and that leads to this chart. 50% percent of
the dobs that are going to be creatad in 1987 are going to be jobs in
businesses who have a total employment of fewer than 15% employees. The
entrepreneurial spirit I talked about before therefore is very crucial to
our broad econamic outlocok. Therefore, the econcmic conditions and
incentives are important to our econcmic cutleck.
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. Ist me talk about the forecast briefly, and then tell some of the issues
behind it. I'm going to go through same of the same elemants that I did
in terms of the recent history. Let's talk about net exports: this my
forecast for net exports and I do show them improving., My mmbers are
probably going to be wrang for the third quarter. That will be reported
on a preliminary basis on Tharsday of this week and we may see a
deterioration in the trade account as far as gross national product is
concerned. It's very hard to tell from the monthly mumbers exactly what's
going on because they get adjusted before they're incorporated into the
national income accoounts that lead to the gross national product. But
fundamentally, given ocur suxrveys of exports orders and cur evidence on
what's happening with imports, clearly the trade deficit is going to be
recuced. That will be a plus for gross national product measurement. But
I would point ot that just as my earlier statistics on final sales
suggested, net exports include the balance of exports and imports amd
exports are that are consumed cutside of cur boundaries.,

Let's talk about gross national product, I'm expecting a fairly weak
mmber for the third quarter as we make adjustments. If you lock at the
production side, the auto industries cut back production the third quarter
and there is some inverrl:m:y adjustment going on, so it's very hard to
predict exactly how it's going to come out. We may have over 1% growth
representative for the third quarter. But in reality the econamy is in
very good balance and I am locking for strong econamic growth for the next
several quarters. For the pecple who are rumning for election next year,

. they are going to have a good econcmic record. GNP is probably going to

_ excead 3% at least the first three quarters of next year, which is of
course what will be the data reflected by election time. The fourth
quarter numbers will be out after the new president is sworn in. The
econcmy however will be slowing by the erxd of 1988, and if you lock at the
resuit of this in point estimate terms, we're talking about an economic
growth that's between 3.4% and 23.6%. That compares with 2.5% for this
year; GNP is going to be better.

Iet's go back to my final sales domestic purchasers. As I said, a large

of that stimilus for our growth in 1988 is going to be trade driven
and it's going to be on the export side. Mamufacturing is going te be the
hot sector of U.S. econcmy in 1988, but a lot of that production is going
to go overseas. The result is that final sales to domestic purchasers is
going to remain fairly sluggish. Unlike the previous pericd, for the next
few quarters, we are going to see gross naticnal product reflecting
stronger what is ocaurring inside our damestic boundaries. Now the good
news form that is that most people don't calculate my final sales mmbers.
Pegple are not going to evaluate the economy on final sales; they're going
to be locking at GNP. So we are going to feel good about the econamy in
1988,
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Now let me talk about same of the issues behind that forecast because .
that's really what's crucial to the total econcmic cutloock. The big
happening last year was tax reform, which is so dramatic in terms of its

impact on behavior that if any economist says they know the impact, just

twrn away and talk to somebody else because literately no one is able to

predict all of the decisions that are going to flow out of tax reform.

Iet mwe illustrate that with one area. When tax reform was passed the
headlines said that because accelerated appreciation was being wiped ocut

and the investment tax credit was being wiped cut that capital investment

would plummet.

You probably remember these headlines. We did a survey in November of
last year right after the bill was signed into law. We asked business
pecple what impact it would have on their capital expenditures for 1987.
Nearly 70% said no impact. Now think about that for a mimdte in terms of
your own business. How many irnvestments do you make because thare is a
loop hole in the tax c¢ode, campared with how many you make because you
wmmtomeaseymrplaneffmany,youwanttonmmdtmanew
product, or you want to remain campetitive?

My point is that taxy reform was grossly overrated in behavioral terms

about its impact on business decision and when you asked the business

pecple, they told you that. But when you asked the economist and the tax

analyst, they told you the opposite. Now it makes a big difference in
yom:acmm:l.c outlock forecast whether you think that the tax reform is .
going to be plus or minus for capital investment because it's an jmportant

part of economic expansion. In fact, for 1988 I'm expecting to see a
cantimed pick-up in capital spending.

The reason it has been somewhat sluggish this year is not because there
has not heen a lot more investment, but because of the lack of investment
in the oil sector. Cne sector alane has killed ocur capital spending
programmthecant:yforthisyear It is growing but not as mach as it
should in normal times. I don't have to talk to you about the importance
of the value ofthadollararxithetradebalancebecauseywreall
involved in heavily competitive world level interest where trade is
crucial. But there are a couple of things we could say about it.

The key to our long term export picture is world econcmic growth. Even if
we are coampetitive because the dollar is low, if nobody else is growing
and demanding product, we're not going to have stong export markets. And
you see that the oil shocks that have occurred have had a major impact on
world economic growth patterns. This year world growth is going to be a
little less than it was during the period 1983 to 1986. The sad part
about 1987 world growth is that as the year has progressed, all of the
individual countries have been scaling back their econcmic forecasts, and
the international organizations like the World Bank scale back, so that
this year has actually already proven to be a disappointing year.
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. Now I -am a little bit more cptimistic for the next few years because I
think the seeds are there for a slight pick-up in world growth. But it's
not going to be what we had in the late 1970s. So the world econcomic
pichre is a key factor in ocur econamic outlook. It would greatly behoove
the policy makers of our domestic interest to do anything that can be done
to stimilate world trade. The arguments that are going an right now with
Japan and Germany from Secretary Treasurer Baker really aren’'t helping the
situation mach. We haven't really been able to get the coordinated
econamic policy and investment at the world level that's needed. The less
developed countries are suffering from severe capital constraints. One
third of axr trade deficit is currently because of reduced exports to
South and Central America, for example, and they are not going to huy
things until they find economic rescurces, mainly loans and intermational
furding to expard their trade. So the world growth dimensions are a very
important thing to keep dry on.

I mentioned oil and its impact on world growth, and oil is adbvicusly a
very important part of anr economic assumption. One of Dun & Bradstreet's
capanies is Petroleum Information. We worry about the oil industry on a
regular basis because it's an important part of the U.S. economy as well
as the world econamy. It's very difficult to predict the price of oil.
For those of you who follow that spot market, you know it has been moving
around a lot and every week there is ancther report about what OPEC is
doing or thinking. The Iran/Irag war ard the problems in the Gulf create
vast uncertainty. But to make a forecast I have to make some

. assumpticns. My assumptions about the price of oil fundamentally are that
it's not going to sharply go up and it's not going to sharply go down.
It's going to drift arcund the $18/barrel comtract price that's officially
from OFEC, and the real transaction price is going to go up very gradually
over the next couple of years. Now that orecast:.sfalrlyc:rltical
because it feeds into the inflation forecast and it feeds into world
eccnemic growth.

Ancther major oil shock, meaning a big cutoff of the supply from the Gulf,
could destroy several big econamies like Japan and Germarty. I don't look
for that to happen, but you have to watch that set of developments as a
key part of the econamic cutlook because cil clearly has vast implications
cn world econamic growth and individual national behavior. I talk about
inflation which is affected by oil prices, last year inflation dropped
dramatically partly because the decline in oil prices reflected on the
gasoline pump and home heating oil, and for industrial uses, had a
reducing effect offsetting other price incréases. So we had an abnormally
low inflation rate last year. If at the end of last year you looked at
our inflation rate and took out the impact of oil, we were at about 4%
inflation as opposed to 1.2% as officially reported for the year.

My forecast is that inflationary pressures do exist, but they are very
modest, Commodity prices, while they have fundamentally recovered a
little bit, are not a source of sharp price increases for mamufacturing
input. Wage settlements are at a l7-year 1low in terms of the union

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-3000 / Telex 171973



settlements and the use of contract labor, part-time employment, and other .
overhead reducing activities which are keeping total wage cost very very
moderate, The things that are going to keep the inflation rate growing

over the next couple of years are primarily increased inflation service -

things like education, medical care, and some goverrment-type programs

that have inflationary biases in them right at the mament. But, we are

not locking for sharp acceleration or a return to the double~digit
inflation we had in the 1980's.

Now, I know interest rates are telling a different story and pecple are
worriedaboutthesmrcesofinflat:.mbutmmalitythereism
econamic indicators presently thatwearagomgtohavaaretumof
inflation. 'Ihat'sscmetha.ngyouneedtotrackbemuself you see
inflationary pressures huilding, that's going to weaken the econcmic
outlook. And, it's really increased inflation mrethananyothersmle
factor that would drive us inte a recessional period.

Iet's talk about consumer confidence. The consumer is two-thirds of ocur
economic system in the U.S. and therefore how the consumer goes is really
very critical to how the economy goes. Now you have read a lot of stories
about the deaf burden of the consumer, Al Malbray's book talks a lot about
that, but the reality is that the consumer right now feels very good. The
Um.vers:.ty of Michigan does a survey of consumer sentiment mich like I do
a survey of business semtiment. While there has been scme easing of the
optimism of the consumer, their intentiens to buy autos, houses, and major .
appliances remain relatively high. And if you ask them what they think of
goverrment econcmic policy, they say it's terrible. They are worried -
about the national econamy. You ask them what they think about their
family finances and you perscnal economy for next year and the next five
years and they tell you it is the highest level it's ever been. The
consumer feels very good because of the increase in jobs and the increased
income in total terms that they are bringing into the household. A break
in consumer confidence would cbvicusly have a sericus negative impact on
economic ocutlook.

Iet me mention two other kinds of background cloud items that you need to
keep your eyes on: one is the banking system. I've already talked about
the problems of less developed country debt, but let's talk about the
portfolio of loans held by the banks in terms of corporate issues.
Another Dun & Bradstreetccmpanyismody'swhichratesiﬂiivi&;albonds
of major listed companies, During the recession there was a fhuarry of
dowrgrading of bonds because of economic stress. But look what happened
last year in 1986: a record level of downgradings because of leveraged
buyouts, because of equity buybacks, and the debt equity ratio is reaching
an all time high.

In the current period, with interest rates at the present levels, that's
mtaseriouslssuebutlfweweretogetaspikeininterestratebecause
of mflat:.on, we could drive many companies to the wall in terms of
sexrvicing their debt. That would stress the portfolics of our bankirg .
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. ] system. When you add to the corporate portfolic the weak portfolio in
agriculture, ﬂmpartimla:lyweakportfolioarunﬂﬂmmgysectcr,and

stick, because pecple are worried about cther stresses in our economic
system and they may not be able to get that increased incame into the
banking system,

Keep eye on the banks; T personally do not believe there will be
major bamd.ng failure and collapse. I think the regulatory agencies will
adjust and adapt to overcame those problems, but let me just suggest to
you that the weak spot in our current economic is the banking system. We
needtomtchthatverycareﬁ:llyasahaxbmgeraﬁm;reecmmic
activity.

Finally, the Achilles heal of our econamy is and has been for the last
sevaral years, the federal deficit. We are going to have an enormous
improvement in the deficit this year. As a matter of a fact the deficit
for fiscal 1987 will be scmewhere arocund $65 to $70 billion less than it
was in fiscal 198s. But until congress acts on fiscal 1988 we have
growing deficits facing us. My forecast is for modest improvement in the
level of the deficit. But it is going to take hard work to get there. If
we don't move that deficit down even more than I show here, we are going

. to be adding to naticnal debt and the problems I spoke of in our banking
system are going to be reflected at cur naticnal econcmy. We are at very
great risk if we don't solve that problem. Unfortunately it locks like
it's going ¢to take the 1988 presidential election to get into a charge of
directicn, regardless of party, the redirect will charge after that
election. Hopefully the action will change as well.

Well, that's the Dun & Bradstreet economic outlock. I hope it's net
overwhelmingly pessimistic with all these problems. Just remember my
fundamental forecast 1s for sustained econcmic growth through 1988, It's
hard to predict 1989 until I know what the results of the election are,
buttherelsnoreasonwhywecamwtgetthrmghthabalameofthis
decade with no recession if appropriate economic policy measures are
followed in Washington and arcund the world.
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Recent Economic Indicators
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eGross National Product

oFinal Sales to Domestic
Purchasers

eQuarterly Trade Balance

eConsumer Income

eHousing Starts

einterest Rates
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Duns5000
Employment Outlook Survey, 1987
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22-99(21%)

Firms with over 25,000 employment
will actually decline by 0.4 percent
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oRecent Economic Indicators

eBasic Factors in the Outlook

£



£26121 XOL / 0006-126 (B0Y) / BEE2-LELSE YO ‘9501 UBS / 9ANQ WEd J18PY 0621 / uoNeIiodiod jeaispeig @ ung auj Jo Auedwoo e sanbejeg

e —— e

-fhe Short-_-Term Outlook

eTrade Balance

eValue of the Dollar

einterest Rates

eGross National Product Components
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Effects of Tax Reform on Capital Expenditure
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® Same game
- An overview. of the current economic
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® Different rules
— An assessment of the changes that
are affecting your business

® Looking ahead

SAME GAME - ECONOMICS

Estimated Revenue, Billions of Dollars

1987 1990

World Manufacturing $2.600.0 $2,800.0
World Electronic Equipment $ 4700 $ 6000
World Semiconductor

{incl. BM, AT&T) $ 425 $ 600
Worid Semiconductor

Manufacturing Equipment $ 58 % 95

Source: Dataquest
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. SAME GAME - COMPETITION

Worldwide Semiconductor Market Shares
{ Millions of Dollars)

1986 1985 Percent
Rank Rank 1985 1986 Change
1 1 NEC 1984 2638 330%
2 4 Hitachi 1671 2305 379%
3 5 Toshiba 1,468 2276 55.0%
4 2 Motorola 1830 2025 107%
5 3 Texas Instruments 1742 1,781 22%
6 6 National /Fairchild 1417 1485 48%
7 7 Phiips—Signetics 1065 1361 278%
8 9 Fuijitsu 1019 1.309 285%
9 10 Matsushita 906 1,204 329%
10 12 Mitsubishi 662 1,140 722%
11 8 Intel 1,020 991 (28%)
12 11 AMD/MMI 787 838 6.5%

Source: Dataquest

. SAME GAME - QUALITY

Component DPM Levels
(Customer Perceptions)

Outgoing Quality DPM (Thousands)

i1
6
3
0 A
1980 1981 1982 1983 1984 1985 1986
S
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SAME GAME - PRICES

Total MOS ASPs .
Dollars

3
256

2\__—;—-/\_—-

1.5

1
05

0
1980 1981 1982 1983 1984 1985 1986

Source: Dataquesi

- SAME GAME - APPLICATIONS

Percent of Region

1986

Japan us. Europe ROW

Data Processing 332 374 227 410
Communications 136 13.7 265 90
Industrial 112 209 168 20
Consumer 403 137 82 46.0
Military 0 83 16.3 0
Transportation 17 6.0 95 20
Total 1000 1000 1000 1000

Source: Daltaquest
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SAME GAME - RETURN OF CAPITAL

. Revenue (T+1)/PPE
Dollars per PPE |
)
| Actual
4 BN Trend

1973 1975 1977 1979 1981 1983 1985 1987

Source: Dataquest

. JAPANESE SHARE OF U.S. MARKET
Percent
20/

15

10

0 i
1975 1977 1979 1981 1983 1985 1987

Source: Dataquast
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U.S. SHARE OF JAPANESE MARKET .

Percent
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DIFFERENT RULES -

Electronics is America's

Millions of Jobs

i
T

i

bl

ELECTRONICS
Largest Industry

Shipments (Bilions of Dolars)
- 300

- 250

- 200
- 150
- 100

413

Electronics Motor Vehicles A
and Parts

DIFFERENT RULES -

% T
A,

erospace  Steel Mil
Products

Source: National Semiconductor

ELECTRONICS

Electronics is Japan's Largest Industry

Thousands of Jobs

Shipments (Trilions of Yen)

5001 ; iy
B
400 11 Industry Shipments
18
3004 |
1 i 10
2001
-5
100+
0 = : 0
Electronics  Transportation ~ General Precision
Machine Machine
Source: MITI
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DIFFERENT RULES - TRADE IMBALANCE

U.S. Manufacturing Trade Balance
1975 through 1986 (Est.)

Billions of Dollars
50

s P

=100

=160

- {1323)

1976 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

Source: Natlonal Semiconductor

DIFFERENT RULES - TRADE AGREEMENT

Estimated Japanese Semiconductor Market Share

Percent Market Share

11.0

10.8

:gg i Actual U.S. Share

10.2 — ES SIA Goal

10.0 -
9.8 -
9.6 -
9.4 -
9.2 -
9.0 +
8.8 —
8.6 -
8.4 —
8.2 -

8.0-

3Q 4Q 1Q 2Q
1986 1987

Source: Semiconductor Industry Association
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—
C ) DIFFERENT RULES -
‘ TARGETING SEMICONDUCTORS

® United States

- Sematech
® Japan
- VLSI projects
® Korea
- VLSI projects
® Europe
= Mega project
® Taiwan
- ERSO
. DIFFERENT RULES - CURRENCY
‘Appreciation against U.S. Dollar = 1985 to Preser{t
Percent
80
65.0%
60 |
40
20
1.3% 0.0%
0 HiH b HeH e HHH e
Yen NT$ won S$ HK$

Source: Dalaguast
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DIFFERENT RULES - IMPORTANCE OF ASIA .
L

Estimated Semiconductor Market Growth

(Percent)
1986 1987 1988
Korea 56 60 50
Taiwan 40 60 35
Hong Kong 43 65 40
Singapore 45 65 : 40
United States 6 20 23
Europe 17 17 19
Japan 44 14 21

Sowrce: Dataquest

DIFFERENT RULES - MILESTONE LAWSUITS
e ]

Apple vs. Franklin ROM software

Whelan vs. Jasiow Structural similarities
in software

Lotus vs. Paperback Software "Look and feel

MMI vs. Lattice/Altera Patent infringement

NEC vs. intel Microcode copyright

Tl vs. Japanese chip makers DRAM patents

intel vs. AMD 286/386 MPU
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.

. . DIFFERENT RULES - PRODUCT SHIFT (ASICs)

Estimated Share of Total IC
1986 1987 1990

Standard ICs 79% 78% 74%
ASICs 21 22 26
Total ICs ‘ 100% 100% 100%

Total (Bilions of Dollars) $236 $290 $410

Source: Dalaquest

DIFFERENT RULES - NEW APPLICATIONS

® Minisuper PCs with voice recognition
and 3D graphics

® Personal, satellite, and mobile
communications

® Home control and entertainment system
® Biometric security systems
® 16-bit MPUs for engine management

® Integrated printers, facsimile, copier,
data processing, and modems
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LOOKING AHEAD - ECONOMICS ¢

1987 1988

United States

Real GDP 27% 3.6%

industrial Production 3.1% 36%
Japan

Real GDP 25% 34%

Industrial Production 25% 3.2%
Europe '

Real GDP 2.2% 22%
~ Industrial Production 28% 21%

LOOKING AHEAD - ELECTRONICS .

U.S. Computers and Office Equipment
Rate of Change
Percent
50

40+ B Shipments 12/12

Wl inventory 1/12
30- N Bookings 12/12
20

10- /
P o

0
-104
-20

-30 | 1 T T
1982 1983 1984 1985 1986 1987 1988 1989

Sowrce: Dataquest
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. LOOKING AHEAD - ELECTRONICS

U.S. Communications Equipment
Rate of Change

Percent
. 40
M Shipments 12/12
30- Hl inventory 1/12
Hl Bookings 12/12
20+

10

0 i vw
=10 ! T T T T T
1982 1983 1984 1985 1986 1987 1988 1989

Source: Dataquest

. LOOKING AHEAD - ELECTRONICS

Billions of Yen
8.000

7.000

6.000

5.000

4.000
1982 1983 1984 1985 1986 1987 1988 1989

Source: Dataquest
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LOOKING AHEAD - SEMICONDUCTORS

Semiconductor Forecasting .
QIF System
Economic As tions
D&B, Wharton
¥
[ I
Elec. Eq'=pt. Prodn. DQ Integraled
DOC, EIA, MITI Data Basé
L |
|
Semi Shipmenis Census SAM Analysis Market Share Census
WSTS Tie to Semi. Cons. DQ
Prod./Region Analysis | IndustrB Surveys
DQ Q
Semiconductor Forecast
QIF
—— )

LOOKING AHEAD - SEMICONDUCTORS

Percent Change, U.S. Dollars
1987 (Preliminary)

9__1_ _0_2 % Q4 Year
North America 4.3% 11.7% 47% 50% 21.0%

Japan (28%) 141% 5B4% 29% 165%
Europe 11.9% 99% (18%) 53% 226%
ROW 16.0% 259% 107% 43% 682%
Total 40% 139% 45% 42% 239%

Sowrce: Dataquast
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¢ - LOOKING AHEAD - SEMICONDUCTORS

Percent Change, U.S. Dollars
1988 (Preliminary)

g Q_2 C_):._’»_ Q4 Year

North America 5.0% 71% 31% 25% 230%

Japan 25% 58% ©64% 39% 205%
Europe 51% 59% 31% 51% 190%
ROW 87% 111% 81% 47% 414%

Total 4.6% 70% 50% 38% 237%

Sowrce. Dataquest

LOOKING AHEAD - SEMICONDUCTORS
L _____________________ -~ """
- High—Growth Semiconductor Products
Estimated CAGR

Product 1986-1991

Cel-Based ICs 386%

Specialty Memories 38.2%

DSP Chips 27.9%

Graphics Chips 42.07%

32-Bit MPUs 46.37%

8-Bit MCUs (Smart Cards) 50.0%

iMb DRAMs . 57.0%
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SUMMARY .

® Same game
® Different rules
® Looking ahead
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THE NATURE OF CAPITAL SPENDING

Robert E. McGeary

Director

Semiconductor Equipment and
Materials Service
Dataquest Incorporated

Mr, McGeary is Director of Dataquest's Semiconductor Equipment and Materials
Service. He was previously a Senior Industry Analyst for Dataquest's
. Semiconductor Industry Service and was responsible for the Industry and
Technology portion of the service. Before joining Dataquest, he was Product
Marketing Manager at Applied Materials, Inc., where he managed the worldwide
product marketing activities for the Dry Etch Division and managed product
support for the European dry etch business. Before that, he  worked as
Product Marketing Manager at GCA Corporation/IC Systems Group, as Accelerator
Physicist at Lawrence Berkeley Laboratories, as a nuclear engineer at Mare
Island Naval Shipyard, and as a reactor operator at the University of
Washington. He received B.S. degrees in Physics and Mathematics from the
University of Washington and an M.B.A. degree from St. Mary's College.
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SEMICONDUCTOR INDUSTRY CONFERENCE
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Semiconductors’
Midlife Crisis

Economic and Industry
Outlook

ROBERT McGEARY

Director, Semiconductor Equipment and Materials Service
Dataquest Incorporated
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AGENDA .

————————————————————————————————
@ Capital spending and capacity
® The nature of capacity
® Technology—driven upturn
® Factory evolution
® Summary

WORLDWIDE SEMICONDUCTOR FABRICATION =

Annual Forecast Growth
Billions of Dollars
a0

ROW |
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1 Japan |
North America
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Source: Dataquest
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. WORLDWIDE CAPITAL SPENDING

Annual Dollar Forecast
Bilions of Dollars

e U.S. Merchants

(=3 Captives
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Source: Dataquest

L WORLDWIDE CAPITAL SPENDING

Annual Dollar Forecast
Billions of Dollars

20 |
Captives
M rROW
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Japan
U.S. Merchants
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Source: Dataquest
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WORLDWIDE CAPACITY UTILIZATION
Climbing Out of the Hole .

Percent Utilization
1

0.8

0.6

0.4

0.2

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1980 1991

Source: Dataguest

WORLDWIDE MERCHANT CAPITAL SPENDING i
1987 through 1990
— i ) =
North America frin e

Japan -
Europe 4 i 1987 and 1988

1989 and 1990

ROW b
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Source: Dalaguest
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ESTIMATED MERCHANT
& REGIONAL CAPITAL SPENDING
1987 and 1988

North America
Japan
Europe
1987
ROW [m| 1988
0 1 2 3 4 5
Billions of Dollars
Source: Dataquest
=5 ESTIMATED TOTAL

REGIONAL CAPITAL SPENDING
1987 and 1988
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ROW
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ESTIMATED MERCHANT
REGIONAL CAPITAL SPENDING .
1989 and 1990
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. PRODUCTION GROWTH
Ranked by Line Geometry

Incremental Number of Fabs

20
o]
15
—{)— 1989 and 1990
=L} 1987 and 1988
i J / \\
5
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0 ' '
0 05 1.0 1. 5 2.0 2.5 3.0 35
- Microns

Source: Dataguest

REQUIRED FABRICATION PROCESSES

Below 1 Micron

® Planar CVD

® Rapid thermal processing
® High—voltage implantation
® MOS on epitaxial layers
® In—line inspection

® Wafer cleaning

and
® Optical steppers
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NEW PROCESS EQUIPMENT

Forecast Dollar Sales .
Millions of Dollars
3.000

Inspection
2 500 —&5s-Epitaxy
-EIEEI Planar CVD
== H=V Implant
2,000 —==RTP—=

i eses!
Automalion e
1,500

1.000

500F

1986 1987 1988 1989 1990 1991

Source: Dataquest

REQUIRED FABRICATION PROCESSES

Below 1 Micron

® Planar CVD

® Rapid thermal processing
® High—voltage implantation
® MOS on epitaxial layers
® In—line inspection

® Wafer cleaning

and
® Optical steppers
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. CVD NEEDS

4Mb Requirements

® Eliminate hillock formation
® Improve film uniformity

® Improve cleanliness

® Improve film planarity

PLANAR CVD STRATEGIES

Dielectrics vs. Refractories

® Dielectrics ® Refractories
- Applied Materials - Varian
— Novellus - Ulvac
- Focus - Genus
- Electrotech - Spectrum CVD
= Machine Technology
- Sumitomo
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CVD SHARES

Worldwide Dollar Sales

ASM §
Thermco
Kokusai BN

Electrotech S i i S I S Y

AMT AN

Genus H 23]
Anicon
Pws A
Watkins=Johnson S B 1985
PTL B 1986
Amaya
Tempress

0 10 20 30 40 50 60
Millions of Dollars

Source: Dataquest

REQUIRED FABRICATION PROCESSES

Below 1 Micron

® Planar CVD

® Rapid thermal processing
® High—voltage implantation
® MOS on epitaxial layers

® In=line inspection

® Wafer cleaning

and
® Optical steppers
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C RTP DRIVING FORCES
L.

Lower Thermal Budget

® Better junction definition
® Rapid anneal after implant
® Improved well profiles

@ | RTP SHARES

Woridwide Dollar Sales

AG Associates |
Dainippon Screen I
Peak Systems
Koyo Lindberg
Eaton

AET |

Process Products
Varian

TEL /Thermco
Kokusai

1986
f] 1986

5 10 15 20
Miilions of Doliars

Source: Dataquest
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REQUIRED FABRICATION PROCESSES ()

Below 1 Micron

® Planar CVD
® Rapid thermal processing
® High-voltage implantation
® MOS on epitaxial layers
® |n~jine inspection
® Wafer cleaning
and |
® Optical steppers

EPI/HV IMPLANT TRADE-OFFS

Finding the Window

Attribute Epitaxy HV Implant
Device Performance Good Adequate
Latch Immunity Good Good
Equipment Cost > $1M > $2M
Availability Now Development
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. HV IMPLANT APPLICATIONS

Performance Benefits

Appiications Benefit
Field Isolation Increased Density
Retrograde Wells Latch—=up Immunity
Buried Grid Soft Error Immunity
Buried Layer Latch=up Immunity
ROM Programming Yields, Turnaround
. H-V IMPLANTER SHARES

Worldwide Dollar Sales

General lonex p

National Electro. |

Varian
198!
198

Eaton |

Millions of Dollars
Source: Dataquest
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REQUIRED FABRICATION PROCESSES ()

Below 1 Micron

® Planar CVD
® Rapid thermal processing
® High—-voltage implantation
® MOS on epitaxial layers
@ |n—line inspection
® Wafer cleaning

and
® Optical steppers

MOS ON EPITAXY

The Die Is Cast

® Process benefits
= Latch=up immunity
= Device performance
® Cost and quality are issues

® New products
- Applied Materials 7010
- Gemini Tetron |
— Epsilon/ASM = October introduction
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. REQUIRED FABRICATION PROCESSES

Below 1 Micron

® Planar CVD

® Rapid thermal processing
® High=voltage implantation
® MOS on epitaxial layers
@ In-line inspection

® Wafer cleaning

' and
® Optical steppers

IN-LINE WAFER INSPECTION .

Keeping an Eye on the Process

Company cb . Defects
Cambridge Inst. Polycheck
Heidelberg inst. _ LPM
VS, Inc. AccuVision
Nanometrics Mode! 400
osr MV=-360CD MPC System
KLA® 2028/2030
hsystems’ Model 8600
Nkon LAMPAS=HD
Wild—-teitz MVP-CD2 WIS
SiISCAN SISCAN-IA
Waterloo WSI=1000CD
Vickers Quaestor
Estek /Aeronca AE 1000
Hitachi LAMU-600

*Fully automated inspection
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REQUIRED FABRICATION PROCESSES ¢

Below 1 Micron

® Planar CVD
® Rapid thermal processing
® High—voltage implantation
® MOS on epitaxial layers
® In—line inspection

" @ Wafer cleaning

and
® Optical steppers

WAFER CLEANING

The 10 Percent Solution

® Deposition/implant processes
- Pre—-furnace
— Pre—epi
- Pre~CVD
® Megasonic cleaning
- Verteq (600 systems)
- FSI (120 systems)
- Estek/Kodak (20 systems)

® Oxidation etch
- HF dip
- FSi/Excaliber
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. REQUIRED FABRICATION PROCESSES

Below 1 Micron

® Planar CVD

® Rapid thermal processing
® High-voltage implantation
® MOS on epitaxial layers
® In=line inspection

® Wafer cleaning
and
® Optical steppers

DEVICE GEOMETRIES

The Leading—Edge Technology

Decade/Technology Beginning End
1970s - Optical Proj. 1K=4pM 16K=2.5uM
1980s - Optical Step.  64K-2pM 1M~1.2pM
1990s - Optical Step.  4M-~0.8uM 64M-0.4pM
2000s = X-ray? 256M-0.3uM  4B-0.15uM
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STEPPER SHARES

Worldwide Dollar Sales .
Nikon
GCA
Canon
Ultratech
Perkin=Eimer
ASET
ASM Lithography
Hitachi §&&
Eaton }
0 50 100 150 200 250 300
Millions of Dollars
Source: Dataquest
FABRICATION EVOLUTION .
Islands of Automation
Lithography
> Clean > Inspection > Implant
Diff./Ox. Anneal

;

Integrated
Vacuum
Processing
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. INTEGRATED VACUUM PROCESSING

Multichamber Capability

Company Capabiity
Applied Materials CVD, Etch
Varian CVD, Eich, PVD, RTP
Anelva Etch, PVD
Ulvac CVD, Etch, PVD
General Signal CVD, Etch, PVD

_ Electrotech CVD, Etch
LAM/ Sumitomo CVD, Etch
Spectrum CVD/Tegal CVD, Etch
MRC/NTT CVD, PVD, Etch

SUMMARY

This Is What | Said

® The incipient upturn
= Now through 18 months — capacity
- After 18 months - technology

® Production
= Balancing the Occident and the Orient
= Vertical integration is important

® One billion transistors on a chip
- In a mere 20 years
- The possibilities are LIMITLESS
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Semiconductors’
Midlife Crisis

Techr;ology over the Next
40 Years
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VLS! EVOLUTION

MEMORY LOGIC
STAGE 1
Replacement Altemative to Gate Consolidation
Ferrite Cores
STAGE 2 '
New Methods Transistor — “ Dynamic Logic
Capacitor Ceil
STAGE 3 -
New Horizons Merged Storage and  VLSI Architecture
Logic

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171973



VLSI CUSTOM DESIGN CAPABILITY
How the challenge has evolved

# of
Transistors

1977 — Prove a custom chip can be defined, designed, 3 x 103
: debugged, and manutactured

1982 — Establish a dependable, error-free design 3 x 104
system with productivity growth matching chip -

complexity growth
1987 — Create new applications made feasible by VLSI 3 x 105

Dataguest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171973



CUSTOM VLSI =— HUMAN-MACHINE INTERFACE

+« Complex algorithms become feasible

» Dedicated design accelerates performance
to reai-time lovel

¢ Two-dimensional sensing requires high
resolution arrays
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SOME APPLICATIONS ' .

Speech Text-to-speech synthesis
Connected word recognition

Vision Graphics display processing
Robotic vision

Al Systems Massively parallel computers
Neural networks
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VLSI — ~ SPEECH
Synthesis - Stored patterns
Text-to-speech
Recognition ~ |solated word

Connected speech

Coding/Compression — Waveform processing
Feature extraction

VLS! Devices - Dynamic time warp processor
Digital signal processor
Graph search machine
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ISOLATED WORD RECOGNITION
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DIGITAL SIGNAL PROCESSORS

e Basic building block for speech processing
* Performs feature extraction for word recognition

¢ 1.0 CMOS DSP
140,000 transistors

16-bit multiplication .
36-bit addition

60 nsec cycle time

2048 16-bit program memory
512 18-bit data memory
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GRAPH SEARCH ALGORITHMS

o Appiicable to a broad set of recognition and
processing functions
o Utilize differont math operations
DSP: Multiply-accumulate
GSM: Minimum-accumulate

e Can be realized as VLS| device
1.54 CMOS
35,000 transistors
40 MIPS
Searches 500 patterns in real time
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VLSI - -~ VISION

Scanning - Conventional video raster
the dominant approach

— Innate parallelism not used,
creating high apparent data rates

Processing — Data compression
Feature extraction

VLS| Devices — 1.4 x 10% pixel CCD imagers
45 Mb/s DPCM video CODECs
Moment generators for robotic vision
Water scale graphics processors
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REAL-TIME ROBOT VISION SYSTEM
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HUMAN /MACHINE ISSUES
FOR BIT-MAPPED GRAPHICS DISPLAY

¢ Resolution: 1280 pixels X 1024 lines typical
* image realism: 24 bitsipixe!
* Display update interval: 103 tiles/sec

* Applications sottware
— Humani/machine interaction
— Porforms usefui tasks
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WAFER SCALE PROCESSING
2, FOR BIT MAPPED GRAPHICS DISPLAY
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VLSI - - Al SYSTEMS

* Aside from sensing, little application of
specialized hardware

¢ Highly paraillel computer architectures
a major focus

¢ Neural networks a promising approach

VLS| Devices — High connectivity processing elements
Associative (neural) memories ,
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ASSOCIATIVE MEMORY CIRCUIT

MATRIX OF RESISTIVE INTERCONNECTIONS

f’

atay

ARRAY OF AMPLIFIER UNITS
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. PAST AS PROLOGUE

You've all heard of the wvalue of redundancy in electronics and this
morning you may get more than you would 1like, since I should've
coordinated my talk with Gordon [Moore], and did not. Some of these
things will seem a 1little repititious, but I agree completely with his
opening statement that the inverse of Murphy's Law is very much at work,
that the industry has really been based on this rather peculiar

circumstance: that as gqeometry shrinks, everything gets better,
Certainly the costs decrease, the performance goes up and it's been an
unmixed blessing. And because that's so, it's all been rather easy to

plot our progress because much of it stems back to a single factor and
that is geometries, line widths (call it what you will). What I have done
this morning is take a set of four of those parameters, for which therxe is
very good historical data, and extrapolated them for the next forty yvears,
which 1s very easy to do because they are all straight-lined. 1In every
case I think I showed the source of the Jdata which I used for the
extrapolation and I would like to make it very clear at this peint that
those people are innocent participants in this. They did not contribute
te the extrapeolation, they are not aware of it, and in no way can they be
held responsible for the thing,

. aAs they say, the size dependence is a very critical thing, and we do have
a aqreat deal of history on this; we also have some fairly recent
projections into the next ten or fifteen years. 1In this case, what it
shows is that teoday's 1line widths are typically one micron. They might
be something 1like .15 micrens by the year 2000 and go to around 500
angstroms by 2027. 500 angstroms, of course, is getting very small. The
other thing that has gone along with this sort of projection is chip size
projections and particularly for memories. For quite a long time we were
able to make each successful increase by a factor of 4 in the memory
capacity without much change in chip size. More recently, each time the
memory increases by 4, the size is roughly doubled. So that this
projection carries us again to the year 2000, starting with a chip roughly
1/4" on a side in 1985. By the year 2000 the chip would be 2" on a side
and by the vyear 2027, they would be 12" on a side. A square foot of
silicon!

I'm sorry Gordon has left, but this is the famous "Moore curve" which has
been slightly modified by 1Intel to separate out memory and logic. What
this shows 1is that the megabit chip was first introduced in 1985. We
should hit a gigabit by the year 2000 and T don't know the term for it,
but we'd have 1013 bits on this square foot chip in the year 2027.
Logic, as you will notice, falls considerably behind this. The 386 has
about 300,000 transistors, and could be considered a 1985 unit. These
projections would suggest that you might have about 15 million transistors
by the year 200, and 101l by 2027.
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And finally, memory cost per bit, which has been a very dramatic one, .
around 107 cents per bit in 1985, 1073 cents in the year 2000, and
10711  cents per bit in the year 2027. Interestingly enough, this
cone=square foot package with 10} bits in it is going to cost about $2 a
package and that's a little surprising but our Dallas newspaper the other
day carried the story of an analyst on the West c¢oast who noticed that
memory packages always cost a couple dollars a bit. He had read that IBM
was working on 16~ and 64-megabit chips and his conclusion was that this
was a time to sell vyour stock in the disk drive manufacturers. So as
extreme as these things arxe, they have had some significance: they are
used by planning and for projections over the next few years by almost
every company in the business. Admittedly, noboedy carries them for forty
years but they have provided a road map and guidance. So I think it's
worthwhile to go back through these, and let's talk about them a little
bit and perhaps we can see where each of them might begin to shift a
little bit because I think it's pretty obvious that regardless of your
faith in integrated c¢ircuits and humanity, that we ain't gonna sell one
square foot chunks of silicon in a plastic package for %2 in the year
2027,

The memory linewidth actually includes a number of factors. Lithography,
of course, is extremely important, but it also requires the development of
a full set of related processors to go along with it. Line width is of
particular importance in the future and today substantially all of our
integrated circuit designs are dominated by their interconnections. The .
active device areas, and things of that sort, are not too important. Some
of this pressure has been relieved by the development of double level and
triple level metal, perhaps if Gordon is right and we have 40 levels by
the year 2000, 2/3 of those will be interconnect. But the other parameter
which doesn't show in here is device performance and that does begin to
level off as the geometries approach 1/4 micron and drop below it.

In the case of chip size, Gordon mentioned the reduction in defects. This
has been extremely important, the progress of this curve just simply
wouldn't have happened without those changes. Today the best fabs in the
world, those producing large memory chips, are running well below one
defect per sguare centimeter and these benefits that Gordon talked about
are very real, On the other hand, it does mean that we are not going to
double yields again. They are already above 50% in many of these cases.
To achieve this requires a dedicated front end for the purpose, And today
memory fabs are built to produce basically only memory chips. So that
some of this improvement in defect density has come at the expense of
flexibility.

Another trend which is apparent in here is that increasing portions of the

process cost are becoming area dependent, A wafer stepper, for example,

takes a given time to cover a 4" wafer and a longer time to cover a 6" and

a still longer one to cover an 8". The ion implant processes are the

same, so that to the extent that these area dependent processes come into

play from a cost standpoint it makes less and less sense to make the chips .
bigger and bigger. There may still be performance reasons for wanting to

do that, but the economics do not show the same kinds of gains that we've

seen in the past.
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. This is particularly important in the case of memory, where a megabit
memory doesn't provide any function that four 256K chips will provide,
People want to buy megabit chips and will buy them when they are convinced
that they will c¢ost legs than the 256K chips over the life cycle of the
equipment that they are producing. It's true that there are some minor
performance advantages that go with that, but these could probably be
realized by shrinking the geometries on the 256K. So, particularly in the
case of memory, chip size is a purely economic decision and I think that
maintaining progress on these costs will be extremely difficult to do.

In complexity, again, it's essential %o separate the memory and logic.
Memory is a very easy case in that the next generation of products is very
readily definable, A very long time ago it was determined that memory
should increase in factors of 4 and we've been doing that so that people
can tell you that we're going to do 1 megabit, 4 megabits, 16 megabits, 64
megabits, and keep talking until they are tired. Memory is also simpler
in that it has very regular interconnections and so it's very
understandable that the memory complexities are appreciably higher than
logic.

I think that if we were to look today, we would find that this gap which
you see between memory and logic has already begun to widen considerably
more than this shows., One reason for that is that the logic designs are
expensive and becoming more so. We designed the Series 51, which was a
family of 6 not-very-good integrated circuits in 1960 at a total cost of

. something less than §50,000. Today a new microprocessor design has been
quoted at $50 million. There has been a tremendous amount of progress in
computer-aided design and reduction of design costs, but what that's done
so far is make an intolerable cost just painful. There is a great deal
more to be done in that area and unless it is done, the size of the logic
chips will be limited,

It's also possible, I think, that we will begin to see for the first time,
a split in integrated circuit applications because of the smaller is
better thing. The smaller parts always became over time the lowest cost
parts. This way not always be true: it may be possible and desirable,
as the cost of these smaller geometries increase, that designs will
deliberately use looser design rules, wider spacing, simply to achieve
lower costs and this would be a significant difference,

Finally, in the memory cost per bit, this is a very difficult area. 1In
the past, memory cost projections have been important guideposts for the
industry. Today, I think we have somewhat lost that. One of the reasons
is that memory has become particularly capital-intensive. The time cost
of these changes may be as much as five years when the memory producers
build new plants for a new generation because they are so capital-
intensive by semiconductor standards. As such, the most economical course
is to operate these at the maximum rate and to take what you can get for

the product. We do know that if you look at the profits of the
semiconductor makers who made most of the memory chips last year, that
. they may have lost as much as 32 billion on perhaps $6 billion worth of

Dataguest, a company of The Dun & Bradstrest Corporation / 12980 Ridder Park Dnive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171973



memory billings. It's not fair to say that all of those losses were .
ascribed to memory, but I would think that they probably didn't lose very

mach on chips for VCRs or TV sets. So that there is some uncertainty in

that portion of it.

Finally, at the moment, the price for memory chips is being set by
bureaucrats in Tokyo and Washington who are armed with charts like this
one and so that I think in terms of memory cost per bit, we really don't
know where we are on this curve anymore. I feel sure that the 1 megabit,
4 megabit chips will arrive, but they may not arrive quite on schedule and
that if this is progressing more rapidly than the cost structure will
support, the optimum strategy is probably to delay the introduction or to
announce its limited availability for fairly long periods., And I think
it's very guestionable whether you should assume that each new generation
of memory products is going to appear on the same time schedule it has in
the past.

S0 I think for many reasons that these curves that you've seen will
probably begin to show inflection points within the next five years. I
think it jinevitable. I don't think that this is necessarily bad for the
industry, in part because the ever increasing capital expense required to
pursue this may not make it very profitable course, anyway.

It's also, of course, stupid to expect to extrapolate anything for 40

years, As Mike [Thompson] has told you, DeForest would not have projected .
the transistor when he did the first triode, It would not have been
reasonable to expect even Shockley to project our 1985 or 1986 results,

What we can be sure of is that some things will happen to change these.

We can speculate a little on what it would take to change these things. I
think we know that the substitution of a new device for the existing
gilicon ¢transistor will not have very much impact. I'm sorry if that
offends the gallium arsenide people, but I think we've learned that on
these highly complex circuits, the performance is so completely dominated
by the interconnect that it makes very little difference whether you're
talking about silicon transistorg, gallium arsenide transistors, or
Josefson Junctions. The performance and the complexity is much the same
for all of those and since silicon has such a tremendous head start, as
well as the benefit of the large planning, as Gordon teld you, it's very
difficult to see how that would produce an inflection point.

I do think +that there are some other things that are apparent:
particularly for logic circuits. These increased design costs have to be
recovered in some way and one of the difficulties of projecting a 100
million Wit logic circuit is finding an application that can pay for the
design, In many cases, if you were able to recover a normal profit on the
engineering costs invelved in designing it (the normal NRE expense), you
could afford to give away the production units and this is a change that I
think the industry hag been slow to make. It's true that in gate arrays,
some of the standard c¢ells, that people have bequn to pay these NRE
costs. In very few cases, though, I think, are they expected to pay .

Dataquest, a cornpany of The Dun & Bradstreet Corporation f 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171973



. the full cost. The company tends to assume that there will be some
production fellowing, and basically underbids in recovering their
engineering expense. This, I think, will have to change and probably do
so rather gquickly.

I think another %trend worth noting is that these designs that we're
talking about will be better protected than they have been. FPFor the first
30 years of this semiconductor activity that we're talking about, patents
were basically of 1little value in this country. The corporate objective
was to swap them with other people so that they didn't have to pay any
royalties and didn't have to be bothered with it. Within the last few
years, the wvalue of intellectual property has gone up probably more
rapidly than Moore's curve. And it does mean that people who do original
designs and coriginal processes will try very hard to protect them. I
think this will make it more difficult for some of the smaller ventures,
particularly those that are parasites (to use Gordon's phrase), to
actually get off the ground.

As I said, I don't think there's a lot of progress to be made in devices.
I think that architectures are extremely promising, because these have the
possibility of reducing the interconnection difficulties, I was
interested in your garden slug analogy, Mike, because that has relatively
few interconnections for the area, at least as I've read the thing and
there are undoubtedly clues in that.

. So 1 think we'll progress and I think that we may progress at the same
rate that we have in the past, but I don't think we'll do so on the basis

of these every decreasing line widths and ever decreasing cost per
function.
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TECHNOLOGY AFTER 40

Now we know the logic power it takes to make a garden slug; I wonder what
it takes to make samecne that can defeat a garden slug (Ed. note:

reference to speech by Mike Thompson, ATST).

I was asked to map the course of technology for the next forty years in
twenty minutes; that's about two years a minute so you'll have to pay
careful attention here. The technology certainly has evolved rapidly
throughout the thirty plus years I've been associated with it. I am
contimially amazed at what we're able to accomplish frankly. Two things
have been Kkey in driving this technology. One is what I call a violation
of Muphy's Law, We have a peculiar situation here where making things
smaller seems to improve them in all dimensions similtanecusly with
essentially no trade off. They go faster, they use less power, and very
importantly <they become less expensive because we pack more function in
the same amount of area and therefore, lower the production costs., This
alone wouldn't drive the development of the technology because as the
prices of the devices went down the industry would spiral into some kind
of a death throe except for one thing: the market has proved
phenamenonally elastic., We double the amount of electronics in the world
every year as we move on to higher functionality and smaller dimensions.
. So these are the two things that have driven the technology in the past.

Now, extrapolations of the past are generally a valid way to lock at least
a short distance into the future, and we'll go through a few of these.
Nothing is more important than what's happening to cur minimumm dimension,
giving the importance of moving down to smaller sizes to contirue to
exploit this violation of Murphy's law. I have been amazed that progress
to smaller dimensions has proceeded on a straight line on semi-log paper
from the introduction of the first planar transistor in 1959, which was
kind of the beginning of the technology we have been pursuing. It doesn't
show any sign of rounding off as we approach a limit I think we generally
agree is something around a tenth of a micron where the physics of the
material start getting fouled up. You know we've passed several of the
single cell creatures there and are now working in the realm of viruses
insofar as dimensions are concerned. Clearly thcmgh this is going to
have to do something well before the forty yvears is up. Either we're
goirg to slow our rate of progress, my limit is going to prove wrong or
samething. But we see that sometime in the next twenty years, we're going
to come very strongly against some fundemental limitations.

Now, another part of the technology that has been extremely important of
course, is that relating to our ability to design products of this
phenomenal complexity. When we made the first microprocessor some 17
years ago, designing a product of that complexity was really at the limit
of what was possible. Now we make things orders of magnitude more complex
. and are really disappointed if they don't work the first time. The reason
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is: we've made extensive use of the computer for a design technology and
these together, the improving process technology and the improving design
technology are clearly going to continue to be important. But it's not
really the directions I want to address today.

Before I go on to some things I do consider important, I do want to
address one particular qQuestion and it's the one that was asked to Mike
(Thampsen, ATST], and that is: "Is silicon going to contimue to be the
important material or is there going to be scme major change there?"
Well, I think this is an area where we carefully made very important
choices when we began. A group of us sat down with a table of the
relative abundance of the chemical elements in the earth's crust., We
started down through here since we realized this was going to be a big
industry, we wanted to ke sure we chose materials that would be readily
available. So we started with oxygen. Well, oxygen is a gas and you
can't use that very well for solid state electronics, so we had to move on
to the second one there, o and behold, silicon. Silicon is a nice
semiconductor and readily available so we had our choice there. And then
seeing that we could combine the silicon with the oxygen in almost the
porportion that exists in the earth's crust, we could get an excellent
insulator in silicon dicxide. The third thing you need besides the
semiconductor and the .insulator is cbviously a conductor, and look what
cames next., How could anything replace this choice of materials for such
a basic industry? By the way, I've gone on to include 99 percent of the
earth's crust and I don't see gallium or arsenic or a variety of other .
things showing up there.

While the technologies T mentioned earlier are clearly still key, I'd like
to focus on three trends that relate to the course of technology over the
next several vyears which I don't think have been adequately appreciated.
First ocne, no more defects. I don't mean zero defects in the sense of the
military . . . that is that the user won't see any. What I mean is a real
change in the direction in a lot of the technology develorment. We've
spent the last 25 years tracking down yvield-limiting defects. We find ocur
cause and then go back in and reduce their incidence. Just about the time
the yield starts getting in control, the next technology generation comes
aloeng, redefines what a defect is because a smaller dimension is important
as you shrink the geometry and everything else, and we had to start all
over again. Sc we have been contimually going arcund this circie of
fighting defects.

We're finally making progress in eliminating defects more rapidly than new
generations of technology are turning over. This has very important
implications on what we consider doing. Here I've plotted a simple yield
model, that is a model of random defects which fits pretty well at least
now, and shows the kind of yield you could expect at variocus die sizes
depending on the average defect density on the wafer. And you see that if
your defect density exceeds something like one per square centimeter, as
you get up to the devices the size of 256K memcries, or 1 megabit
memories, your yields start getting very, very low. The right hand axis
here of one scquare centimeter corresponds almost exactly to the area of an .
80386, Clearly we couldn't have made one with the kind of defect
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. densities that were around not very long ago. On the other hand, as you
creep up toward a ‘tenth of a defect per square centimeter or even zero,
you approach the one hundred percent yield. This has a dramatic impact.
We've spent a very good portion of our time trying to reduce the area of
products  because the cost essentially improved exponentially as we
decreased the area, because not only did the nmumber of possible die on a
wafer increase but the percentage yield went up dramatically, in fact
along an exponential curve here. And clearly improving the yield was the
strongest thing to do on reducing cost.

This is the reason there was a push toward simple processes. The original
justification for MOS over bipolar was that it was a 4 mass process
instead of the 6 mask process you needed for bipolar circuitry. And the
more steps you had, the more defects you introduced since these are not
fundamental but are introduced during the processing of the silicon. With
zero defects the constraints are lifted. The cost of the die becomes
linear in area rather than exponential. And process complexity also
contritutes linearly rather than much more strongly to the cost of the
product. I see this leading to huge dice. A huge die is still 1/2 inch
on a side as far as I'm concemmed. But the idea of waferscale products
becomes much more realistic because of this trend toward zero defects in

Process complexity can climb. It has already climbed quite a ways from

. the old 4-mask MDS. We are not overly concerned with the 15- or even a
20-mask process today. I see that continuing to climb maybe at five
additional mask layers per decade so that we could lock at a forty mask
process at the end of this time. It seems less unlikely to me now than a
20-mask process would have seemed 15 years ago. High yields release both
the product designer and the process designer to exert their creativity.
I think this is going to have a major change in the thought process.
That's going to have an important impact on the overall industry over the
next several years.

Another trend that is having a significant impact is cost. Leading edge
technology has gotten very expensive. One way to look at it is the cost
of the ecquipment. Here I've picked three different pieces of equipment
more or less at random. The random access beirngy the ones I could get the
data for easily, and you can see each of those grows essentially
exponentially again with time. When we started Intel, the standard
increment of wafer fab equipment was $12,000; you could buy a lithography
machine or an evaporator or whatever, it cost about $12,000. That
increment now is closer to the $1.2 million; that is a hundred fold
increase in the time we have been in business. This can't continue
because it is growing more rapidly than our ability to support it. With
this increase in equipment cost and the increase in preocess complexity, a
minimal facility now with an adequate clean room for doing development in
state-of-the-art techrology costs on the order of $100 million. An
economical production plant is a significant multiple of this. This
. equipment gets replaced, or at least half of it or so gets replaced, every
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generation of technology and the facility is adequate for two, possibly .
three generations of technology if it's upgraded significantly inbetween.

At Intel the cost of developing a new technology generation is of the

order of $60 to $80 million now and growing at a rapid rate. And the pace

of new generations is not slowing. I think a state-of-the-art oriented
semiconductor start-up ought to look forward to its ability to support

$100 million a year on technology improvement if it plans on living with

that kind of a strateqy.

In fact technology leadership is much more expensive. I show a curve that

graphically tries to depict what it takes to stay ahead of where the
general leadersofthenﬂustryareasccr@aredwithmtlttakestodrag
behind., If we say unity is what it costs the leading half dozen
semiconductor companies in the world to stay where they are, trying to get
a year ahead of that is a significant multiple of expenses. You have to
develop a lot more equipment and do a lot more driving of the technology
in order to get there. This curve in fact goes to infinity in something
less than two years, as near as I can see. On the other hand, the campany
willing to live a year or two behind the nominal leading edge of the
technology find it is relatively inexpensive. The blind alleys have been
eliminated and the equipment has generally become available and been
debugged so it can practice this level of technalogy. To follow is
relatively cheap, to lead is tremendously expensive.

Another wview of what's happening is the amount of reverue, the fraction of .
the revenue, that the industry has found necessary to imvest in R&D and
capital. Technology . . . amd technology is not only the development,

it's generally the capital to put it into production . . . consumes a

grawing fraction of the available resources. This cuxrve can't contime to

grow at the slope it's averaged over the last decade or clearly we will be
spending more to develcp the technology than we get by exploiting it.

Ancther way to look at the limitations we're seeing here financially is to
look at the growth in the semiconductor market versus the growth in the
collective GNPs of the developed countries. You see a line with a
sigficantly steeper slope, a few flucuations on it I'll have to admit that
seem very severe at the time, but if you extrapolate this locking at a
forty year time scale, you see that the semiconductor industry passes the
GNP of the various countries in a relatively short period of time. Now
this clearly cannot happen. One of two things has to occur: the growth of
the economy has to sharpen dramatically: or the growth of the
semiconductor industry has to moderate. Unfortunately, I think the blue
caurve 1s going to have a tough time changing the slope of the red curve
enough to Kkeep us on the cycle we've been on before. This is going to
result in a slowing of the ability of the industry to irwvest, I think no
matter how it comes about. So what I've accumalated here are several
different reasons why the economics of the semiconductor industry are
going to have to change. It's gotten very expensive, it cannot contimue
at its growth rate, and we're all going to have to learn to adapt to

whatever changes these bring about. .
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. A third change I want to talk about, and take your pick on the way it's
described, but basically we have become very good users of exactly the
technoloegy that we have created. We mentioned earlier how the design
technology has developed significantly more rapidly than our need to use
it, so we can do mich more coamplex products actually more efficiently than
we could do simpler ones ten or fifteen years ago. I want to give you
some nonclassic views on how we are using this technology. One thing I
like to take look at first are same of the things that are going on in
modeling of processes. And I will admit that this is an area I never
really expected to get much from, I frankly thought that we would always
lag in capability to model the real world, but that hasn't proved to be
the case. -

To pick a simple example, this is the way a model of the cross section of
a polysilicon layer on top of an oxide might look coming cut of the
camputer. In fact this is exactly a model of one of the things we were
doing. Then you can put that model along side the reality and in fact the
undercutting is very accurately shown; the slopes and the sidewalls get
shown very accurately. This is not a very good photograph to see that on,
but we can essentially adjust the parameters in the model to fit what
happens essentially exactly and use that as a very good tool for locking
. at deviations from the standard process.

Another example, take photoresist. This shows the profile of a very

. narrow line in thick photoresist for a variety of different exposure
levels. The scalloped edges show interference fringes fram the light
reflected up from the underlying surface which is a function of exactly
the films that are on it. When I first saw this similation, I thought it
was ridiculeus until people started showing me electron micrographs that
show exactly those fringes. Now we find it's very important if you have a
node or an antinode at the bottom of the photoresist layer., It can
affect the 1line width by plus or minus ten percent down in this kind of a
rarge. Without the ability to model this kind of thing, it would take
forever to figure cut what we were doing experimentally.

Ancther one, and one that I really didn't believe in initially, shows
putting an insulating layer over a structure that has a couple of metal
layers on it. It says as this insulating layer gets thicker and thicker
you eventually close the top of the hole and leave a void inbetween the
two metals., Lo ard behold you take a lock at the photomicrograph of the
socmewhat thicker layer, and the void actually exists exactly as medeled.
We have gotten to the point where we do at least ten process experiments
on the computer for every one that's done in the lab. They're quicker,
cheaper, and there is 1less chance of making mistakes. Certainly I was
surprised here. I never really believed that process modeling would get
ahead of our ability to perform the processes themselves. I lock forward
to the time when we can model our P&L as well.

Another noncorventional use of the technology relates to our ability to
. improve what we are doing from the point of view of taking advantage of
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the information that's available. A factory is built to produce products,
but it produces a lot more data than it does products. Inthepastvery
little of the data produced by the factory could actually be used in
improving the processes. Increasingly, with automatic data collection and
the ability to sumarize and analyze it effectively and essentially in
real time, we have been able to use this data to improve cur processes
dramatically. The kind of things we can see now is this map of a wafer
showing particular parameters over the course of several runs. You look
at that immediately and you say, “Gee, the left side is not like the right
side." That kind of information can be wvery hard +to find just by
corventional data analysis techniques. Having this data available,
historical with all the parameters that go along with it, ard the ability
to analyze it, the ability by which processes can get improved
dramatically. I think that's one of the important reascns that we are
getting ahead of cur process generation in eliminating defects. T bhelieve
that we already have by a large margin, the most complex industrial
technolegy in  existence. But there is still a 1lot yet on the
microelectronics technelogy plate where it can be developed in several
different directions. I think it's moving very rapidly, driven by huge
investment and rampant parancoia. As long as we can afford it, we're going
to all try to keep up.
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PAST 40 YEARS

After Second World War in Japan
» 90% of industrial activity was destroyed
« Shortage of foods

» Occupation period (1945~1952)
limitation of R & D, microwave techn.
limited international trade .
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Transistor |
» Information of invention (1948)
» Study of semiconductor (1949,falil )
no Ge, no budget
« First Si mixer diode (1950)
» Crude Ge powder 1 0z (1951)

—> point contact diode
« Point contact transistor (1953)
« Alloyed and grown junction transistor (1954)

. Today NEC is NO.1 (Data Quest Ranking)
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SEMICONDUCTOR INDUSTRY

» Driving Force

Popularization of computer and communication
Home electronics

« Growth Rate of Semiconductor Industry

~2000 15~20 %/year -
2000~ - 10~15 %/year

« Market Needs by 2027

Automatic Interpretation Telephone System
Super microcomputer for Al
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DEVICE TECHNOLOGY

Device Design Features till 2000
« High integration by MOS DRAM, MPU etc.

» High speed by Bipolar main frame
& super-computer

» High frequency by GaAs communication,
satellite broadcasting

. » Operation of 0.1xm devices are verified

i

 Super-conductor transistor
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1. MICROPROCESSOR TECHNOLOGY TRENDS

Main File
" MPU | Clock | Geometry .

AC. Application it | MHz m Deavice I}Blyetr:ory 3‘3’:""
1975 Caiculation 0.5M
1980 | English Word Processing |4~8| 1 ~5 N-MOS 64K Fo

Home Electronics
1980 |Japanese Word Processing 125 ™
~1985 |MS5-DOS (single task) 6 |5~10| 2~3 | N-MOS | g0k | fp
UNIX-0OS (multi task)
1985 3 dimensional graphics 10 2~-20M
~~1390 | CAD/CAM W.S. 32| T30 | 2 | C-MOS | SM | Gt
Data-base terminal
Pattern Recognition
1990 _ |Voice Recognition a2 | 30 os | CMos |20 | l0OM
~-1995 | High Performance Robot ~-50 : Bi- ~30M ‘MO
Factory Automation C-MOS
99 Spooclmage T Becognitio 32 |50 Bi 20 G
15995 h ognition i-
~2000 | 30 Movie ~e4}~100| 05 | cCmos |~toom | HO,MO
LS4 Pattern Inspaction
2000 32 Bi-
< Al T a | 100~ 0.3 C-MOS 1G 106
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2. DRAM TECHNOLOGY TRENDS

1970 1980 1990 2000
Y
FEATU"ES:iE,, 1&12/3/5 / 3 /z /1.2 /03/0.4/°
TECHNOLOGY [PMOS / NMOS cMOS SRS
STACK
MEMORY CELL | 3Tr 1tr TRENCH -7
-
VOLTAGE / -
~20 12 5 3 -7
(voLT) / / 7
ISOLATION

GATE MATERIAL

Tox
{nm}

PLANE/ LoCcas / TRENCH

Al Poly Double oF
Si Poly Si giiC REFRACTORY METAL

120/-100 ~?5/ 50/35/25 20/15 0w -
s 7
! / /0




v v
s our SELF-ALIGN Yoo
SILICIDE

e o v U
=y

p WELL (RETROGRADE) n WELL (RETROGRADE)

J U !

- n~ or p~ Substrate Si
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3. BIPOLAR LOGIC TECHNOLOGY TRENDS

1970 ‘80 ‘90 2000
4 OF GATES 500—3,000 / 1,000— 20,000 / 5,000-100,000 /nooo
FEATURE S:ifn] 10 / 5 / 3 / 13 / 0.7 / 0.4 /o_z
™ - ]
TECHNOLOGY m‘js —
VOLYAGE _
(VOLT) 5~3.3 "2 |
P As
EMITTER POLYCRYSTAL EMITTER
Wb (;:m) 0.3 / 0.2 / 0.1 ﬂor / 0.05
EPL. ““c"':iﬁ,s) 7~4 / 1.5~1 / 0.5 / 0.3 / 0.2
ISOLATION PN / LOCOS TRENCH
_ IBM370 3081 sx-2 ULTRA FAST
i COMPUTER CRAY1 ACOS1000 COMPUTER
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4. MMIC (monolithic linear)

+ <5GHz Si
« >5GHz GaAs
5. QEIC

+ Fiber optical communication system
SSI for transmitter & receiver

« Optical interconnection
data-high-way (system to system) .

» Optical data-processing
2000~

+ Phased array radar
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PROCESS TECHNOLOGIES

Crystal
1. Silicon

« Continues to dominate in the foreseeable future
+ Unique Features

« Economical, abundant source

+ Perfect single crystal

+ Si0, film (MOS device, diffusion mask,
passivation)

. " « Thermal diffusion

« Si;N, film (Oxidation mask, high dielectric
const., passivation)

« High yield, high volume production,
high reliability '
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2. Ga As and Compound Semiconductors

+ Merits
» Coupling to the optical processing
« High speed, low power
« Semi-insulating crystal

+ Demerits
« Lack of stable passivation film
+ Dislocations by thermal treatment
- Difficult to grow dislocation-free crystal .

» Higher cost
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3. Future Technologies

+ Artificially structured crystal by computational
physics '

» Hetero-junction

- Super lattice

* Super conductor
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4. 3DIC
* Trench capacitor and isolation
» Stacked transistor and capacitor (SOIl)

* Multi-layered chip IC
cycle time 1nsec (10cm)3
" O.Insec (lem)?

5. ASIC

* Manufacturing various sorts of products

in small quantity
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1970 80 80 20100'
WAFER DIA a” / / 6" / 8* / 10
FEATURE SIZE
o) | 10 / 3.2 / 2.08 0.80.4 / 0402 | |
1 XCIMER XRAY
UTHOGRAPHY CONTACT BROJEC TION / STEPPER / STEPPE ES
RESIST NEGATIVE / POSITIVE / MULTILAYER
ETCHING wEY DRY RIE e
ETCHING ETCHING . _~"LASER ASSISTED ETCHING
. f"_—_
OXIDATION CLEAN / ULTRA CLEAN

—

\ +FLASH ANNEAL

THERMAL Ya——
DOPING OFUSION MPLANTATION <C8 ASSISTED OEP
S SURFACE MELT DI

PYROLYTIC
cvD DECOMP /c"‘/ PHOTO CVD
/" U0 PHASE OXIDATION
HOMO EPi LOW T EPI MEE
EPt s.q‘ S|H PHOTG EPI
SGH,CI 2|.‘|° SELECTIVE EPI
S s
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MANUFACTURING TECHNOLOGIES ®

1. Automation and Flexibility
 Increase through-put (productivity)
» Fine control of device parameters
- Self-diagnosis and feedfoward system
« Short TAT in spite of increasing process steps
» Needs for high-sensitive monitoring equipments
+» Reproducibility and reliability .
« Flexibility for update equipments & design change

» Eliminate human error/Saving labor cost
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2. Super Clean Room
« Site location
« Building construction — vibration proof/floor plan for flexibility

» Airconditioning and decontamination
laminar flow, Na free
class 0.0001(0.17 :m)

+ Temperature and humidity control

« Ultrapure water piping system
high-sensitive resistivity testing

. « Gas supply system _
vacuum melt metal tube + electrolytic polishing

« ESD-control
conductive wall, ceiling, floor, paint and wafer carrier

* Reduce people in clean room — people-less
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3. Ultra Clean Meterials

 purer chemicals and gases by two orders of magnitude
(small particle free)

- ultra pure water and its control
(temperature, surface tension etc)
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WAFER FABRICATION EQUIPMENT MAINTENANCE

KEY TO SEMICONDUCTOR MANUFACTURING PRODUCTIVITY

1) PRESENT : TPM

2) FUTURE TRENDS
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(1) OVERALL FAILURE RATE
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(2). VACUUM SYSTEM
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THE 5 PILLARS OF TPM IMPLEMENTATION

1. SELF-DIRECTED MAINTENANCE BY OPERATORS
2. ITEM-BY-ITEM IMPROVEMENT OF PRODUCTIVITY
3. PLANNED MAINTENANCE

4. MAINTENANCE PREVENTION SYSTEM

5. EDUCATION AND TRAINING
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PROGRESS BY OPERATORS
SELF-DIRECTED MAINTENANCE

30

SELF-DIRECTED
MAINTENANCE 0|
(WOMEN)

83/1084/10 22 30 4a85/1Q0 20 3a 4as6/1Q
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HOWITU CONDUCT PLANNED MAINTENANCE

(1) TIME-BASED MAINTENANCE

TIME-BASED INSPECTIONS ARE MADE OF 800-900 EQUIPMENT UNITS.
COMPLETENESS IN THE CONTENT OF THE INSPECTIONS PRODUCE
SIGNIFICANT BENEFITS.

1
A LARGE PORTION OF THE INSPECTION CRITERIA WAS DETERMINED AT
THE TIME OF EQUIPMENT DELIVERY. AlM FOR COMPLETENESS IN
INSPECTION CONTENT BY REVISING INSPECTION CRITERIA BASED ON
EQUIPMENT FAILURE HISTORY.

(2) CONDITION-BASED MAINTENANCE

THERE ARE MANY PARTS WHOSE WEAR-DOWN {S UNAVOIDABLE.
AN EFFECTIVE STEP 1S TO REPAIR OR REPLACE THEM THROUGH
CONDITION-BASED MAINTENANCE.

1

CREATE MANY EXAMPLES FROM SITUATIONS NEAR AT HAND.
REINFORCE IMPORTANCE OF CONDITION-BASED MAINTENANCE AND
SPREAD THROUGHOUT ORGANIZATION.
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MAINTENANCE PREVENTION (1)
RELATIONSHIP OF DESIGN AND EARLY STAGE START-UP

START-UP PERIOD OCCURRENCE OF SYSTEM

PROBLEMS REACHES ITS
PEAK AT TIME OF INITIAL

. g |STAGE OPERATION
2 NUMBER 0F RUMSER OF £ |RESULTING IN A LONG
g PROBLEMS = | START-UP PERI0D.
iy Ry o |
E = 3 g
= = = - =
g 35 33 2.3 23
8 gg s EED 5
£ g2
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MAINTENANCE PREVENTION (2)

AT DESIGN STAGE MOST OF
THE SYSTEM PROBLEMS ARE
DETEAMINED THROUGH FEED-
BALK OF MP INFORMATION
FOR SYSTEM IMPROVEMENT
(SELF-DIRECTED MAINTENANLCE
/ITEM BY {TEM IMPROVEMENT
/PLANNED MAINTENANCE}.
HENCE, PROBLEMS ARE MINI-
MIZED BEFORE INITIAL STAGE
OPERATION.

PRESENT
NUMBER OF v
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g START-UP PERIOD
g £
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.": X ResoLvep
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TECHNICAL KNOW-HOW LEVEL (OPERATORS)

1H/1884 7

EQUIPMENT OPERATION
COMPREHESION OF
SYSTEM

EQUIPMENT INSPECTION

PREDICTIVE MAINTENANCE,
EQUIPMENT

EQUIPMENT TROUBLE-
SHOOTING

EQUIPMENT CORRECTION

1H/1385 1

SIMPLE REPAIRS

LUBRICATION/CLEANING/
TIGHTENING

|~ DWW N -
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WAFER FABRICATION EQUIPMENT MAINTENANCE
FUTURE TRENDS

ON-LINE FAILURE DIAGNOSIS
STANDARDIZATION ON RELIABLE PARTS (SEMI)
SELF-CLEANING CAPABILITY

IN-SITU SELF-DIAGNOSTICS

(PARTICLES, PLASMA GENERATION, RESISTIVITY,
THICKNESS)

. MAINTENANCE-PREVENTION DESIGNS
6. EDUCATION AND TRAINING
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1y

Dataquest, a company of The Dun & Bradstreet Corporation / 1280 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171973



THE ROLE OF PEOPLE IN EQUIPMENT MAINTENANCE

PRESENT : PEOPLE PERFORM ALL CLEANINGS,
INSPECTION, MODIFICATION, REPAIR
FUNCTIONS _

FUTURE : OCLEANING AND INSPECTION FUNCTIONS
WILL BE INCREASINGLY AUTOMATED.

O PEOPLE WILL UPGRADE ROLE TO
ANALYSIS, PROBLEM-SOLVING,

MODIFICATION AND STANDARDIZATION
ACTIVITIES.

ORESULT=IMPROVED UPTIME OF WAFER
FAB EQUIPMENT.

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Tetex 171972



CONCLUSION

¢ Industry will grow perpetually tjll 21st century
« Design feature size will shrink to 0.1 .m

* Process operation, process monitoring will be automated

. Maintenance of manufacturing equipments will be most important

~

« Management will be very difficult even if computer will assist .
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Managing Director
DQ Alliances

Mr. Angel, Managing Director of DQ Alliances (DQA), is responsible for
business development, administration, and management of DQA's merger,

. acquisition, and corporate alliance projects. Mr. Angel joined DQA during
its start-up phase as a part of Dataquest Incorporated, before DQA was
established as a separate, but still closely affiliated, entity. Mr. Angel
has 25 years of experience in the semiconductor and venture capital fields,
having served as president, executive vice president, and chief operating
officer of several high-technology start-up companies. Before joining DQA,
Mr. Angel was founder and senior partner of Almaden Venture, a seed fund and
venture capital consultation firm. Earlier, he was a founder of Signetics
Memory Systems and the Director of American Microsystems Inc.'s (AMI's) Image
Technology Center. He is considered an expert in semiconductor lithography
and is responsible for much of the imaging technology in use today.,
Mr. Angel has authored more than 50 publications relating to high technology,
funding new businesses, strategies for success in high technology, and
managing high-technology companies. Mr. Angel's academic background is in
Physical Chemistry, Business, and Law. He was educated at Marietta College,
Williams College, and LaSalle University.
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SURVIVING IN THE LAND OF THE GIANTS

An associate of mine provides the counsel that one should testify in public and confess in
private. Perhaps unwisely, I will choose to ignore that sage advice for the moment and
confess to this group that I from time to time wake up in the middle of the night having
lost the ability for restful sleep. Whether it is the onset of middle age or just too many
years of trying to solve yield problems, the peaceful slumber of my youth has vanished.
As of late, I find myself knotted up with 3:00 a.m. musings over the future of the
American semiconductor industry. Not so much the issue of foreign competition or the
bad state of the market; those matters appear to be taking a turn for the better.
Rather, my head seems to be filled with worries over the survival of the small
IC company—the start-up company that is now a few years old. The American
entrepreneural spirit and the drive to create these new young, niche-oriented, highly
flexible, technology-intensive, bureaucracy-free companies has been the very genesis of
the American, and hence, ultimately, the worldwide semiconductor industry. Today,
however, there is a mounting groundswell of opinion that the small integrated circuit
semiconductor company can no longer survive in the land of the giants.

Reviewing only the events of the past few months, we have witnessed the merger of
Thompson and SGS, the merger of Advanced Micro Devices and Monolithic Memories,
and now the absorption of Fairchild Semiconductor into National., Six have become three
in just two months. Some very wise individuals with credible credentials advise us in the
industry that this is indeed the trend and an early look at the future. Are these
individuals imbued with unique prescience?

. Pasquale Pistorio, the head of the new SGS/Thompson consortium, advises without
hesitation that "to play this game you need $1 billion in annual revenue. This is the
minimum critical mass. In a few years it could rise to $2 billion depending upon the
value of the dollar. If one cannot achieve this level, it is better to change and become a
niche supplier.,” Mr. Pistorio goes on to state that today there are about

300 semiconductor firms but within 10 years that number will be halved.

Consequently, we are faced with the dilemma of growing our company through some
means or manner to $1 billion plus annual sales or of redirecting our strategy toward
niche markets. If for the moment I can imagine myself as the CEO of a young
IC company who has just, through every event and action conceivable, finished. my third
year of operation with sales of $20 million, the thought of ever reaching $1 billion in
annual sales within the span of my mental acuity and physical stamina is remote. Let's
look at that another way. A company that had scratched and fought its way to the
$100 million annual sales level would have to increase its size by 25 percent every year
for the next ten years to grow to $1 billion in annual sales. Or, in other words, the
company would have to grow at about twice the industry average. So what about niche
markets? Tom Peters in his lectures and wonderful books regarding excellence in
American business gives us one cardinal rule of niche market businesses. You must
dominate the niche if you ever expect to make money with that business strategy. But
let's look at our markets. Since 1980, 130 semiconductor companies have opened their
doors. About 20 have ceased to exist either through acquisitions, mergers, or business
failures. Of the remaining 110 that are still in business, nearly 50 are focused on the
ASIC niche market, 9 are determined to be the DSP niche market leader, another
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10 believe that they will ultimately dominate the microprocessor business, while 25 are
plotting to rule the memory free-for-all. These niche market strategies are not to be
confused with the niche strategies of the major, well-established semiconductor houses .
like AMD, Intel, Motorola, National, Texas Instruments, and the other giants, all of
which have focused their niche gun sights on these markets. Simple logic tells us that

not all of these participants are going to dominate or even reasonably control their niche
markets of choice. Simple mathematics tells us that when the strongest of the niche
market leaders takes its disproportionate share of the market off the top, there isn't
going to be enough market left for.viable (translate profitable) existence by the
remaining participants.

In our role of high-tech investment bankers, we see a large number of business plans for
new and existing semiconductor companies that are seeking funding. Each plan, almost
without exception, appears to be prepared with what I call the Lotus tempiate. Almost
irrespective of the market or technology, each company expects to lose money for the
first two or three years, and then rocket up to $50 million in revenue by year five. If we
overlay this projected sales growth onto the 110 or so surviving companies that have
started up since 1980, we find that this produces $5.5 billion in revenue, which, when
integrated with the probable revenue of the established semiconductor companies for the
given time frame, produces projected revenue for the total group of semiconductor
companies that substantially exceeds the forecast revenue for total semiconductor
shipments for the given time period. While admittedly this is an abstract model, the
conclusion is that a fair number of the young companies will never achieve their
projected revenue growth.

There is a third and perhaps much more serious factor that the small companies must
deal with. Dataquest has tracked the amount of capital that semiconductor companies_
historically have invested in Plant, Property, and Equipment in order to produce .
incremental revenue. Or, restated, the amount of capital for plant, property, and
equipment that one must invest to produce one dollar of incremental revenue.
Commencing with a low point of approximately $0.30 in 1974 to produce $1.00 of new
revenue, the capital requirement rose steadily until 1985 when $1.00 of capital was
required to produce each incremental dollar of new revenue. Dataquest reports that this
situation eased up a bit in 1986, when only $0.90 was needed for each incremental dollar
of revenue. Dataquest does not believe that the 12-year trend will reverse itself for
long and that the capital requirement will hover around $0.90 to $1 for the near future,
unless there is a dramatic change in the nature of this business. To make matters worse,
like the man who has just received a letter that the IRS wants to stop by the .office to.
chat, we haven't heard all of the bad news yet. Traditionally, much of revenue growth
has come from new products and new technologies. Consequently, we must invest in
research and development to create the new technologies and products. Dataquest
reports that semiconductor companies, on average, have invested $0.11 in R&D to create
each new dollar of incremental revenue. So we are faced with a scenario that says that
for each dollar of new incremental revenue we must somehow find the capital resources
to invest somewhere between $1.00 and $1.20 in plant, property, equipment, and R&D
resources. And the tragedy of this situation is that in an industry where profit margins
are so slim and so difficult to come by except in the very best of years, it is a rare
company that can drive enough to their bottom line to fuel their own growth. It is as if
we are trapped in some algorithmic destiny where the capital intensity constant has
become so large as to obviate any of the other components of the equation.
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To illustrate this point more dramatically, since 1984 60 semiconductor start-up
companies have opened their doors for business. Virtually all of these companies are

. through their early development phase and are now enjoying sales in the $5 million to
$25 million range. If we conclude that the average sales for this group of companies is
$15 million, and that their clear plan is to be at $50 million in revenue in two to three
years, then using the knowledge of required capital investment for plant, property,
equipment, and R&D that we discussed previously, some $2.5 billion in additional capital
investment will be required in this group of companies to produce the incremental
revenue growth that each company has assured its original venture investors will surely
occur. Will the venture capital and public equity industry support this level of
following-on investment in these companies? The consensus seems to be that the
venture community is not prepared to step up to this level of support, and it is dubious
that the IPO market will sustain desire or valuations that will generate all of the needed
capital resources.

So we begin to understand the death watches for the technology-rich but financially
weakened young semiconductor ventures. Perhaps after 30 years of negative cash flow
the U.S. chip industry must slow down, and the deacceleration will come at the expense
of the younger, less well-positioned companies that are just a little short on critical
mass. Things do not look good my friends, OR......

Am I wrong? . . . Are these just the midnight anxious worries of somebody who got a
little too close to the arsene gas doping bottle a little too often a few too many years
ago ... .? Today, we have the CEQs of four young, niche-oriented semiconductor
companies who absolutely believe that their companies will be well-positioned among the
survivors. They are here to prove me wrong, and to tell this group how they are beating
the system with new strategies and tactics that will inject fresh life into the U.S.

. semiconductor industry and erase the wrinkles in the venture capitalist's brow. I am
anxious to hear what they have to say. When they are through, I hope that we will all
feel better, and, maybe, just maybe, I can finally get a good night's sleep.
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. THE LAND OF THE GIANTS

® Consolidations to achieve “critical mass”

® $1 billion minimum annual revenue to be
a ‘player”

® Others relegated to niche roles

THE LAND OF THE GIANTS

® $1 billion critical mass

® Model: $100 million sales in 1987
- Must grow more than 25% per year
to achieve $1 billion in 10 years

® Twice predicted industry growth rate
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THE LAND OF THE GIANTS .

® To succeed in a niche strategy,
you must dominate the niche

® ASICs: 50 entities
DSPs: 9 entities
Microprocessors: 10 entities

® Only one can be Number 1

THE LAND OF THE GIANTS

Mom’s Memories, Inc.
Sid Start=Up, CEO

Capital by
Wash-0Out Ventures
Sand Hill Road
Menlo Park, California

Year 1 Year2 Year3 Year4 Year5

Projected Revenue $ 05 $ 40  $72  $265 $478
ncome $(35) $(25) $07 $ 35 $130
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PLANT, PROPERTY, AND EQUIPMENT
. INVESTMENT PER $1.0 INCREMENTAL REVENUE

4

1974 1976 1978 1980 1982 1984 1986

Source: Dataquest

THE LAND‘ OF THE GIANTS

For each incremental dollar
of new revenue:

PPE: $090 — $1.10
$101 — $141
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THE LAND OF THE GIANTS .

® Are we entering the last days of the
entrepreneur—=driven semiconductor venture, or

® Are we wrong?

Let's see.
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SURVIVING IN THE LAND OF THE GIANTS

J. Daniel McCranie

President and Chief Executive
Officer

SEEQ Technology Incorporated

Mr. McCranie is President and Chief Executive Officer of SEEQ Technology.
Previously, he was a Vice President at SEEQ and was responsible for marketing

. and sales. Prior to joining SEEQ, he served as Group Vice President of Sales
at Harris Semiconductor Corporation and held various sales positions at
Advanced Micro Devices. Mr. McCranie holds a B.S.E.E. degree from the
Virginia Institute of Technology.
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SURVIVING IN THE LAND OF THE GIANTS

Michael Burton

President and Chief Executive
Officer

Triad Semiconductors
International B.V.

Mr. Burton is President and Chief Executive Officer of Triad Semiconductors
International B.V. based in The Netherlands. Prior to joining Triad, he was
Director of Finance and Administration for INMOS International and was a key
member of the company's start-up and management teams. Earlier, he spent
14 years at Texas Instruments in various senior financial and operating
management positions both in Europe and the United States. Mr. Burton was
educated in the United Kingdom and holds a master's degree in Business.
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James V. Diller

President and Chief Executive
Officer

Sierra Semiconductor Corporation

Corporation. Prior to founding Sierra, he spent 14 years at National
Semiconductor Corporation, most recently as Vice President of MOS Memory and
Custom MOS. Earlier positions at National included Vice President of the
Consumer Products Division, Managing Director of Southeast Asia Manufacturing
Operations, Group Director of Linear Circuits, and Managing Director of
European Operations. Previously, he worked at Fairchild Semiconductor and
Transitron Electronics. Mr. Diller holds a B.S. degree in Physics from the
University of Rhode Island and has completed graduate work in Physics at the
Massachusetts Institute of Technology.

. Mr. Diller is President and Chief Executive Officer of Sierra Semiconductor
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SURVIVING IN THE LAND OF THE GIANTS

®

Michael L. Hackworth
President and Chief Executive
Officer

Cirrus Logic, Inc.

Mr. Hackworth is President and Chief Executive Officer of Cirrus Logic, Inc.,
and has more than 20 years of experience in the semiconductor and electronic

. component industries. Before joining Cirrus Logic, he was Senior Vice
President at Signetics, where he was responsible for staffing and directing
that company's entry into MOS technology and had P&L responsibility for three
product divisions. He also directed the design, launch, and operation of an
advanced CMOS plant, guided a series of joint development programs with
Motorola and Intel, and was responsible for developing Signetics' bipolar LSI
logic and memory marketing effort. Prior to joining Signetics, Mr. Hackworth
held a variety of marketing and sales management positions at Motorola and
Fairchild Semiconductor. Mr. Hackworth holds a bachelor's degree in
Electrical Engineering from the University of Santa Clara.
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MANUFACTURING COMPETITIVENESS

Charles E. Sporck
President and Chief Executive

Officer
National Semiconductor
Corporation
Mr. Sporck is President, Chief Executive Officer, and Director of National
Semiconductor Corporation. Under his direction, National has grown from a

small manufacturer of discrete transistors to one of the largest high-
technology companies in the United States. Prior to joining Nationmal,
Mr. Sporck was General Manager at Fairchild Camera and Instrument
Corporation, and before that, held various manufacturing positions at General
Electric. Mr. Sporck is a founding member of the Semiconductor Industry
Association., He holds a B.S. degree in Mechanical Engineering from Cornell
University.
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MEETING THE GLOBAL INDUSTRIAL CHALLENGE
Remarks by
. Charles E. Sporck
President and Chief Executive Officer
National Semiconductor Corporation
Dataquest's Semiconductor Conference
October 20, 1987

(Slide 1l: Industrial Competitiveness)

Introduction

Good morning. Today 1 want to speak to you about the
international competitive challenge to American industry -- a
challenge which I believe represents a major threat to both our
standard of living and our position as a world economic and
political power.

. As a people, Americans have earned a well-deserved reputation for
responding to major challenges with real intelligence and
ingenuity. But ironically a vital prerequisite for many of our
triumphs has been our fear of tragedy. We split the atom, for
example, because we felt we had to do it to win world War II. We
put a man on the moon only after we were jolted by the launching
of Sputnik.

The challenge of increased foreign competition to U.S. industry
has been called "the guiet challenge.,” It has been called
"quiet"” because it is not the result of some traumatic event that
jolted us into action. 1Instead, it’s been the result of many
subtle events that have happened over a long period of time. You
can't compare it to a car crash. But you can compare it to the
process of rust slowly -- but surely -- eating away a car's
underside.
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Because it has come up on us in such a gquiet way, it has been

easy for many Americans to deny, dispute, misinterpret,
trivialize, or ignore altogether. And for a long time, this is .
exactly what was happening.

Fortunately, in recent years, the negative trends have become so
pronounced and the negative statistics so ominous that a much
greater number of us are beginning to understand the severity of
the situation and to look for solutions. The quiet challenge is
getting louder. And in our's and other industries -- and even in
government -- we are seeing significant positive movement.

As somegne who's been concerned about our nation's growing
inability to compete in world markets for the last 15 years, this
is a very hopeful sign. But it would be foolish of me to think
that this growing recognition is anything more than the beginning
of a beginning. And it would be foolish for any of us to think
that we have anything but a long and hard road ahead of us.

Today, I'd like to speak to you about the chief problems the
international competitive challenge has created for us, how I

think we need to address it, and what I think is ahead for us
both as a semiconductor industry and as a nation.

I. The Chaliende

First, let's look at the challenge.

(Slide 2: U0.8. current account balances 1970-86)

In its most apparent form it is represented by our disasﬁerously
negative balance of trading accounts. This is the measure of

total trade with other countries, including manufactured goods,
services, royalty payments, capital exchanges, and other
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remittances. It was pretty much even during the 1970s. But,
since 1981, it has gone to hell in a handbasket. Last year, it
. was about $150 billion. And this year, it will be comparable.

It's important to remember, too, that these negative balances are
cumulative. Every year -- in fact, every month ~- billions of
dollars are leaving our country "with our I0Us". And this, I
think, has tremendously important implications.

(Slide 3: U.8. net international investment position)

In 1981,. we were the world's largest creditor. But since then we
have declined rapidly to become the world's largest debtor
nation, c¢losing last year at about $250 billion.

While we can handle this amount of debt pretty well, the
continuing downward spiral holds many disturbing implications.
This estimate from Shearson Lehman, for example, shows that by

. 1990, we will have to handle about $800 billion. Some other
forecasters are even gloomier, predicting amounts of nearly $1
trillion.

Consider how times will be changing. From 1914 to 1984, the rest
of the world owed us. We were receiving interest on money loaned
ocut. We were making a great deal of money in additjon to the
money we made from our many trade surpluses. Now, just to offset
the interest costs of carrying the $800 billion debt Shearson
Lehman expects in 1990, we will have to sell an additional $75
billion in products worldwide.

(Slide 4: current account components, 1986)

Now, let's look at the components of our current accounts.
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Of all these segments, the largest, aside from our I10Us, by far

is merchandise. The overwhelming majority is in manufacturing.

And of all these, the largest trade deficit by far is in .
merchandise. Last year, it was about $150 billion. The
overwhelming majority of our trade deficit in is merchandise.

These figures also conflict with the widely held perception that
it's not detrimental to our trade position to lose manufacturing
jobs because they'll just be replaced by service jobs.

It's true that we've been able to create about 35 million service
jobs in America over the last 20 years. &And it's true that many
people, once in merchandise, are now in service industries. But
it's not true that more service jobs will have any significant
positive impact on our position as a world trader. It is true
that these displaced people are in lower-skilled and lower-paid
service jobs.

Services are -- and are expected to remain -- a very small part .
of our total international trade. In addition, we've generally

run a negative trade balance in services., And this trend is also
expected to continue,

What are the components of trade balances?
(Slide 5: merchandise trade balances, 1986)
This is the most important part when looking at components of
trade. As a2 manufacturer, this is the most disturbing news to
me. Within the merchandise segment, the vast majority of the
trade deficit is in manufacturing., In fact, manufacturing alone

accounts for about 80 percent of our entire trade deficit.

This evidence leads to the inescapable conclusion:
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* manufacturing is the critical element in our international

trade performance, and

* it is imperative to improve our position here if we ever want
to solve our trade problems. The only way to solve it is to
manufacture and export manufactured goods.

(Repeat}): It is imperative to improve our position here if
we ever want to solve our trade problems. The only way to solve
it is to manufacture and export manufactured goods.

{Slide 6 - Making America More Competitive Through Manufacturing)
How have we gotten ourselves into such a mess?

I can think several major reasons, all to some extent
interrelated and all growing out of our inability to come to
grips with changing world economic realities.

. The first is the difficulty we've had in defining a national
economic role for ourselves that's more compatible with today's
world. In many respects, we're still trying to play the same
role we played at the end of World War II. Then, we were clearly
the economic masters of the world. We could afford to pour money
into other nations. We could afford to be the recipient of last
resort -~ (explanation} anyone who chose to strengthen its
industrial base could count on shipping the resulting product to
the United States. We could afford to be the military protectors
of the entire free world. More appropriately, we have become the
receptacle of last resort.

It's to our credit that we took on these responsibilities. We

helped many nations =-- including our former enemies --
immeasurably. But now the world has greatly changed. We need
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to understand this, stop pretending we're still as affluent as we

once were, and realize that it's not right to penalize cur own
people for the sake of others forever. It is time to consider .
what is in the best interest ¢of our own people -~ finally.

Related to this is a second reason -- the gross neglect of trade
issues on the part of our government. World trade now represents
an annual opportunity in excess of $2 trillion, and it is growing
faster than our own economy. But today we remain the only major
world trader without a real trade strategy -« without a ¢lear
picture of how we can best seize that trade opportunity.

Another reason is our national focus on living for the moment
without much concern for the future. The issue is consumption
versus investment.

I remember that a few years ago someone came out with a bumper
sticker that read: "I owe, I owe, so off to work I go.”™ And, to
me, this epitomizes our dilemma. .

As a country, we don't take the future nearly as seriously as we
should. Our financial system encourages short-term focus.

* Qur tax system is designed to encourage consumption and to
penalize savings.

* And, partly because our tax system is set up this way, we
have the lowest rate of personal savings of any of the major
industrial countries. The average Japanese, for example, saves
nearly 20 percent of his earnings while the average American
saves less than five percent and dropping.

I would love to see a bumper sticker that read: "I invest, I
invest, so off to work I go." But I think that's a long way
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away. Even if we change our business practices, tax laws, and
personal habits -- even if we find some way t¢ overcome our

. seeming indifference for the future and our compulsion for
consumption -~ we’ll still be owing the rest of the world for a
long time.

And a final reason has been the ability of our trading partners
to £find intelligent -- and often quite innovative ~- ways to
exploit our weaknesses.

Japan, for example, has pursued a new economic formula -- one
which clearly obsoletes the 200-year-old model of much of the
Western world, This is a formula which understands the
importance of a industrial base -~

* targets and then subsidizes industries deemed key to its
economic growth,

. * restricts home market access,
* aggressively pursues foreign trade opportunities, and

* incentivizes savings, thereby reducing interest rates and the
cost of capital to industry.

I admire the Japanese approach. They are doing what's in the
best interest of their people. It is ¢learly a formula which
gives Japan decided advantage and, because it does, it has
changed forever the world trade order. Yet, years after it has
become apparent, we still don't know how to deal with it. Japan
has introduced new rules, and we're still playing by the old
ones. '
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The U.S. semiconductor industry's problems today are, of course,
closely tied to all of this.

L
So far, we have done more than many other U.S. manufacturing
industries to adjust to the new trade realities. This is perhaps
because we have been the object of a long, extremely aggressive
effort of our trading partners to penetrate our industry.

But it's abundantly clear to us that we cannot save ourselves by
ourselves. Because we are so intimately linked with the entire
system of U.S. industry, government, and finance, we are
dependent on the whole system changing in order to secure the
kind of future we want.

And getting it to change, as we all know, will be no easy matter.
1. What We Need to Do

After looking at the problems in some detail, the overall .
solutions seem quite apparent. As a nation united, we have to
recognize that every day we fail to take charge of our destiny,

we make it easier for our trading partners to take charge of it

for us. Then, as a nation united, we have to attack our trade
problem on a wide variety of fronts.

We have to use our economic leverage to open closed or severely
restricted foreign markets to our goods.

We have to think seriocusly about all the goods coming into our
country and how they affect our overall trade position. If we

conclude that restricting some goods will in some ways help us,
then we must consider it.

Dataguest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / {408) 971-9000 / Telex 171973



And we absolutely must reorganize our entire system of industry,
government, finance, and education to more effectively address
. current competitive realities.

We must, for example, find more new ways to make the most of our
R&D resources. We need to better coordinate government R&D and
to coordinate it with commercial R&D and university research. 1In
addition, we need to make commercial R&D more attractive through
tax incentives and other measures.

We must, for example, develop a cohesive and coherent trade
policy. §So far, U.S. trade policy has been neot to have a policy.
And today, this is a luxury we can no longer afford. Many of us
have talked about a Cabinet-level Department of Industry that
~would define trade objectives and carry them out, and I'mall for
it.

Such a department could work:

. * to change our antitrust laws to more appropriately reflect
the new global trade realities,

* to balance the need for industrial strength with national
security and foreign considerations, and

* to bring before the c¢ountry the importance of a strong,
industrial base.

We must, for example, reduce the cost of capital to U.S.
- manufacturing businesses. This, of course, means making the
transition from a consumption-driven to an investment-driven

society by:

* reducing the budget deficit quickly and significantly,

Dataguest, a company of The Dun & Bradstreet Corporation f 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408} 971-2000 / Telex 171973



-

* restructuring the tax system to encourage -- rather than

discourage -- savings,

* giving industries more incentives to invest in new
facilities and capital equipment, and

* pursuing a more stable overall monetary policy.

And we must, for example, improve the quality of our technical
education. By this I mean providing more education relevant to
business and industry. I would especially like to see a growing
emphasis on manufacturing technology and more prestige for those
who specialize in it. In the Japanese semiconductor industry
electrical engineers who go into it are considered the top of
their profession. In the U.S., however, they often have to
settle for less prestige than application, process development,
and design engineers. And I believe the current state of
manufacturing in each country reflects these values,

When we hear all of this, there is a tendency to be overwhelmed .
-=- to wonder where we can even think of beginning. &and I
understand. As an industry, and as a nation, we have a massive
challenge ahead. But, both as an industry and a nation, 1I
believe there is a very logical place to begin -- improving oQur
manufacturing techologies and technjiques.

In ours and many other U.S. manufacturing industries, there has
been a tendency to place all our eggs in our R&D baskets.

Now, don't get me wrong. I think placing an emphasis on R&D is
an excellent practice, and I've always considered a high-R&D-as-

a-percentage-of-sales figure as a sign of a company's health and
s0lid future prospects.
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But I also don't think it's healthy for us to support basic
research and development and reduce manufacturing to the place of

. illegitmate stepchild. The two are vital ingredients in the
success equation, and both have to be nurtured with equal
commitment.

In fact, when considering the strength of a nation'’s industrial
base, I might give R&D in manufacturing and support of
manufacturing a higher priority over R&D.

Certainly, there has been an inverse relationship between the
number of Nobel prizes awarded to the U.S. for science and
technology and the strength of our industrial base. And, the
lack of the same has not hurt the Japanese position.

This is why I believe that pumping more and more money into
basic R&D will not help us improve our trade situation nearly so
much as committing more heavily to manufacturing will.

And this is why, as many of you know, I am currently working with-
people both inside and ocutside our industry to form SEMATECH, a
consortium committed to helping the U.5. regain its leadership
position in semiconductor manufacturing technology.

Drawing upon industry, government and academic resources,
SEMATECH will develop and test advanced manufacturing processes,
materials, and equipment on an actual production line, and to
transfer those technologies to its member companies for
commercial application. 1Its goal is to ensure manufacturing
parity with overseas competitors by 1990 and the lead by 1993.
And its plan is to meet this goal with funds from both member
companies and the government.

At the moment, SEMATECH is well along:
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* The formal organization has been established and

incorporated. .

* A board of directors has been selected.

* We have received strong support from both the Department of
Defense and the U.S. Congress,

* We have been making real progress toward defining the work to
be QOne. :

* The choice of a permanent CEO will be announced shortly.

* And the site for our manufacturing facility will also be
selected very soon.

We are on our way. How far we've come as an industry from five

(5) years ago. And we are very excited about it. 1In fact, to

show you how far we've come, while I am not in the habit of .
quoting competitors, I'd like you to hear what AMD's Vice-
Chairman Irwin Federman recently said about our effort: "It's a
marvelous privlege to be invelved with a group that, though small

in number and resources, has chosen to forge its own destiny

rather than submit to the currents of change."

I couldn't agree more.

III. What's Ahead

Despite the trade problems we have both as a nation and as an
industry, I am feeling more confident about the future.

As I said earlier, it sometimes takes a shock to jolt us into
action. And I think that the increasingly grim trade news is
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beginning to have a jolting affect on the public. We are talking
about this issue more and more, it's receiving much more play in

. the press, and it's finally become a top concern among some of
our politicians. In fact, when the seven Democratic candidates
appeared on William F. Buckley's "Firing Line" show last July,
they spent more time talking about trade than they did talking
about military spending, the Soviets, the Contras, or even Ronald
Reagan.

I also think that we in the U.S. semiconductor industry will
gradually be seeing improvements in our trade position.

We have finally convinced the federal government that it's in
America's interest for its semiconductor industry to have:

* greater access to restricted foreign markets,

* protection from the unfair trade practices of others,
. * tax incentives for R&D, and

* intellectual property protection.

And we see our relationship with government becoming closer and
more constructive in the years ahead.

We have also come to understand much more clearly the importance
of manufacturing excellence to a strong competitive position in
world markets. And both organizations such as SEMATECH and
efforts within and between individual companies will help us
return to our position as the world's semiconductor manufacturing
leader.
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Further, I believe a basic change has occurred in the balance
between capacity and demand in our industry. .

While some of our greatest challenges lie ahead, we also have
much to look forward to.

Conclusion

In the book, Re-inventjng the Corporatjon, the authors, John
Naisbitt and Patricia Aburdene, quote one executive, well aware

of the difficulties involved in re-inventing an established
company as opposed to creating a new one. "Birth," said the
executive, "is infinitely easier than resurrection.”

Clearly, changing the culture, environment, values, and vision of
an established company —-- especially one that has been successful
in the past -~ is an awesome challenge,

But the task we, as a nation, have before us dwarfs this by .
comparison. To more effectively address the new trade order, we

have to re~invent our entire national economic system -~ a system

which also worked extremely well for us for decades. We have to

forge a massive partnership of business and industry, government,

banks, and schools -- one which will turn our national
shortcomings into national triumphs.

I believe that the place to begin this process is by focusing on
our most urgent problem: the deterioration of our manufacturing
base. And we can best do this by understanding the importance of
manufacturing technology to competitiveness and making the
appropriate commitment to it.

T also think that, while this issue has long been ignored, an
increasingly ominous outlook is finally fqorcing more Americans to
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take our trade problems much more seriously. I expect the
national debate on trade to intensify greatly in the coming
. months and years, And I expect much positive movement by both
industry and government to eventually come out of it.

For us in the semiconductor industry, there are several hopeful
signs ahead. Among them will be:

* Jgreater responsiveness to our needs by government,

* a much higher level of manufacturing expertise made possible
both by SEMATECH and by efforts within individual companies, and

* an easing of our traditional capacity problems.

All of these should greatly help our trade and overall earnings
prospects. '

. Thank you very much.
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FORMULAS FOR THE SUCCESS OF THE U.S. SEMICONDUCTCR INDUSTRY

I can't tell you how pleased I am te be here today. Those of yom who are
avid readers of Electronic News know that I am just recovering from some
abdeminal surgery Jjust six weeks ago; and I must say I was very surprised
to read about that. But, samebody put it in proper perspective by saying
that if President Reagan can have is prostate on the front page of the New
York Times, I can make Elegtronic News with my gall-bladder.

But seriocusly, it is really a pleasure to be here today. I must say that
with IBM stock sitting at around $100, you have to redefine your
definition of pleasure, But, I really do appreciate the opportunity to
participate in this conference and to play a part, and I must say that I
think the theme that has been selected of Semiconductors' Mid~Life Crisis
is one that is neither overly dramatic nor far-fetched if you really think
about where we have been and where we are going. At stake, in this kind
of an envircrment, is this cawtry's technological leadership and whether
or not in the next forty years since we're talking about the next forty
years, the United States will play a subservient or a leadership role not
just in the technology business but in the world economy.

As we very well know, all of us, either as observers or participants in
this industry, semiconductors power much more than a $400 billion or so

. electronics industry and all the millions of jobs that are related to
that. Semiconductors affect nearly every variety of human enterprise
including, of course, our national defense. 2And more and more evexry day,
they help to determine ocur way of life today and in the future. I don't
think it's exaggerated at all to say that unless we find the means of
keeping this industry of ows competitive, we are going to end up
dependent on others cutside of the United States and, as a nation, face a
weakened and diminished role. It has been said that if you permit an
industry of developing technology to get away from you, then you've
clearly let the future get away from you as well. Now, some of you may
say it's a picture that's terribly bleak. I think the facts are a matter
of public record. We have talked about same of them over the last day or
so. And when I talk to pecple who say that I am unduly alarmed about
this, I wusually find that they really haven't spent the time examining
that record.

Some pecple are also pointing to the fact that in relatively recent times
we have had somewhat of a recovery in this industry, and that. is an
indication that things have twmned around, things are getting better
again, the problem is behind us. I would argue that that's not really the
case. And to explain why it isn't, I think it is important to start with
a brief loock at how we arrived where we are in the history of the
semiconductor industry.
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For most of the forty years that this conference celebrates, the domestic
U.8 competition did whatever it was supesed to do, whatever we thought
was the right place for it to be moving. It drove down the size and the
cost of conputers that we have learned to know and love, and clearly
spread their use. That created an ever increasing demand for advanced and
more  circuitry. Every product cycle that the electronics industry went
through and the semiconductor :l.ndust:rywerrtthmmghseemedabletotake
advantage of Jjust ancther semiconductor major technological breakthrough.
Concurrently, muethesethmsmhappa-ummﬂmmcmﬂuctor
industry, these achievements created a terrific infrastructure of
top~notch U.S. materials and equipment conpanies, more than 600 of them
around the United States. And they frankly were virtually unchallenged
around the world as late as 1979,

Throughout the late '70s and the early '80s, American microchip
marmfacturers were phenominally successful. They led the world in
inmngvation by far and seemed on their way to dominating the glcbhal
markets, as we saw them, forever. As late as 1984, less than three years
ago—how time flies, the U.5. semiconductor industry had the best year in
its history if you measure it in terms of reverue and profit growths, But
not since that time has the chip demand of the world exceeded our
supplies. Then in 1985, just one year after 1984, that same industry that
we ¢talk about had its worst year in history in terms of both reverues and
profits. And frankly, 1986 wasn't a hell of a lot better, either!

What was bhappening to us? It took us, frankly, a while to understand the .
new situation, if you will. We knew that there was offshore competition,
principally from Japanese ocampanies. But so, what! Wasn't this the
industry huilt in America? Didn't the United States lead the world in
semiconductor inncvation and techniques, and by such a great lead that
nobody, frankly, could ovexrtake us? Gradually, we began to understand, I
think all of us, that the world was changing. We began to understand what
was happening, especially, as Charley puts it, we've gotten same jolts.,
We've seen some U.S. chip makers close their doors. We've also found that
there are less and less campanies that can compete in areas such as the
higher density dynamic random access memory business. It also dawned on
us that the Japanese companies are not doing this on price alone. They
are no longer relying simply on U.S5. technology, copying ouxr techniques,
and building products. What they are doing is investing heavily in their
own techneology develcpment, especially in the marmfacthuring areas.

Believe it or not, in spite of those kinds of things, and the things I've
said I don't think you need to be rocket scientists to pick up, seem to be
rather cbvious., Believe it or not, there are still those pecple cut there
who don't get that picture. They say, "Well, that's really not bad news,
might even be terrific, because what we're going to de is contimue to
determine the technology with ocur designs, developments, and
implementations, and we will allow the Japanese companies to marmifacture
the chips that we design, and therefore, we will maintain our lead in the
technology.” Well, I'm here to tell you, it's just not going to werk that
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way! We need to understand that as Class A marufacturers, and I mean that
with a capital "a", the Japanese campanies are already producing mach of
the specialized equipment that is necessary for the ultraclean and
sensitive processes that chip fabrication requires. Their process
equipment kusiness in Japan has more than doubled since 1980. When you
fall behind in the state-of-the-art equipment and materials for chip
making, you are sliding into a non-campetitive situation and that's lethal
in this business. There's no way to really establish and maintain a
leadership position in semiconductors unless you lead in all three aspects
of the industry--design, development, and mamifacturing. What we need to
do is to agree that that's a problem that faces all of us.

I must tell you that somstimes, as I have had an opportunity in the last
vyear and a half or so to talk on this subject, I have been asked why on
earth does a soc—called captive semiconductor mamufacturer like the TBM
campany, which frankly makes plenty of chips, but makes them all for its
owWn - use, whyarewesocomemedabmtthehealthoftheus.nﬂustry,
vty do we take the time to make such an effort to get that message across?

If you really think about it, the answers to that question are similar to
these that you would get from most of the merchant companies in the United
States. First of all, it is very clear to us that the semiconductor
i is a major driver of the U.S. economy, and innovatien from this
industry is going to continue to drive and effect the U.S. econamy at an

. exponential rate. There are many econcmists who say that before long, as
this industry goes so will go the nation. IBM's largest single
marketplace is in this country. Its health clearly depends on the health
of its customers and the success of all of us is tied to the state of the
national economy.

Next, IBM contimues to go outside and buy chips that it doesn't make
because we can't make all cur needs, and because there are same chips that
we either are not set up to make or choose not to make. Consequently we,
in addition to being a large mamifacturer, are one of the largest
purchasers of semiconductors in the world. And like everybody else, we
want to beat down our costs by finding the bhest we can in price
performance. We prefer the option of buying cur products and our needs
for our erd-products locally. By choice, our IBM Eurcpean manufacturing
operations buy mich of their chips in Purope. Our Asian mamufacturing
operations buy many chips from Asian mexchants as well. Here at hoame in
the United States we would like to have that same choice and contimue to
have that same choice.

Finally, IEM is not only a volume purchaser of chips, but as I mentioned,
we are clearly a volume mamufacturer around the world for use in our
products. We do that because we believe that it gives us a technological
edge in twrning out what we believe to be the best packaged electrenics
that you can buy in the world. But in order to support that large chip
making capability, we are very deperdent on other companies for the tools,
. equipment, and the materials needed for the fabrication business. These
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campanies could not, I assure you, stay in business or keep pace with the
technology if they didn't have a viable, healthy, domestic semiconductor
market in which to sell. We frankly would be very concerned as a company
if we lost our ability to buy the most advanced tocls and equipment from
U.S. sources,

The factors I described that are IBM's reasons for being concerned about
this frankly touch on all of us. Each of our stories would vary depending
wen circumstance and scale of magnitude, but we are really all in the
same boat. So I can tell you very frankly that IBM very much shares your
concerns as an industry. And these concerns are more and more justified
by all of us with every passing day.

What are the answers? How does the American semiconductor industry make
sure that we survive this crisis and that we are here to talk about it
again forty years from now?

Such things as political redress, protectionism, penalties for dumping
chips on ocur market at less than cost, frankly make us feel quite goed
momentarily. But they are really stop-gap measures, and in the end I
think all of us will fird that they demand a price that is one that we
really can't afford to pay. There are clearly better long=-term answers to
these problems.

One thing we should do is lock at what the Japanese have been doing, learn .
from what we see, ard do it better than they do. The first thing that we

ought to look at is to note that the Japanese have an industry-wide

strateqgy.

Frankly, we den't. We have clearly focused on owr own individual
situations. Wa have each put together, some of us haven't, but most of us
have put together wishful company plans of what cught to happen over the
next five years and we will presume that it will. But we have simply
ignored in that process the great areas of commonality that exist among
us, areas that lend themselves to Jjoint uses of ocur resources, both
material resources and intellectual resources. So, first, we need to
consider forming all kinds of specialized industry ogroups ameongst
curselves, launching joint efforts of varicus types, fostering variocus
university and industry alliances and appropriate goverrment industry
cooperation as well. And these are activities that frankly have not in
the past been at home in cur culture, and we need to change that.

On that last recommendation, goverrment as a supporting player, for
example, may sournd quite strange; especially from us. It's even a little
scary to some of us. But frankly the fact is that goverrment and industry
are no longer thought of as instinctive adversaries; they can't be.
Coverrment is very mich aware, and we've seen the evidence of this, of
their need to work constructively with this industry. And we view this as
ancther very clear, promising way for all of us to make up for a lot of
lost time,
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Again, let us lock at the results of the years of that type of cocalition
that has taken place between public and private sectors in Japan, We
sometimes forget that the Japanese semiconductor business has been hit
almost as hard as we have in the last few years by slackened world capital
investment, by sluggish marketplaces, and clearly by a weakening dellar.
U.8., firms, as we know, over the last few years had been cperatirg at as
low as 50% capacity, kut the Japanese were not doing a lot better than
that. In many places they were operating at 60%., VYet the Japanese have
financed a momentum of development and growth that ne single American
camany could match and stay in business if they wanted to.

Toeday, Japan is spending more on semiconductor R&D than the United States
is. Its strategy is market penetration with advanced products including
such things as 1 Mb and 4Mb [RAMsS. We believe that the Japanese companies
have a larger installed mamufacturing base than the U.S. mamufacturers,
and their capacity is typically more advanced and more autcmated, in spite
of the fact that for the last two years the U.S. industry has spent more
an plant and equipment than the Japanese have. What the Japanese have
learned, amd what we clearly must learn, is the value of great

If oxr industry is to remain a truly progressive industry in the United
States, it must irnvolve the interaction of minds and ideas from all
sectors of our society. Other countries have already caught on to this
idea--Korea, France, Britain, and Germany. All of them have semiconductor
development and manufacturing cocoperative efforts between industry and
govermment, and there are even same joint semiconductor enterprises
amongst Eurcpean countries; so its going even beyond camon country
borders in those cases.

I don't think for a mimute that such collaboration amongst goverrment,
industry, ard academia, would spell the end of private competition. If
you Jjust look one more time at Japan, you can see that the Japanese firms
who are in these kinds of cocperative efforts remain fiercely competitive
today. So it's important for us to acknowledge that we can't deal with
this problem entirely as separate business entities. When Ben Franklin
signed the Declaration of Independence a couple hundred years ago, an act
that clearly made him quilty of treason in the eyes of the British
goverrment, he said to his fellow participants, as we all know, "We must
all hang together or assuredly we will hang separately." I propose, and T
don't mean to be trite about it, that we hang together in this
enterprise. If we want to survive this mid-life crisis to the
semiconductor industry, we are going to do it together as an industry as
opposed to simply thinking that we can survive as individuals without
having to deal with one ancther.

How do we develop that industry clout, if you will, to take on world
campetition as we through to the futhure? We do it through a strategy of
maintaining and heightening our lead that we have in chip design and
development across the board, and by recapturing that very important lead
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in the mamufacturing process. And how do we do that? First, I briefly
menticned and others have said as well, we need to form various
specialized industry groups, we need to udertake joint efforts amengst
us, arxi seek appropriate goverrment participation. What we also need to
do is to more than match the Japanese in research. We need to find ways
to blend the varicus mechanical, chemical, and optical processes to arrive
at the greatest yields, at the highest qualities, at the lowest costs, so
that our products from a mamufacturing standpoint will be the best in the
world.

Research cost to get us there demarkds tremendous investments of money, of
resources, and no guarantee of an eguitable retwrxm~-which is sometimes
kind of frustrating for us. But in order to avoid the costly redundancies
that would exist if we went at this alone, it's important that there be a
cocperative pooling of the talents and the rescurces that are recuired
through goverrment, industry, and university laboratories.

The focus, it seems clear to me, must be on finding new and unconventional
mathods in manufacturing processes. mmedtofowswrcmcentrationas
well on conducting some basic research in areas of materials, gases, and
avircrmental control techniques, frankly areas that we have taken for
granted for far too long in this country. We also need to dsvelop
process, design, and test modeling technicques to support the various
mamifacturing technology improvements that we are working on.

And last, kut not least, on these lists of things we need to do, amd I . .
don't think I would get any disagreement here, we need to significantly

improve the development of industry standards which frankly in my view is

today bordering on a state of chaos.

As you prebably already know we, as an industry, have started putting our
noney where cur mouth is on same of these things., Itfs a vital first step
in cur strateqy for success, and it's called Sematech. A few of us have
talked a little bit about it but I just want to focus on a few points

relative to that, that you may not be total aware of, sort of an update on
where we have been goirg.

Just this past August after talking about it for an awfully leng
time--those of us who have been involved in it from the beginning really
feel that it has been a lang time—Sematech was legally lncorporated in
the State of Delaware as a non-profit, not for profit, corporation. Its
mission plainly and =imply was designed to help revitalize the U.S.
semiconductor industry through a marmfacturing excellence. As you
probably know, it's a consortium of U.S. semiconductors marmufacturers and
equipment suppliers. We already have 13 initial members, committed to be
members and putting in their rescurces in dollars. They include most of
the kest known names in the U.8. semiconductor industry including IFM,
Sematech's full operation is getting wder way:; we have pecple physically
located out in California in temporary offices doing a lot of the planning
arxi technical work to get us started. Even while that is going on, we are .
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still awaitmg the goverrment's final decision with regard to their
imvestment in this consortium. At this stage in the vagaries of the way
the process works in Washington, I think it's fair to say that we're quite
confident with everything we've seen. Itlmﬂcwerepastthestageof
wondering whether we will get goverrment funding; we are now at the stage
of wondering when we will get it, because we are tied into the entire
budget process in Washington. We are very ocptimistic about that process
and our prospects in it. To get going we are also looking for a facility
around the country that will accammodate a professional staff of about 700
folks, and we are not quite ready to amounce where that will be, but I
can assure you that we are getting close to that decision.

The schedule that we have laid cut for curselves is clearly a demanding
one. We want to have wafer starts in the facility that I just described
by the second half of next year. And we want to achieve world leadership
in a world class mamifacturing envirorment within two years after that.

Sematech's product will net be chips or ocutput if you will; it will be

acturing techniques
Sematech is to takea.dvantageoftlmU.s.uﬁustrysmportantstxetqths
in product designs, skills, arnd customer relationships. Each campany will
have to establish its own strategy to emphasize their own strengths in
these areas, with their own customer sets in mind. Member firms will
. contribute an anmual fee as well as assignees to the rescurce pool, ard
they will alsoartermtoextmszvajointreseardlandprooesstechmlogy
ard tool requirements. The collaboration of industry, university, and
goverrment not only will provide resources and foster creative synergism,
it will provide also a set of checks and balances. Research will not
beccme Ilopsided in favor of one aspect of the cammercial industry, or
military, or academic ends.

Wae clearly have alongwaytogomthisprocess,butwaareermaraged,
very encouraged, by the cbwviocus dedicaticon of all of the participants that
we have seen to date. One reascn we get that encouragement is the pecple
that the members are assigning to Sematech. You go to any of these
meetings, you go to any of these workshops, and what you see sitting
around the table are the top notch engineers and scientists from the
member companies. We are sending cur best pecple because we are convinced
that it is in our best interests to do so0, because they will have
samething to add to the equation and they will be able to learn better
than if we don't send our best pecple. We have seen that consistently
across the board, ard that is a very encouraging sign to all of us.

None of anything I have described along those lines will put a damper on
competition, In fact, we believe that it will be just the oppcosite. One
cbjective is to make sure that a lively and healthy competition continues
both domestically ard internaticnally. All parties agree that it is
absolutely essential to lead in the technology. Unless they do, the
. products that we make become camodities with unacceptable profit margins
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ard. that will then limit the available rescurces for R&D investment; then .
you go into a spiral. It then becames easy for campetitors to leapfrog

gver you with the next generation of processes and teools and marmufacturing

science and new products, So clearly in order to kKeep that up at the
forefront, Sematech will plan to have a low volume marufacturing facility

where we will have the ability to prove cut the various new techniques and

tools and processes that we will work on and verify that their performance

is accurate before we transfer those new techniques back to the members.

The focus, gquite frankly, on this whole process is on reclaiming the edge
in semiconductor mamifacturing and to keep cur vital materials and tool
suppliers healthy. arr knowledge that we derive from Sematech will be
shared with all the member firms. We think by this we can avoid costly
redundancies in experimentation, or of re-inventing the wheel over and
over again. Intellectual property and proprietary information of the
individual wembers will be protected. Sematech deliverables that we give
out, if you will, to cur members will include, amongt other things, the
equipment and process modules that the members can then integrate into
their own proprietary processes and products.

I must tell you that same pecple, both from what I have read and heard
from some comments, have expressed some skepticism about IBM's involvement
in Sematech. They point to the fact that we have contimued rather
publicly to make heavy imvestments in our own semiconductor research
laboratories, and they ask how mach of that activity is ever going to be
shared with the Sematech partners. Iet me try to answer that. .

Cur labe are busy working on new materials and techniques as a means of
finding ways for us to design and develop new chips and products. How we
will marufacture those chips will very well depend, at least in part, on
knowledge that we think we can gain from cur participation in Sematech.
At the same time we fully expect to bring more than just our money to the
table in Sematech, We expect to provide our fair share of pecple and
techriological know-how to this endeavour. I will tell you that whatever
the outcome, IEM's comitment to Sematech is total, sincere, and frankly a
highly expectant one. By no means is Sematech a research lab in
competition with individual company labs. It extends only to where the
merbers have cammon manmifacturing interests. It doesn't include plaming,
designing, or producing specific products. Nobody's strategy or product
plamning in this endeavour is going to be compromised.

Beyond all that we believe there is a greater benefit from the Sematech
cperation than its list of deliverables to the industry. Frankly, I would
strongly encourage all those of you who are mamufacturers or users of
semiconductors here today to join us in this terribly important venture.
We already see evidence that Sematech will sexrve as a catalyst. Since
Sematech was conceived just a year ago we find that a lot of things have
begun to happen; uncharacteristic of our industry in the past. More
pecple are talking to one another across corporate boundaries, exchanging
information, understanding the sense of pooling talents, taking advantage
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of assembled resources; at the same time respecting this country's
historic concern for preserving competition. I personally believe that
just these types of spin-offs of Sematech will transform the nature of the
business, and clearly do it for the betterment of all of us.

Sematech is not intended to be the be-all/end-all for this equation. We
mean it to be a way to point the way to the technical collaboration of
cther company groups and not just expedient short-term ventures, but on
going ones that are the only way to develcp the momentum of the expertise
ard comfort of working with one ancther. We believe that as Sematech
progresses, a 1lot of cother things will happen as well. We expect that by
the time we have achieved the goals we have set for ourselves as an
organization in Sematech, we will have clearly written new ones to
achieve, So it's an orgeing process.

Perhaps one of the most useful results of this entire Sematech experience
will be a successful pattern for others to follow in the future. T must
admit, as I close, that I have come upon scme pockets of synergi=m every
now and then; fortunately, less and less. Those who say, "Why are you
quys involved in this”, not just IEM but the whole industry, "the game is
already 1lost, why throw good money after bad?" They make a list that's
more or less the standard list of, “we've already seen U.S. steel making,
ship building, appliances, consumer electronics industries curtailed by
off-shore competition, and why should the U.S. semicornductor industry

. assume that it's going to prevail and be any different?" Well, I'll tell
you why. I believe that the U.S. semiconductor is unique in a rumber of
ways that many of these other industries are not. First, ocur strength as
an industry contimues to be in the design of new products, and the rewards
there are clearly apparent. Second, we are consistently, and in good
times and bad, achieving significant preductivity improvements. Third, it
is clear as we look to the fubure that new market opportunities will
always exist, assuring our growth as an industry. Fourth, we have managed
in gocd times and bad to recognize our shortfalls and our problems and we
are taking action to correct them. And last, it is clear to me that no
other industry has the tradition of the strong and resilient
entrepreneurship that this one has. That history of curs shows a
willingness to respond rapidly to new opportunities. In short, if we
simply remember how we got to where we are today from forty years ago, and
contimie to exploit the characteristics that I've listed, we will clearly
contimie to ke the pioneers over the next four decades, and lead the way
into the new technoleogical adventures that are ahead of us. With the
willingness to work together, we can ensure that this nation of ocurs and
the world will enjoy all the economic and social benefits that this
industry is capable of providing, and I would suggest that we just meet
here forty years from now and see if I was right and we don't all agree on
that.
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OPPORTUNITIES FOR GIGASCALE INTEGRATION (GSI)
. James D. Meind]
Rensselaer Polytechnic Institute
Troy, New York 12180
Abstract

Gigascale integration (GSI) of more than one billion components in a
single silicon chip is likely to be the mainstream of electronics
technology early in the next century. The one-guarter micron geometries

associated with GSI will press the physical limits of future MOS

technology.
I. Introduction
. Gigascale integration of more than 109 components in a single

semiconductor substrate will be governed by a hierarchy of limits. The
levels of this.hierarchy can be codified as 1) fundamental, 2) material,
3) device, 4) circuit and 5) system [1]. Fundamental limits are immutable
laws of nature; they cannot be changed although new laws are discovered
occasionally. Material limits are specific to chemical composition and
structure but do not change frequently in practice. Silicon has been the
keystone material of integrated electronics for more than the past two
decades and this is unlikely to change during the next two. However,
compound semiconductors and perhaps superconductors offer outstanding long
term promise. Device 1imits depend upon both the material properties and
geometric configuration of GSI components.. Consequently, these limits are
useful in estimating the smallest possible dimensions of devices such as

._ MOSFET’s. Circuit limits are unique because they retain both a complete
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physical description and a useful definition of the information processing
function of a group of transistors and interconnections. Therefore, the .
circuit level of the hierarchy is the most appropriate one for accurately
projecting limiting dimensions of GSI structures for particular purposes.
System 1imits depend strongly on the specific application or end use of a
chip. They must account for such factors as packaging and architecture.
A new and compact system-level circuit model predicts the impact of
changes in material, device, circuit and packaging parameters as well as
architecture on system performance. A key issue which can be addressed
using this model is how best to partition a system for maximum performance
using a selected technology.
The following discussion is divided into five sections which treat
fundamental, material, device, circuit and system limits in a sequence
corresponding to the hierarchy of limits on ultra large scale integration .
(ULST) of 107 - 109 components per chip and gigascale integration of
greafer that 10° components per chip. Contrasting features of Si and
GaAs technology are considered. An explicit purpose of the discussion of
system limits is to provide technologists with a helpful perspective for
assessing the potential impact of a proposed technology on overall system

performance.

Fundamental Limits

Fundamental Timits on GSI are closely related to basic physical laws.

By definition, these Timits are material, device, circuit and system

independent. Consequently, fundamental limits must represent extreme

boundaries beyond which lie only forbidden zones of operation.

Thermodynamics, quantum mechanics and electromagnetic theory impose the .

three most important fundamental limits on GSI.
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Thermal fluctuations enforce a limit on the energy required te switch
a node in a digital system, e.g. from a "0" to a "1" state. This
switching energy W must be greater than nkT where n > 1, k is Boltzmann’s
constant and T is absolute temperature. Clearly, both k and T are
independent of the material, device or circuit associated with the node
and decreasing temperature results in a reduction of the switching energy
limit. Larger values of n increase the mean time between failure of a
switching operation.

The uncertainty principle of quantum mechanics also imposes a Timit on
switching energy. A measurable energy change W occurring in a time t must
be greater than h/2nt where h is Planck’s constant.

Finally, from classical electromagnetic theo%y the velocity of
propagation v of a high speed pulse along an interconnection line cannot
exceed the speed of light in free space ¢. Even the fundamental Timits
on switching energy described above are subject to question if reversible
logic elements are postulated [2].

The principal value of fundamental limits is that they provide a set
of boundaries which indicate the extent of potential opportunities for
improvements in the performance of a switching device or an

interconnection.

MATERIAL LIMITS

Material limits depend on the chemical composition and structure of a
substance but not on any particular device configuration. Compared with
fundamental Timits, the number of material limits is quite abundant.

Examples of such limits for a semiconductor include its energy
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band gap, intrinsic carrier concentration, Debye length, intrinsic
resistivity, mean free path, mobility, breakdown field strength (Ec), .
scattering limited carrier velocity {v¢), thermal conductivity, etc.
Currently, the two most important semiconductor materials for
electronic devices are Si and GaAs while GaAs and InP are most useful for
photonic devices. The principal reason for the importance of GaAs in
electronic devices is its superior electron drift mobility. Typical
values for intrinsic mobility are given in Figure 1.
At high electric field intensity, electron velocity, of course,
saturates. Typical values are given in Figure 1.
An interesting carrier transit time limit for comparing Si and GaAs
is the time t required for carriers traveling at the scattering limited
velocity v, in the presence of a near breakdown field strength (Ec) ’
to undergo a potential drop V which is given in Figure 1. Regardless of .
the type of bipolar or field effect transistor in question, carrier
transit times cannot be smaller than those cited.
A somewhat more sophisticated material limit can be formulated by
deriving the minimum allowable switching time t for a device whose
power dissipation P; is limited by thermal spreading resistance. An
expression for this time is given in Figure 1 where K is the thermal
conductivity, Vg the electron saturation velocity and T the temperature
difference between the device and its heat sink.
The preceding material comparisons of mobility, saturation velocity,
transit time and thermally limited switching time indicate that although
GaAs offers a substantial advantage of about six times in electron (but
not hole) mobility, its saturation velocity is only about twice that of
Si. These features have long been recognized. This is not the case for .
the thermally limited switching time which indicates that for extremely
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small devices GaAs may lose its mobi]ity or speed advantage entirely since
. higher power dissipation can be tolerated in Si due to its three-fold

superior thermal conductivity.

The key material 1imit for an insulator is its breakdown electric
field strength..

The most important parameter of an interconnect material is its
resistivity. Recent discoveries of high temperature (e.g. 100%K)
superconductors suggest extremely promising opportunities for cryogenic

GSI.

Device Limits

Device 1imits encompass all material lTimitations in addition to
factors related to geometric configurations and dimensions. To i]]ﬁstrate
device Timits consider the MOSFET illustrated in Figure 2. As indicated

. in Figure 3, scaling or reducing the dimensions of a MOSFET begins with
the definition of a device scaling factor S > 1. Then all lateral and
vertical dimensions of the MOSFET are scaled down by the same factor 1/S.
In addition, the supply voltage is scaled as 1/S in order to maintain a
constant electric field strength and hence equal safety margins in the
operation of the device.

The advantages of this constant electric field scaling are illustrated
in Figure 4. Device operating speed increases so that gate delay is
reduced by 1/S. Packing density or the number of transistors per unit
area increases as $° and power-delay product or the energy consumed per

switching transition decreases as 1/53[3].
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The issue of course is how large can S become? This question is
essentially equivalent to asking what is the minimum allowable value of .
channel Tength or Lpi,. A rough approximation to Lyj, can be
calculated by imposing two conditions on the MOSFET.

1) Lpin must be greater than twice the depletion width d of a
one-sided planar step junction and,

2) the substrate doping concentration N, must not lead to
breakdown of the drain-substrate junction nor the gate insulator for the
required drain supply voltage. For a typical substrate doping N, =
1.5x 1017/cm3 and a drain supply voltage Vpy = 0.5V, Lgi, = 0.18
microns.

A more refined estimate of the device limit on Lg;, can be made

by imposing the arbitrary criterion that L is reached when the

min
change in threshold voltage due to short channel effects AVy .
(Figure 5) equals 10% of the long channel threshold voltage V[5]. A
similar criterion has been applied to enhancement mode MESFET’s [5].
Following the pattren established for MOSFET’s, interconnect scaling
also begins with the definition of a "device" scaling factor $ > 1. |In
addition, it is useful to define a chip scaling factor Sc > 1 since
chip dimensions tend to increase with time. To illustrate scaling
issues, it is helpful to recognize two different categories of
inteconnections: local and long distance. Local interconnections can be
viewed as extending from a logic gate to a nearest neighbor and therefore
tend to scale in length as 1/S. Long distance interconnections may
extend from corner-to-corner of a die and consequently tend to scale in

length as S..

- . .
.
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Assuming cross-sectional dimensions of local interconnects scale as
1/S, Figure 6 summarizes salient results. A concern is that the
interconnect time constant RC does not scale as 1/S following MOSFET
delay but rather RC remains constant. This indicates increasing impact
oﬁ circuit delay time of local interconnects as scaling continues. In
addition, IR drop does not scale, current density increases as S and
contact resistance increases as S2. Clearly, the conclusion is that
whereas scaling benefits transistor performance, it has the opposite
impact on interconnections. The impact of scaling on long distance
interconnections will be discussed as a circuit Timit.

Commonly available Si components include enhancement and depletion
NMOST and PMOST, NPN & PNP bipolar, JFET, EPROM and E2 PROM devices as
well as CCD’s. The most widely used GaAS devices are MESFET’s,
modulation doped field effect transist?rs (MODFET's) and heterojunction
bipolar transistors (HBT’s), both of whiéh incorporate GaAs-{AlGa)As
heterojunctions, as well as diode lasers. The purpose of this listing is
to underscore the complimentary features of the Si and GaAs
technologies., (learly, the insulated gates of Si devices are crucial to
their superior logic and memory circuit capabilities whereas the direct
band gap of GaAs is crucial to its superior operation in diode lasers

leading to lightwave interconnections e.g., from chip-to-chip.

Circuit Limits
. Circuit limits depend jointly on device capabilities and system
requirements. Perhaps the two most important questions to be explored at
the circuit level of the hierarchy are: 1) what is the minimum supply

voltage at which a logic gate can provide useful operation and 2) what is
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the minimum channel length L at which an MOSFET can operate effectively
in a logic gate? .

The most basic form of logic gate is a simple inverter. The
requirement that a chain of inverters be able to quantize input signals
to restore "0" and "1" levels leads to the conclusion that the
incremental voltage amplification of the inverter at the transition point
(i.e. where input voltage equals output voltage) must be greater than
unity. Imposing this system/circuit requirement on a CMOS inverter in a
rigorous analysis leads to the result that the minimum possible value of
supply voltage is approximately 4kT/q or about 0.1v at 300°K[6].

The quintessential requirement of an incremental amplification
greater unmagnitude than unity at the transition point of the transfer
characteristic of a logic gate also provides the basis for assessing the
minimum allowable channel length of a MOSFET. Basically, as short .
channel effects and drain induéed barrier Towering reduce the output
impedance of an MOSFET, the amplification of a logic gate in the '
transition region degrades. Studies of circuit transfer characteristics
for very short channel MOSFET’s have indicated that useful minimum
allowable channel lengths appear to lie in the 0.1-0.2 micron range for
CMOS gates and in the 0.40-0.50 micron range for E/D NMOS gates with
reasonabie and equal design margins and a supply voitage of 2.0V [7].
Assuming a fan-out of two, the corresponding gate delay times are 20 and
100psec for CMOS and E/D NMOS respectively.

In many complex chips such as random access memories, the
cross-sectional dimensions of Tong distance interconnections are scaled

at the same rate (i.e. 1/S) as Tocal interconnections. Layout and
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processing requirements influence this practice strongly. The salient
results are illustrated in Figure 7. The principal concern is that the
interconnect time constant scales as the rapidly increasing function
(SSC)2 (11. This result raises the question of limiting values for S
and S. for long-distance interconnections. To insure that Tong
distance interconnect delay is not severely degraded, the total
distributed resistance Ry, of the interconnect must be less than 2.3
times the output resistance of its driver circuit [8]. In order to meet
this requirement as chip size or 3. increases, it may become necessary
to scale the cross sectional dimensions of long distance interconnects
more slowly than 1/S. Alternmatively, reducing the temperature to 779
to decrease thé resistivity of Al interconnections or perhaps to enable
superconductive interconnections are conceivable possibilities.

In considering circuit limits for GaAs MESFET logic using
enhancement drivers and depletion loads (i.e. DCFL), it is interesting to
observe that in order to obtain equal static design margins for CMOS and
E/D NMOS logic, it was necessary to use MOSFET’s with channel lengths of
0.45 microns for NMOS while the circuit advantages of CMOS permitted 0.15
micron channel lengths [7]. This suggests that due to the similarity of
E/D NMOS and DCFL circuitry, MESFET channel lengths in DCFL may be
required to be substantially larger than MOSFET channel lengths in CMOS.
This, of course, could compromise the potential speed advantages of
GaAs DCFL.

Epitaxial deposition of GaAS on Si offers the opportunity to combine
the best devices and circuits of both technologies. This combination may
be internal CMOS logic and memory with GaAS interface circuits and

chip-to-chip lightwave communication. The necessity of a "fiber optic

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171973



printed wiring board" or its equivalent appears to present itself in this

scenario. .

System Limits

The great challenge in defining system limits on ULSI and
GSI is creating a model which Tinks lower level material, device and
circuit parameters to system packaging technology and above all to system
architecture. To c¢reate this new model, Rent’s rule is helpful. It is an
empirical logarithmic relationship which gives the number of connections
to a Togic block and by extension the average interconnect wire length as
a function of the gate count of the block [9]. Pin counts of actual chips
and modules are displayed in Figure 8. Clearly, high performance CPU’s
require more connections than gate arrays and microprocessors because they
have greater concurrency and paral?e]ism’ and cannot tolerate multiplexing .
of signals and pins.

Average interconnection length can be determined by partitioning the
logic design into hierarchical divisions, and calculating the number of
connections between the partitions via Rent’s rule.

The overall system model is shown in qualitative form in Figure 9.
Material, device and circuit parameters are reflected in the nine "chip
technology” descriptors whose key is F, the minimum 1ithographic feature
size. These descriptors are supply voltage Vpp, gate oxide thickness
tgox' linear region MOSFET output resistance Riy» interconnect
resistance Ry,¢ and capacitance C;,¢ per unit length, number of wiring
Tevels n,, wiring pitch p, and a wiring area utilization factor By
System packaging is described by the nine "module technology"

descriptors. These are wiring pitch Py, number of levels Ny, area .
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utilization factor Ey, insulator relative permittivity &,
interconnect resistance Ryyr and capacitance Ciyr per unit length,
module interconnect characteristic impedance Z,, pad capacitance Cpad

and pad pitch P The remaining eight descriptors of the model reflect

p
a) chip architecture via the logic depth fy14, gate fan-out fg and

Rent’s exponent for the chip p; b) chip integration level via the number
of gates per chip Ng; c) system architecture via Rent’s exponent for

the module pin count 7, Rent’s coefficient for the module pin count

Kp and Rent’s exponent for module interconnections pB; and d)

system size via the total number of gates NgToT* Using this 26

parameter model one can calculate for the system the maximum clock

frequency f,, the optimal chip size D, (corresponding to f.) and

the power dissipation Pg. A sample of model predictions compared with

commercial microprocessor specifications are given in Figure 10 [9].

The key point to recognize regarding this new system-level circuit
model is that it can be used to address the issues of a) how to determine
the impact of a proposed device or packaging technology on overall system
performance; b) how best to partition a CPU to exploit a new technology;
and ¢} how to optimize the number of transistors on a chip for maximum

system throughput.

ON ON
The number of components per chip N can be expressed in terms of
three variables as N=F~2:D2:PE where F is the minimum feature size,
D2 is the chip area and the packing efficiency PE is defined as the
number of components per minimum feature area F. The historical and

projected behavior of each of these three variables has been analyzed [1].

-
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Updating this analysis results in the prediction illustrated in Fig. 11.

Segments E & F correspond to a 0.5 micron limit on minimum feature size; .
segments D and G to a 0.25 1imit; and segment H to a 0.125 limit. The

likelihood of GSI early in the next century is strongly suggested by

these projections.
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L = |
1+300%

Mobility [cmzfv-sec]

electrons 1,500 8.500
holes 450 400
electrons (77%) - 20,000 ~100,000
flectron Velocity [cm/sec) ’ y
peak l:lO? 2x10 7
saturation 1230 0.6x)0

Electron Transit Time
Limit {psec/¥]

1V « 17vg6¢ : 0.3 0.125

Thermally Limited
Switching Time [psec/mw)

L /P = 1/ 8 K vy 1 - 0.21 0.23
Thermal Conductivily [w/cmOK) 1.5 0.46
Figure 1. Properties of Si and GaAs. .
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Figure2 . A Device Limit for an MOST
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Scaling Factor
3 >
Lateral Dimensions
L =L/s
Z=I/s
Vertics) Dimensions
Tox =Toxl$
X, ~X,/8
Supply V.oluge

Vop =Vgp!$

Figure 3. Scaling Factor
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NMOST DEVICE SCALING FORCONSTANT FIELD

DEVICE/CIRCUIT PARAMETER SCALING FACTOR

GATE DELAY 1/8
CAPACITANCE 1/S
POWER DISSIPATION/DEVICE 1/82
POWER DENSITY 1
PACKING DENSITY s2
SPEED POWER PRODUCT/DEVICE 1/83
Figure 4.
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‘V1 - LLQEI? { ‘bi - vBs} . vol exp {-!-L]

= gate oxide thickness, d, = gate depletion region depth.
4 gx Puilt-in potential of sSurce—to-bulk junction.
source-to-bulk bias voltage. Vp = ~to~bulk bias
vBitage, ard L = effective chamnel length.

Figure S. ¢hange in threshold voltage due to short channel effects.
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vIdeal" "Tdealn
Lergth L => L/S Resistance R => SR
Y Capacitance Cig => Cg/s
(line to substrate)
Width W -> W8 Capacitance Cry1, ~> Cr1/8
(line to line)
Thickness T -> T/S Time Constant RC => RC
Spacing Z ->2/8 Voltage Drop IR => IR
Insulator
Thickness D -> D/S Current Density J => 87

Contact Resistance Ry => SR

Fiqure 6: Local Intercomnect Scaling
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llIdeal 1] 11} Ideal "

Length L -> 1S, Resistance R -> S8

Width W -> W/S Capacitance Crg => 515
(1irne to substrate)

Thickness T => T/8 Capacitance Cr1, = Sclry,
(line to line)

Spacing Z ~> 2/S

Insulator

Thickness D -> /S Time Constant RC -> s2s%Re

Figure 7: Long Distance Interconnect Scaling

’ .
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U.S., COMPETITIVENESS IN THE 1990S§

. William H. Reed
Executive Director
Semiconductor Equipment and Materials International
October 21, 1987

Summary

Perhaps in the ambiance of today's improved business climate and
the SIA's assurance that growth rates will return te the 20 percent
level of yesteryear, the spectre of overseas competition may be
fading. Let me assure you, however, that it is still there. I
would like to offer you a few observations from the perspective of
the semiconductor equipment and materials industry.

The formula for success in the worldwide semiconductor industry has
been continually evelving as the market place and the players in it
have changed and grown. The semiconductor industry is no longer
the localized business that it once was. Instead of pockets of
industry in regions such as Silicon Valley and Route 128 around
Boston, major customer bases now exist throughout the world. And
it takes an international approach to do business in today’'s
industry, not only for the companies in the various markets but
also for their support organizations.

SEMI itself is an international trade association, representing
companies which supply semiconductor-manufacturing equipment and

. materials worldwide. Our membership roster includes over 1,100
member companies in 18 countries around the world. As an
international organization, SEMI is a leading advocate for strong
national semiconductor industries around the world--in the U.S., in
Japan, in Korea and throughout Europe.

our membership's international distribution reflects the worldwide
scale of the semiconductor equipment and materials industry today.
And the same is true of the device manufacturers. NEC, a company
based in Japan, has a facility in Roseville, California, and
recently opened another plant near Livingston, Scotland. Thomson,
a French company, has established a U.S.-presence with the
acquisition of Mostek last year.

The globalization of the semiconductor industry has made it harder,
if not impossible, for most companies to "go it alone."
Competition throughout world markets has grown too intense for
companies to play it strictly solo. To succeed in today's global
industry, a company must make use of all its available resources
and have a business strategy that remains intact for more than six
months.

In many respects, the current position of the U.S5. semiconductor

1l
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industry in the world market can be attributed to a failure to
utilize all of its available resources and maximize its ceompetitive
potential. On the other hand, the Japanese semiconductor industry
stands out as an example of a national industry that has
dramatically improved its market position.

Why has the Japanese semiconductor industry enjoyed such landmark
success while the U.S. industry has been in decline? The search
for an answer must begin with a comparison of these two national
industries. :

In the past few years, the U.S. has lost its financial position as
number one in total semiconductor sales. Dataquest figures reveal
that from 1979, when the U.S. held 40.8 percent of total market
revenue, to 1986, when that share slipped to 32.9 percent, the U.S.
has given up its market position to Japan. Over this seven year
period, Japan gained almost 15 percent in worldwide market share--
largely at the expense of the U.S., which lost nearly eight
percent. Europe's share of the world market alsoc diminished over
this period, slipping from 27.1 percent to 17.8 percent. It should
be noted that these figures are somewhat distorted by the impact of
exchange rates and the unavailability of captive output in the
U.S., which some say has increased faster than merchant production.

I am sure that this market swing is not news to any of you.

However, you may not realize that during this same period when the
Japanese were making major advances in global market share, they

were also dramatically increasing their capital expenditures. From
1979 to 1985, capital investment in Japan jumped 15 percent--

doubling in size as a percentage of semicenductor production-- .
compared to a capital spending increase of only five percent in the
U.S. Capital spending fell in all regions in 1986, undoubtedly
influenced by the prolonged industry recession.

But the overall trend toward increased capital investment in Japan
not only reflects the Japanese business philosophy, but also points
out their strategy regarding the importance of market share. The
Japanase purchase of capital equipment has enabled them to increase
market share. They have found that for every dollar invested in
capital equipment, they will see a two-dollar return. They also
have a strategic view and do not emphasize short-term returns on
their capital equipment investments.

What exactly are the financial factors associated with wafer
processing? Dataquest's figures show that wafer-processing costs
have risen steadily since 1980. That trend is projected to
continue into the next decade. However, it is important to
remember that today's equipment offers many more functions and
capabilities than the previous generation, and tomorrow's equipment
will offer even nmore.

Once again, the increased cost reflects a greater product value.

2
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For example, advances in manufacturing technology have led to
L increases in both wafer diameters and device densities. Although
. production costs are rising, so is the value of the final product.
In fact, Dataquest's price analysis for DRAMs indicates that the
price per bit is dropping and will continue to decrease through at
least 18950.

These two trends--increasing production costs coupled with
decreasing price per function~-present very persuasive arguments
for increased cooperation among the two segments that makeup the
semiconductor industry: the equipment and material manufacturers
and the device manufacturers. A look into the recent past leaves
ne doubt about the interdependence of these two industries.

In 1982, the top three merchant semiconductor manufacturers were,
in order, Texas Instruments, Motorocla and NEC. By 1986, the
rankings had dramatically changed with NEC, Hitachi and Toshiba
leading the pack. These results were influenced by exchange rates.

Just five years ago, the top 10 device manufacturers were heavily
weighted toward U.S. companies. The four U.S. firms in the top 10
accounted for $3.87 billion in sales, while the five Japanese
entrants totaled just $3.15 billion in sales--19 percent less. By
1986, top 10 sales were dominated by its six Japanese companies
with a total of $10.86 billion. The three U.S. companies accounted
for only $5.3 billion in sales, less that half of the sales
generated by the Japanese firms. Again, exchange rates were a
factor.

. The story is not so different for equipment manufacturers. 1In
1982, Perkin-Elmer, Varian and Schlumberger were the leading
semiconductor equipment companies. 1In 1986, Perkin-Elmer
maintained its lead, but Advantest (formerly Takeda Riken, the
number four company in 1982) and Tokyo Electron moved into the
second and third positions. The population of the top 10 equipment
companies has experienced a demographic shift that is very similar
to the one seen among the top 10 device manufactuers. In 1982, the
top 10 equipment companies included six U.S. companies, three
Japanese companies and one European firm. But by 1986, the top
10's make-up had nearly flip-flopped with five Japanese companies,
four U.S. firms and one European company.

Why did both the Japanese device manufacturers and Japanese
equipment vendors experience similar gains in market position over
the same period of time? Because they understood their
interdependence and had learned to work together to help each other
gain the competitive edge.

Gordon Moore of Intel understands this industry interdependence
very well and, in a realistic light, put it very succinctly: "It
is important for device manufacturers to work closely with
equipment manufacturers, but each such cooperative relationship

3
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.

recquires major commitments to be successful. No device company has
sufficient resources to interact at this level simultaneously with

many equipment manufacturers. Accordingly, some cooperative

venture is required." .

Most of us are very aware of the relative advantages that the
Japanese semiconductor industry has worked hard to achieve,
including manufacturing excellence, economies of scale, large
captive markets, domination of certain key semiconductor components
and an excellent leading-edge infrastructure, namely Japan's
equipment and material suppliers.

The equipment and materials industry provides the manufacturing
technologies and capabilities that make semiconductors possible.
This $8-billion-a-year worldwide business is the foundation that
supports the semiconductor device industry and, in turn, each
successive tier of the global electronics industry. The Japanese
recognize the importance of the equipment and materials industry in
providing the technological cornerstone for the device industry.

By promoting interaction between the two industries, Japanese
vendors and users of semiconductor equipment and materials have
helped each other to succeed.

Strategic alliances, developing cooperative relationships between
equipment and material suppliers and device manufacturers, has been
very successful in Japan. The Anelva/NEC venture has enabled NEC

to move from the number three position in 1982 to number one in

1986. The arra