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Asian Wall Street Journal

AT&T International
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Belmont Computer Inc.
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Capital Research Company
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Dainippon Printing Co. Ltd.

Data General Corporation
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Department of State
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Exar Corporation
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Fujitsu Ltd.

Fujitsu Ltd.

Fujitsu Buso Ltd.
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General Electric(US) Semicon, KK
General Electric Technical S.
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Goldstar Semiconductor, Ltd.

GT Capital Management, Inc.
Harris K.K.

Hitachi Ltd.

Hitachi Ltd.

Hitachi Ltd.

Asahi
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Asahi

Co.

Inec.

Ltd.

% JSIS Hakone Conference List

1986/ 4/11

% ok %

Takashi
katsuaki

Orihara,
Minami,

-Richard Seaman

Yanaga, Makoto
James Shinn
Iwvasaki, Tetsuo
Isago, Yoichi
Hasegawa, Satoshi
Nagasato, Yoshihiko
Komori, Ryozo
Tokunaga, Tetsuo
Azuma, Seiji
Miyauchi, Hirotsugu
Stephen Kreider Yoder
David Hytha

Paul Mostek

John William Poduska
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Masaaki Abe
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Matsushima, Kinji
Vahe Sarkissian
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Ross Riley

Steve Lemons

Tom D'Elia

David Lammers
Iwaisaki, Eiichiro
Nobuo Hatta

Hori, Yoshikazu
Ronald C. Norris
Peyton Cole

Saito, Kenichi
Tokai, Hachiro
Michael Kannett
James A. Chiang
Hoshino, Toshio
Tkisu, Kunio
Kuribayashi, Shinkichi
Takayama, Osamu
Honma, Akira

Fred Cronin
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Ritachi Ltd.

Hitachi Ltd.

Hitachi Metals, Ltd.
Hitachi Ltd.
HOYA Corporation
HOYA Corporation
IBH Japan Ltd.
IBM Japan Corp.
IBK Coroporation
IBM

ICI Americas, Inc.
INMOS Corporation
Intel Japan K.K

Intel Japan K.K

Intel Japan K.K
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Kanematsu-Gosho Co.,

Lex Electronics

Lex Electronics

LST Logic K.K

LSI Logic Inec..
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reports on the Japanese VLSI project and on semiconductor materials and
equipment markets. Mr. Ohtake is a graduate of Tokyo Denki University,
specializing in communications,
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WORLD
SEMICONDUCTOR
OUTLOOK

OSAMU OHTAKE
Associate Director
Dataquest Japan

. ESTIMATED WORLDWIDE
SEMICONDUCTOR INDUSTRY _
R;vonuo (Billions of Doilars) Annual Percent Change
N e Annual Revenues 180
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THE WORST SEMICONDUCTOR RECESSION

Semiconductor Consumption
(Billions of Dollars)

Percent
1984 1985 Growth
United States 13.3 9.7 (27%)

Japan 8.7 85 (2%}
Europe 48 46 (4%)
ROW 2.1 1.7 {19%)

Total 289 245 (15%)

Sourcw DATAQUEST

THE WORST SEMICONDUCTOR RECESSION

Top 10 Manufacturers

1984 1985

Milions Millions Percent

No. of Dolars No. of Dollars Change

NEC 3 2,251 1 1.984 (11.9%)

Motorola 2 2320 2 1.850 (20.3%)

Texas instruments 1 2480 3 1.766 (20.8%)

Hitachi 4 2,082 4 1671 (18.8%)

Toshiba 5 1,561 s 1.459 (6.5%)

Philips / Signetics 6 1.328 6 1.068 (19.4%)

Fujitsu 9 1,190 7 1.020 {14.3%)

intel 8 1,201 8 1.020 {15.1%)

National 7 1,263 9 940 {256X)
Matsushita 12

928 10 906 {2.4%)

Scurce: DATAQUEST
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THE WORST SEMICONDUCTOR RECESSION

BOOK-TO-BILL RATIO
US. IC Consumption

L . T S . T . . O .
70717273 747576 7778 7980 8182 838485

Source: DATAQUEST

JAPANESE SEMICONDUCTOR
INDUSTRY STATUS

1985/1986

® WORST REVENUE AND PROFITABILITY
DECLINE

® EXCESS CAPACITY IN 1985 .

® INCREASING WORLD MARKET SHARE

® TRADE FRICTION/LAWSUITS

® REVOLUTION IN TECHNOLOGY ALLIANCES

- 3 -
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REGIONAL MARKET SHIFTS

Total Semiconductors

Percent
80
60 US~
® &—/_
20 Evrope~__
M
ROW~g
0 —————

1978 1979 1980 1981 1982 1983 1984 1985

Sowes: DATAQUEST

PRODUCT MARKET SHIFTS .
Total MOS
Percent
100
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60

40

20

N
1978 1979 1980 1981 1982 1983 1984 1985

Source: DATAQUEST
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PRODUCT MARKET SHIFTS

REGIONAL MANUFACTURERS' SHARES
OF TOTAL MOS

(Percent)
1978 1980 1983 19856
UNITED STATES 700 678 516 450

JAPAN 230 254 408 459
EUROPE 70 67 66 76
OTHER 0 Ot 1.0 1.5

Sowrce. DATACUEST

MOS MEMORY RANKINGS--1985

1984 1985

1984 1985 REVENUES REVENUE PERCENT
RANK RANK  COMPANY {$M) ($M) CHANGE
1 1 ¢ HITACHI 971 662 (31.8)
2 2 s NEC 713 470 (34.1)
3 4 Tl 693 345 (50.2) —
4 3 < FUATSU 527 412 (21.8)
5 8 + TOSHBA J96 288 (27.3)
6 6 INTEL 380 280 {26.9)
8 16 MOSTEXK 350 75 (87.1) —
9 9 MOTOROLA 349 128 (642)—
7 8 o MITSUBISHI 370 169 (543) 7
10 7 AMD 259 183 (29.3)
TOTAL OF ABOVE 5,008 3.009 (359)
Source: DATAQUEST
-5 =
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.- 7
CAPITAL SPENDING BY JAPANESE
SEMICONDUCTOR COMPANIES ‘
L 3
{Miliions of Dollars}

CAPITAL EXPENDITURES X OF SEMI SALES
1983 1984 1985E 1983 1984 1985E

NEC 285 591 420 20 20 21
HITACH 294 548 297 25 24 18
TOSHBA 413 624 480 42 32 33
FUJTSU 234 827 280 ar as 28
MATSUSHITA 28 401 340 16 49 38
MITSUBISHI 149 298 224 34 26 32
SHARP 98 118 160 as AN 49
SANYQ 85 148 184 17 28 40
oKl 67 118 100 29 37 a3
TOTAL 1683 3370 2485 27 A 28
E » Estimated Sowrts. DATAQUEST
] .

CAPITAL SPENDING BY U.S.
SEMICONDUCTOR COMPANIES
]
{Milions of Dollars )

CAPITAL EXPENDITURES % OF SEM| SALES
1983 1984 1985E 1983 1984 1985E

MOTOROLA 175 412 330 1 17 18
Tl 232 472 348 14 19 20
NATIONAL 120 300 168 13 24 18
INTEL 148 388 194 19 a2 19
AMD 1M 237 120 22 25 20
FAIRCHILD 125 195 100 27 29 20
MOSTEK 78 123 27 25 26 21
SIGNETICS 58 133 65 13 17 16
MONOLITHIC MEM. 16 50 25 15 27 13
ANALOG DEVICES 14 40 20 10 20 10

TOTAL 1.074 2350 1.398 14 21 17
E = Eslimated Sowce DATAGUEST

- -
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ESTIMATED U.S.-JAPAN
TRADE IN SEMICONDUCTORS
BLLIONS OF DOLLARS
3.000

2s00] 5 e
2000| WS US. ACCOUNT BALANCE
1,500
1.000
§00
o
=500

=1,000
=1.500

1980 1981 1982 1983 19684 1985

Source: DATAQUEST

RESULTS OF THE MEMORY WAR

1985

¢ RED INK FOR EVERYONE--U.S.,
EUROPE., JAPAN

¢ DYNAMIC RAM DEFECTIONS:
= NSC~-ALL
= MOTOROLA~-NMOS
= INTEL-=ALL
= MOSTEK~=ALL (?)
= INMOS~-=WILL USE FOUNDRY

-7 =
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RESULTS OF THE MEMORY WAR

19856

® LAWSUITS=-=MICRON, INTEL/AMD/NSC

® TOTAL JAPANESE DOMINANCE IN
HIGH-DENSITY SRAMs/DRAMs, COMING
ON STRONG IN EPROMs

® NO STRONG U.S. RAM SUPPLIER

e CAN TOSHIBA PUSH 1Mb DRAM MARKET
AS FAST AS IT CLAIMS?

ASIAN CONNECTION

¢ WHAT TRENDS ARE EMERGING?

® WHO IS TEAMING UP?

® WHY ARE THEY TEAMING UP?

® WHEN ARE PARTNERSHIPS CRUCIAL?

® HOW ARE PARTNERSHIPS BEING
ORGANIZED? -

® WHERE IS MANUFACTURING LOCATED?

®
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SOUTH KOREANS - -
THE REAL STORY

1984 1985
PRODUCTION 1259 994
CONSUMPTION 304 255
NATIVE PRODUCTION
SAMSUNG - nr. &im 60 95
GOLDSTAR 15 35
KEC 26 38
HYUNDAI 0 0

Sowrce: DATAQUEST

ASIAN PARTNERSHIP STRATEGIES

SALES AND
MARKETING TECHNICAL TIES MANUFACTURING
SALES AGENCY ONE=WAY LICENSING SLICON FOUNDRY

SALES OFFICE TECHNOLOGY EXCHANGE ASSEMBLY AND TEST

DISTRIBUTOR JOINT DEVELOPMENT WAFER FAB
MARKET ALL PRODUCTION
INTELLIGENCE

Sowrce: DATAGQUEST

®
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TRENDS IN JOINT

VENTURES AND LICENSING
NUMBER

0 1
Jrom. (84}
50
40
LICENSING (22)

30 FOREIGN
INVESTMENT LAW

20

10

/ %
obnassnEs

TOT172737475767776798081828384868
YEAR

s
d
REVISIONOF X
¥
]
:.

JOINT
VENTURES (32)

MEMORY - -THE SHIFT TO CMOS PARTNERSHIPS
(1984-19885) '

JAPANESE

COMPANY FOREIGN COMPANY PRODUCT LINE
FUATSU INTEL EPRCMs (ON MPUs)
NME SEML INMOS 256K CMOS DRAMS
OKI ELECTRIC EXEL 16K EEPROMs/ 16K SRAMs /ASM
RICOH PANATEC R3D 256K DRAMs
MODULAR SEML
RICOH ROCKWELL 64K CMOS EPROMs
RICOH VLSt TECHNOLOGY 64K/ 128K/256K MASK ROMs
SHARP RCA 286K CMOS DRAMs
SHARP WAFER SCALE 64K /256K CMOS EPROMs
INTEGRATION

SONY VITELIC 64K CMOS DRAMs
SUWA SEIKOSHA SMOS SYSTEMS 16K/64K CMOS SRAMs
64K/256K CMOS MASK ROMs

Sowrce DATAQUEST

°
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SEMICONDUCTOR EQUIPMENT AND
MATERIALS JOINT VENTURES

1961 1982 1983 1984 1985

Jowen: DATAGUEST

WHY STRATEGIC PARTNERSHIPS?

DEFENSE OFFENSE
® WORK WITH POTENTIAL ® SECURE TECHNOLOGIES
RIVALS ® GAIN ACCESS TO MARKETS
® KEEP OUT COMPETITORS o FILL N PRODUCT
® AVOID "‘BOOMERANG EFFECT" PORTFOLIOS
® MONITOR TECHNOLOGY AND ® USE SILICON FOUNDRIES
MARKET TRENDS ® CUT PRODUCTION COSTS

Scurce. DATAQUEST
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ASICs- - APPLICATION-SPECIFIC

PARTNERSHIPS
(1983-1985)
L - _______________________________________________________________J
AMERICAN COMPANY ASIAN COMPANY PROOUCT LINE
A ASAH CHEMICAL CMOS CUSTOM AND GATE ARRAYS
CUSTOM MOS ARRAYS RICOH CMOS GATE ARRAYS
INTL. COMPUTER FUATSU QGATE ARRAYS
LS LOGIC SHARP CMOS WAFERS
MITSUBISH CMOS WAFERS (NOT TOSHIBA }
TOSHBA 1K TO 10K QATE ARRAYS
MICRO=CIRCINT KANEMATSU SEMI. IMPORT GATE ARRAYS
MICRO LINEAR NHON TEKSEL SALES AGENCY
M FUATSU TTL GATE ARRAYS
- RCA SHARP JOINT DESIGN CENTER AND FAB
SMOS SYSTEMS SUWA SEOSHA CMOS GATE ARRAYS
SPERRY MITSUBISH GATE ARRAYS
TEXAS INSTAUMENTS FUJTSU H=CMOS AND STTL GATE ARRAYS

Source: DATAQUEST

ESTIMATED JAPAN QUARTERLY
SEMICONDUCTOR CONSUMPTION

(Mitions of Dokars)

1985
[* 2] Q2 Q Q4 IOTAL
DISCRETE $ 475 $ 474 $ 492 $ 591 82032
ic 1584 _1579 _1883 _1821 _6.567
TOTAL $2050 $2053 $2075 $2412 $8599
% CHANGE (03%)  11% 162X  {28X)
1986
Q1 Q2 Qs Q4  TOTAL
DISGRETE $°610 $ 625 $ 639 ¢ 664 $§ 2538
Ic 1909 _2045 _2184 _2363 _ 8501
TOTAL $2519 $2670 $2823 $3027 $11,039
X CHANGE 44% 603  B7%  72% (284%)- 7

-12 - . .

® 1986 Dataquest Incorporated April 13 ed.—Reproduction Prohibited

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



ESTIMATED U.S. QUARTERLY
SEMICONDUCTOR CONSUMPTION

{Milions of Dollars)
1985

a1 Q2 Q3 Q4  TOTAL
DISCRETE $ 494 3 480 $ 481 3 472 31897

I 2210 _1960 _1788 _1.738 7,693
TOTAL $2704 32440 $2239 $2207 $9.590
% CHANGE (98%) (82%) (1.4%) (27.0%)

1986
[+1] Q2 Q3 Q4 TOTAL °

DISCRETE $ 486 $ 526 $ 830 $ 597 $ 2158

Ic 1807 _2008 _ 2,181 _2470 8,466
TOTAL $2293 $2533 32731 $30687 $10624

X CHANGE 3.9% 10.5% 785 123% 10.8%

Sowce: DATAQUEST

ESTIMATED WORLDWIDE
SEMICONDUCTOR CONSUMPTION

( Billions of Dollars)
1986 1991 1996

US. $106 $260 $ 669
JAPAN 1.0 280 78.0
EUROPE 49 120 322
ROW 22 55 14.1

WORLDWIDE $28.7 $715 $191.2

Source: DATAQUEAT
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LONG-TERM RESULTS OF
REGION AND PRODUCT SHIFTS

¢ INFRASTRUCTURE CHANGING TO MORE
AND LARGER JAPANESE PLAYERS

® WALL STREET'S VIEW CHANGING .
® EMPLOYMENT PATTERN SHIFTING T2 Asia

® HEAVY GOVERNMENT AND LEGAL
INVOLVEMENT

® PURCHASING CENTERS CHANGING TO
FAR EAST

ESTIMATED EUROPE QUARTERLY
SEMICONDUCTOR CONSUMPTION
L ____________________________________________________________J

{Milions of Dollars)

1985
Q1 Q2 Q3 Q4 TOTAL
DISCRETE $7316 $ 303 8 285 $ 285 $1.189
Ic 985 __ 886 793 __779 _3.443
TOTAL $1.301 $1.189 $1078 $1064 $4632
X CHANGE (86%) (9.3%) (1.3%) (36%)
1986
Y Q2 Qa3 Q4 TOTAL
DISCRETE $°283 $ 305 $ 320 $ 336 $1244
IC 789 __ 826 955 $1.140 _ 3679
TOTAL $1042 $1.130 $1275 $1476 $4923
X CHANGE  (2.1%)  84% 128% 158%  6.3%

Source DATAQUEST

o L
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ESTIMATED ROW QUARTERLY
SEMICONDUCTOR CONSUMPTION

(Milions of Doflars)

1985
Q1 Q2 Q4  TOTA
DISCRETE $180 3178 $183 $220 $ 761
c 312 294 277 272 1,155
TOTAL $492 $472 $460 $492 $1918
X CHANGE {4.1%} (2.5%) 70% (166%)
1986
Q1 Q2 Q3 Q4  TOTAL
= DISCRETE $224 $231 $238 $247 $ 940
G 278 298 322 361 1,257
TOTAL $500 $52¢9 $560 3608 $2.197

% CHANGE 1.6X 58X 592 ©B6X 147X

Sourcw: DATAQUEST

CONCLUSIONS

THE NEXT FIVE YEARS

® EXCESS CAPACITY

¢ BUSINESS CYCLES WILL CONTINUE

® INTENSE COMPETITION

¢ CONTINUING SHIFT IN MARKET SHARE
® MODERATION IN PRICES

- 15 =
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DOES IT MAKE SENSE TO MAKE MEMORIES?

- Lane Mason
Senior Industry Analyst
Semiconductor Industry Service
batagquest Incorporated

Mr, Mason is a Senior Industry Aanalyst for Dataquest's Semiconductor
industry Service. He has been with Dataguest for eight years, during
which he has gained increased responsibility for coverage of the MOS
memory and bipolar markets, as well as general research support.
Previously, Mr, Mason worked for Hughes Aircraft Company and Raychem
Corporation. He has a B.S, degree in Physics from the California
Institute of Technology and has done graduate work at the University of
California at Los Angeles in the Department of Economigs.
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DOES IT MAKE SENSE

TO MAKE MEMORIES?

LANE MASON

Senior Industry Analyst

Dataquest Incorporated

PROGRAM

® Outlook: Yesterday and Tomorrow
® Profit and Loss

® Memory Producers’ Problems

® |ssues and Choices
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MARKET OUTLOOK:
YESTERDAY AND TOMORROW

MOS Memory Bits Shipped

LOG Bits
15
14
13
12
11
10

Personal Compuler

Video Games
Mainframe Office Automation |

1970 1975 1980 1985 1980 1995
- ) Source DATAQUEST
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MARKET QUTLOOK:

YESTERDAY AND TOMORROW LV y«ﬁ
t
' MOS Memory Bits Shipped son
LOG Bits Foz
15 - v frJ/—\
13 Al
12 Graphics Display
1 Digital TV, VCR
10 image Processing
9 Workstalions
IC Cards
8 Office Automation H
7
1970 1975 1980 1985 1990 1995

Sowce DATAQUEST
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PROFIT AND LOSS

Quarterly MOS Memory Revenue
Billions of Dollars

20 _
—7A0 ~ bt greils
- — = __LD:. ?’ﬁ ; -r\'\‘
15 g . 1007 C??JLE?/)
10 7 i \L 357 (1787)

“[ T

1980 1981 1982 1983 1984 1985

Source DATAQUEST

PROFIT AND LOSS

Estimated Pretax Profit

Billions of Dollars
20

1.5
10
05

Obﬂﬂﬂm — ﬁmnmmﬂﬂﬂﬂﬂﬂu
UL

53 |
1980 1981 1982 1983 1984 1985

Source: DATAQUEST

© 1986 Dataquest Incorporated April 13 ed.—Reproduction Prohibited



PROFIT AND LOSS

1985 Estimated Pretax Losses
Memory Products

Ravenues Pretax Loss

U.8. Companies ($M) ($M}
AMD $ 193 $ 35
Texas Instruments 330 90
Mostek (nal “Themden) 77 250
Micron Technology 39 40
Intel . 283 45
Motorola 93 40
Seeq 29 19
Xicor 32 19
National Semiconductor 64 14
Other U.S. 313 107
Total US, $1.453 $609

Source. DATAQUEST

PROFIT AND LOSS

1985 Estimated Pretax Losses
Memory Products

Revenues Pretax Loss
($M) ($M)
U.s. $14563 $ 609
Europe 190 60
Japan 2285 400
ROW 39 100
Total $3967 $1169 Cometvehire
/ Source DATAGUEST

ho f?"bfq AL @3/ %,
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PROFIT AND LOSS

@ inventory write—downs

® Asset write=downs (Mostek, Exel)
@ Fixed charges (depreciation)

® Variable charges (prices)

PROFIT AND LOSS

U.S. Companies’ Layoffs = 1985

Mostek 10,000
Texas Instruments 5.000
intel 3.000
Motorola 6.000
National Semiconductor 7.000
Others 23.000

Total 54,000

Source: DATAQUEST
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PROFIT AND LOSS

Casualties of RAM wars . . .
@ Mostek - DRAMs

® Inmos - DRAMSs

® NSC - DRAMs

® Motorola — NMOS DRAMs
¢ intel = DRAMs

® (Mostek Corporation)

PROFIT AND LOSS

E Pluribus Unum
Integrated Device Technology

Memory Sales $45M
Est. Memory Pretax Profit $ 4aM

Source. DATAQUEST
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MEMORY PRODUCERS’ PROBLEMS

Industry problems facing all
memory manufacturers:

@ Characteristics of the industry
¢ Ignorance of market mechanisms
® Varying motives for participation
¢ Market information failures

¢ Market features

_ o :{‘é/(& ,ﬂOS*?LIM .
‘ Coar AO 7£w g UNnadoan .
Compormer” D Id—intensire g “frendelra
:’ﬁ"é”rx Wfd }_Aé’(‘:) ‘ :

P/tmbnbb .

fn’ ot

MEMORY PRODUCERS' PROBLEMS

Characteristics of the industry:

® Free competition

® Cyclical nature

® High fixed cost

® Users: wait for more price decline

© 1986 Dataquest Incorporated April 13 ed.—Reproduction Prohibited
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MEMORY PRODUCERS’ PROBLEMS

MOS Memory Manufacturers = 1985
{ Millions of Dollars}

~ Number of

Revenues Companies
$200+ B
$100-200 2
$50-100 9
$25-50 10
$25 26
53

Source DATAQUEST

MEMORY PRODUCERS’ PROBLEMS
US. IC Units

Bilians of Units
4.0

EER IC Shipmentz

25

16

10

1979 1980 1981 1982 1983 1984 1985 1986
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MEMORY PRODUCERS' PROBLEMS

Unit Prices

1979 1980 1981 1982 1983 1984 1985 1986

MEMORY PRODUCERS' PROBLEMS
MOS Memory Bits Shipped

oo
Gt H HHD EU IR

|"'7) 751 \a8s” 9%

_ {00 [ 1975 1980 1985 1990

Source DATAQUEST
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MEMORY PRODUCERS' PROBLEMS
MOS Memory Change in Price Per Bit

= ] il mﬂ -
-0.1 I_jl—“j |_|D

1975 1980 19886

Sowse DATAQUEST

MEMORY PRODUCERS’ PROBLEMS

Ignorance of market mechanisms
¢ Short— and long—term price elasticity

® Response of price to-supply=demand
imbalance
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MEMORY PRODUCERS’ PROBLEMS

Different motives for participation .

e Profitability — [ewv-profid malecs are dowers
® Fill fab

® Process driver for the other LSI products

® VLSI { Vault into Large Sales Imperative)

® Product line synergy

@ Historical relic

MEMORY PRODUCERS’ PROBLEMS

Market information failures:

® Inventory excesses not fully appreciated
¢ Demand outlook overly optimistic for 1985
® Production capacity not monitored

® Slow response to weakness in late
1984 /early 1985
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MEMORY PRODUCERS’ PROBLEMS

Market features:

¢ Commodity product

® High degree of substitutability
¢ Driven by new demand

@ Steep learning curve

ISSUES AND CHOICES

“In the long run, to be a significant
competitor in the IC business. you
need to produce MOS memory to
drive your process.”
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ISSUES AND CHOICES
L
Company Decisions

* MOS memory?

® Whal are our molives?

® Can it be done with several nichas?

® Long=lerm strategy/short term tactics . . . Can the cycle be countered?
& Make for yoursell or use foundry? .

® Naked memory proquct line?

® What synergy?

& Risk and rawards — how much is snough?

& What techhwology s transferred to other producis?

¢ Are there aliernativea to high exposurs?

® How {ar will competition drag the price down?

® Is demand true or fuff? .

® Can snginsers substitute for high volume?

& What are competitor's costs?

& How much of market is dominated by manufacturing? . . .and what places are not?
& How much can our company aflord?

ISSUES AND CHOICES

Exposura/Protit Potential

Technicil Banefil

>

Production Voiume

Source DATAQUEST
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ISSUES AND CHOICES
S —

Industry Decisions

® tJser=vendor communication
® Rational corporate decision-making

® Better market intelligence
= Demand
- Inventory levels
- Capacity
- Early warning
- Investment, costs and profits

¢ Improved understanding of market mechanics

ISSUES AND CHOICES

Year Market Decline
1981 (17%)
1985 (39%)
1989 ?

Sawce DATAGQUEST
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HIGH-PERFCRMANCE VLSI~~IMPLICATIONS FOR MANAGEMENT

Donald W. Brooks
President and Chief Executive Officer
Pairchild Semiconductor Corporation

Mr. Brooks is President and Chief Executive Officer of Fairchild
Semiconductor Corporation and  Executive Vice President of Schlumberger
Limited. He came to Pairchild from Texas Instruments where he was Senior
Vice President, Digital and Military Group. Prior to that assignment,
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the Vvideo Group at Sony., Mr. Kohno graduated from Waseda University and
majored in Electronics and Communication Engineering.
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APPLICATIONS: PRESENT AND FUTURE

Nagayoshi Nakano
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Mr. Nakano is a Research Analyst for Dataquest's Japanese Semiconductor
Industry Service and is based in Tokyo. He is responsible for gathering
information, researching, analyzing, and compiling the JSIS end-use data
base, editing the Japanese-language I.C. USA newsletter, c¢ompiling
Dataquest's biweekly 1.C. ASIA newsletter, and providing general research
support on the Japanese market. Prior to joining Dataquest, Mr. Nakano
worked for six years as a journalist, most recently as associate editor
for the foreign correspondent department of Dempa Shimbun, Japan's
largest daily electronics industry newspaper. Mr. Nakano is a graduate
of Doshisha University, Kyoto, where he majored in English Linguistics.
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. THE MARKET

Equipment production value in Japan
from the viewpoint of
semiconductor consumption
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ESTIMATED EQUIPMENT PRODUCTION GROWTH
IN JAPAN FROM THE VIEWPOINT
OF SEMICONDUCTOR CONSUMPTION

{ Trillions of Yen)

CAGR

1981 1886 1990 1981-1990
Consumer 53 9.5 13.0 10.4%
Industriai 3.7 8.7 18.8 19.8%
Total 9.0 182 318 15.0%

Sowron DATAQUEST

THE EQUIPMENT MARKET

Growth estimated at 15.0% CAGR
from 1981 to 1990

@
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ESTIMATED EQUIPMENT PRODUCTION
GROWTH IN JAPAN FROM THE VIEWPOINT
OF CONSUMPTION

Triflions of Yen
40

I Consumer
2 indusirial
30 E3 Total

20

10

1985 1986 1987 1988 1989 1990

Sourca: DATAQUEST

o e o
1983 1984

ESTIMATED SEMICONDUCTOR CONSUMPTION

IN JAPAN
Year CAGR
1981~-1985 21.2%
1986-1990 18.5%

Sourae: DATAQUEST

°
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ESTIMATED JAPANESE
SEMICONDUCTOR CONSUMPTIO
(1981-1990) (oheh

( Billions of Yen/Year)

1981 -- 9500
1985 -- 2,048.2
1990 —- 4,416.7

Sowce DATAQUEST

FORECAST CONSUMPTION IN JAPAN C ]
(1976-1980)
Trilions of Yen
5

4
3
2

1

0
76 76 77 78 79 8O 81 82 83 B4 85 86 87 88 B8 90

Year

Source: DATAQUEST
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DEEP SLUMP IN VTRs

Production value decreased by
approximately 10% in 1985

ESTIMATED SEMICONDUCTOR CONSUMPTION
BY END-USE CATEGORY

{Billions of Yen)

1984 | 1985 Change 1986 Change

Consumer 997.92 93804 (6.0X) 957.12 20%
industrial 109848 111012 1.1% 1.284.36 18.7%

Total 209640 204816 (23X) 224148 4%

Source: DATAQUEAT

®
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ESTIMATED COMPOSITION OF
SEMICONDUCTOR USAGE IN JAPAN

1984

1985 1986

7 Total Consumer
£33 Total Industrial

Source: DATAQUEST

ESTIMATED COMPOSITION OF CONSUMER
SEMICONDUCTOR USAGE IN JAPAN

1984

262
[ Video
X Audio \J
#l Home Appliance \
&3 Others

2.7%
Source: DATAQUEST
s 0
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ESTIMATED COMPOSITION OF INDUSTRIAL
SEMICONDUCTOR USAGE IN JAPAN

1984

) Data Processing
R Communications
€= Industrial/ Others

Sautce: DATAQUEST

PRODUCTS WITH MAJOR
GROWTH OPPORTUNITIES

1982 1985
Ranking Percent' Ranking Percent” -
VTRs 1 16.3% 1 15.5%
Personal Computers 8 35% 2 7.9%
Mainframes 2 93X 3 8.1%
Peripherals 10 312 4 51%
Automobiles 8 3.5% 8 49%
Radio Communications ] 4.1% 6 48%
Copying Machines 9 3.4% 7 4.4%
Tape Recorders 4 7.5% 8 44X
PBXs 7 35% 9 4.0X
Color TVs 3 8.9% 10 38x

‘Percent of tolal semiconductor sonsumption in Japan
Soutue: DATAGUEST

®
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FASTEST-GROWING NEW
SEMICONDUCTOR APPLICATIONS -
RANKINGS IN DATAQUEST'S TOP 50

1985
1982 1984 (Est.)

Digital Audio Disk Players 47 33 18
Word Processors 31 17 12
Facsimiles 21 14 13

Sowce DATAQUEST

ESTIMATED SEMICONDUCTOR END USE .
BY REGION

1984

Sowrce: DATAQUEST

1982

®
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ESTIMATED SEMICONDUCTOR CONSUMPTION
BY PREFECTURE

1982 1983 1984 1985
Kanagawa 20.0% 186X 20.8% 206%
Tokyo 134 145 136 19
Osaka 124 9.4 84 8.0
Saitama 46 41 54 76
Shizuoka 34 43 4.9 6.8
ibaragi 4.4 8.2 59 56
Nagano 59 75 89 55
Tochigi 83 67 8.2 85
Gumma 36 40 45 41
Aichi 43 40 36 35
Others 217 217 208 209
Total 100.0X 100.0% 100.0X 100.0%
Source: DATAQUEST
@ e —

FASTEST LADDER-CLIMBER

Shizuoka Prefecture

®
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ESTIMATED SEMICONDUCTOR CONSUMPTION
COMPARISON BETWEEN UNITED STATES,
JAPAN, AND EUROPE IN 1985

United
States Japan  Europe

Data Processing 37.5% 27.4% 17.4%

Communication 139 136 254

Consumer 79 45.7 19.6

Industrial/Others 40.7 13.3 37.6
Total 100.0% 10002 100.0%

Source. DATAQUEST

ESTIMATED CONSUMPTION COMPARISON
BETWEEN UNITED STATES, JAPAN,
AND EUROPE IN 1985

({Percent)
) _}/ 40 Data Proceasing =40
(}L 30+ ~30
\ “ e 20- -20
m 10+ - - 10
W~ - o Conmumer o 2= Teleconmupieations 1

~10

SH\I‘-' 10

20 =l 20
30 ——Euwrope  [-30
40 nduatrial/ Othef ! =40}

50 40 30 20 10 U 10 20 30 40

Bowece DATAQUEST
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SEMICONDUCTOR CONSUMPTION COMPARISON

* Japan. Consumer /data processing—oriented/bipotar type
= At prosperous times —~ big growth
= At depression times — small decrease

® United States. Data processing/industrial~oriented/bipotar type
= At prosperous times = big growth
- At depression times - big decrease

¢ Eurcpe, Wall balanced
= At prosperous times ~ small growth
= At depression times — smafl decrease

. DRIVING FORCE

-

® Japan - away from consumer
& United States — to data processing/industrial
® Europe - to telecommunications/industrial

®
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HISTORICAL CONSUMPTION COMPARISON
IN JAPAN

{Percent)
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HISTORICAL CONSUMPTION COMPARISON
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HISTORICAL CONSUMPTION COMPARISON

IN EUROPE
{Percent)
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. FORECAST CONSUMPTION COMPARISON

IN 1990 BETWEEN
UNITED STATES, JAPAN, AND EUROPE
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CONCLUSION/OUTLOOK

® Good semiconductor consumption outlook
® Concern about trend to data processing
® Intense competition
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FUTURE VLSI APPLICATIONS FOR THE AUTOMOBILE

D Cher lta Tmc«’ —_ L\Tc(,
Robert J. McMillin

Director of Engineering
Delco Electronics Corporation

Mr, McMillin is Director of Engineering in charge of the automotive
electronics, solid-state, and entertainment and control products at Delco
Electronics Corporation, Mr., McMillin started with General Motors in
1949, where he served in wvarious positions on the engineering staff. He
was later named Chief Engineer of Delco Electronics Division's Santa
Barbara operations and then became Director of Digital Systems
Bngineering at the division's main office., 1In that position, he had
responsibility for design and introduction of digital electronic engine
controls and other new electronic systems. Mr. McMillin recejived a
B.E.E. degree from Marquette University.
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FUTURE VLSI APPLICATIONS FOR
THE AUTOMORBILE

Robert J. McMillin
Director of Engineering
Delco Electronics Corporation

April 14, 1986
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I appreciate the opportunity to be here today, and to be able to talk about .

a subject that i; * dear to my heart”, and ----"pocketbook"”, ---- automotive
electronics. I feel that most people will agree, ---- that there has been a
tremendous change in the electronic content of the automobile over the past
thirty or so years, and especially during__the past fifteen years. Only ten
years ago, a typical car had less tha@f electronics. Today, the
figure is more likis—ﬁ—ﬂ_ﬂ}-- and some people predict that automotive
electronics content ;i“lal be in the neighborhood of @0__&!1960 Thus, it
is anticipated that automotive electronics will continue it's “explosive”

growth into the future, ---- and will continue to be tied to advances made

in integrated circuit technologies.

The evolution of automotive electronic systems has pretty well followed
the integrated circuit evolution over the years. Each new or forward step .
in the IC evolution has resulted in lower cost IC's along with an increase
in functional content., which has allowed us to consider greater functional
content in our products. Also, the high volume bipolar IC production
appearing in the early to mid 70's, ---- and the high volume M0S IC's of
the mid-to-late 70's, primarily for hand held calculators and memory
products, ---- finally reduced IC production costs to levels acceptable to
the highly cost conscious automotive world, ---- and opened the doors to an
extensive use of IC's in our electronic products. The evolution that we
have seen in this area shows no sign of slowing, --- and will probably

continue into the future, --- and will again open the doors to many new

automotive electronic applications that do not exist today .
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My talk today will focus on the past history of automotive electronic
products, past history of IC technology, present status of automotive

electronics, future driving forces, and projections into the future.

First, --- looking at the past history of automotive electronics, --- we saw

the first use of IC's in the passenger car voltage regulator for the 1968
-\E’__——_-_‘_—_-—

Pontiac Grand Prix, ---only eighteen years ago. The PCVR input chip shown

here was relatively simple by today's standard, ---only nine transistors and
resistors. The regulator was followed by the High Energy Ignition System in
1971, ---and replabed a system that had been in use for almost sixty years.
Power IC's such as the PCVR and ignition system have been ---and will

continue to be a subject of great interest to us in the automotive world.

. Now, let us turn our attention to what was our primary “"bread and butter®
product of the 60's and 70°'s, ---the automotive radio. In the early 50°'s,
only AM automotive radios existed, and were designed around five or six
vacuum tubes. The vacuum tubes were replaced by a sucession of discrete

germanium and silicon devices during the 60's.

By the late 60's, silicon intregrated circuit technology had been developed
to the point that it could be considered as a reliable and cost effective
technology for our radio products. Silicon IC's were first introduced into
some of our more complex and sophisticated radio products in 1970.
Sophisticated in 1970 meant AM/FH stereo.‘ This first introduction was
followed by a proliferation of new IC’s during the 70's, ---and includes the
Bridge Audio that was first introduced in 1977, --- a major audio output
. change, --~ and has led the way to the sophisticated and popular radios that

-3-
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we have today, --- such as the electronically tuned radio(ETR) shown here.
It is now possible to make affordable AM/FM/Stereo/Tape radios that are
several times smaller than the “older* AM radio of the 50's, ---with very

small power dissipation, ---and with considerably better reliablility.

\ﬁ7" hm order to meet emission and fuel economy regulations. Hence, they do not

AN — )

1%¥£ﬂ' - have a long history like radio products. Even so, the evolution that has
5"’\

wm taken place in this area over the past few years has been just as
spectacular as that for radios. Not only has the “"parts” count been reduced
considerably, ---but the functional content and circuit speed have been
increased dramatically. Most of this has been brought about by a further
up-integration of components and the greater functional capability of the
newer IC's being used, ---mostly custom designs for our particular

applications.

That should be enough of the, --"this is where we have come from®, ---a short
historical background of our automotive electronic products of the past few

years.

Now, we need to look at the future and see what our “crystal ball” has teo
say about future automotive electronic systems. However, before we attempt
to make projections about the future, ---we need to form a basis for making
the projections. Future projections for automotive electronics can be
pretty well fomulated by considering past IC history, ---in the form of
trends, --- customer desires, and what I choose to call “product/production

driving forces”. We will look at each of these in & little more detail.

-4 -
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First, in the IC area, ---over the past 15-20 years, there has been a
continual evolution in the type of IC technology being used, ---and in the
complexity of the IC's developed and produced. These changes have come

about primarily because of two things, ---transistor downsizing pressure,

---and circuit and systems needs. The results of these two driving forces
can be graphically illustrated by the so-called trend charts, which in turn
can be used as reasonably accurate models for future projections. These
models can be used to make projections about transistor sizes, IC circuit
complexities, chip sizes, process complexities, and----soforth. In essence,
the trends show that transistors continue to be made smaller, ---while
circuit designers keep using more elements in their designs, ---at a faster
rate than transistors are being made smaller, ---with the result being that
chip sizes continue to get larger. All these things are happening as
processes keep getting more complex, ---through the use of more

layers, ---and a greater merging of device technologies. These trends have

been occuring at a fairly "p_redictable" rate, ---as shown on the following

graphs. @

If we couple the information from the trend models with the other
product/production “driving™ forces associated with system needs, customer
requirements an@;roduction proliferation, a reasonable estimate of future

R N
complexity and IC technology can be made.

Customer demands upon our products are "producing” certain “driving" forces
that must be considered. Our product lines are showipg a proliferation from
" aster turn-around

i

times, both during development stages and in high volume production. This

a few---to many models. Also, customers are demending

-5 =
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has matan a change in our design concepts in order to provide a certain .

degree lexibility in the manufacturing of our electronic products. This

flexibility requires the ability to quickly program, or reprogram, a
product on the manufacturing floor for particular applications. This will
obviously influence the IC technology needs for our future products. As we
all know, the alteration of fixed ROM memory, especially in a high volume
production situation, is a lengthy process, and is no longer acceptable to
our customers. Thus, the design of future automotive electronic will
require a change in memory philosophy in or@to meet the flexibility

requirements that ara only obtainable throu nstant programmability,
e e e e —————

particularly on the production floor.

Now, we can use the IC trend infometion that has been discussed, along with

a consideration of the so-called driving forces, to make projections about .
IC complexities that will be available and technologies that will be

required for future automotive electronic products. A hypothetical

integrated circuit for automotive electronic systems, say for five years in

the future, might be characterized as follows: Hinimum feature sizes will

be in the neighborhood of 1.0 microns, transistor count will be about

é?i), 000 elements on & chip about 300 mils square, pin count will be in the

range of 90-120, mask levels about 16-18, and device technology will be a

S ———— e ————— e ———

combination of CHOS and EEPROH.
""__..——'———-—._.___‘___

,/ £LHOS logic reduces power dissipation, and at the same time improves
operating performance and speed. Present automotive microprocessors are

operated at 1-2 MMz clock-rates. The next generation will operate at

— e ——

higher ¢lock-rates, perhaps in the 10-20 MHz range. Moreover, the lower .
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pawer dissipation of CMOS IC's gives us much more flexibily in packaging

and mounting schemes and makes underhood mounting more practicable.

The availability of EEPROM memory on the microprocessor or microcomputer
chip addresses many of the product proliferation and flexibility issues
that we are concerned with. The memory program contents that are the same
for all engine control applications can be put into ROM type memory
structures to take advantage of ROM's hiQD,EQQEESQ density and inherently

lower cost. On the other hand, sog:;FEPRDH_EEgggy;can be used on the chip

to provide the mechanism for on-chip programming, or reprogramming, that is

becoming a necessity in order to meet our customer's demands and our own
internal flexibility requirements. We are all aware that EEPROH memory
technology is more expensive than ROM type memory. However, a consideration
of the total design-production cycle of an automotive electronic system
suggests that the slightly higher cost of EEPROM memory is more than offset

by many factors, ---and appears to be cost competitive in the long run.

This might be a good time to talk about memory/microprocessor interactions.

If the semiconductor industry could come up with & reasonable and process

B T i

compatible one transistor EEPROM memory cell, instead of having to use
e A — e et

two transistors per memory cell as we do today, then EEPROM memory costs

-

should approach that of ROM memory, and we could consider a wider usuage of

EEPROM memory in our products in order to meet our product flexibility
goals through memory programmability. Moreover, the availibility of a low
cost EEPROM technology would open up the doors to many new uses in our
production lines, --- and would allow certain system parameters to be
"adjusted” or set during manufacturing stages. This presents some

interesting possibilities.
-7 =
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Also, as we know, CPU operating speeds have increased considerably over the
past few years. However, we find that memory access times have not been
decreased at the same rate, and ocannot be operated at some of the faster
CPU clock rates. Therefore, we are not sble to take full advantage of the
faster CPU IC's. This appears to be an area that needs some “rethinking”,
either in terms of new technology, or in how to organize existing

memory/CPU systems in order to accommodate the faster CPU clock-rates,

My talk so far has been concerned about the past history of automotive

electronics up to the present time, --- and how it has been associated with

the IC evolution. Also, a projection has been made to predict what future

sutomotive IC‘'s will look like in terms of complexity and technology. This

in turn gives us a feeling for the functional capability of future

generation IC products. Now we should say something about the future .

applications themselves.

The term @, has often been used to describe future

automotive electronic systems. Obviously, we will never get to the point
whera a total system is put onto one JC. However, we continue to push in
this direction and have seen our products continuously up-integrated
towards this end. If we look to the future, we can envision a lot of
potential application areas. I would like to briefly talk about some of
these areas. Some are realistic, while others have to be considered as
“pie-in-the-sky” possibilities. That is, they are potentially possible, but

perhaps questionable due to practical considerations.
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Radio Systems- Basic radio broadcasting technology for automotive receivers

will not change appreciably in the near future. First we had AM, then
AM/FH, and now we have AM stereo, Therefore, near future radio receivers

will be primerily associated with higher quality systems having better

sound fidelity, ---along with more customer convenience type features.
e

These things represent “quality” and can bhe provided by the greater

functional content of new ICs. Digital audio processing would fall in this

— . ———

category. Down the road, satellite communications could provide a source

————

for digital transmissions and lead to digital receivers. It will be a

while before this becomes a reality.

* Engine Controls- New generations of engine controls will be required to
meet changes in engine control functions. Each generation will be more
complex than the last generation and control more functions. ¥e have seen
a major change in engine control systems about every five-six years. The
GMEM system went into high volume in 1980 and has been followed by the

S —

GMP-4 system in 1986. Therefore, the next major change will probably be in

the early 1990°s time frame. The hypothetical ICs for this were described

earlier,

Digplays- This area probably represents one of the fastest changing areas
in the automobile. The older "pointer™ type indicators are being rapidly
converted over to the more dynamic and more informative type displays that
give the driver more information about what is occurring. Unfortunately,
display technology cannot be considered a mature area, with new concepts
showing up continually. Displays require many dfi!ff,f{fffifffff’ and
potentially, more ICs in the display electronics. Most presently used

-9-.
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displays have certain shortcomings for automotive applications. Some .
displays require operating voltages that are not readily available in the

automobile, some exhibit poor contrast, especially in bright sunlight,

colors are limited, and others have limited operating temperature ranges.

Never-the-less, the display area will expand, and we will be seeing new

display configurations in future automobiles. There should be enough

incentive in this area to “prod" display technology people into developing

better automotive display technologies.

Hultiplex Systems~ Automotive multiplex systems have a good chance of being

produced in high volume quantities. Such systems have been considered for

years. However, technology and semiconductor costs are just now getting to

the point that multiplex systems can be considered practical. The ability

to fabricate large power IC's along with control logic , "Smart Power®, at .
automotive price levels now appears achievable. We all realize the

magnitude of the IC volumes that would be required for such a product.

Other Systems- Some of the more “futuristic” or more "iffy" automotive

electronic applications include electronic steering, collision-avoidance
systems, navigation systems, perhaps coupled to satellite and cellular
networks, and voice information systems. These applications represent
“food-for-thought” possibilities and are continually being evaluated and

prototype systems considerad or built when practical.

Summary~- We have seen automotive electronic systems start from almost
nothing twenty years ago, and proliferate into the outstanding products
that exist today. Moreover, this trend is expected to continue just as

robustly in the future. All of us who have been involved in this venture .
- 10 =
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feel a sense of satisfaction in the accomplishments that have taken place,

and being part of it.

However, I would like to conclude this talk by quoting some statistics that
might point out just how far we have come, or perhaps not come up to the
present time in the technology arena. It has been stated that the total
worldwide yearly memory production is about 1E14 bits. This amounts to
about 20, 000 bits per person, and appears to be a very impressive figure.
However, it is also interesting that the human brain also has about 1E14
neurons. Thus, the world's total production of semiconductor memory bits is
about equal to the memory capacity of one humen brain. From this, a simple

conclusion can be drawn, ---we still have a long way to go.

Thank you!
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ASIC IS HERE!

ASIC is now the solution of choice
for leading edge systems
In all industry segments.

ASIC IS HERE!

APPLICATION-SPECIFIC INTEGRATED CIRCUITS ARE NOW THE SOLUTION OF CHOICE FOR
LEADING EDGE SYSTEMS IN ALL INDUSTRY SEGMENTS.

IN A FEW SHORT YEARS, IN FACT IN LESS THAN 5 YEARS, ASIC TECHNOLOGY HAS
EVOLVED FROM A TOTAL UNKNOWN TO THE INDUSTRY LEADING DESIGN TECHNOLOGY., IT
HAS FOSTERED NUMEROUS ASIC FOCUSSED COMPANIES AND HAS ALREADY REACHED THE
STAGE WHERE LOW-END PRODUCTS ARE TREATED AS COMMODITIES.

®
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WORLD WIDE ASIC MARKET DATA

($B) 1983 1984 1985 “CAGR

PROG. LOGIC 0.11 0.24 0.29 62 %
GATE ARRAY 0.51 0.94 1.36 63 %
CELL BASED 0.05 0.13 0.25 123 %
FULLCUSTOM 1.00 2.12 2.69 64 %
TOTAL 1.67 3.43 4.59 65 %

SOURCE: DATAQUEST, FEB 1986

WORLDWIDE ASIC MARKET DATA

DATAQUEST'S HISTORICAL MARKET DATA, FROM 1983 THROUGH 1985, DEMONSTRATES
THE DYNAMIC GROWTH OF ASIC IN ALL PRODUCT QFFERINGS: PROGRAMMABLE LOGIC,
GATE ARRAYS, CELL BASED AND EVEN FULL CUSTOM. EVEN IN 1985, DURING PERHAPS
THE DARKEST DAYS OF THE SEMICONDUCTOR INDUSTRY, THIS BUSINESS HAS CONTINUED
TO GROW. ASIC IS TRULY A SPECTACULAR TECHNOLOGY, EQUALLY AS IMPORTANT, AND
POTENTIALLY MORE PERVASIVE THAN THE MICROPROCESSOR REVOLUTION OF THE 1970'S.

THE DATA SHOWN HERE REFER TO PROPRIETARY PRODUCTS USED BY SINGLE CUSTOMERS
(USER  SPECIFIC 1ICs). IN ADDITION, THERE IS A WIDE RANGE OF
APPLICATION-SPECIFIC MEMORY AND LOGIC PRODUCTS THAT ARE AVAILABLE TO
MULTIPLE USERS. IN THIS PRESENTATION I SHALL LIMIT MYSELF TO TRENDS IN THE

USER-SPECIFIC ‘PORTION QF THE ASIC MARKET.
-2 =
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@ SYSTEM BENEFITS FROM
ASIC TECHNOLOGY

INNOVATION & FLEXIBILITY IN DESIGN

-

SYSTEM UNIQUENESS

. HIGHER SYSTEM PERFORMANCE

*

IMPROVED ENGINEERING PRODUCTIVITY
REDUCED SYSTEM SIZE

LOWER SYSTEM COST

SYSTEM BENEFITS FROM ASIC TECHNOLOGY

THE DRIVING FORCES FOR ASIC COME FROM TWO OIRECTIONS: ONE SET OF FORCES
RESULTING FROM THE CUSTOMER'S NEED TO HAVE INNOVATIVE DESIGN, UNIQUENESS,
HIGHER PERFORMANCE AND PRODUCTIVITY, REDUCED SIZE AND COST IN HIS SYSTEM.
THE SYSTEM BENEFITS THAT THE CUSTOMER IS LOOKING FOR FROM ASIC TECHNOLOGY,
SHOWN IN THIS SLIDE, ARE VITAL FOR HIM TQ STAY PRICE, PERFORMANCE AND SIZE
COMPETITIVE.

® s
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NEW TOOLS UNLEASH ®
ASIC TECHNOLOGY

« USER FRIENDLINESS
- SIMPLER WORKSTATION ACCESS
« INTEGRATED DESIGN ENVIRONMENT
+ FIRST TIME SILICON SUCCESS GUARANTEE
+ REDUCED CYCLE TIME
_ + MORE AUTOMATION

NEW TOOLS UNLEASH ASIC TECHNOLOGY

THE SECOND SET OF FORCES COMES FROM THE DESIGN TOOL SIDE OF THE BUSINESS.
NEW TOOLS HAVE INDEED UNLEASHED ASIC TECHNOLOGY.  CHARACTERISTICS OF THESE
TODLS INCLUDE INCREASED USER FRIENDLINESS, SIMPLER WORKSTATION ACCESS, AND
ALL OF THE POINTS SHOWN ON THIS SLIDE.

THE SPEED AND EASE OF DESIGN AND FIRST-TIME SUCCESS THAT APPLICATION-
SPECIFIC ICs HAVE ACHIEVED USING THESE TOOLS HAVE SERVED TO DRIVE THE
BUSINESS MUCH FASTER.

IT IS THE CONGRUVENCE OF NEW TOOLS AND NEW SEMICONDUCTOR PROCESS AND DESIGN

TECHNOLOGIES, COMBINED WITH THE COMPETITIVE PRESSURES OF THE MARKET THAT .
HAVE PLACED ASIC IN ITS CURRENT GROWTH-POSETION.
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_. INCREASING LEGITIMACY OF ASIC

START UPS
» VLSI TECHNOLOGY, INC « LSI LOGIC

. Se > AmcC
ESTABLISHED COMPANIES
+ ASIC BUSINESS UNITS ' - EMPHASIS BY

INTEL, MOTORQLA, T, AMD FUJITSU, TOSHIBA, NEC

CORPORATE ALLIANCES
« VLS| TECHNOLOGY - SIERRA +« Tl - SIGNETICS
« MOTOROLA - NCR « LS| - TOSHIBA

INCREASING LEGITIMACY OF ASIC

ANOTHER MORE SUBTLE DRIVING FORCE IN THE INDUSTRY IS THE GROWING LEGITIMACY
OF ASIC TECHNOLOGY. THE PRESENCE TODAY OF BOTH START-UP AND ESTABLISHED
COMPANIES IN THE MARKETPLACE SERVES TO ATTRACT AND ENCOURAGE MORE RELUCTANT
USERS TO ENGAGE THIS INNOVATIVE TECHNOLOGY.

IN ADDITION, THE GLOBAL MOVE TOWARD CORPORATE ALLIANCES IS NOWHERE MORE

EVIDENT THAN IN ASIC., THE NEWSPAPERS ABOUND WITH STORIES OF ALLIANCES

FORMING TO ENABLE COMPANIES ADD TO THEIR INDIVIDUAL STRENGTHS, AND THROUGH

THIS TAKE ADVANTAGE OF THE BUSINESS OPPORTUNITIES IN THE FAST-GROWING ASIC
. SEGMENT OF THE SEMICONDUCTOR INDUSTRY.
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ASIC MARKET PROJECTIONS
($B) 1985 1986 1990  CAGR
PROG.LOGIC 0.29 0.36 1.00 28 %
GATE ARRAY 1.36 1.90 569 33 %
CELLBASED  0.25 0.45 3.97 74 %
FULLCUSTOM 2.69 3.09 251 ()%
TOTAL 4.59 5.80 13.20 24 %

SOURCE: DATAQUEST, FEB 1986

ASIC MARKET PROJECTIONS

AS WE LOOK TO THE FUTURE, WE SEE THE STRONG MARKET GROWTH CONTINUE, IN
EFFECT, REMAINING MUCH HIGHER THAN THAT OF THE TRADITIONAL SEMICONDUCTOR
COMPONENT INDUSTRY. GATE ARRAYS AND CELL-BASED PRODUCTS, IN PARTICULAR,
ARE PROJECTED TO GROW AT VERY HIGH RATES OVER THE WNEXT 5 VYEARS. FULL
CUSTOM IS THE ONLY TECHNOLOGY LIKELY TO SEE NEGATIVE GROWTH AS SOPHIS-
TICATED CELL-BASED TECHNOLOGIES USING MEGACELLS AND COMPILERS  OFFER
SOLUTIONS TO THIS SEGMENT OF THE MARKET. IN FACT, THE GROWTH PROJECTION
FOR CELL-BASED PRODUCTS FAR EXCEEDS THAT FOR THE REST OF THE BUSINESS.

l .
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ASIC SOLUTION
MARKET APPLICATION SEGMENTATION

SYSTEM AND LOGIC DESIGNER

HIGH _ HIGH SIMPLE
PERFORMANCE INTEGRATION INTEGRATION

ASIC SOLUTION MARKET SEGMENTATION

ANALYZING THE ASIC MARKET AND ITS NEEDS HAS BEEN A REAL CHALLENGE. IN
ORDER TO ADDRESS OUR STRATEGIC PLANNING PROCESS, WE HAVE DEVELOPED A MARKET
APPLICATION VIEW THAT WORKS EXTREMELY WELL IN SEGMENTING THE NEEDS OF THE
USERS AND THE REQUIREMENTS OF NEW PRODUCTS. THE THREE TYPES OF REQUIRE-
MENTS SYSTEMS ENGINEERS HAVE ARE HIGH PERFORMANCE, HIGH INTEGRATION AND
SIMPLE INTEGRATION APPLICATIONS. IN THE NEXT FEW SLIDES WE WILL SHOW ASIC
EXAMPLES FOR EACH APPLICATION SEGMENT, AND HIGHLIGHT THE CRITICAL FEATURES
OF EACH AND HOW THEY DIFFER FROM EACH OTHER.

o
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ASIC SOLUTION EXAMPLES

HIGH PERFORMANCE

A A e T

ASIC SOLUTION EXAMPLES - HIGH PERFORMANCE

+ CUSTOMER:

-

[

REASONS:
COMPLEXITY:
TYPE:
FUNCTION:

IN THE HIGH PERFORMANCE SEGMENT,

PROCESSOR DESIGNED BY ACORN USING VLSI TECHNOLOGY'S TOOLS.
OBJECTIVE WAS ATTAINMENT OF SPEED AND THE CHIP HAS 8000 GATES IMPLEMENTED

IN FULL CUSTOM,
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WE HAVE A RISC-LIMITED INSTRUCTION SET

ACORN
PERFORMANCE
8000 GATES
FULL CUSTOM
RISC LIMITED

INSTRUCTION SET
PROCESSOR

THE KEY DESIGN



£ ASIC SOLUTION EXAMPLES
HIGH INTEGRATION

== . CUSTOMER:  WANG

: . REASONS:  MAXIMIZE INTEGRATION
. COMPLEXITY: 18,000 GATES

. TYPE: STD CELL & COMPILER
. FUNCTION:  CPU

B

N
l“,'ﬂ!'l'l'_!'!"*

 — —— — ot

ASIC SOLUTION EXAMPLES - HIGH INTEGRATION

AN EXAMPLE OF HIGH INTEGRATION IS THE 18000-GATE, 16-BIT CPU DESIGNED WITH
WANG USING OUR TOOLS. THE KEY DESIGN OBJECTIVE HERE WAS MAXIMIZATION OF
INTEGRATION. THE DESIGN WAS IMPLEMENTED USING STANDARD CELLS AND COMPILERS.

. ‘ -9 -
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ASIC SOLUTION EXAMPLES

SIMPLE INTEGRATION
i= == . CUSTOMER: AT&T
" - REASONS: REPLACE TTL
Kl - COMPLEXITY: 814 GATES
1.1 « TYPE: STANDARD CELL
« FUNCTION: TOUCH SCREEN
CONTROLLER

ASIC SOLUTION EXAMPLES - SIMPLE INTEGRATION

IN THE SIMPLE INTEGRATION SEGMENT, WE HAVE AN EXAMPLE OF AN 814 GATE TOUCH
SCREEN CONTROLLER CHIP DESIGNED USING STANDARD CELLS. THIS CHIP WAS
DESIGNED FOR ATA&T.

i o
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ASIC SOLUTION
MARKET APPLICATION SEGMENTATION

SYSTEM AND LOGIC DESIGNER

HIGH HIGH | [T SsIMPLE
PERFORMANCE INTEGRATION INTEGRATION

« PERFORMANCE
CRITICAL

« MODERATE COMPLEXITY

+ COST NOT KEY

ASIC SOLUTION MARKET APPLICATION SEGMENTATION
(DETAILS OF HIGH PERFORMANCE)

WE HAVE SEEN SPECIFIC EXAMPLES FROM EACH APPLICATION SEGMENT. NOW LET US
LOOK AT THE CRITICAL FEATURES OF EACH SEGMENT AND EXAMINE HOW THEY DIFFER
FROM EACH OTHER.

IN THE HIGH PERFORMANCE SEGMENT, THE ENGINEER'S PRIMARY NEED IS PERFOR-
MANCE. HE IS WILLING TO SACRIFICE ALMOST ANYTHING FOR SPEED. THE NEEDS
FOR COMPLEXITY ARE MODERATE AND COST IS NOT A KEY FACTOR. APPLICATIONS ARE
THE HIGH END OF COMPUTER LINE, DIGITAL SIGNAL PROCESSING SYSTEMS, GRAPHICS
ENGINES, ETC. SUCH ASIC DESIGNS ARE REQUIRED BY COMPUTER, TELECOM AND

MILITARY CUSTOMERS. -
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ASIC SOLUTION
MARKET APPLICATION SEGMENTATION

I SYSTEM AND LOGIC DESIGNER |

HIGH _ HIGH SIMPLE
PERFORMANCE INTEGRATION INTEGRATION
« PERFORMANCE « DESIGN COMPACTION
CRITICAL
- MODERATE COMPLEXITY - INTEGRATION: LS,
ANALOG & MEMORY
« COST NOT KEY - COST & COMPLEXITY

TRADE OFF .

ASIC SOLUTION MARKET APPLICATION SEGMENTATION

(DETAILS OF HIGH INTEGRATION}

THE DRIVING FORCE IN THIS SEGMENT IS THROUGH DESIGN COMPACTION, INTEGRATING
LSI, ANALOG, MEMORY AND OTHER FUNCTIONS SO THAT A LARGE PART OF A SYSTEM OR
A TOTAL SYSTEM IS DESIGNED ON ONE CHIP. THE CHIP COULD BE A CPU OR OTHER
SUCH MAJOR BUILDING BLOCK. IN THIS SEGMENT, A TRADEOFF IS GENERALLY
INVOLVED BETWEEN COST AND COMPLEXITY.

- 12 -
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ASIC SOLUTION
MARKET APPLICATION SEGMENTATION

| SYSTEM AND LOGIC DESIGNER | )

HIGH HIGH SIM I
PERFORMANCE ﬁq'reenmou INTEGRATION

i i "

» PERFORMANCE » DESIGN COMPACTION - SIMPLE & FAST DESIGN

CRITICAL

 MODERATE COMPLEXITY - INTEGRATION: LS, « SS| & MS! INTEGRATION

ANALOG & MEMORY
. COST ' . COST & COMPLEXITY  + COST REDUCTION
NOT KEY TRADE OFF DRIVEN

’I\
ST

ffnﬂ"
cr?” il

ASIC SOLUTION MARKET SEGMENTATION (DETAIL OF SIMPLE INTEGRATION)

THIS SIMPLE INTEGRATION SEGMENT IS TYPIFIED BY “GLUE-LOGIC" INTEGRATION
TASKS, WHERE THE LEVEL OF INTEGRATION IS LESS THAN 8K GATES. THE DRIVING
FORCE IN THIS SEGMENT IS COST REDUCTION. THERE ARE SEVERAL ASIC VENDORS
WHO OFFER SOLUTIONS IN THIS SEGMENT.  VENDORS ARE CHOSEN BASED ON COST,
RELIABILITY, AND SPEED OF DELIVERY. THIS PORTION OF THE ASIC MARKET IS THE
MOST COMPETITIVE, BUT IS ALSO THE LARGEST IN UNIT VOLUME. SYSTEM ENGINEERS
DOING THEIR FIRST ASIC DESIGN OFTEN START AT THIS COMPLEXITY LEVEL.

-13 -
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ASIC SOLUTION REQUIREMENTS

ASIC SOLUTION REQUIREMENTS

NOW LET US LOOK AT THE ASIC SOLUTION REQUIREMENTS, I.E., THE TECHNOLOGIES
AND CAPABILITIES THE VENDOR MUST SUPPLY TO MEET THE USER NEEDS IN EACH OF
THE APPLICATION SEGMENTS - HIGH PERFORMANCE, HIGH INTEGRATION AND SIMPLE
INTEGRATION.

@
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ASIC SOLUTION REQUIREMENTS

| SYSTEM AND LOGIC DESIGNER |

* A
HIGH HIGH SIMPLE
PERFORMANCE INTEGRATION INTEGRATION

* ASIC TECHNOLOGY: HIGH DENSITY, HIGH PERFORMANCE GATE ARRAYS,
SCAN PATH TEST, MULT] CHIP SIMULATION

* FAB TECHNOLOGY: 1.25 TO 1.5 MICRON
* TEST: AUTO TEST, BUILT IN TESTABILITY
* PACKAGE: HIGH PIN COUNTS > 120 PINS

ASIC SOLUTION REQUIREMENTS (HIGH PERFORMANCE)

THE HIGH PERFORMANCE AREA IS THE ONE WHICH WILL STRETCH THE PROCESS
TECHNOLOGY. DESIGNERS IN THIS SEGMENT ARE WILLING TO TAKE SOME RISK AND
MAY START DESIGNS BEFORE THE PROCESS IS FULLY AVAILABLE. IN THE TEST AREA
THEY OFTEN DEMAND SPECIAL AUTOMATIC TEST GENERATION TECHNIQUES.  THESE
USERS ARE USUALLY EVING?ACM(mPIN COUNT
DEVICES DUE TO THE COMPLEXITY OF THEIR ARCHITECTURE AND INADEQUATE LEVELS

OF INTEGRATION AVAILABLE TQO DATE.

. '

- 15 =
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ASIC SOLUTION REQUIREMENTS

SYSTEM AND LOGIC DESIGNER

—

HIGH HIGH SIMPLE
PERFORMANCE INTEGRATION INTEGRATION

* ASIC TECHNOLOGY: COMPILERS, MEGACELLS, ANALOG, COMPLEX PLACE
ROUTE AND SIMULATION CAPABILITY

* FAB TECHNOLOGY: 1.5 TO 2.0 MICRON
* TEST: EXTENSIVE TEST DEVELOPMENT, HIGH FAULT COVERAGE

* PACKAGE: LOW COST: 68 TO 150 PINS

ASIC SOLUTION REQUIREMENTS (HIGH INTEGRATION)

USERS IN THIS HIGH INTEGRATION SEGMENT USUALLY FIND THEMSELVES APPLYING
ADVANCED CELL-BASED OR FULL-CUSTOM ASIC TECHNOLOGY INCORPORATING COMPILERS,
MEGACELLS, ANALOG, ETC., TO ATTAIN THE HIGHEST LEVELS OF INTEGRATION
POSSIBLE. ‘THESE USERS WANT THE MAXIMUM SPEED AND DENSITY BUT WILL

TYPICALLY SETTLE FOR THE LATEST QUALIFIED OR PROVEN PROCESSES RATHER THAN
TAKE A RISK WITH THE NEWEST FAB TECHNOLOGIES.

- 16 =
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IN THE TEST AREA, CONCERN FOR DIE SIZE AND DENSITY KEEPS THESE PEOPLE FROM
SACRIFICING AREA FOR IN-BUILT TESTABILITY. HOWEVER, THEY ARE CONCERNED
ABOUT TEST COVERAGE AND MAY CHOOSE FULL FAULT SIMULATION TO VERIFY THE TEST

COVERAGE.

IN THE PACKAGE AREA, THESE USERS TYPICALLY DO NOT REQUIRE THE HIGH-PIN
COUNTS OF THE HIGH-PERFORMANCE SEGMENT DUE TO THE HIGHER LEVELS OF INTE-
GRATION. THEY ALSO CANNOT ABSORB THE COST OF THESE PACKAGES AS THIS IS A
MJUCH MORE COST SENSITIVE SEGMENT OF THE MARKET.

@
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ASIC SOLUTION REQUIREMENTS

I SYSTEM AND LOGIC DESIGNEH_]

*
HIGH HIGH SIMPLE
PERFORMANCE INTEGRATION INTEGRATION

* ASIC TECHNOLOGY: WORK STATION SUPPORT, FULLY AUTOMATIC

PLACE AND ROUTE
* FAB TECHNOLOGY: 2.0 TO 3.0 MICRON
* TEST: SIMPLE AND LOW COST
* PACKAGE: LOWEST COST: 16 TO 68 PINS

ASIC SOLUTION REQUIREMENTS (SIMPLE INTEGRATION)

FOR SIMPLE INTEGRATION CUSTOMERS, INEXPENSIVE PROVEN ASIC TECHNOLOGY IS
ADEQUATE TO MEET THEIR PERFORMANCE NEEDS.  ACCESSIBILITY OF LIBRARIES ON
LOW-COST WORKSTATIONS IS CRITICAL FOR PENETRATING THIS MARKET.  THESE
DESIGNERS TYPICALLY WANT LOW-COST, RELIABLE TEST AS THEIR DEVICES ARE
RELATIVELY SIMPLE. INEXPENSIVE PACKAGING IS ALSO CRITICAL.

@
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¢ ASIC SOLUTION REQUIREMENTS

rSYSTEM AND LOGIC DESIGNER

PERFORMANCE INTEGRATION INTEGRATION

HIGH HIGH L SIMPLE

HIGH PERFORMANCE GATE COMPILERS,MEGACELLS WORKSTATION SUPPORT,
ARRAYS, SCAN PATH TEST, ANALOG, COMPLEXP&R, FULLY AUTOMATIC P&R
MULTI CHIP SIMULATION  SIMULATION

1.25 TO 1.5 MICRON 1.5 TO 2.0 MICRON 2.0 TO 3.0 MICRON
AUTO TEST, BUILT IN EXTENSIVE TESTDEV., SIMPLE & LOW COST
TESTABILITY HIGH FAULT COVERAGE TEST

»>120 PINS 68 TO 150 PINS 16 TO 68 PINS

ASIC SOLUTION REQUIREMENTS

IN SUMMARY, WE SEE THAT EACH OF THESE MARKET SEGMENTS HAS MANY DIFFERENT
NEEDS. EACH HAS ITS OWN DEMANDS IN TERMS OF ASIC DESIGN, FAB, TEST AND
PACKAGING TECHNOLOGIES. EVEN THE TYPE OF SELLING IS DIFFERENT.  VENDOR
CHOICES FOR HIGH INTEGRATION AND HIGH PERFORMANCE MARKETS ARE DETERMINED BY
A BALANCE OF TECHNICAL AND COMMERCIAL CONSIDERATIONS. FOR THE SIMPLE
INTEGRATION MARKET, VENDOR CHOICE IS GENERALLY DETERMINED BY PRICE AND
DELIVERY.

. =19 -
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]

WE HAVE SEEN THE ASIC SOLUTION MARKET APPLICATION SEGMENTATION,
WHAT THE SYSTEM DESIGNER'S REQUIREMENTS ARE, AND
ALSO WHAT FEATURES OF ASIC SOLUTIONS ARE NEEDED
TO MEET THESE REQUIREMENTS.

LET US NOW ANALYZE THE EXISTING DESIGN METHODOLOGIES
ARD SEE HOW THEY NEED TO EVOLVE TO MEET THESE REQUIREMENTS.

THE TWO ESTABLISHED SOLUTIONS FOR ASIC ARE
GATE ARRAYS AND CELL-BASED DESIGNS.

LET US EXAMINE THE EXPECTED EVOLUTION
OF EACH OF THESE.

- 20 =-
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(] EVOLUTION OF ARRAY BASED DESIGN

1980
+ NET LIST ENTRY
+ MANUAL PLACE & ROUTE
GATE + SEMICONDUCTOR MANUFACTURERS' DESIGNS
ARRAY « 200 TO 1000 GATES

+ 15 TO 20 WEEKS

1986
- USER DESIGN ON WORKSTATIONS
» AUTOMATIC PLACE & ROUTE
GATE « 1K TO 20 K GATES
ARRAY + 6 TO 10 WEEKS
1990
« HIGH LEVEL COMPILERS
ARRAY - ARRAY, MEGACELL AND COMPILERS
BASED « 10K TO 100K SEA OF GATES
DESIGN . 2 TO 4 WEEKS

EVOLUTION OF ARRAY-BASED DESIGN

IN 1980, GATE ARRAYS INVOLVED NET LIST ENTRY AND MANUAL PLACE AND ROUTE.
USERS WERE MAINLY IC DESIGNERS AND COMPLEXITIES WERE OF THE ORDER OF 200 TO
1000 GATES, WITH DESIGN TIMES OF 15 TO 20 WEEKS. ARRAY-BASED DESIGNS HAVE
EVOLVED TOWARD USER DESIGNS GENERATED ON WORKSTATIONS, WITH AUTOMATIC PLACE
AND ROUTE. INCREASINGLY, THE SYSTEM DESIGNER IS GETTING INVOLVED IN THE
CHIP DESIGN PROCESS. BY 1990, WE WILL BEGIN T0 SEE COMBINATIONS OF HIGH

e e e e W

LEVEL COMPILERS, MEGACELLS, ARRAY AND CELL ELEMENTS. GATE COMPLEXITY WILL
S —— _W-._n—.._,_._____‘_
CONTINUE TO INCREASE, ACCOMPANIED BY RAPIDLY DECREASING DESIGN CYCLE TIME.

. - 21 -
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EVOLUTION OF CELL BASED DESIGN

1980
-+ MANUAL, 'HAND CRAFTED'
« 10 K GATES

CUsTOM + 20 - 100 WEEKS

1986
« STD CELLS, MEGACELLS, SELECTED COMPILERS
CELL « AUTOMATIC DESIGN FOR STD CELLS
« SEMI AUTOMATIC CHIP COMPOSITION
BASED + 10K TO 40 K GATES
« 10 TO 30 WEEKS

+ AUTO COMPOSITION FROM HIGH LEVEL INPUT
+ CELLS, MEGACELLS & COMPILED STRUCTURES
+ 10 K TO 200 K GATES

+ 10 TO 20 WEEKS

EVOLUTION OF CELL-BASED DESIGN

WE SEE SIMILAR TRENDS IN THE EVOLUTION OF CELL-BASED DESIGNS. 1IN 1980, THE
EMPHASIS WAS ON MANUAL, HANDCRAFTED DESIGNS. DESIGN CYCLE TIMES WERE VERY
LONG AND GATE COMPLEXITIES WERE OF THE ORDER OF 10K GATES.

HERE, T0O, WE SEE INCREASING AUTOMATION OF THE DESIGN PROCESS. §I£EE§ED
CELLS, MEGACELLS AND SELECTED COMPILERS ARE BEING USED TQ DESIGN CHIPS
e

SUBSTANTIALLY REDUCING THE DESIGN CYCLE TIME.

BY 1990, WE WILL SEE INCREASING AUTOMATION IN CHIP COMPOSITION AND
CONTINUED EMPHASIS ON CELLS, MEGACELLS AND COMPILED STRUCTURES.  INCREASING
AUTOMATION AND THE USE OF LARGE BUILDING BLOCKS WILL CONTINUE TO INCREASE
GATE COMPLEXITY AND REDUCE DESIGN CYCLE TIME. .

- 22 -
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DESIGN SYSTEM IN 1990's

COMPILERS
MEGACELLS
HIGH LEVEL

INPUTS
INTEGRATED
TOOLS

DESIGN SYSTEM IN 1990'S

CONSIDERING THE EVOLUTION OF CELL-BASED AND ARRAY-BASED DESIGN METHOD-
OLOGIES OUT THROUGH 1990 THAT WE HAVE JUST LOOKED AT, WE FIND THAT, IN THE
FUTURE, BOTH OPTIONS WILL BEGIN TO CONTAIN CERTAIN COMMON ELEMENTS SUCH AS
COMPILERS, MEGACELLS, HIGH:EEEEL INPUTS AND INTEGRATED DESIGN TOOLS. ;)

. - 23 -
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ASIC SEGMENTATION @
SOLUTIONS AND METHODOLOGIES

ARRAYS, CELLS, MEGACELLS
COMPILED STRUCTURES

o .

HIGH HIGH SIMPLE
PERFORMANCE INTEGRATION INTEGRATION

CELL GATE
BASED ARRAY

1990

1980

ASIC SEGMENTATION SOLUTIONS AND METHODOLOGIES

IN 1980, THE OPTIMUM SOLUTIONS FOR THE DIFFERENT MARKET APPLICATION
SEGMENTS WERE PURE AND MUTUALLY EXCLUSIVE, E.G., GATE ARRAYS FOR HIGH
PERFORMANCE AND SIMPLE INTEGRATION AND CELL-BASED FOR HIGH INTEGRATION.

WE SEE THIS CHANGING OVER THE NEXT FEW YEARS. BY 1990, USERS WILL BE IN A
POSITION TO CHOOSE BUILDING BLOCKS FROM COMMON LIBRARIES OF COMPILED

s

STRUCTURES, MEGACELLS AND _CELL ELEMENTS TGO OPTIMIZE FUNCTION AND

COST. THESE BLOCKS WILL BE APPLIED USING EITHER ALL LEVEL OR PARTIAL LEVEL
CUSTOMIZATION. I BELIEVE COMPANIES WITH A RICH SET QF LIBRARIES, COMPILERS
AND INTEGRATED DESIGN SOFTWARE, SUCH AS WE HAVE AT VLSI TECHNOLOGY, INC.,
WILL BE WELL POSITIONED TO BENEFIT FRQOM THIS EMERGING TREND.

- 24 -
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THE DESIGN CYCLE

. MIGRATION OF DECISION POINT
TODAY'S ‘ IDEAL
DECISION POINT DECISION POINT
I SYSTEM  TECHNOLOGY LOGIC  SCHEMATIC
DESIGN  SELECTION DESIGN ENTRY SIMULATION
PHYSICAL
DESIGN

| FINAL
D SIMULATION &
g— uu VERIFICATION
- PROTOTYPE

GATE ARRAY CELL BASED

MIGRATION OF DECISION POINT

ONE ESPECIALLY POWERFUL OUTGROWTH OF THIS MERGING WILL BE MOVEMENT OF THE
TIME WHEN THE DESIGNER MUST MAKE HIS DECISION ABOUT WHICH TECHNOLOGY TO

CHOOSE. NOW, HE HAS TO MAKE HIS DECISION EVEN BEFQRE THE DETAILED DESIGN
IS STARTED.

- 28 =
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CHOICE AT THE IDEAL DECISION POINT .

TODAY'S IDEAL
DECISION POINT DECISI$ POINT
SYSTEM TECHNOLOGY LOGIC SCHEMATIC
I DESIGN SELECTION  DESIGN ENTRY SIMULATION
|
‘PHYSICAL
DESIGN
i FINAL
— IMULATION &
[[[[[" ERIFICATION
PROTOTYPE
GATE ARRAY CELL
BASED BASED

CHOICE AT THE IDEAL DECISION POINT

IN THE FUTURE, WELL BEFORE 1990, I BELIEVE THAT ADVANCES IN THE STATE-OF-
THE-ART OF DESIGN TECHNOLOGY WILL ENABLE THE ENGINEER TO CHOOSE HIS
IMPLEMENTATION METHOD AFTER THE SIMULATION STAGE AND BEFORE THE ACTUAL
PHYSICAL DESIGN. THE TREND I HAVE DESCRIBED IS ALREADY TRUE FOR SIMPLE
INTEGRATION DESIGNS AND WILL BE POSSIBLE FOR EVEN HIGH INTEGRATION AND HIGH
PERFORMANCE DESIGNS IN THE FUTURE.

- 26 =
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® SUMMARY

ASIC MARKET APPLICATIONS ARE SEGMENTED INTO
HIGH PERFORMANCE, HIGH INTEGRATION
AND SIMPLE INTEGRATION.

SOFTWARE IS PROVIDING A MERGING OF
CELL BASED AND ARRAY BASED SOLUTIONS.

FRONT END DESIGN PROCESS IS
BECOMING IMPLEMENTATION INDEPENDENT.

SUMMARY

IN CONCLUSION, I WOULD LIKE TO STRESS THE FOLLOWING KEY POINTS I HAVE MADE
IN THIS PRESENTATION:

(A) ASIC MARKET APPLICATIONS ARE SEGMENTED INTO THREE  DISTINCT

CATEGORIES -- HIGH PERFORMANCE, HIGH INTEGRATION AND SIMPLE
INTEGRATION.

TN
(B) DEVELOPMENTS IN DESIGN SOFTWARE ARE PROVIDING A {MERGING) OF

CELL-BASED AND ARRAY-BASED SOLUTIONS.

(C) THE FRONT END OF THE DESIGN PROCESS IS BECOMING IMPLEMENTATION

. INDEPENDENT, PROVIDING GREATER FREEDOM OF CHOICE TO THE DESIGNER.
- 27 -
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Recent years have seen the appearance of a variety of words to
describe semiconductor products aimed at specific user or
application needs. One such expression is ASICs. short for
apprlication-specific integrated circuits, which was first coined
by Dataquest. Inc. There are, however. several other terms in

use. as can be seen from Fig. 1.

Looking at this list. there seem to be many differences of nuance
from expressldn to expresston: vyet. there also seems to be a
common thread tying them together. In each case. the designer.
manufacturer, or whomever, seems to be aiming at what could be
. called wuser-friendly integrated circuits. or UFICs. Again.
though, this UFICs term itself is not something that can be
defined in great detail. but is rather only indicative of a broad
current.
Over the past decade. the semiconductor industry has been
predominantly geared toward producing high-performance and highly
functional., yet standard. microprocessor and memory devices. The
next ten yvears look to be a UFICs decade. however. with quite a
few such devices already proposed or realized. Many more more-
sopPhisticated UFICs are sure to appear in the verv near future

(see Fig. 21,
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No matter what the UFIC. though. it will need to display high
performance and sophisticated funciions. Moreover. it will need .
to meet extremely specialized customer needs. And. it will need
t0 do s0 in a way guaranteed to minimize necessary lead time to

the greatest possible extent.

2. _Why UFICs?

Tremendous improvements in user systems have been the result of
the ongoing advances being made in semiconductor technologies.
One major area of progress is in decreasing the number of
required system componenents (Fig. 3). A particularly
appropriate example 1is hand-held calculators. because of the

important role they have played in driving early-stage MOS

development, ) .

Progress has been remarkable, Early on. these calculators made
use of thousands of transistors and diodes. With advances inh IC
technology. the number of components was then reduced to 2-300.
Moving on to the LSI era. it has finally became possible ‘o
configure the entire calculator circuitry from only a single
chip. What 1is more, major improvements have also been
registered in ease of function execution. power consumption and a
variety of other areas during this same period. Current state-
of-the-art 1is a calculator with virtually the same dimensions as

a business card.

@
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Advances in IC integration are also playing a major role in
. reducing the number of necessary components in many other types
of systems and equipment (see Fig. 4). Looking at TVs. the early
1970s saw a one order drop from the need for hundreds bf
transistors and diodes to the need for tens of them. At the
present. television sets are being manufactured with use only of
a few ICs or LSIs and a few tens of transistors and diodes.
Progress in the facsimile terminal area also is remarkable,
Again. hundreds of 1Cs were required early in this decade. Now.
however. sets are coming out that embody only a few tens of such

integrated circuits.

The advances referred to in semiconductor technologies have come
together with progress in other areas to facilitate development
. of so many sophisticated and convenient equipment systems that
could not even have been envisioned only a few years ago.
Whether in the form of personal computers or auto-focuﬁsinq
cameras. supercomputers or digital telecommunications switching
equipment. industrial robots or what have you. examples are
almost too numerous to name. Semiconductor technology Pprogress
has supported reduced costs and expanded applications in systems
making use of ICs, thus in turn contributing to a huge expansion
in demand for the very same semiconductor devices. This
explosion of demand has itself provided the driving force for

further technological! leaps. thus working out very symmetrically.
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New types of semiconductor Pproducts are. however. becoming
necessary as a result of these trends toward greater integration .
and expanded application areas {see Fig, 5). The application
system designers and manufacturers making use of such devices are
faced with developing and marketing systems that not only fit the
needs of end-users to the greatest possible extent. but that also
display some distinguishing difference from those systems put out
by their competitors. when ICs were not so highly integrated it
was possible to provide such distinguishing characteristics
through unique arrangements of standard LSIs. In this time of
VLSIs and UlSIs, however. such arrangements have to be made on
the actual chips themselves. Applied system developers
accordingly need chips that match the systems they are in the

process of putting together.

Looked at from the semiconductor manufacturer side of things.
there are other problems arising in this period of increasingly
greater integration. Leaving aside the general-purpose megabi

memories and high-end microprocessors now becoming possible for
the first time, the combination on a single chip of 4/8 bit CPUs
and peripheral ICs that used to be individual chips in themselves
has thrown into danger the whole general-purpose nature of such
LSIs. At this juncture, UFICs look to have a major role to play
in dealing with the problems faced by both application system

developers and semiconductor manufacturers.

Based on the discussion above (see Fig. 6). UFICs can possibly he

defined as devices that will facilitate movement from a user's .
- -
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. system concept to implementation of the actual system in the
shortest possible amount of time--that is. realization of the

quickest possfble turn around time.

Considering any system to fundamentally consist of both hard and
sof tware. two things 1look to be' of increasingly greater
importance in the software area: supply of sophisticated support
tools that will speed-up software development by the user. and
provision of field programmable LSIs that will facilitate the
quickest possible writing into the device of the deveioped
sof tware. In the hardware area the key appears to be how to get
the chips fitted to the needs of the particular user to him in
the shortest possible amount of time. Here, desigh automation,
. or DA. has a wvital role to play. This DA also needs to be
capable of dealihg with the problem of testability that is
becoming increasingly more intractible as integration scale

increases.

Technologi

3.1 Field-programmable Devices

There are two approaches to making the dedicated [Cs that users
now require (Fig. 7). First is by manufacturing mask-
pProgrammable devlces; or MPDs for short. and the second via
production of field-programmable devices. or FPDs. PDs are

. customized during the wafer m%nufactur'ing process through use of
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hot masks desighed to fit each particular device. Representative
examples are mask ROMs and gate arrays. FPDs are LSIs where.
after purchase from the manufacturer, the user can employ
support-tool programmers to write-in software of his own
specification. Examples here are electrically programmable ROMs.

or EPROMs. and programmable logic devices. or PLDs.

With MPDs. it takes approximately one month or more before
samples can be shipped to the user after an order has been
received by the manufacturer. Because the wuser himself can
undertake programming in a most simple manner with FPDs. however.
turn-around time, or TAT. is reduced to wvirtually zero.

Accordingly. FPDs can be labeled as being quite user-friendly.

Field-programmability would thus 1look to be a basic UFICs

technology. Let's take a look. here. at an example.

Hitachi's ZTAT microprocessor is a plastic packaged microcomputer
with a built-in EPROM. Compared to conventional single-chip
microprocessors with internalized mask ROMs . this ZTAT
. facilitates a multitude of benefits. including:
1. ROM programming with a turn-around time of zero:
2. little risk of software bugs because there is no need
for the user to order out his ROM programming; and
3. optimal suitability as a bridge to future mass
production through use of later-developed masks (quick

mass-production startup is possible and user opinions

-6 -
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can be received and responded to before bheginning mass

. production).

Deveiopmeht of this advanced type of device became possible upon
consolidation of the several underlying technologies (refer also
to Fig. 8):

1. high-performance microprocessor architecture:

2. CMOS EPROM techniques;

3. chip passivation to insure increased reliability. as

well as plastic packaging techniques; and
4. highly efficient testing techniques for EPROMs and

microcomputers accomodated together on the same chip.

Single-chip microprocessors with quick TATs were available before
. the advent of this ZTAT wicrocomputer (Fig. 8). However.
comparing the ZTAT to conventional single-chip microprocessors
with built-in mask ROMs should provide a clearer understanding of

the advantages provided by this new device.

Microprocessors with internalized mask ROMS do provi le
economicality, yet the TAT needed for ROM programming is a
problem. To achieve a quicker TAT. the piggy-back configuration
made an appearance. What this entails is making it possible to
place a commercial EPROM on the back of a microprocessor package.
A wvirtually zero TAT could be achieved, but price problems
appeared with this configuration. Microprocessors with built-in
EPROMS accordingly next appeared on the scene. Because these

. were ultraviolet erasable PROMs, windows had to be equipped in
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the packages. This made it impossibie to drop prices down to .

suitable levels.

Finally, we come to development of the ZTAT. In appearance it

looks the same as a conventional mask ROM, while the price 1is

also close.

Let's look at what kind of applications have become possible as a
result of development of this ZTAT (see Fig. 10). In the past
there was little need to change the software to be written into a
ROM. Moreover, mask ROM devices have been employed for
applications where large numbers of chips are required. On the
other hand, when the frequency of changes to software was high
and the volume needed low, window-type microcomputers have been .
employed. In respect to intermediary applications, however. use
of wmask ROMs carries with it a risk. while use of window-type

devices is expensive, thus facing the user with a dilemma.

ZTAT devices are ideal single-chip microprocessors for plugging
this gap. The user can employ any number of chips whenever and
wherever he desires. As you can see, then, UFICs aims have been

advanced.

3.2 Electrically Erasable PROM (EEPROM) Technology

In comparison to EPROMs which are erasable with applied use of

ultraviolet 1light. EEPROMs are PROMs which can be written and .
-8 -
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. erased electrically. Though EEPROMs are larger than EPROMs. they
offer major advantages in that a windowed package does not need
to be employed and that programs can be written into them and
changed even after the dévices are assembled into a system,

EEPROMs are accordingly a pritme candidate for UFIC status.

EEPROMs have a lohg history (see Fig. 11). Only now. however.
have 64 k-bit level devices come onto the market. Compared to
the 16 k-bit clrcults_of only a few years ago. these now offer
such advantages as:
1. a single, 5 V power supply rather than the previous dual
source;

2. variable widths (byte-wide as well as chip-wide) for

. Programming and erasure, dreatly quickening these two
activities:
3. high-speed operation; and

-9

built-in circuitry that was formerly on peripheral
devices.

The 64 k-bit devices are accordingly a lot easier to use.

Let's 1look a little more closely at these technological trends
(Fig., 12). The cell area needed for one bit of EEPROM memory
differs according to process resolution. At the same resolution.
however. EEPROMs fall midway between DRAMs and SRAMs. In other
words. while EEPROMs require two transistors per single bit of
memory, DRAMs take one and SRAMs (in the Hitachi case) need four

. rPlus two resistors.
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Taking Hitachi's EEPROMs as an example (see Fig. 13). <cell size .
has tended to shrink to one fourth over a five year period. This
has been accomplished not only by employing processes with finer
line resolution but also by making use of a three-dimensional
configuration (a tri-gate structure) for the two transistors

needed for each bit.

There are two main technologies employed for EEPROMs: MNOS (or
metal nitride oxide semiconductor), and floating gate (see Fig.
14). Each has 1its strengths and weaknesses: in short, MNOS
provides a structure that is in principle simple, while the
floating gate process is compatible with that for conventional

EPROMs .

One current trend is to load an EEPROM on-chip. One such example
canh be seen in Fig. 15. This is an 8-bit microcomputer realized
via a 2 um CMOS EEPROM process that provides. on-chip, 3 k-bytes
of ROM. 128 bytes of RAM and a 2 k-byte EEPROM. A protection
circuit 1is also provided which prevents external reading of

written data without use of a stipulated procedure.

Sample applications (see Fig, 16) for Jjust such a microprocessor
with internalized EEPROM include:
l. individualized informationh registry taking the form of.
for example. a credit or 1D-type IC card:

2. precision machinery systems requiring fine adjustments:

and @
- 10 -
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. 3. updating of software used in remote equipment.

Field programmability is. in this way, serving to meet the most
minute user needs. Moreover. it is likely to be subjected to even

further development in the future as a central UFICs technology.

3.3 Chip Design Automation

One fundamental UFICs feature involves getting the dedicated chip
the wuser needs to him as fast as possible, as has already been
mentioned (see Fig. 17). What this actually entails, however, is
Streamlining as well as fully automating the process from system

to chip design.

In the days when integration density was not so great, it was
possible for designers to manually put together circuits even
when the logic was somewhat random or arbitrary. At the present
day, however. where hundreds of thousands of transistors are
being put onto one chip and the <circuit diagram has become
something several square meters in area. it is getting extremely
difficult to do things manually. Disciplined design with DA
backup is now becoming a wvital requirement. What this
"disciplined"” design signifies is the modularization of logic.
and structuring of the circuitry by means of a modular assembly
approach. DA then involves automatic module design or automatic

design of chips combining these logical modules.

- 1] =
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The wultimate goai of DA is development of the necessary tools
that make it possible to input the system concept and merely wait .
for the output of a silicon chip (see Fig., 18). Automatic design
techniques are now being established for each stage from system
to chip design. Accordingly. Pproblems for solution in the near
future are integration of each of these techniques in a total.
overall process as well as automated realization of chips that
compare favorably with manually designed chips in terms of chip

size and performance. -

With establishment of the optimal DA system as envisioned today
(see Fig. 19}, all the designer will need to do is describe
system functions in a high-level language and confirm simulation
results to realize a fully designed dedicated chip. The DA
system will then undertake generation of a logical diagram from .
the input functions. generation of the necessary cells, layout of
the overall chip through combination of these cells, and output
of the data necessary for fabrication of the required hot mask.
Simultaneously, a test pattern for confirmation of the
suitability., etc. of the fabricated LSI will be automatically

generated.

Currently, there are several ways to 9o about realizing dedicated
LSIs (Fig. 20). These include a full-custom. standard cell. gate
array, and PLD approach. In each case, the TAT and chip size
characteristically differ. With the UF1Cs goal being minimum
chip size with minimum turn-around time, it is apparent that a .

major DA system advance is now needed.
-12 ~
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. 3.4 Testability

Unfortunately., 100% of all manufactured semiconductors do not end
up meeting original quality objectives (see Fig. 2i).
Accordingly, some Kind of test is necessary for the cuiling out
of defective products. One unfortunate result of the recent
trend toward increasedly dense LSis, however, is that chip

testability has markedly decreased.

Just what signal strings will be output with input of just what
signal strings--what {s known as the test pattern is the series
0of signal strings that makes this determination possible. "Fault
coverage” is a unit of measurement clarifying to what extent
. defects appearing in LSI circuitry can be detected. Comparing
test pattern fault detection rates with the percentage of
defective devices found among good quality devices at each
sorting, it can be seen that the test pattern fault detection
rate needs to be at least 90-95% for assurance of reasonable

quality.

However, manpower required for realization of this 90-95% goal
via wuse of fault simulators tends to increase greatly with LSI
integration scale (see Fig. 22). This is because the number of
places where defects may occur increase proporionately to the
density of the circuit, and it accordingly becomes more difficult
to monitor all such locations within the chip from "outside" the
. chip. Not only, then. is automatic design of the chip important.

-~ 13 -
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but another wvital requirement is-automatic generation of the

above-mentioned test patterns. .

Let's take a 1ook at one method of automatic test pattern
generation (Fig. 23}. With.automatic addition of a test circuit
covering all flipflops in any user logic circuit, it Dbecomes
possible to freely conduct flipflops and to read and write data
from outside the LSI. Employment of this technique assures
relatively simple automatic test pattern generation no matter how

complex the chip.

5. Conclusions

“Systems on chip” have already begun to appear in calculator and .
watch applications. Semiconductor progress is sure to make it
Possible to realize other large-scale systems on a single chip.
Depending on the application it will become necessary not only to
integrate the CPU., memory and similar digital circuitry but also

analcg circuits on the same chip.

The UFICs that have been discussed in this paper are aimed at
assuring that the user can freely combine a wide variety of
semiconductor circuitry, with it ultimately becoming possible to
mount it all on a single chip. Moreover. it must be possible to
do this with minimum TAT, and within a minimum chip size. Once
such devices make an appearance, it will become possible to offer
truly friendly systems to end users. and to greatly improve the .

-14 -
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TOWARD
USER-FRIENDLY INTEGRATED CIRCUITS

T. MAKIMOQTO

MUSASHI WORKS
HITACHL, LTD.

ASIC : Application Specific IC ")
= Gate Array '
e Structured Array
» Standard Cell
e Super Integration
= Programmable Logic Device (PLD)
¢ Programmable Array Logic (PAL)
ASSP : Application Specific Standard
Product
e Video RAM
ZTAT : Zero Turn Around Time

Fig. 1 UFICs RELATED TERMINOLOGY
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HARDWARE | SOFTWARE

 DESIGN AUTOMATION = SUPPORT TOOLS
FOR DEDICATED CHIPS  FOR PROGRAMMING
a TESTABILTY “"7“? o FIELD PROGRAMMING

Fig.6 REQUIREMENTS FOR QUICK TAT FROM CONCEPT
TO IMPLEMENTATION

— PLASTIC ENCAPSULATED EPROM ON-CHIP
MICROPROCESSOR —

ZTAT OFFERS
m ZERO TURN AROUND TIME FOR MASK
PROGRAMMING
s ZERO RISK OF ROM CODE ORDER
PROBLEMS
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Fig.7 WHAT IS THE "ZTAT”
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o HIGH PERFORMANCE MICROPROCESSOR ARCHITECTURE
s CMOS EPROM PROCESS TECHNOLOGY
= RELIABLE PASSIVATION AND PLASTIC PACKAGING

= EFFECTIVE TESTING OF MICROPROCESSOR/EPROM
Fig.8 - TECHNOLOGY UNDERPINNINGS OF ZTAT

— COST EFFECTIVE FIELD PROGRAMMABLE
MICROPROCESSOR —

— | = || = || =7

81,0

MASK ROM ON-CHIP PIGGY-BACK EPROM ON-CHIP ZTAT MICRO
(WINDOW TYPE) (EPROM ON-CHIP,
PLASTIC PACKAGE)

RELATIVE COST

Fig.9 ZTAT EVOLUTION
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Fig. 10 ZTAT APPLICATION
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Fig. 11 EVOLUTION OF EEPROM TECHNOLOGY
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Fig. 14 EEPROM STRUCTURES
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» integrated data protection circuit CcPU Protection
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Fig. 15 EEPROM ON CHIP MICROPROCESSOR

-23 -

Dataquest Incorporated, A Subsidiary of A.C, Nieisen Company / 1290 Ridder Park Drive / San Jose, CA 95131/ (408) 971-9000 s Telex 171973



)k Type of Applications | - Examples

Personal Information

Storage = Security System

» ID Card

» IC Card (Bank Card, Credit Card etc.)

=« TV Tuner Control
Data Calibration |« Automotive Applications
a Robotics, Precision Control

In-Circuit = Remote Controller
Software Up-date |a Factory Automation

Fig. 16 APPLICATIONS OF EEPROM ON CHIP
MICROPROCESSOR

= OVERALL AUTOMATION FROM CONCEPT TO
SILICON CHIP

PROBLEMS TO BE SOLVED
s SYSTEM INTEGRATION
o CHIP COMPETIVENESS
— CHIP SIZE
— PERFORMANCE

Fig. 17 DESIGN AUTOMATION OBJECTIVES
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THE TAIWAN VLSI INDUSTRY:
1986 AND BEYOND

DR. CHINTAY SHIH

Vice President and
ERSO General Director,
ITRY

ERSO—

INFRASTRUCTURE OF TAIWAN'S IC INDUSTRY

WAFERS 12) PEIPLE
FIRANCING (TATG, SUNG-AMENCAN
DESIGH WAFER _
CENTER (1) FABRICATION (3] MASKMAKIES [
(ERSO. SYNTEN) (RS0, UMC, QUASEL) (ERS0)
ASSEMBLY (261

(i, TI, PHILIPS, ACK)
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TAIWAN'’S IC PRODUCTION
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SOURCE: MOEA,
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THE ASSEMBLY INDUSTRY

*STARTED IN THE LATE 1960°S BY MULTI-NATIONAL COMPANIES
—4Gl, TI, PHILIPS, RCA

*PRODUCED 1.1 BILLION PIECES OF IC, VALUED AT US § 350M
IN 1985

*60% OF THE PRODUCTION CAPACITY OCCUPIED BY MULTI-NATIONAL
MANUFACTURERS -

*LACK OF HIGH PIN COUNT CAPACIT
*HEALTHY GROWTH FORECAST FOR THE FUTURE
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THE FABRICATION INDUSTRY

MANUFACTURER | REPRESENTATIVE PRODUCTS | REMARXS
ERSO (PILOT PRODUCTION) _
UME 8-BIT 4C/uP, BATE ARRAY, | SPUN OFF FROM ERSO IN
MEMORIES, CONSUMER ICs, 1979, WENT PUBLIC IN 1985
FOUNDRY 3
oy
VITELIC 84K,/256K7 1M CMOS DRAM, | STARTED UP IN 1984; R/D AT
APPLICATION SPECIFIC ERSD, MASS PRODUCTION AT
MEMORIES | FoUNDRY seRvice
MOSEL 16K /64K CMOS SRAM STARTED UP IN 1984; /D AT
UMC, MASS PRODUCTION AT
FOUNDRY SERVICE
QUASEL 64K 256K CMOS DRAM SMALL FABRICATION LINE

ERSO—

THE DESIGN INDUSTRY

«COMPRISED OF 11 COMPANIES, OF WHICH

——7 WERE SET UP IN 1985

——5 WERE MULTINATIONAL cnupnmzs (MOTOROLA, PHILIS,

TS NED  capi)— Lot provke o — €050 frndar s ASICS
*MAIN PLAYERS:ERSO, SYNTEK, UNC 7 Clnicrn olecyn hricac
TAIWAN HAS AN ENVIRONMENT SUITABLE FOR DEVELOPHENT OF
THE VLSI DESIGN INDUSTRY:

——QUALITY,/QUANTITY GF ENGINEERING WORKFORCE

—R,/0 PROGRANS IN ERSO

—INCENTIVES ON TAXATION,/FINANCING

———BIG INVESTMENT NOT REQUIRED

ERSO—
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PROPOSED WAFER FOUNDRY

e W CONCEPT: A ONE-STOP VLS| MANUFACTURING SERVICE
A o oal ( ——WAFER FABRICATION BEING THE MAIN BUSINESS
‘7‘\\\ N ~——MASTERING IN SUB-2 MICRON CMOS PROCESS
Qe REASONS:IT WILL

——CARRY A MUCH SMALLER MARKET RiSK

——HAVE A WEALTH OF TALENT AND EXPERIENCE
——COMPLEMENT FUTURE ERSO ACTIVITY IN AUTOMATED DESIGN
~——NOT COMPETE WITH ITS CUSTOMERS

SCALE

——10,000 6 WAFER START PER MONTH IN 1987
——40,000 6" WAFER START PER MONTH IN 1990

ERSO— @

R/D AND TRAINING OF VLS| TECHNOLOGIES

UNIVERSITIES PRIVATE MANUFACTURERS
(COORDINATED BY NSC} ( S "
L3 * . a/r\
( 3:&&#-')

. i
) @

EDUCATION/  BASIC APPLIED PRODUCT PILOT MASS
TRAINING  RESEARCH RESEARCH  DEVELOPMENT  PROOUCTION  PRODUCTION

ERSO'S ROLE: BRIDGING THE UNIVERSITY RESEARCH AND THE INOUSTRY

ERSO—
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VLSI ACTIVITIES IN ERSO

THEME: CMOS PROCESS, ASIC DESIGN
——CURRENT: 2 /1.5um
—1987:1.5/125um
—1988: 1« m

COMMON DESIGN SERVICE

E-BEAM MASK SERVICE

ERSO—

MULTI PROJECT CHIP '
— A NATIONAL EFFORT TO FOSTER THE VLSI DESIGN INUSTRY (|15 - >

& el
ERSO—
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LOOKING TO THE FUTURE:
A COMPLETE INFRASTRUCTURE

SYSTEM DESIGN AND TEST PATTERN IC DESIGH

o et | e
TRAINING & TECH, FILE

TECH. FILE

MPC
TRAINED
DESIGNERS

MPC
TRAINED

COMMON DESIGN SERVICES DESIGNERS

(CAD TOOLS, CELL LIBRARIES, MASK-MAKING)

ONE-STCP MANUFACTURING SERVICES
(PROCESSING, TESTING, PACKAGING)

| Ics

m—— ERSO— »
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" LOOKING TO THE FUTURE:
SPECIALIZATION AND COOPERATION
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uesV FABRICATION
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OUTLOOK

THE FUTURE OF TAIWAN VLSI INDUSTRY IS VIEWED

WITH GREAT OPTIMISM:

* THE CENTER OF WORLD VLSI INDUSTRY IS SHIFTING TO ASIA
——TAIWAN IS READY TO PLAY A ROLE

* PRODUCT EMPHASIS WILL SHIFT TO ASIC
——TAIWAN HAS BEEN MOVING IN THIS DIRECTION

] O 8
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ULSI APPLICATIONS, INS AND FUTURE

. Dr. Yasusada Kitahara
Senior Executive Vice President

Nippon Telegraph and Telephone Corporation

1. Introgduction

The age is emerging in which information produces a
value equal to or greater than that of goods and energy. Our
society is making steady progress toward the establishment of an
advahced information society. Through the efficient utilization
of information, pecople hope to achieve happiness of mankind,
affluence of culture, prosperity of business, and even
development of,a nation.

. This trend became evident about two decades ago when on-
line, real time date communications made its debut through the
integration of computers and telecommunications. Prior to that
time, telecommunications mainly took the form of information
transmission, while computers were mainly for information
processing., With the advent of data communications, however, it

- became possible to process information and transmit it to any
place instantaneously. Moreover, the integration of computers
and telecommunications has had a cross-influence on each other's
areas, thereby resulting in the rapid development of information
and communications processing to the present advanced level.

One of main factors supporting this trend has been the

. remarkable progress made in the field of electronics, especially

-—-1-
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with regard to LSI technology. Moreover, the costs associated

with information processing and transmission have dropped
significantly, while reliability has been improved greatly, thus .
strongly supporting the trend toward the advanced information
society.

The impact brought about by the growth of the semiconductor
industry is exerted not only on the information and
communications processing industry but also on the entire
industrial world. Thus its influence is incalculably far and
wide.

Looking ahead to the forthcoming society, it is certain that
customer demands for information and communications processing
services will continue to increase, and that the computer and
communications technologies of the future will be far more
advanced than they are today. Therefore, the trend toward a more .
advanced information society can be expected to intensify even

further in the future.

2. From Monopoly to Competition

More than one hundred years have elapsed since
telecommunications made its debut. In Japan, the telephone
service is regarded as essential to individual life, and constant
efforts have been made, to attain the objective of providing the
service nationwide in a fair manner., As the telephone has become
fully diffused in society, however, the social needs for less
expensive and more diversified services have increased markedly.

Under such circumstances, it was feared that the traditional .
-2 -
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monopolistic operating structure would be unable to meet such
needs satisfactorily, and that the development of society would
be hindered if the situation remained as it was.

For this reason, Japan chose the way of liberalizing its
telecommunications industry, in April last year. To cope with
this new situation, the Nippon Telegraph and Telephone Public
Corporation closed its history as a public-operated entity, which
had lasted over a century, and made a restart as the Nippon
Telegraph and Telephone Corporation (NTT),-a stock company.

The following two points are believed important for
promoting the sound development of information and communications
processing services as well as providing truly useful services to
customers.

First, it must be recognized that'free competition is
extremely important in order to realize price reductions and the
diversification of services.

Second, in spite of the importance of free competition,
however, it muust be recognized as well that the introduction of
free competition into every part of the business will not be
desirable.

Free competition is generally a preregquisite also for the
future development of telecommunications. Nonetheless, it is
most important for us engaged in the telecommunications business
to properly answer the question, "How can telecommunications beét
serve the interests of the people?" before discussing regulation

versus deregulation.
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3. Approach to the INS

With the progress toward the information society, the scope .

of the telecommunications infrastructure is gradually broadening.
The times have changed from the day when telecommunications meant
telephone service alone. With the spread of computers, data
communications gained inclusion; and no doubt video services will
be added to the infrastructure, in as much as human beings get a
great deal of their information through their sight.

Since it is impossible to provide these various services
through the existing networks, NTT is now busily engaged in
formation of the Information Network System (INS), as one of its
major management objectives, for the purpose of providing "more
diverse services, which can be used economically, anytime and
anywhere, irrespective of distance'". This system is based upon
the Integrated Services Digital Network (ISPN), for which the ITU .
is in the process of deciding international standards. One of
its aims is the rationalization of the rate structure. The
system will be constructed by expediting the sophisticated use of
rapidly advancing technologies such as digital, optical fiber and
LSI technologies.

NTT intends to promote the realization of the INS concept
based upon the following viewpoints:

First, the network must be made easily available for users
to meet their needs.

Second, existing separate networks must be integrated
through the promotion of digitization whenever new or additional
installation or system conversion is implemented. This is .

-4 -
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because digital technology has the advantage over analog
. technology in realizing cost reductions.

Third, high-speed and broadband services are to be provided
to develop nontelephone services, particularly video services.,
These must be realized through a new digital network, not analog
network, for reasons of profitability.

Fourth, the introduction of packet switching technology must
be promoted, since the technology is highly efficient in
providing various services of different traffic characteristics
effectively.

Fifth, thé introduction of optical fiber technology must be
promoted actively, in order to make possible transmission of

quantity of information at less cost and greater speed.

. 4. Challenges in the Telecommunicatins Field

4.1 Development of New Technologies:

As noted earlier, the growth of the information and
communications processing industry to the present level is a
result of striking developments in various fields of technology.
These are backed by the electronics revolution, represented by
LSTI technology, which has resulted in low costs and achieved
miniaturization of equipment and energy-saving. As a result,
more sophistication and higher reliability of information and
communications processing system have been realized, which in

. turn have largely contributed to their further spread.

-5 -
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In particular, LSI technology is an indispensable basis for
the development of each of the systems forming the INS, such as
switching, transmission, information processing and customer .
premises eqguipment. With the progress of high integration
technology, it has become possible to realize miniaturization and
economization of electronic switching equipment, as well as of
NTT's Information Processing System (DIPS). The advancement of
high-speed technology has enabled us also to achieve higher
performance in a large DIPS system, and larger capacity in an
optical fiber transmission system. 1In addition, LSI technology
is playing versatile roles such as its application to subscriber
circuits for telephone service, digital telephone and mobile
phone.,

In order to realize the forthcoming advanced information
society, development and introduction of newer technologies are .
necessitated, and the importance of research and development
activities from now on is expected to increase more than ever
before. 1In particular, four major technologies now considered
most important are digital network technology, artificial
intelligence (AI), nanoelectronics and optoelectronics. Also
important are the software supporting them, and large-capacity

satellite communications technology.

4.2 From Telephone Society to Video Society:

Although it is expected that telephone service, the main
component of existing information and communications systems,

will continue to play an important role as a public service, it .
-6 - : '
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is no exaggeration to say that technologies and standards
. supporting the telephone service have already come close to full
maturity.

On the other hand, from 60 to 80% of the information people
obtain is said to be visual. In this sense, existing networks
built around the teleohone service can be considered
insufficient. Therefore, it will become necessary to develop
broadband services, centering around video service, into a public
service. To this end, it will be necessary to make video service

easily available by providing it at a much lower cost.

4.3 Insuring Telecommunications Connectivity:

The most important purpose of a telecommunications system is
. to insure that every one can make use of it at any time. The
communicable range of a telecommunications system is called
connebtivity, and this is regarded as the most important function

of any telecommunications system,

‘However, even in case of data coémunications, which has
become indispensable to our life and bears the character of
infrastructure, there are many instances where communications
between different kinds of computers or customer premises
equipment is impossible. Although further progress is fully
expected to be made in providing intelligence for networks and
terminal equipment, their intelligent functions will not be fully
demonstrated unless due consideration is given to their

. interconnectivity. Therefore, great expectations exist for the

-7 -

Dataguest Incorparated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive { San Jose, CA 95131 / (408) 971-3000 1 Telex 171973



standardization efforts now being made at CCITT, ISO, and IEC to
solve these problems. Securing connectivity is a matter .

requiring international cooperation.

5. Conclusion

The trend toward the advanced information society is an
unstoppable tide, proceeding worldwide. this trend can be
observed not only in industrialized nations but also in
developing countries, In order to bring about c¢reative
developments in the 21st century, it is extremely important that
a large number of private enterprises and business organizations
in information and communications processing industries worldwide
exchange views and ideas, in an environment of both competition

"and cooperation. .

The forthcoming advanced information society will be more
complex than today's society, and many problems wil arise.
Examples range from invasion of privacy, information control, and
vulnerability inherent in an information society, to alienation.

ﬁo one can deny that progress in science and technology has
greatly contributed to improvement in our living standard.
Although science and technology has provided us with knowledge
and abilities that no one could imagine in former days, it is
also true that it can be a danger depending on how it is used.
Therefore, to ensure that the advent of the advanced information
society will actually bring about human happiness, it will be
imperative to upgrade science and technology, making it an aspect

of human culture, by establishing its harmony with social .
-8 - -
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sciences and cultural sciences.
. " The aim of making the INS the new telecommunications
. infrastructure in support of the advanced information society is
based on the philosophy of desiring both the progress of sqience

and technology and the happiness of mankind.

¥l
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Trade Friction between Japan and the U.S.A.
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A Comparison of the Strengths of
Japan and the U.S.A. as involved
in Trade Frictions

—Related to the Strengths of Japanese Products
at the Mass Production Stage

-Ample supplies of highly mobile personnel
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Casio Incorporated in 1957 had an annual sales of 1 billion yen only
. in 1965 when the electronic calculator gradually began to be used widely.
Casiol has attained , nevertheless, a phenomenal growth since then by
giving birth to numerous hit prodiucts succeedingly and creating their
markets on the basis of its advanced electronic technology and through
development of a wide variety of original products. Casio's current
annual sales exceeds 200 billion yen, thus achieving a high growth of over
200 times as much in such a short span of mere 20 years. What is then,
Casio's electronic technology as the primary factor that has contributed
to such a marvelous growth? It is evolution by Casio of applications of
the electronic technology rapidly advancing , namely application of the
transistor to that of the IC, LSI, and , then, VLSI. It is not going too
far to say that the digital technology among others is virtually Casio's
. " key " technology.
I would like to describe, today, the LSI éfrategies Casio has so far
unfolded pertaining to the LSI, which composes the core of this digital

technology, and how <Casio intends to cope with the issue of VLSI

hereafter,
1. Casio's LSI consumption
2. Casio's LSI strategies
3. Casio's advance toward VLSI applications
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.1 Casio's LSI consumption

1-1 Growth of Casio's LSI consumption

As shown in Fig-1, LSI consumption by Casio has continued to show a
sharp increase since 1972 when its " CASIO MINI " was initially put on the
market. The increase in its LSI consumption marked during the period
from 1972 to 1979 was attributable to increase in the production output of
electronic calculators r and the further increase in Casio's LSI
consumption observed in 1980 and thereafter was due to expansion of the
production output of electronics watches. Besides, since 1982, its
additional LSI consumption for their application in the new fields of
produciton of electronic musical instruments and 1liquid crystal

.televisions served to elevate the above LSI consumption figure. The
majority of LSIs procured by Casio during the period from 1972 to 1977 was
occupied by P-MOS process LSIs for production of electronic calculators,
while consumption of C-MOS process LSIs merely grew slightly since 1974 as
used for production of digital watches. The total production output of
electronic calculators in Japan during these six years was approximately
130I million sets, a figure which corresponded .tO' the majority of
production output of the P-MOS process LSIs during said period. It can be
said, accordingly, that the advancement of LSIs owing to miniaturization
as well as diversification of functions of electronic calculators occurred
in the course of this period contributed 1largely to progress of the

Japanese semiconductor industry.
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Casio's LSI consumption is outstanding in the world and the current

. monthly LSI consumption by Casio has reached the level exceeding 10
million pieces. Approximately 90 % out of this consumption figure is
occupied by custom LSIs, and one third of these custom LSIs is based on
Casio's own designs. While procurement of remaining two third is
conducted by a system of consigning 1its production to LSI makers in
conformity with Casio's custom specifications. Accordingly, Casio's LSI
consumption is outstanding in the world. However, it can also be said
that the quanitity of custom LSIs developed by Casio annually is also

outstanding in the world.
1-2 Product-wise LSI consumption

. Fig-2 presents a matrix indicating how LSIs are currently used by
Casio, The custom LSIs occupy an important percentage in case of
electronic calculators and watches. However, not only the custom LSIs but
also the standard LSIs for microprocessors and memories also occupy a
substantial percentage in case of electronic¢ musical instruments, liquid
crystal televisions and electronic office equipment. In the graph showing
the LSI consumption presented in Fig-1 also, electronic calculators and
watches occupied the major percentage of products using LSIs until ﬁround
1980, and their consumption figure exactly reflects respective gquantity of
products usig these LSIs. However, in case of new products marketed since
1980, the percentage of products, each using plural LSIs is becoming

‘lafge.

-3 -
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It is assumed that this tendency would gain force for new products

.that will be developed hereafter, also, and the percentage occupied by the
standard and semi-custom LSIs in the total LSI consumption would all the
more increase as a consequence. Nevertheless, this percentage may undergo
transitions in its growth in the event 1t will have finally become
possible to compose a systém using one chip only as an outcome of further

advancement of the VLSI technology in future.
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. 2 Casio's LSI strategies
2-1 Casio's LSI strategies - with the LSI as its "magic wand"

1 Outpacing others in development of the LSI technology
2 Planning of drastically low cost products
3 Planning of products with innovative functions
only feasible by application of the LSI
4 Speeding up of development

5 Elimination of wasteful searches

2-2 Relationship with the LSI makers - "joint development system under

collaboration with 1 or 2 LSI makers"
|
Casio's current monthly consumption of LSIs exceeds 10 million
peices. However, Casio 1is not doing its own LSI production at all. This
is for the reason that Casio finds it as an ideal setup that LSI design by
Casio are put into product LSIs in an optimum form by world's leading
semiconductor makers. Thus, Casioc maintains very good relationship with

respective LSI makers on the basis of the following points.
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. (1) Outpacing others in development of the LSI technology

This subject corresponds to the theme dgscribed under the title of
the Casio's LSI strategies, and it 1is realizable through precise
identification of themes requiring clarification jointly made by engineers
of the LSI makers and Casio and theilr constant challenge for building up

mutual tecyhnological potency.
(2) Achievement of continuous business .

As shown in Fig-3, the joint technological development system by the

LSI makers and Casio has been organized into a flow comprising three steps

of (1) Setting of themes, (2) Technological development and (3) Mass
. production,and 1is a system in which these technological themes and amounts

of business transactions are jointly checked periodically by both parties.
(3) Personal interchange

You may call this a Japanese-like conception. However, Casio deems it
important to maintain a c¢lose personal interchange between respective
enginners of the LSI makers and Casio. This indicates that the
relationship between engineers of Casio ;nd those of the LSI makers is
clarified in the form of a matrix, thereby assuring that technological
interchange between both parties is performed smoothly and, at the same

time, engineers of both parties collaborate mutually in challenginc

. creation of new products through full utilization of the latest

-6 -
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. technology.

3. Casio's advance towards VLSI applications

It is assumed that the LSI would hereafter continue to follow pattern
of becoming all the more larger in scale, having multiple functions and
begin well diversified. Then, how Casio is going to cope with such a
rapid advancement of the LSI technology. I would like to discuss here

varied problems involved and Casio's stance in coping with these problems.
3-1 Problems involved in application of VLSI

As problems existing on the part of product set makers, we can

. enumerate further prolongation of the period in requirement for product
development ﬁnd further compliéation of system designing of product sets.
Further analysis of these problems in the light of the LSI technology

points to the following issues.
(1) Engineering techniques
* Increase in the sizes and diversification of circuit designs and
problem of testing accompanying these factors
* Elongation of the period required for TAT

* Management of the "zero mistake”" system

. {(2) Packaging techniques
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* How to package the VLSI compactly

(3} Porm of split of work between the LSI makers and product unit makers

* problem of the split of work in development of the VLSI
3-2 Casio's VLSI strategies
(1) Aggressive challenge to adoption of most advanced process
As regards the issue of the engineering techniques, Casio intends to
continue promoting development and adoption of most advanced processes

through elevation of the level of work stations and enhancement of

innovative engineering techniques,. The reason for this stance taken by

.Casio is that this c¢hallenge eventually serves to promote the process

development by LSI makers, and establishment of relevant technology based

on which eventually enables Casio to make its succeeding challenges. :
{2) Realization of an one-chip total system

Conversion of a total system into a one-chip system would consequently
make it -possible to realize such a package as would serve to accomplish
more compact equipment sizes,

Casio challenges achievement of the goal of converting a system currently

incorporating plural LSIs into a one chip system.

(3) Development of an innovative packaging system

-8 -
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.So far the LSI chip has been deemed important. However,the problem of how

the chip itself should be mounted will hereafter loom up as a large issued
yet to be resolved. Casio intends to develop an innovative packaging
system fit for packaging the VLSI in place of the conventional packaging

system hitherto employed.

(4) Construction of an integrated CAD system

Casio plans to build up an integrated CAD system between the LSI makers

and Casio for coping with the issues of elevation of the engineering

techniques and split of work between the parties.

.Casio intends to evolve hereafter the five principal themes of its LSI

strategies at the present stage where the industry is on the threshold of
entering the "VLSI Age" as described above, while promoting concurrently
its new technoleogy which will be well in harmony with the VLSI.

The unlimited progress of semliconductors enhances unlimited creation of
new functions and creation of new product categories.

Casio continues its untiring challenge against unlimited development so as

to always be the "top batter".
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Engineer and is a member of the American Institute for Chemical Engineers
and the California Manufacturers' Association,

Dataguest Incorporated
JAPANESE SEMICONDUCTOR INDUSTRY CONFERENCE
April 13-15, 1986
Hakone, Japan -

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



. SILICON AND SEMICONDUCTORS: PARTNERS IN THE LATE 1980°'S

J.E. Springgate, President
. Monsanto Electronic Materials Company

INTRO SLIDE THANK YOU FOR INVITING ME TO SHARE OUR VIEW OF THE FUTURE WITH
YOU. MONSANTO HAS BEEN IN THE SILICON BUSINESS FOR MORE THAN 25
YEARS AND WE HAVE SEEN, AND CONTRIBUTED TO, MANY DRAMATIC CHANGES
IN THE SEMICONDUCTOR INDUSTRY. HOWEVER, WE ANTICIPATE THAT
CHANGES WILL BE EVEN MORE SIGNIFICANT IN THE NEXT FEW YEARS.
MUCH OF THE REASON FOR THE CHANGES WILL TRACE TO THE JAPANESE
MARKET .

WE HAVE BEEN MARKETING SILICON IN THE JAPANESE MARKET FOR 18
YEARS AND ARE PLEASED THAT WE HAVE BEEN ABLE TO PARTICIPATE IN
HELPING THE JAPANESE SEMICONDUCTOR INDUSTRY BECOME A WORLD CLASS
COMPETITOR. WE HAVE LED THE WORLD IN DEVELOPMENT OF WAFER
POLISHING TECHNOLOGY AND WAFER FLATNESS.

SLIDE - 1986 IS A SPECIAL YEAR FOR MONSANTO ELECTRONIC MATERIALS
PLANT SITE COMPANY BECAUSE WE WILL BEGIN PRODUCING FINISHED POLISHED
WAFERS AT A NEW PLANT IN THE KIYOHARA INDUSTRIAL PARK, NEAR
UTSUNOMIYA, TOCHIGI. INITIAL CAPACITY WILL BE FOR 1 MILLION
5 INCH WAFERS, WHICH WILL BE EXPANDED TG 5 MILLION 5 INCH
. WAFERS. OVER 700 PEOPLE WILL WORK AT THE FACILITY AT FULL

CAPACITY.

THERE ARE SEVERAL REASONS WE ARE BUILDING A PLANT IN JAPAN. WE
HAVE LEARNED OVER THE MANY YEARS OF OUR DOING BUSINESS IN JAPAN
THAT OUR CUSTOMERS EXPECT US TO WORK VERY CLOSELY WITH THEM IN A
TEAMWORK APPROACH TO PRCBLEM SOLVING. THIS REQUIRES THAT WE HAVE
APPLICATION ENGINEERING, TECHNOLGGY AND MANUFACTURING PERSONKEL
NEAR OUR CUSTOMERS SO THAT WE CAN REACT QUICKLY AND POSITIVELY TO
THEIR NEEDS.

ALSO, THE JAPANESE SEMICONDUCTOR INDUSTRY HAS GROWN TREMENDOUSLY

THE PAST 10 YEARS, ESPECIALLY THE PAST 5 YEARS, AND IS PROJECTED

TO ROUGHLY EQUAL THE U.S. MARKET TODAY. WE HAVE PARTICIPATED IN

THIS GROWTH AND HAVE BEEN STRENGTHENING OUR ABILITY TO SERVE THE

VERY RIGOROUS DEMANDS OF OUR JAPANESE CUSTOMERS. WE OPENED A

TECHNOLOGY SERVICE CENTER IN TOKYO IN 1982 AND HAVE BEEN PLANNING
(OUR UTSUNOMIYA PLANT SINCE 1983.

OUR JAPANESE CUSTOMERS HAVE APPRECIATED OUR CAPABILITIES TO
PRODUCE ADVANCED SILICON PRODUCTS AND HAVE ENCOURAGED US TO BUILD

A PLANT IN JAPAN THAT IS EQUIPPED WITH THE BEST TECHNOLOGY,
SERVICE AND EQUIPMENT IN THE WORLD.

@
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THE JAPANESE SEMICONDUCTOR INDUSTRY IS THE MOST INTENSELY .
COMPETITIVE MARKET IN THE WORLD. WE KNOW WE CAN COMPETE AND

EARN A SUBSTANTIAL SHARE OF THE MARKET BECAUSE WE HAVE

DEMONSTRATED OUR LEADERSHIP ABILITIES IN EVERY WORLD AREA. WE

HAVE PAID ATTENTION TO THE SPECIAL NEEDS OF THE JAPANESE MARKET,

HAVE TAKEN THE TIME TO LEARN HOW TO SERVE THE MARKET, AND HAVE

INVESTED IN THE BEST PEOPLE AND EQUIPMENT. THE CHALLENGE FACING

ALL OF THE SEMICONDUCTOR INDUSTRY IS TO MANAGE THE RAPID PACE OF

CHANGE IN THE INDUSTRY AND TC SUCCESSFULLY COMPETE IN A GLOBAL

MARKET .

OUR ANSWER TG THESE CHALLENGES IN THE SILICON MARKET IS TO
CONTINUE TO PROVIDE INNOVATIVE PRODUCTS USING THE MOST ADVANCED
TECHNOLOGY, AND TO BUILD PARTNERSHIPS WITH OUR CUSTOMERS THAT
FOCUS ATTENTION ON ANTICIPATING THEIR NEEDS AND PROVIDING
SOLUTIONS TAILORED TO THEIR REQUIREMENTS.

OUR JAPANESE CUSTOMERS TELL US THE CHALLENGES THAT HAVE THE
GREATEST IMPACT ON THEIR BUSINESS, AND WHERE WE CAN BEST WORK
TOGETHER TO LEVERAGE OUR JOINT RESOURCES IN THE LATE 1980'S, ARE
THE DEVELOPMENT OF APPLICATION-SPECIFIC IC'S, SHRINKING DESIGN
RULES, THE INEXORABLE MOVE TO LARGER DIAMETER WAFERS, AND

WORLDWIDE COMPETITION. g_ol,.,t machiba

SLIDE - THESE NEEDS HAVE DRIVEN OUR PLANNING THE PAST FEW YEARS AND WE
WAFER ZONE ARE READY TO MEET THEM WITH APPLICATION-SPECIFIC WAFER ZONE .
ENGINEERING, A TECHNIQUE WE USE TO TAILOR WAFER CHARACTERISTICS

TG CIRCUIT REQUIREMENTS (THIS IS SIMILAR IN CONCEPT TO THE
APPLICATION-SPECIFIC IC APPROACH). WE ARE DEVELOFPING ADVANCED
WAFERS SPECIFICALLY DESIGNED FOR THE YIELD AND PERFORMANCE
DEMANDS OF ADVANCED VERY LARGE SCALE AND ULTRA LARGE SCALE
INTEGRATION IC'S. AND, WE ARE ACTIVELY WORKING ON LARGER

v DIAMETER WAFERS SUCH AS 200 AND 250MM WAFERS.

TO COMPETE ON A GLOBAL BASIS WE ARE OPENING MANUFACTURING
FACILITIES HERE IN JAPAN AS WELL AS ENGLAND AND KOREA TO BUILD
CLOSER WORKING RELATIONSHIPS WITH CUSTOMERS IN THESE MARKET

AREAS .
SLIDE - MEMC SCIENTISTS AND ENGINEERS, WORKING WITH OUR CUSTOMERS, HAVE
DRAM FOCUSED MANY TECHNICAL PROGRAMS AND WAFER ENGINEERING EFFOQRTS
DENSITY ON THE CHALLENGES INHERENT TO THE EVER-SHRINKING IC DESIGN

RULES. THIS DIAGRAM OF DRAM FEATURE SIZE SCHEMATICALLY
DEMONSTRATES THE SYMBIOTIC RELATIONSHIP OF WAFER FLATNESS AND
FEATURE SIZE - REDUCED FEATURE SIZES CANNOT BE PRODUCED WITHOUT
IMPROVED WAFER FLATNESS. A SIMILAR RELATIONSHIP EXISTS ACROSS
ALL WAFER PARAMETERS, ESPECIALLY TOWARDS IMPROVED TOLERANCES.
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THE CONCEPT BEHIND WAFER ZONE ENGINEERING IS THAT A ULSI CIRCUIT
REQUIRES DIFFERENT WAFER CHARACTERISTICS THAN A VLSI CIRCUIT,

" WHICH IS ALSO DIFFERENT FROM AN LSI OR MSI CIRCUIT. THESE
DIFFERENT APPLICATICNS, AND THE WAFER PARAMETERS OUR CUSTOMERS
REQUIRE TO MAKE EACH TYPE OF CIRCUIT, DICTATE HOW WE ENGINEER
THE WAFER ZONES. OUR SCIENTISTS USE THE NEXT 3 SLIDES TO
REPRESENT THE WAFER ZONE ENGINEERING CONCEPT.

SLIDE - THIS SLIDE DEPICTS AN LSI/MSI WAFER. THE TOP AREA IS THE _

LSI/MSI CIRCUIT ACTIVE ZONE. FLATNESS IN THIS ZONE IS CRITICAL TO THE
PHOTOGRAFHIC DEPTH OF FOCUS REQUIRED FOR FEATURE SIZE RESOLUTION.
SURFACE CONTAMINATION SUCH AS HAZE AND DEFECT ARTIFACTS MUST ALSO
BE CONTROLLED IN THIS ZONE. THE SURFACE MAY BE EITHER A PQLISHED
SURFACE OR AN EPITAXIAL SURFACE, DEPENDING UPON THE APPLICATION.
THE DEFECT FREE DENUDED ZONE, WHICH IS JUST BELOW THE CIRCUIT
ACTIVE ZONE, IS DEVELOPED DURING THERMAL PROCESSING THAT

' ACCOMPANIES THE FORMATION OF THE INTERNAL GETTERING ZONE.

THE LATTER ZONE GETTERS PROCESS-INDUCED METAL CONTAMINANTS FROM
THE CIRCUIT ACTIVE REGION DURING IC FABRICATION. IT APPARENTLY
HAS NOT PLAYED A MAJOR ROLE DURING LSI OR MSI CIRCUIT
FABRICATION, WHERE BACK=SURFACE MECHANICAL DAMAGE GETTERING HAS
BEEN MORE PREVALENT. BUT INTERNAL GETTERING IS A KEY TO VLSI
DEVICE FABRICATION, WHERE LOW LEVELS OF SURFACE CONTAMINATION

. ARE ESSENTIAL.

SLIDE - AS WE MOVE INTQO FINER LINE GEOMETRIES AND MORE DENSE CIRCUITRY
VLSI IN VLSI DEVICES, CHANNEL LENGTH IS REDUCED, JUNCTION DEPTHS ARE
SHALLOWER AND GATE OXIDES ARE THINNER.

FOR THIS TYPE OF DEVICE, THE BACKSIDE CLEANLINESS OF THE WAFER
BECOMES MORE CRITICAL AND MUST BE REDUCED IN PARTICLE COUNT.
MONSANTO HAS PATENTED AN ENHANCED GETTERING PROCESS THAT
INCORPORATES A THIN POLYSILICON LAYER ON THE BACKSURFACE. THIS
CREATES NUMEROUS EXTERNAL GETTERING SITES WHICH GETTER PROCESS
INDUCED CONTAMINANTS AWAY FROM THE CIRCUIT ACTIVE REGION.
ENHANCED GETTERED WAFERS TEND TO EXHIBIT LONGER LASTING GETTERING
THAN MECHANICAL BACKSIDE GETTERING THROUGH SEVERAL IC PROCESSING
STEPS.

THE SCHEMATIC ALSC INCLUDES AN EPI LAYER, WHICH IS TYPICALLY USED
IN CMOS APPLICATIONS TO REDUCE LATCH-UP MALFUNCTIONS. THE
SUBSTRATE SINKS THE TRANSIENT CURRENTS RESPONSIBLE FOR INITIATING
LATCH-UP. BY ENGINEERING THE EPITAXTAL SUBSTRATE INTERFACE,
DEFECT DENSITIES HAVE BEEN SIGNIFICANTLY REDUCED IN THE EPITAXIAL
LAYER. FOR EPI WAFERS, AN OXIDE SEAL 1S INCORPORATED ON THE
WAFER BACK SURFACE TO MINIMIZE AUTO DOPING.
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SLIDE - THIS ULSI W ' SHOWS THE CONTINUED EVOLUTION TO REDUCED CHANNEL
-~ ULsI CHANNEL LENGTHS, SHALLOWER JUNCTIONS AND THINNER GATE OXIDES

OXIDES. TRENCH STRUCTURES FURTHER PREVENT LATCH-UP MALFUNTUTIONS.
P/P+ IS SHOWN, BUT N/N+ IS CONSIDERED BY SOME TO BECOME MORE
CRITICAL FOR SUBMICRON APPLICATIONS. PROBABLY BOTH P/P+ AND N/N+
WILL BE USED. WHICH CHOICE IS APPROPRIATE WILL DEPEND

THE CIRCUIT APPLICATION. ACCORDING TO OUR SCIENTISTS, THIS IS
STILL A STATE OF THE ART RESEARCH QUESTION.

THE MULTI-ZONE WAFER PRODUCTS HAVE BEEN DESIGNED WITH SPECIFIC
MECHANICAL, CHEMICAL, AND STRUCTURAL CHARACTERISTICS NECESSARY TO

DEVELOP THE ELECTRICAL CHARACTERISTICE THAT SUPPORT THE IC
DENSITY AND ELECTRONIC PERFORMANCE GOALS OF EACH LEVEL OF IC

INTEGRATION.
SLIDE - NOW I'M GOING TO TAKE A FEW MINUTES TO DESCRIBE OUR VIEW OF THE
MECHANICAL WAFER CHARACTERISTICS NECESSARY TO MEET THESE VARYING NEEDS.

THESE CHARACTERISTICS REPRESENT THE COLLECTIVE JUDGEMENT OF OUR
SCIENTISTS AND ENGINEERS, AND HAVE BEEN DEVELOPED AFTER EXTENSIVE
CUSTOMER CONSULTATION.

FOR EXAMPLE, MECHANICAL CHARACTERISTICS ARE MORE IMPORTANT THAN

EVER FOR LEADING EDGE IC'S. OUR MOST ADVANCED 150MM ULSI WAFERS

PROVIDE EXTREMELY TIGHT DIAMETER, ORIENTATION FLAT LENGTH AND

THICKNESS TQLERANCES. THEY MUST BE TIGHT TO ACCOMMODATE THE .
AUTOMATED WAFER HANDLING EQUIPMENT BEING INSTALLED.

SLIDE - FLATNESS IS ALSO A CRITICAL PARAMETER, ESPECIALLY WITH THE
MECHANICAL ONSET OF MIX AND MATCH APPLICATIONS, UTILIZING STEPPERS AND
(CON'T) PROJECTION PRINTERS. USING OUR 150MM ULSI WAFER EXAMPLE,

GLOBAL FLATNESS qg_&gg;zggégrggﬂ;ggég_zg_;_ulggggs WILL BE
REQUIRED FOR TODAY'S ART DESIGN RULES TO ENABLE
CIRCUIT DESIGNS TO ACHIEVE SUB- MICRON FEATURE SIZE. LOCAL SITE
FLATNESS OF LESS THAN OR EQUAL TO 1 MICRON ACROSS A 20 BY 20
SQUARE MILLIMETER FIELD IS ALSO ESSENTIAL. BOW, WARP, WAFER
CURVATURE, EDGE CONTOUR AND ESPECIALLY TAPER IN BACK-SURFACE
REFERENCED STEPPER APPLICATIONS ARE ALL KEY PARAMETERS FOR
OPTIMAL WAFER HANDLING AND LITHOGRAPHIC PROCESSING.

SLIDE - WAFER CLEANLINESE BECOMES CRITICAL AS FEATURE SIZES BECOME

CHEMICAL COMPARABLE TO PARTICLE SIZES AND THE DISTRIBUTION OF PARTICLE
SIZES BECOMES MORE IMPORTANT. BOTH FRONT SURFACE AND BACK
SURFACE PARTICLES MUST BE REDUCED IN BOTH SIZE AND NUMBER BECAUSE
THEY MAY INTERFERE WITH EFFECTIVE ALIGNMENT AND RESOLUTION.
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SLIDE - OXYGEN IS A4 MAJOR IMPURITY AND CARBON A SUBSIDIARY IMPURITY

CHEMICAL INFLUENCING SILICON'S MECHANICAL STRENGTH AS WELL AS THE

(CON'T) NUCLEATION AND GROWTH OF BULK OXYGEN PRECIPITATES FOR INTERNAL
GETTERING. AT THE SAME TIME IT IS ESSENTIAL THE BULK OXYGEN
PRECIPITATE IS CONTROLLED TO MINIMIZE IN-PROCESS WARPAGE AND i
MAINTAIN THE DESIRED WAFER FLATNESS. THE OXYGEN TOLERANCE IS
CUSTOMER SPECIFIED. CARBCON IS SPECIFIED WITHIN LESS THAN OR

“ EQUAL TO THREE TENTHS PARTS PER MILLION.

SLIDE - CRYSTALLOGRAPHIC PERFECTION NEAR THE CIRCUIT ACTIVE REGION IS
STRUCTURAL IMPORTANT TO REDUCE EXCESS LEAKAGE CURRENT. THE 150MM WAFER
DEVELOPED FOR ULSI APPLICATIONS IS DISLOCATION-FREE AND
CHARACTERIZED TO DEVELOP OXIDATION INDUCED STACKING FAULTS LESS
THAN OR EQUAL TO 3 PER SQUARE CENTIMETER WITH MICRO-DEFECTS
SUCH AS SAUCER PITS LESS THAN OR EQUAL TO 100 SQUARE CENTIMETERS,
AND EVEN LESS.

SLIDE - AS MENTIONED EARLIER, AN EXTERNAL GETTERING PROCESS - ENHANCED
STRUCTURE GETTERING ~ IS RECOMMENDED TC REMOVE PROCESS INDUCED METALLIC
(CON'T) CONTAMINANTS FROM THE CIRCUIT ACTIVE ZONE. AN EPITAXIAL LAYER

IS RECCMMENDED FOR CMOS AND SELECTED NMOS CIRCUITS TO REDUCE CMOS
LATCH-UP AND PROVIDE LOWER DEFECT DENSITIES. THE USE OF THIS EPI
LAYER IS MUCH MORE PREVALENT IN THE UNITED STATES THAN IN JAPAN.

WAFER STRUCTURAL CHARACTERISTICS MUST ALSO BE REPRODUCIBLE
WITHIN FEACH WAFER, FROM WAFER TO WAFER, AND FROM CRYSTAL TO
CRYSTAL TO ACHIEVE CONSISTENT RESULTS IN IC FABRICATION.

SLIDE - THE ECONOMIC FACTORS THAT CREATED THE NEED FOR THE 150MM
DIAMETER DIAMETER WAFER WILL DRIVE THE INDUSTRY TO 200MM WAFERS BY THE

END OF THIS DECADE. HOWEVER, THE SPEED OF THIS TRANSITION WILL
DEPEND TG A LARGE EXTENT CN THE ECONOMIC HEALTH OF THE INDUSTRY.
WE HAVE ALREADY SEEN THE DELAY OF A NUMBER OF 150MM FAB LINES DUE
s TO THE RECENT MARKET DOWNTURN, AND 1986 CAPITAL EXPENDITURE PLANS
FOR THE INDUSTRY REMAIN CAUTIOUS. THIS ECONOMIC SLOWDOWN COULD w//
lv DELAY GROWTH OF LARGER DIAMETER WAFERS.

o AN __THE 150MM DIAMETER IS JUST REACHING PRODICTION VOLUMES. IT
fLO ""ACCOUNTED FOR ONLY 5% OF WORLDWIDE VOLUME IN 1985, ALTHOUGH IT
k/ ACCOUNTED FOR 10% OF THE JAPANESE MARKET. 1IN 1995 WE ARE
ANTICIPATING A WHOLESALE CHANGE IN DIAMETER COMPOSITION, AS THE
thW’" 150MM WILL BE THE SMALLEST SIZE, ACCOUNTING FOR 35% OF THE
U MARKET. 200MM WILL BE THE WORKHORSE, WITH 45% OF THE MARKET, AND
THE 250MM WILL ACCOUNT FOR THE BALANCE OF THE MARKET.

THIS CHANGE WILL OCCUR CONCURRENT WITH THE ADVANCES IN CIRCUIT
DESIGN, THE ONGOING THRUST TO CMOS AND ADVANCES IN FABRICATION
TECHNOLOGY. TREMENDGCUS CAPITAL WILL BE REQUIRED BY BOTH
SEMICONDUCTOR PRODUCERS AND EQUIPMENT AND MATERIAL PRODUCERS TO
IMPLEMENT THESE ADVANCES. TO ACCOMPLISH THIS MAGNITUDE OF CHANGE
WE MUST UTILIZE NEW FORMS OF COOPERATION AMONG EQUIPMENT VENDORS
AND SEMICONDUCTCR MANUFACTURERS.

-5 -
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SLIDE - WE SPENT OVER 2 YEARS WORKING CLOSELY WITH SEMICONDUCTOR
CUSTOMER CUSTOMERS AND EQUIPMENT SUPPLIERS TO DEVELOP THE 150MM WAFER.
PARTNER WE WERE FIRST TC MARKET WITH IT AND, MORE IMPORTANTLY, OUR

CUSTOMERS HAVE HAD FEWER 150MM START UP PROBLEMS DUE TC THE
PROVEN PRODUCTION QUALITY WE CAN PROVIDE AS A RESULT OF OUR EARLY
JOINT EFFCORTS.

EVEN GREATER COOPERATIVE EFFORTS ARE NECESSARY IN THE FUTURE.

THE JAPANESE INDUSTRY HAS PRACTICED THIS KIND OF COOPERATION FOR
YEARS, AND OUR ENTIRE EFFORT IN JAPAN IS DESIGNED TO ENABLE US TO
WORK CLOSELY WITH OUR CUSTOMERS TO UNDERSTAND THEIR NEEDS AND
HELP THEM SOLVE THEIR PROBLEMS. BUT NO COMPANY CAN KEEP UP WITH
ALL THE TECHNICAL DEVELOPMENTS THAT WILL IMPACT IC FABRICATION IN
THE FUTURE, YET YIELD OPTIMIZATION REQUIRES SQUEEZING EVERY
EFFICIENCY QUT OF AVAILABLE TECHNOLOGIES. THE ANSWER IS FOR
MANUFACTURERS AND THEIR SUPPLIERS TC WORK CLOSELY TO SHARE
INFORMATION, TECHNOLOGY AND RESOURCES.

m—

— — JEE——

_____? WE EXPECT THIS\TREND TO CLOSER SUPPLIER-CUSTOMER RELATIONS’WILL
ACCELERATE IN m CANOLOGY EXCHANGES, JUST IN-TIME

INVENTORY & DELIVERY AGREEMENTS, SHARING OF QUALITY CONTROL DATA

DESIGNED T0 HELP ELIMINATE INCOMING INSPECTION AT IC FABS AND
GROWING USE OF APPLICATION ENGINEERING SPECYALISTS ARE BECOMING

STANDARD OPERATING PROCEDURE.

SLIDE - * EARLIER I SAID WE SEE THE FUTURE AS A GLOBAL MARKET. WE ARE

MAP ACTIVELY ENGAGED IN BUILDING PLANTS IN VARIOUS WORLD AREAS, NOT
ONLY IN JAPAN BUT ALSO IN KOREA AND ENGLAND, SO WE CAN BUILD
STRONG CUSTOMER PARTNERSHIPS IN-THESE IMPORTANT MARKETS. TO BE
SUCCESSFUL IN ALY WORLD MARKETS IN THE FUTURE WE BELIEVE IT WILL
BE ESSENTIAL TO HAVE CLOSE CONTACT WITH CUSTOMERS - TO HAVE
SUPPORT FACILITIES CLOSE TO THE MARKET AND BE ABLE TO WORK
CLOSELY WITH CUSTOMERS IN THESE MARKETS. A NUMBER OF OUR

*sjﬁ JAPANESE CUSTOMERS HAVE RECOGNIZED THIS AND OPENED PLANTS IN THE
ﬁ\‘ UNITED STATES AND EUROPE TC SERVE THESE MARKET NEEDS.

Gé\ h 9 THE .REALITIES OF A GLOBAL MARKET ALSO DICTATE BUILDING

W INTERNATIONAL PARTNERSHIPS;> FOR EXAMPLE, MONSANTO HAS BEEN A
N\y\/\g JOINT TNER WITH MITSUBISHI CHEMICAL IN JAPAN FOR OVER
34 YEARS. THE COMPANY, MITSUBISHI MONSANTO KASEI OF JAPAN, HAS

JUST SIGNED AN AGREEMENT WITH MEMC IN WHICH WE WILL HELP
Imonucomums (PRINCIPALLY GALLIUM ARSENIDE) IN THE
U.S. MARKET. WE WILL CONTINUE TO LEVERAGE OUR CAPABILITIES VIA
A PARTNER WHEREVER IT WILL HELP OUR BUSINESS RESULTS.

SLIDE - WE HAVE SEEN DRAMATIC CHANGES IN THE SILICON AND SEMICONDUCTOR

CONCLUSION INDUSTRIES THE PAST FEW YEARS, AND WE ANTICIPATE EQUALLY
SIGNIFICANT CHANGES IN THE NEXT 5 YEARS. 200 AND 250 MM DIAMETER
WAFERS, WAFERS TAILORED TO SPECIFIC IC APPLICATIONS, WAFERS
DESIGNED SPECIFICALLY FOR EMERGING ULSI APPLICATIONS AND ADVANCED
EPITAXIAL WAFERS ARE AMONG THE MORE SIGNIFICANT TRENDS WE FORSEE.

-6—
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CUSTOMER PARTNERSHIPS, A GLOBAL MARKETING PERSPECTIVE, AND
MANUFACTURING PLANTS IN ALL WORLD AREAS ARE THREE INCREASINGLY

IMPORTANT TRENDS THAT WILL DRIVE THE BUSINESS AND TECHNOLOGICAL
DIRECTION WE TAKE BECAUSE ULTIMATELY WE MUST LOOK FIRST TO WHAT
OUR CUSTOMER NEEDS, THEN MAKE SURE WE CAN MEET THE NEED BETTER
THAN ANY COMPETITOR. THANK YOU FOR INVITING ME TO SHARE MY
THOUGHTS ON THE FUTURE. I HOPE MY TECHNOLOGY FORECAST PROVES
TO BE MORE ACCURATE THAN WHAT MY GOLF PRO TOLD ME I SHOULD
EXPECT FROM MY GOLF GAME.
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SILICON AND SEMICONDUCTORS:

PARTNERS IN THE LATE 1980'S

J.E. Springgate
President
Monsanto Electronic Materials Company

Wafer Zone Engineering WAFER FLATNESS EVOLUTION
ULSI Designed Wafers -
€ @ Giobal (TIR)
. 2 16
Larger Diameters - o Local Site (TiR)
g 12
Global Marketing & | )
5 8
m
=
4
0
‘Year 1970 1975 1980 1985
Crreuit Complexity MS| LSI VLS| JLS
Feature Size {um) 10 5 3 <!
Water Diameter {mm) 50 75 100 150
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LSI/MSI APPLICATION
SERIES WAFER
SCHEMATIC
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VLSI APPUCATION
SERIES WAFER
SCHEMATIC

ULS! APPLICATION
SERIES WAFER
SCHEMATIC
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MECHANICAL CHARACTERISTICS MECHANICAL %RACTERISTICS

PARAMETER " VALUE PARAMETER VALUE .
- Diameter 180 mm - Local Site Flatness <1.0 pm scross &
Tolerance < +0.2 mm 20 x 20 mm? Fleld
- ' - Wafer Curveture Convex or Concave
Orientation Flat
Tolerance < +1.5 mm {Polished Surface) Specified by Customer
- Thickness ' 625, 675 pm ' - Bow <10 pm
Tolerance <+ 10 pm = Warp <10 pm
- Taper < 10 pm - Edge Contour Chip~Free
~ Global Flatness <3 pm
CHEMICAL CHARACTERISTICS CHEMICAL CI:&EACT ERISTICS
PARAMETER VALUE PARAMETER VALUE
- Cleaniinesa - Oxygen Customer Specified
Front-Surfsce Particles <0.03/cm* (<0.5 pm) Tolerance +2 ppma
Back-Surface Particles <0.08/eme (<1 pm} Precipitation Controlied, Reproducibl
Back-Surface Stairv None Redial Gradient 3% .
Residuss = Carbon <0.3 ppma
Front-Surtace Chemicsl Hydrophilic -
(Native) Oxide = Matatlics
Bulk <0.01 ppba for Specific
Matallics
Surface <i0%®/cm?
STRUCTURAL CHARACTERISTICS STRUCTURAL CH&RACT ERISTICS
Onar'
PARAMETER VALUE PARAMETER VALUE
~ Water Perfection No X-Ray Resoived Buik - External Gettering Back-Surface Polysiilcon
Structursl Defects (Recommended)
- Grown=in Disiocations Ocm+ = Wafer Uniformity Reproducibility Within
{Etch Pite) Wafer, Wafer to Wafer,
- Oxidation-Iinduced <3 emt and Crystal to Crystai
Stacking Faults (OISF) - - Epitaxial Layer Customer Specified
. (Recommended for CMOS Resistivity and
Micro-Defecta (S~Pits) <100 cm~* and Selected NMOS Thickness
Circuits) <3 QISF cm ™ .

- 10 -
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THE SILICON WAFER MARKET

085 Dramesar o - CUSTOMER PARTNERSHIP
. e 150emm .
- -.\\ 5% -~ s
51%%Tm N Technology Exchanges

Just-In-Time

Joint Quality Control

Application Engineering

DIAMETER WILL CONTINUE TO INCREASE

MONSANTO ELECTRUNIC MATERIALS COMPANY

T

CONCLUSION

Larger Diameter Wafers
Application Specific Wafers ’
Advanced EPI
. Customer, Partnership
Global Marketing
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CORPORATE ALLIANCES

Keiske Yawata
Chief Executive Qfficer
LS8I Logic K.K.

Mr, Yawata is Chief Executive Officer of LSI Logic K.K., an affiliate of
LSI Logic Corporation. Previously, he was President and Chief Executive
Officer of NEC Electronics Inc., and prior to that, he was General
Manager of the International Electron Devices Division of NEC
Corporation. He served in the semiconductor group of NEC Corporation for
13 years. Mr, Yawata received a B.E. degree in Electrical Communication
Bngineering £rom Osaka University and an M.E.E. degree from the
Electrical BEngineering School of Syracuse University.

Dataquest Incorporated
JAPANESE SEMICONDUCTOR INDUSTRY CONFERENCE
April 13-15, 1986
Hakone, Japan
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. CORPORATE ALLTANCE

ASICs Require Enormous Resources

Keiske Yawata
President and Chief Executive Officer
18T Logic Co. Ltd.

Rapidly growing ASIC market and evolving technology requires enormous
resources. Discussed in this talk are; current applications of
ASICs, new applications, what is going on in the ASIC industry,

and what roles Japan and the U.S.A. should play.

Applications for ASICs today are largely replacement of standard
logic curcuits reducing the physical size of equipment and power
consumption. Exanples are; computer terminals, main frame CPU,
telecommunication terminals, instrumentation, medical elegtronics,
etc., As the scale of integration increases,(new applications are
emerging in the area of graphic processing, artificial intelligence,
digital signal processing, automotive, and consumer electronics.
These new applications emergé largely due to the increase in gate
. ity, speed performance, design security and design autemation.
It should also be noted that the user's needs are diversifying
and ASICs can fulfil the needs with short turm around time. Diverse
applications cften requires low volume production which few ASICs
suppliers can meet. Emerging technologies in the semiconductor
industry are silicon compilation, design tocol which simmulates
system architecture as well as circuits and three dimensional circuits
in silicon further increasing integration density.

The applications which are of particular importance to the ASICs
industry are graphic processors for type-setting, fabric pattemm
degign and automated graphic design tool. As the sensing technology
improves, pattern recognition and autcmated three dimensimal design
tool will enable fully automated grader for frulits, vegetables,

etc. and artificial intelligence in a true sense.

The ivity 'has been primarily demonstrated in appli-
cationg area, particularly in consumer electronics. Perfectionism

i3 Perhaps the key for Japanese success in manufacturing high quality
and reliability product. It is characteristic that Japanese electronic
equipment is user friendly, e.g., thinner refrigerator which can

be installed directly against the wall of a small kitchen, auto
reverse mechanism of cassette tape recorder, low power comsumption

for energy conservation, etc. High density packaging using surface
mount technology requires high pin count flat package and leadless
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Corporate Alliance 2

chip carriers with short pitch leads. The Japanese skillfulness
may be useful in developing such packages. The strength of U.S.
companies is in fundamental research, systems development and user
friendly software development. If the weakness of a company is
offset with the strength of another company, a complementary
relationship may be achieved. An ideal corporate alliance is a
perfectly complementary relation without conflict of interest.
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PERSPECTIVE FOR THE 90s

Kimio Sato
Senior Managing Director
General Manager, Electronic Devices Group
Mitsubishi Electric Corporation

Mr. Sato is Senior Managing Director and General Manager of the
Electronic Devices Group of Mitsubishi Electric Corporation. Previous
positions at Mitsubishi have included General Manager of the Osaka
Industry Product Sales Branch, and General Manager of the Semiconductor
Marketing Division in the company's headguarters. In 1981, he was
elected to the Corporate Board as a Director, and was later promoted to
his present position. He is a graduate of Fukushima National Commercial
College,
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JAPANESE SEMICONDUCTOR INDUSTRY CONFERENCE
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Perspective for the 19%0s
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Kimio Sato
. . Senior Managing Director
Electronic Devices Group

Mitsubishi Electric Corp.

April 15, 1986
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1. Preface
In less than four years we will reach the 1990s. Four vyears .
ahead is rather a difficult length of time to forecast. We can
anticipate one or two years ahead with a high degree of accuracy,
while anything for ten years ahead can only be predicted irrespon-
sibly. Four to five years ahead fall somewhere between dreams
and reality and as such are very hard to forecast.
I will, however, boldly take just such a forward view of

- mainly - the application group of products of semi-conductors.
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2. Social Trends
I will highlight five social trends which will greactly

influence electronics in Japan.

These are: informationization, internationalization, labour-
('a"“(’lﬁ’k&. r.
_ J///,f”e saving, enéertaining and the elevation of the average age. ]

Let us consider how these five trends are related to electronics.

2.1 Informacicnization is dealt with first as follows.

There are many kinds of infermation journals on sale_such
as the "Daily News on Side Jobs" and "Pia", ete., all aimed
at the younger generation. These journals have been electrified
of late and have changed into the "B-Box" and "Ticket Pia', etc.
It is therefore quite natural that these journals in turn will
be replaced by on-line electronics publications because the
information contained in them becomes old even at the moment of
their printing and subsequent display in the shops.

Many information will likewise be electrified in the future
easy to be utilized and informationization of society will be

accelerated rapidly.

2.2 1Internationalization is dealt with next.

Nowadays, CNN's American television programmes are broadcast
everyday here in Japan, and the American newspaper "USA Today"
is printed and sold in Japan. On the other hand, the "Asahi
Japanese newspaper' is printed and delivered to subscribers'’
homes every meorning in London. The money markets of London,
New York, Sydney, Tokyo and Houg Kong are altogether working
24 hours a day in relays.

Such internatiomnalization will continue to take place for

more items in more countries.
-3 =
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Electronics, especially advanced technology such as

artificial satellites, will play an increasingly important

role in this. .
By 1990 it will not be impossible to join a meeting where

each participant is in a different country, via '"video conference'.

( ,ﬂ Cldak ~ beo,
2.3 The third trend is/ Tabout saving

In Japan since the war we have had markedly fewer children

in each home; Japan's population was previocusly believed as
being the source of national power and a policy of "the more,
the stronger” was practised, but after the war there was a
turnabout change to ''the fewer children, the better-educated",
As a result, the numbers receiving higher education increased
and those who became technicians decreased sharply. In this
way automative equipment was introduced into factories in place
of technicians. .
Numerical control machines, transfer machines, machining
centers and finally robots, were adopted. Robots were warmly
welcomed by labours  as competent juniors came to help them.
Roboté and unmanned %?ﬁ?tg were combined to make flexible
manufacturing systems (FMS).
Not only manufacturing, but also the new designing on
computer aided desgsign (CAD} was introduced, which contributed
for a high-reliability in design as well as a noticeable speed-up.

Such factory automation (FA)} will be prevailing inte much

diversified fields in the future.

’ .
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2.4 The fourth trend ié;gggértaining
. About fifty years ago, radio was the only home entertainment
utilizing electronics. Record players were not related to
electronics at that time, and were driven by springs. We played
with spinning tops and made bamboo toys.
Nowadays, it is very difficult to find a toy not related
to electronics; games and watches, radio-controlled cars, game
centers, family computers, transceivers, stereo sets, electric
guitars, electronic music instruments, televisions, video cassette
recorders, compact disks, video disks, music tape minus ones,
and lots of others.
Even chess, Shohgi (Japanese chess) and Go are now electronicised.
Electronics produced a new type of game, such as space invaders,
which ruled the games world of Japan for a year some years ago.
The game of Pachinko must be the biggest and longest-lived leisure
. industry in Japan, with millions of deep-rooted fans, but it
can not do without electronics nowadays.
New electronics leisure equipment will be realized in the

future to make ocur lives even more comfortable and emnjoyable.

2.5 Finally ler!s consider the trend of the elevation of the average
The Japanese soclety is progressing inte a higher age bracket
at four times the rate of that of Europe, i.e. the time it takes
for the percentage of people over 63 years old to rise from
B% of the total population to 18% took 160 years in Europe,

but will take only 40 years in Japan.
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The Fig.l shows demography of Japan made by Mr. Kazuo
Takenaka of the Population Research Laberatory, Ministry of .
Welfare, Japan.
ﬁg used to say "Life is fifty years'. Only 15% of popula-
tion was over 50 years old in 1920, but now 27% and will be
35% in 2000,
This means younger generation in the society become
relatively less than now. And it is feared that social dynamism

will be lost. But electronics can keep aged people to continue

———

working and society can be kept active.

Aged people pay more attention to their health which is

made possible by medical electronics.

Aged pecple have longer leisure periodg than young people

to spend on hobbies and amusements. When they need attendance
for easy movement, they prefer playing Go over the telephone, .
or watching TV university programms at home. It is a great
joy for them to receive letters and picture from their grand-
children.
These are my views of electronics application in our lives,

which I am convinced will continue developing in the 1990s.

@

Dataguest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 /7 {408} 971-9000 / Telex 171973



3. Industrial Trends

. 3.1 The table 1 is cited from Mr. Mikio Goto Eb‘ledia” in

-“Iu Search of Vision for Industrial Structure in the 21st Century
- Metamorphosis of Industrial Society by Imnovation in Advanced
Technology” published by the Japan Committee for Economic Development
cf Japan.

If one compares macroscopically the production of electronic
in both electronic communications systems and non-electronic
communications systems for the years 1980 and 2000, the former
showed an increase of 5.8 times whereas the latter is only 1.7
times as big, respectively.

In the electronic communications system field it is estimated
that the electronic communications-related industry will increase
6.9 times, the electronic communications industry itself 3.5 times

. and broadcasting 2.1 times during these 20 years.

3.2 The Demand for Semiconductors and its growth
The Demand for semiconductors and its growth from 1984 co
1990 are shown in Fig.2 which is based on "New Trends in a Highly
Advanced Electronic Society and Electronic Devices™ (1985) published
by the Japan Electronic Industry's Associlation.
It is quite obvious that no items in both home use and
industrial use show a decrease during these six years.,
Although cameras and television receivers will grow less than
5%, video cassette recorders and music instruments will grow 35
to 10% and home appliances will grow 20% which is the highest

rate in home-use electronics.
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Industrial use electronics will show a relatively higher

growth rate than home use ones. .
Personal computers, word processors, computers and their

peripherals, facsimil machine and robots will grow approximately

25%. Even the lowest growth product (office computers) shows

a 10% growth rate.

3.3 The birth of new products for home use and industrial use,

and the demand for related semiconductor devices in 1990,

Figure 3 is also based on information from the Electreonic
Industries Associlation of Japan.

The biggest sale of new products in 1990 will be business
machines for office use which will total more than ¥900B and
use an additional ¥150B of semiconductor devices.

The second largest sale will be of new audio visual equipment
and terminals for information and communications equipment for .
cffice use. Each of them will sell as much as ¥400B and use about
¥80B of semiconductor devices.

Information and communications equipment for home use and
other industrial equipment will sell for a little under ¥300B

but will use quite a lot of semiconductor devices.

3.4 The Development of Electronic Equipment and New Semiconductor
Devices.
Now let's consider the development of electronic equipment
and new semiconductor devices. (Table 2)
Among the existing equipment, those for home use such as

TV, VCR, audio and home appliances will add new functions and
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3.5

3.6

mechanisms in order to achieve automation, be of higher performance
and of greater convenience, and this development will require the
use of new systems and circuits and new semiconductor devices.

This can also apply to industrial equipment such as personal
computers, word processors, computers, peripherals and terminals,
communications equipments and automobiles.

New equipment and new systems such as videotex, home auto-

e ———.

mation, business information equipqent for office use, high

definition TVs, IC cards and engineering work stations, require

high speed random legic ICs, and EEPROM with built-in microprocessors.

A Forecast of the Demand for Semiconductor Devices.

A forecast of the demand for semiconductor device in 1990
is shown in Fig 4.

Among the total estimated demand of ¥4,900B, those related

to existing equipment occupy about 60% of ¥2900B.

Semiconductor demand related to new functions and mechanisms

occupies abouf—zgz of ¥1500B and those installed in new equipment
and systems are abouqﬂlggz
The Percentage Demand for Each Semiconductor Device

Let's see the percentage demand for each semiconductor
device (Fig.5).

The biggest change between 1984 and 1990 is the decrease
of discrete semiconductors from 23.8% in 1984 to 16.4% in 1990.
On the contrary, MOS logic microprocessors and MOS memories of

24,0% and 21.7%, resgpectively, in 1984 will show an increase of

up to 28.4% and 25.6%, respectively, in 1990.
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The main cause of these changes is the increased use of
MOS logic micro-processors and MOS memories in new equipment .
with new functions and mechanisms which will become 51.37% and
30.7%, respectively, in 1990. .

The percentage in existing equipment is 1/3 for MOS micro

processors and 2/3 for MOS memories compared with new equipment.

- 10 - "I’

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company 7 1290 Ridder Park Drive / San Jose, CA 95131 / (408) 971-9000 / Telex 171973



4. New Electronic Equipment
. The above-mentioned will encompass macrosoplc view for 1990.

Now let's s¢e.the.-details of some new electronic equipment.

4.1{ Electronic File

In the previous chapter we saw that business information
‘equipment for office use will be the best~-seller in 1990.

Out of this, electronic files may be one of the most
promising items to be developed. My own cffice is located in
front of Tokyo station, where the center of the Tokyo business
world is located, as it is very convenient both to do business
and for transportation.

The demand for office space here is very strong and rents
are very expensive. Therefore, the space for document-storage
is 1limited. It is a compulsion to throw old documents away at

. least once a year, which raises problems sometimes of missing
documents.

In the future there could be a paperless office, but that
concept is rather difficult to envisage at present. The compro-
mise is to move documents from their shelves into electronic
files. We would then be very comfortable with wider rooms and
the convenlence of accessing the documents quicker. In the case
of a transfer, one can carry a disk or two far easier than boxes.

The electronic file is a very serious item to be considered
especially for Japan because here we have a very small apartment

area.

-1l -
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If we remember that a Japanese word processor went from
¥6,300,000 to ¥40,000 in eight years, and apply a similar
experience curve on the electronic file business, we can expect .
that it will become a home use item in the 1990S.
The memory media will be via optical disks rather than
magnetic disks. Besides, we can use one disk many times by
erasing it, rather than the add-on type which can be used only
once. X

There will be nc recording media of a higher density than

the optical disk developed in the 19908. It will be later than

the year 2000 when(%éigzllar memories 3ppear.
4.2 memh

Personally, my secretary arranges all of my schedules.

Meetings with newspaper reporters, dining with customers,

presentations for Data quest, etc. are all fixed by her. .
I cannot make my own appointments at will without consulting

with her in order to make a commitment with my friend.
However, If I had an electronic secretary in my wristwatch,

and both I and my secretary could fix my schedule remotely,

it would be very convenient. If I may be allowed to hope for

even more, my schedule would be displayed on the boards of my

staff as well as to my wife.

The more multi-national companies, there are, the more
international conferences too. If the number of the companies

involved reaches 10 or 20, it becomes very difficult to arrange

-12 =
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a schedule, and travel and hotel expenses amount to a very large

. sum of money. Although in this way all the members are able to
meet in one room together, the conference can function fully if
some of them are sleepy or suffering from jet lag.

If personal computers spread widely and a communications
network is-available all over the world at a lower cost, members
of a meeting in a multi-national company would be able to a
meeting at their office or even their home, in their own country.

They would see the subject of the meeting on the display,
type in their opinions, agree or disagree with the opinions of
others.

Computer conferences can bring about a decision in less
time than it takes to arrange the timetable for a normal

conference. There is also no need to have a secretariat nor

. : to take minutes.

4.4 Video Conferences

If you are not satisfied with computer conferences because
you cannot see the faces of the people present, you would then prefer
a video conference., We can hold a video conference from any
corner of the world with a minimum of three communications
satellites, We can have face~to-face communications and can
explain showing figures, tables and photos to arrive at a
better understanding, although it is day in some countries and
night in other countries.

Although it necessarily costs more than a computer conference
and some member somewhere must be sleepy due to the time

differences, enough merits can be achieved by face-to-face

-13 -
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communication. No&, thanks to the new technology of the band

compression and quantization, the cost is remarkably reduced.

But unfortunately, the joy of a business trip free from office .
duties, and the pleasure of chatting at the post-meeting party

no longer would exist.

Before the industrial revolution in the 18th century, small
household industries were popular and industry employees worked
at home or near their homes.
After the revolution, factory workers increased. The
bigger the factory, the farther their home became from factory.
Noﬁadays, those who can commute within an hour become the
targets of envy from their colleagues in Tokyo. Quite a few
people commute for one hour and a half, or sometimes for more
than two hours. They are tired even before they arrive at their .
office, and are forced to live inhuman lives of going home only
to sleep.
Dr. Alvin Toffler proposed the concept of an "electronic
cottage' in his "The Third Wave".
He introduced the idea of a life in a mountain cottage
provided with sufficient electronic equipments toallow a
businessman to work without having to live in a city,
A British software house named "F International' has 850
employees, out of which 750 programmers are working at home.
About 40 companies have employee working at home in Japan. The Equal
Employment Act for women is enforced this year in Japan which

will result in more lady workers, who will continue working also
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after marriage. At present, most of the women who have babies
must resign their office due to the lack of a social infrastructure
. such as a day-care center.
Tf teleworking become popular, one or both of the married
couple could work at home. This would enable women with a
higher education te work for move years and save wasting human
resources.
If both a husband and wife can work at home, they would be
no more forced to live in the suburbs of a big city. Instead
they could live in a rural area with a good natural environment
and could live in a spacious house, enjoying a substantial lifestyle
with plenty of leisure time.
Teleworking is possible electronically if labors systems
can be changed. Engineering workstations are an ideal equipment

for teleworking.

- ——

4.6 @uial Intel __:i_.g_e_n,c&)

For those areas which require extraordinary degree of safety

such as nuclear reactors and aircraft, sufficient education and
training for safety measures must be given to their operators.
But when an emergency occurs, say once in ten years, the
operators take fright and become incapable of judging correctly
or operating, only making the accldent even worse.
In such a case electronics can judge more accurately because
it has no sentiment. But there are so many factors to judge,

that it is difficult to teach the logic to the computer.
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Artificial intelligence, especially expert systems, can

judge just like an expert but calmly and without emotion. .
Expert systems can chocse medecines judging from the

symptoﬁs of patient or can point out part-failures judging from

the sound of a car.
Much more advanced judgement functions will be provided

in this field to aveid such mistakes as the break-out of a

Third World War by mistakenly judging a meteorite to be an

enemy missile.

In Japan 3.5 billion coples of books are sold every year.
Japan is one of the best book-loving nations. The intellectural
curiosity of the Japanese is full of vigour and books originally
written in almost every language in the world are translated.

S0 many experts translate a book cooperatively, that it may .
-happen sometimes that the translation is published earlier than
% the original book.
Recently the international business has increased and the
translation of specifications for bids and instruction manuals
for products has increased enormously, so that it is now necessary
to improve translations in cost as well as in time.

Therefore, the possibility of automatic translations has
been discussed for a long time. Recently high quality automatic
translatlons became realized between Japanese and English at a
lower cost. It will not be long before practical documents
excluding literature can be translated electronically to make

one understood.

- 16 -
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Nevertheless, automatic interpreting is not so easy. It is
very difficult to recognize the speech of a non~specific speaker
therefore, it is forecasted that automatic interpreters will be

realized only in the 2lst century.

4.@
_4——-""-/

Nowadays if a blind man wants to read a book he must ask

someone to make a translation into Braille and then read this
version or ask someone to read aloud to him. In most cases,
volunteers do the job and the blind man is subsequently
restricted in his requests to that person.

However, the present optical character recognition
technology can recognize the alphabet and numerical figures
with a rather high degree of accuracy. If this is improved to
read Japanese and Chinese letters, Japanese books could be read.
This book reader is a benefit not only for blind people but also
for aged people with presbyopla or for car~drivers.

If the volce quality could also be chosenr, it would certainly

be a lot of fun to choose one's favourite voice to read to you.

Credit cards have prevailed remarkably as they are much
safer and more convenient than cash. However, many problems
have occured recently and real securicty is doubted for credit
cards with magnetic stripes.

IC cards are thought to be better than magnetic cards and

may replace them. They have 100 times more memory capacity
f\-_.‘-"__—-"h___...-—-;___’_,_.______-\_____

than magnetic credit cards, so that much more complicated

—

passwords can be adopted, and they are practically impossible

to gorge. -17 -
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This IC card can be used not only in commercial transactions
like the present credit card, but also as an identification card, .
a case history card for a patient, game software, a memory for
word processors, job instructions for robots and in infinite other
application fields.

At the moment the biggest bottleneck is the cost, which will
be sharply reduced in 1990, resulting in its adoption inte many

fields at that time.

Skilled labor are getting older and young labor Lo succeed
them are decreasing, therefore, it is quite natural robots will
be increased in factories.

Traditional robots do preprogramged jobs royally and accurately,
while robots in 1990s may be intellEEZnt robots. They have eves
and/or touch sensors and artificial brains to judge from information .
obtained by the sensors, and behave by themselves.

They will be able to check and repair in a highly radicactive
area in nuclear power plant where no human being can walk in.

Robots will be also available to survey and c¢ollect natural
rescurces under deep sea where pressure is high and divers c¢an
not work.

In case of earthquake or fire, robots can vescue people in
a crushed or burning building.

It is obvious that such highly intelligent robots have fairly

high performance computer in them.
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5. Conclusion
. As I mentioned above, these are many jobs vet tc be done in
the semiconductor industry, which will keep growing as the basis
of all industries.
I don't believe that we will see the appearance of either
substitutes of functiocnal devices for semi-conductors or of circuits

for electronics in the 199%0s. ' '

- 19 =

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131/ {408) 971-9000 / Telex 171973



Takle | [(afosstion Conmmnloations Business 11
Unit YI0  ,Price in 198
1988 Ve g 100041900 | 2000/ 1080 | 1990/ 1300 | 200041080
At 3 Aacuat : hanunt ] tacter fo ot iversge wnrenl grovth
o — - —
(Elocteic conswsication) .4 4,47 4.2 LU | LM 12.49 EN ) L 0.4 | N3
(Electric comunicstionn buninose) 5.5 1.9 A 1.3 18,1 1.8 [ ] s [N ] [ X}
<A class sirciric cosmwinations buslwian 4.9 L1 6.0 [ A1) 11,8 [ M H 1 5.5 .5
= clans eiontrlc cosmumicatlons bualmse [ 55] 9.28 14 [ R 7.2 [ X ] 4 (,__}-:i 9.1 4.4
(rondcesting buminwme) 1,2 .13 14 1 1.6 .15 L§ . 3. 1.9
{Blectrin comswnicat lonr calaled businens) 15,8 .05 5.0 645 | 11,3 10.34 L2 (\% i 12.4 10,1
+ Infomation cosmunications oyelpsmi 12,8 148 15,2 8.7 .8 8.3% 3,3 L 13,7 18,4
+ Caeln sl virn 14 0.2 18] 0.25 e 0.2 1.4 (A 26 4
+ Plectric icati iom § 0.11 1,3 9.70 3.0 0. 4 M 0.3 8,12
~ Safteare ] .0 2.t 0.8 A4 D.42 15.8 ) 3.6 15. 8
(Mam-Hlontele commnicet bun) o.é 4.6 . 4N »3 12 ld 1.7 L7 .6
+ Mail Bervies ) 0.15 ] 0.7 1.0 019 1] 1.3 L2 T3]
* Mavapapar %] 0.15 1.4 0.4 |8 ] L] I ) 3l 3.1
* Pristing pubalishing 4.9 1.0 6.5 6N 44 0.45 1.3 1.B 2,8 1.0
* Education ns 1.8 1,7 t A |4 16,2 1.53 l.6 1.4 3.8 t.7
+ Hovie b Theaira 3 L 4 o5 4 K] lal 1.d L1 [
* Survey b Ropaarch 1% Lt} 3.3 0.41 4.4 ¢.47 LU 1.6* Lo 1.9
*+ dwart inkag & ] .50 e [R5 5.4 0.54 1.6 1.4 1.4 3.6
lufosatlen commelout o L1} [ .3 1330 | 1.5 16.12 1.1l a1 nt 5.7
Uross domentic produck e 100.08 | .8 109,00 | L.OGT.0 | 00,00 L4 1. 3.6 3.3

Tabla 2 Devslopwant in Eloctronice and Hav Sowicomductor Devices (1/3)

OZRrEABRNEB

HEmEYS S OM

Equipment New function Necessary system
Syatem New machaniam to be sdded circult New semiconductor
to be nesded
H 1T Image processing Memory 16 bit microprocegsor
0 Satellite brosdcasting recelving Control 1M video RAM
L} AD converter GaAs FET
E /A converter
u
: 2 ver Rendom sccess Nemory Digital processing LSI
Hi=f1 Control 1M videa RAM
£ AD converter ftigh speed A/D converter IC
Q 0/A converter
]
1
4 3 hudio Hi=-fi Pulse code modulation Microprocesaor with tuning function
oM Mitomatic performance type recording and FM DEMOS linear IC
s Compact disk playing memory Laser diode
T
4 Homa appliance Fully automatic wasmher Control system One chip microprocessor
Food temperaturs controlling
slactronic oven
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Table 2 Devalopment In Rlactronies nud Mew Scmiconductor Nevices (2/3)

1
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Equipment New function Nacensary system New semiconductor [
Syatem Now mechanism to be sdded circult to be nesded. \
T
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T |S
1 T i
N Iz 6, Computer, Pattern recognition Mul ti-processor 1 MDRAM i
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E L .
[+
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L [s equipment talephone Calculation by bullt-in 38 bit microprocessor :
Pz VWireless PBX parsonal computer High speed D/A converter IC i
M
E |e '
LI K- A. Autonoblile Engine contrel Fusl injectlon control ROM,
T u Orive. transmisaion control | Ignition timing contrel Custom micro procesgor
I Daahboard control anci-skid
P
M ;
E . .
]
T
Table I Devalopment in Rlactronics and New Somiconductor Dovices (6753
Equipmant New function Necessary system
Syatem Maw sschaniam cireuit Maw sesizenductor
o be ndded to be needed
N 9., Videotsx Sanding and receiving Information input terminal 32 bit microprocessor
E of letter and graphic High spasd signal processing|1M video RAM
L] image by talephone Bipolar linear IC
network
E
Q
u 10. Home sutomation Home sscurity control Memory Cugtom microprocessor
I Switching of home cantrol EPRON
P spplisnces by telephons
M
E
¥ 11. Busineas Sarial ¢olour printer Aigh spaed signal High speed random
T inforastion G4 facaimlle processing logic 1C v
. equipment semory iM DRAM
N for office use
E
v
12. High definition High definition image Digital eircuit iligh frequency, high band
5 ™ with more than 1125 High spesd signal width linear IC
¥ acanning lines proceasing Iligh speed digital signal
5 pracesasing LS1
T
£
] 13. IC card Memory of lnformation Memory GAK, 256¥ EEPROM
Calculation Calculnation FFPROM with built=in
Ricroprocesacer
l4. Engineering Word procassing Network syatem 32 bit miero processor
workgtatton Parsonal computer 1M bit RAM
Communications. High speed random
lopic EC
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Fig. 1 Demographic Change
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Fig. 2 Demand of semiconductors to be used in existing
equipment for home and industrial use and its growth.
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Fig. 3 Electronic Equipment for home and Industrial Uses and
Induced Demand of Semiconductors.
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Fig. 5 The Percentage Demand for Each Semiconductor Davice
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Fig. 4 Forecast of the demand for semiconducsor devices in
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STATUS AND FUTURE--CHINA SEMICONDUCTOR INDUSTRY

Zhang Kai
Vice President
China National Electronic Devices Corporation
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STATUS AND OUTLOCK OQOF CHINA'S SEMICONDUCTOR INDUSTRY

Speech given by
Mr. Wang Zheng Hau, Chief Engineer
China National Electronic Devices Corporation
at Dataquest's Annual
Japanese Semiconductor Industry Conference
April 13-15, 1986

Ever since the invention of the transistor, China has been keenly
aware of the revolutionary changes it would bring. In the ®l2-year
Technology Development Guidelines™ promulgated by the late premier Chou
En-Lai in 1956, the development of semiconductor technology was cited as
an area of national emphasis, This laid the ground work for semi-
conductor research work, The industry had thus begun.

The year 1956 saw the birth of the first transistor in the Applied
Physics Research Lab of the China State Institute of Science and
Technclogy. By 1958, China was producing seven different semiconductor
devices with a total annual output of 60K units, In 1983, the 4th
Machinery Division was formed in the State Council. It proceeded to
establish an objective of eliminating vacuum tubes in its radio designs
and of assimilating overseas semiconductor expertise. At the same tine,
. semiconductor devices began to find their way into more and more
application areas. China designed its first IC in 1965. Mass production
ensued and the structure of the industry began to take shape.

At this point, I would like to give you an overview of the status of
the industry, its current production technology and the future cutlook.

l. General Status of the Semiconductor Industry

China currently has more than 450 semiconductor plants situated in
28 provinces, municipalities, and autonomous regiocns. Most of the
facilities are concentrated in the coastal areas; in particular in
the coastal open cities. The basic infrastructure of the industry is
well formed. '

The 1985 employment was over 200,000 of which about 160,000 was
engaged in the discrete sector and 40,000 in ICs.

The industry has steadily grown and improved since 1977. The 1985
production of discrete devices exceeded 1 billion units (three times
the 1976 wvolume}. Similarly, the 1985 IC production grew to
S0 million units (2.5 times the 1976 volume). In 1985, there were
over 1700 different parts in production, while over 1000 other parts
were in various stages of development. The gross output value of the
industry reached 2.8 billion Yuans (RMB). The economic benefits to
the nation that result from the semiconductor industry are

. substantial.

-1 -

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



2, State of the Production Technology

In the discrete area, China has 386 plants and over ten R & D labs, .
Engineers and technicians comprise 6.4 percent of total employment.

Product lines include microwave devices, opto-electronic devices,

power transistors, general purpose transistors, etec, The product

quality is constantly improving. Most products are now produced

under internationally accepted quality standards. Since 1978,

5 products were awarded the State Gold Medal and 17 products received

the State Silver Medal award,

In integrated circuits the production volume has grown tremendously
gsince the first devices were made in 1966. The early years were
plagued by low yields and reliability problems. Therefore, we
implemented a quality improvement program in the period 1970-1973.
In addition, production capacity was expanded in the late seventies,
Currently we have 21 dedicated IC plants, 20 non-dedicated plants,
and over 40 R & D facilities in varicus universities and technical
colleges,

IC product lines include the following 6 categories:
° Digital bipolar

- TL, S-TTL, LS-TTL, ECL, and HTL

] MOS
- PMOS logic, CMOS 1logic, various MOS memories, 4-bit and .
8-bit microprocessors .
] Interface circuits

® Linear

- Op Amps, voltage regulators, and various linear amplifier
circuits

e Consumer
- Circuits for TV, stereos, clocks, and watches
[ Custom circuits

- Applications include microwave, appliance, instrumentation,
and automotive

-2 -
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advances in recent years, Our ¢lean rooms are equipped with the
necessary equipment for high-volume production of 5-7 micron
geometries. In addition, 3 micron processors have been developed in
the labs., We have successfully introduced and qualified the 16K
DRAMs and 16K SRAMs. Of the thousand new products being developed,
600 comply with international (IEC) standards. We are currently
designing the first family of VLSI circuits ag well as GaAs, opto ICs
and microwave ICs.

. In process technology, there has hbeen a series of technological

We are adopting foreign technology and equipment where appropriate in
the interest of accelerating our capability for self-reliance. A
good example is the Jiang Nan Radio Components Factory, where design
capability already exists in its 1linear IC line, In 1984, it
acquired from abroad an IC fab preoduction line as well as process
techniques for power transistors and other discrete devices. Such
infusion of know-how and equipment from abroad, when put to proper
use, provides substantal technological and economic henefits.

3, Future OQutlook of the Industry

The experience and szuccess achieved by the industry up to this point
will provide a strong foundation for future expansion. The market
for semiconductor devices will continue its heady growth. Wwhile the
consumer segment of the industry is maturing and being saturated, the
industrial equipment segment holds huge potential. Moreover, as more

application areas are penetrated, semiconductors will proliferate.
. Accordingly, we expect China's semiconductor industry to grow at a
fast pace.

The task at hand for China's electronic industry is to reform and
revitalize in order to grow and prosper. Our mission is to catch the
technological revolution and execute the PFour Modernizations in order
to improve the national economy and the standard of living.

To achieve the above goals, we put the highest priority on building a
vital economic structure, establishing proper strategies and tactics,
and accelerating the development of our semiconductor industry. We
will strive for progress at the fastest feasible speed, with the help
of foreign technology where appropriate, Consistent with the spirit
of daveloping the eastern areas of the country, we will focus on
supporting the leading medium and large sized companies which
constitute the driving force of the industry. We will make quality
products and cultivate brand recognition. Our product reliability
and quality levels must reach those achieved by advanced countries in
the late 70s and early 80s. Moreover, we will establish a goal of
increasing our future export of semiconductors.

To sum up, we look forward to an exciting period of fast, healthy growth

of the Chinese semiconductor industry. It will assume an increasing role
in the modernization of China,

-3 -
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THE TECHNOLOGICAL CHALLENGE :

- THE CASE OF AUTOMOTIVE ELECTRONICS IN JAPAN

I. HISTORICAL OVERVIEW OF AUTOMOTIVE ELECTRONICS IN JAPAN

Electronics made its debut in 1962 in the automotive
field as rectifiers used in alternators. The first systems
were assembled with discrete components., Thereafter,
extensive innovation began in electronics based upon
integrated circuit technology. Bipolar analog ICs were first
applied in automobile radios and cruise controls on selected
models in order to gain field experience and to confirm their
capability. Next, more complicated systems were developed
and improved, such as electronic fuel injection and skid

. controls which are now typical automotive applications. In
1973 the first digital ICs were employed in a condition
monitoring system and in digital clocks. It follows that the
continued rapid progress in automotive electronics,
paralleled with the electronics industry as a whole, has led
to the development of large scale CPU applications. This
kind of Progress has been driven by the challenge to develope
new electronic engine controls in order to meét exhaust gas
emission regulations and to improve fuel economy since the
0il shocks. As you are well aware, large scale CPU
applications have recently expanded to electronic displays

‘and suspension control systems. (Fig. 2)
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It wmay be said that the history of automotive
electronics is the transition from discrete devices to CPU
applications. Of course, even now the expansion of
automotive electronics is supported by small-scale electronic .
control units, comprised of discrete devices, analog ICs and

digital ICs.

Other important factors in describing the development of
automotive electronics are the changes in functions and

device technology. (Fig. 3)

For example, the use of a simple, single-function unit
like the doér lock controller at an earlier stage led to the
development in complex-function controllers, such as the
fully automatic air conditioning system in which the interior
air temperature is automatically maintained and the air flow
is controlled in conjunction with exterior and interior .
sensors, Another example of recent developments is a more
complicated multi-function system controller, such as the
advanced electronic engine control system in which not only
fuel injection can be controlled but also other functions

such as idling speed and ignition timing angle as well,.
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Another perspective in this discussion is that of the
evolution in device technology. Small ECUs composed of
several discrete devices were supplanted by analog 1ICs
. mounted on one circuit board. This development reduced the
number of devices and increased the scale of the circuit.
The next step in circuit configuration development was the
introduction of hybrid ICs which made possible custom
applications and miniaturization. Continued development
produced customized digital ICs with greater software
adaptability and improved redundancy. In the next step it
follows that system controllers, refered to as ECUs using

CPUs were developed in 1979.

II. PROGRESS IN AUTOMOTIVE ELECTRONICS : AN EXAMPLE OF FUEL
. INJECTION SYSTEM

To illustrate the development of automotive electronics,

I wish to discuss the example of a fuel injection system,

First developed by Rcobert Bosch of West Germany, the
electronic fuel injection has been replacing the carburettor
which vaporizes gasoline and feeds it to the cylinder. The
system utilizes a mechanism in which a precise amount of
highly pressurized gasoline is supplied to the cylinder
through a nozzle. Automakers throughout the world agree that
advanced fuel injection systems have helped meet the
simultaneous challenges of meeting emission control

. regulations and improving fuel economy in response to the oil
shocks of the 1970's, -3 -
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These innovative systems are not based on a single ECU
but on various complex systems consisting of a fuel pump,
injection nozzles, valves, an air flow sensor, an oxXygen
sensor, an engine coolant temperature sensor, a Ppressure .
sensor, an after-burner using a three-stage catalyst, a
canister and other components being used together with an

electronic ignition system called an ignitor.

Electronic fuel injection and ignition systems are at
the forefront of automotive technology. Vehicles equipped
with electronic fuel injection accounted for 40% of the total
production in Japan last year, excluding vehicles under
1000cc. It‘is predicted that the figure will reach 70% in

about five years. (Fig. 4)

Since 1981, this system has been called the "Engine .
Control System", not simply "Electronic Fuel Injection”,
because related functions have been incorporated into the
system. These additional functions are air-fuel feedback,
advanced angle ignition timing control, idling speed control,
diagnosis, transmission control, fail-safe functions, EGR,

and knock control. (Fig. 5)
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Meanwhile, analog IC ECUs have been replaced by

multi-chip 8-bit microcomputers. These multi-chip 8-bit

. microcomputers have made possible ECUs with greatly expanded
functions and reduced size. In turn, the multi-chip 8-bit
microcomputer lately is being supplanted by the single-chip

8-bit customized CPU which offers expanded capability and

reduced size. These refinements have reduced the number of

components, thus attaining higher reliability.

Figure 6 shows the relationship between ECU size and ECU
function over time. As you can clearly see, greater circuit
densities have made possible miniaturization while engine
control functions have increased. Good design has overcome
the earlier problem of size increasing with increased

functions.

Figure 7 compares Engine Control ECUs from 1983 and 1985
by function, the number of LSIs and ~“cost. Each ECU
photograph is also shown for your comparison.

For a clearer comparison of the two ECUs, Figures 8
shows their configuration by block diagram. Excluding the
backups and voltage regulators, the 1983 model has five
circuit blocks while the 1985 model has two - a one chip
8-bit CPU and an AD converter. (The 4-bit CPU was added for

another purpose.)

I think that the development process of ECUs for
automotive electronics has been made clear. Next, I would
. like to show the technological evolution of the largest LSIs

. -5 -
used in ECUs.
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Figure 9 below shows LSI evolution until the year 2,000,
The solid line indicates that DRAM density, which is often
referred to as estimating memory capability, will reach 300
meg&bite DRAM by 2,000. Although it is difficult to compare .
CPUs with DRAMs, we can predict CPU development will fall
behind DRAM technology assuming that the technology of ROM
and RAM of the CPU is the criterion for comparison. Custom
CPUs developed in 1981 and 1985 are shown on the graph by
circle marks. As shown on the graph, CPU technology will
fall about two years behind DRAM progress. Based on this
trend, I might say, the most advanced CPUs will have
functional capability corresponding to one megabite DRAM by

1988.

These findings seem to indicate two main factors in LSI
development for automotive applications:
1) Progress in LSIs for automotive application is closely .
related to DRAM technological progress
2) About two years has been required to adapt leading-edge
DRAM technology in order to meet the severe demands of
the automotive operating environment and the need for
high reliability.
It should be noted, however, that more than 256K of ROM
memory will be necessary to meet the needs of CPUs for
information-related systmes anticipated around 1988, which
implies that adoption of several chips may become inevitable.
Before long we must think of a way to solve the problems

inherent in multi-chip CPUs.
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III. THE FUTURE TRENDS OF AUTOMOTIVE ELECTRONICS

I have briefly explained about automotive electronics
progress, as it refers to how the electronic fuel engine
system has changed to the electronic engine control system.
The same can be said with electronic display instrument
clusters for automobiles, in which flourescent display tubes
and 1liquid crystalldisplay devices have been increasingly
employed on newer cars. Today electronic display panels are
not neéessarily one of the appealing points of new cars
equipped with them. In fact, car users regard it as only one
feature for car model variations.

We admit, howew.rer, that the electronic circuit of an
electronic display instrument is a relatively large-scale
circuit configuration and so its development is one of the
challenging tasks within severe size/volume limitations and

with design change flexibility considerations.

When we consider the areas that have future promise in
automotive electronics, it can be discussed in two
categories, namely, Driving Control Systems and

Information-related Systems. (Fig. 10}
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Firstly, the Electronic Driving Control System can also
be described as ™Wheel-related Driving Control", which
includes suspension and steering wheel control, anti-skid .
control, traction control, 4-wheel drive control and cruise
control. These electronic controls have recently attracted
wide attention and it is anticipated that they will be
refined using new technology, become more in demand and be

equipped on many future automobiles.

The Information-related Systems will be sophisticated
new information systems with increased capability using CRT
displays., These systems include a Diagnosis System which can
deal with more useful information including warning signals
and a Navigation System with route-guidance function, and
more advanced car communication systems, an example of which

is a car telephone now in existence. _ .

The future image of automotive electronics, as often
discussed, will be a fully automated driving system, but, I

would say, it is still a thing of the future .

A topic of concern and often discussed is how many
semiconductor devices will be used in a car with the growing
popularity in automotive electronics. The fact is, there are
no definite agreements of opinions due to the technical
innovation and uncertainty of future automotive electronics,
One of the forecast in this connection with this is given in
Figure 11 which shows the number of semiconductor devices

that have been used and will be used in one high-class car. .
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When the various topics about cars are discussed, many

people enjoy talking with their own dreamful expectation. I

feel the same is true with automotive electronics. In

. ' actuality, however, based on our experience of the
practicality of automotive electronics, it is necessary for

us to challenge and overcome the difficult tasks of

developing new innovativg products in order to meet the

severe automotive requirements. I would like to discuss this

in the next paragraph.

IV. THE PURSUIT OF UPGRADING LSIS FOR AUTOMOTIVE ELECTRONICS

Figure 12 shows the requirements for LSIs and other

components of automotive ECUs.

Most important is the use of highly reliably LSIs., Now
discrete devices and ICs of SSI- and MSI-class have greatly
improved in reliability. In comparison with these, I might
say, there is necessity for improvement in reliability of
automotive LSIs and hybrid devices with monolithic ICs

incorporated.

. - )
. .
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As shown in the illustration, environmental conditions
of electronic components mounted in a c¢ar are generally
severe in terms of absolute value and furthermore changeable,
to a considerably extent, according to the wide mobility of
cars., Additionally these components must be able to
withstand increased severeness of mechanical and electrical
shocks, requiring us to make them more durable and reliable.
In particular, I think, one of the most important tasks we
must continue to challenge is how to make complete bug-free

LSIs.

Other aspects of automotive requirements are reasonable
costs and flexibility of design change and responsiveness to
shorter lead time production. PFlexibility means that it is
important for us to be able to cope with the various types of
cars and model variations, while minimizing the types of LSIs

utilized.

In that sense I would like to mention one of our

proposed ideas which could satisfy these requirements.

First, it 1is desirable, in my opinion, t¢ employ
one-chip LSI configuration, if possible technically, while
satisfying high environmental resistivity and reasonable
cost. For higher flexibility, it would become necessary to
prepare EPROM or EZPROM versions of key LSIs of the sane

function so as to meet possible specification changes.

(Pig. 13)

- 10 -
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Next, the circle~shaped illustration shows the concept
of the combined capability of each function of new LSIs that
will be necessary on emerging electronic systems stated
earlier. One of our proposals is a l=chip LSI incorporating
8 or 16 bit CPU, 16 to 32 bytes ROM and 256 to 512 words RAM
together with AD converter and timer therein. At the same
time the EPROM or E2PR0M versions of the LSI should be
available and hopefully the functions of diagnosis and

back-up are additionally incorporated in the LSI.

To realize this LSI, it would be necessary to develop a
new C-MOS LSI with a chip size being S - 6 mm by 5 - 6 mm
square, while incorporating required function <circuits
therein as well as meeting the automotive operating

conditions, (Fig. 14).

It must be noted, however, that an assumption of the
development time of this new LSI will come around 1991 three
years behind as a next-generation CPU of the 1988 version,
which 1is inconsistent with the technological trend of
estimated DRAM density progress.

FPigure 15 shows the forecast of minimum pattern size and
chip size in accordance with DRAM density progress, Typical
automotive custom CPUs, when rated on the graph by plotting
at the level of corresponding technology, imply that up to
the year 1985, the CPUs have been available about two years

behind the general technological trend.

" _ ‘ -1 -
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However, if we draw a limit 1line of restricting chip

size up to 5 - 6 mm square by reasons previously stated, it
becomes obvious that the progress of automotive CPUs tends to .
fall outside the general ¢trend zone of chip size. In

addition, if we put a limit line of operating voltage equal
to pattern size of 0.8 u} under which it 1is supposedly
difficult for LSIs to be resistant to electrical noise
involved in automotive electronics, it can be predicted that
future automotive LSIs will be made outside the general trend

zone of estimated pattern size innovation.

My idea of this technical prospect means that the future
trend of automotive LSI technology, as a whole, will be apart
from the general LSI technology trend embodied in DRAM as

referred to the most advanced device.

As time goes on, such difference in technological
orientation will become larger, thus requiring us to pursue
our own technological approach for future automotive

electronics.

[ REFERENCE]
T. Kawamura, et al., "Toyota's New Single-chip Microcomputer
Based Engine and Transmission Control System"

SAE 850289 FEB. 1985
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* SUSPENSION & STEERING *DIAGNOSIS

WHEEL CONTROL (including SMN application)
« SKID CONTROL e AN
* TRACTION CONTROL « NAVIGATION SYSTEM
« CRUISE CONTROL c:(?mmllu:lccﬁnfuwsmv)sms

t |
AUTOMATIC DRIVING SYSTEM
OF THE FUTURE
\_ Yy,
s 1 /15——-\ .
SEMICONDUCTOR DEVICES USED PER CAR
DEVICE —YEAR | 1980 1985 1990
LS! 13 33 76
IC 94 153 127

DISCRETE

DEVICE 373 395 441

HYBRID

DEVICE 9 3 | 55

\_ . / .
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AUTOMOTIVE LSI REQUIREMENTS

= HIGH RELIABILITY = REASONABLE COST

» CHIP SIZE
* PACKAGING

= FLEXIBILITY

» WIDE APPLICATIONS TO
VARIOUS CAR MODELS

» SHORTER LEAD TIME FOR
PRODUCTION

(— 13/15—\

PROPOSED LSI FOR ADVANCED
AUTOMOTIVE ELECTRONICS:-(1)

m CONFIGURATION ® CONCEPT OF CPU ARCHITECTURE
* Single Chip Device :
To Meet All Required
Functions

* EPROM/E?PROM Version :
To Meet Shorter
Production Lead Time

. 9 Y,

- 19 =
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PROPOSED LSI FOR ADVANCED
AUTOMOTIVE ELECTRONICS--(2)

= DESIGN CONSIDERATIONS

14/15—

* Wide Operatiqrg . * Reasonable Cost
emperature
=> CMOS TYPE > ECONOMICAL PACKAGING
« Severe Temperature Cycle  Space Limitation
> HIGH-DENSITY MOUNTING
> MAXIMUM CHIP SIZE : ADAPTABILITY
5-6mm
« Severe Ambient e Highly Reliable Product
Electrical Noise Quality
> HIGH Vee (>4V) > CONSERVATIVE DESIGN
APPROACH
g
7 15/15—-\
FORECAST OF AUTOMOTIVE VLSI
YEAR
’g 5
é T
E
1
—
Eol | - ;
= e 3
=
S o1 : et : . : : 10
64K 256K 1M 4M  16M 64M 256M
| D-RAM DENSITY (bits/chip)
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HISTORICAL OVERVIEW IN JAPAN
e |62 '64 66 '68 '70 '72 '74 '76 '78 '80 'B2 ’3|4\
DISCRETE 'ﬂ;‘:" e )
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TECHNOLOGICAL TREND
IN AUTOMOTIVE ELECTRONICS

wgo 1970 1990 -

DIII Teer °

PERSPECTIVE ( 1) : FUNCTION
SINGLE~FUNCTION UNIT
L COMPLEX FUNCTION CONTROLLER
SYSTEM CONTROLLER (CPU)

PERSPECTIVE (I1) : DEVICE

DISCRETE PARTS
L~ ANALOG MONOLITHIC IC
ANALOG HYBRID IC
L CUSTOMIZED DIGITAL IC
L cpu APPLICATION
) . {MASKED ROM) .
N 2 - J
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(" . )
FUEL INJECTION SYSTEMS IN JAPAN
(%) 100
80
CARBURETOR
s 60 - '
& 5 SP {SINGLE-POINT INJECTION)
Z wf i
//\\/EH (ELECTRONIC FUEL INJECTION)
20 - T mm@ﬁmmwmmm
0 ! 1 1 1 1 :I 1 i - 1
‘80 81 ‘B2 ‘83 '84 '85 86 '87 '88 '89 90
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FUNCTION DIVERSIFICATION (ENGINE CONTROL)
YEAR
FUNCTION 74 .’75 . ’76l ’77{’78"79 l ‘80 1 81 .’82 "83 1’84 "85
EFI O OI0O0I0ODO0OV0I0OOO OO
A/F FEEDBAC :; OO0 0OI0O0 00O
ESA _ 5. i 00000
ISC - 5 v 1© © O OO
DIAGNOSTICS || | . | " ek (O O O O O
ECT INTERFACE i e 8 8 8
BACK-UP | L-ER i
EGR (ANALOG) !gﬁgL(D O 0O *‘.
KCS ! (cPv) O 0
ECT Helel
. v,

ZOM. VIR 7 IRl I CLL - THBRINTWAECUR, wFF» VKO8
Ky be42vBERT. 1707808, bARFACPURE - T, MO AN
DOTPEENBE ERIZ. Y72 A VORBEBRETROBRI A SEBBEO LT » 7
ERLELRE,

ZOEREYS 7ML LONRET. ECUOHBEHIC L 2 KABENEFRROTIRC LT
iR RFRE AR T,

Dataquest Incorporated, A Subsidiary of A.C. Nielsen Company / 1290 Ridder Park Drive / San Jose, CA 95131 { (408} 971-9000 / Telex 171973



- 6/15 ~

PROGRESS IN SIZE & FUNCTION OF ECU

ENGINE CONTROL ECU
- _. 1000 | xln 2
= p-ER /. - 2
13 “\ | L4
= 800 P\ | x/ 18 2
] \ ; ’
§ 600 TN MEEERMK / 6 T
R B -
3 é \\\ E ? x '/ - 5
gl | he G {eg
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< 200 + L'Eﬂx/x/xlc T 42 2
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0 i 1 L I S i B L ! ’I o
'75°76°'77°78°79°80'81 '82°'83 '84 '85
YEAR
\_ J

T, FERICIZ8 3R 8 SERMEMME - MRL S | OBFIPLTHBRLEKR L, ThE

. hOBEROECUDOENEHMLTRLELL,
e 7{1)/15
ENGINE CONTROL ECU IMPROVEMENT
KNOCK_CONTROL
OTHER FUNCTIONS OTHER FUNCTIONS
DAIAGNOSTICS DAGHOSTICS
FUNCTIONS ECT m;ecmcs ECT ':1::!‘*0!
ESA ESA
EF A
ADC
No. of L.Sls smmligv AN 3BT SNGLE CHP CPU
ROM ADC
CPU-RAM 4-BIT SINGLE CHIP CPU
COST —
1983 MODEL 1985 MODEL
o ENGINE CONTROL ECU |
\.. -3 = /
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ENGINE CONTROL ECU IMPROVEMENT

ENGINE CONTROL ECU

G v

o, HEORFHREL VUM T I, 70284+ 50%8R0LELE, 835
BONy 279 7EvFalb-2ERVAESEFCLIMKRIZ. 85HBTCE1IF» 78y b
CPULADavN-202EZFHREBDELL, (4 PCPURHIOBMCEMEhL .

HOTT, )
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" LS CONFIGURATION OF ENGINE CONTROL ECU |
o] wn e =
_mf:—, - Juﬁ:ﬁ ,ﬂ:

|

b
-3 s
=L
&9
|

Fl 4 4

S
L]
g

[ e o
ac | | REGULATOR )
1983 MODEL 1985 MODEL o
1 (BLOCK DIAGRAM) ~ 6 - (BLOCK DIAGRAM)
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CPU PROGRESS IN AUTOMOTIVE ELECTRONICS

1G

256M
64M

™
256K

DRAM DENSITY (bits/chip)

64K

16K

1980 1985 1990 1995
YEAR
‘.' \_ . j
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EMERGING AUTOMOTIVE ELECTRONICS
DRIVING CONTROL SYSTEMS INFORMATION SYSTEMS
* SUSPENSION & STEERING *DIAGNOSIS
WHEEL CONTROL (including SWN application)
5w conmoL RN MEORATEN
* TRACTION CONTROL + NAVIGATION SYSTEM
« CRUISE CONTROL | ) %ﬂ&mﬁwﬁﬁﬁm
1 {
AUTOMATIC DRIVING SYSTEM @
OF THE FUTURE '
. _J/
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SEMICONDUCTOR DEVICES USED PER CAR
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! AUTOMOTIVE LSI REQUIREMENTS
= HIGH RELIABILITY = REASONABLE COST
. CHIP SIZE
* PACKAGING
= FLEXIBILITY

* WIDE APPLICATIONS TO
VARIOUS CAR MODELS

» SHORTER LEAD TIME FOR
PRODUCTION
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PROPOSED LS| FOR ADVANCED
AUTOMOTIVE ELECTRONICS:*<(1)

= CONFIGURATION ® CONCEPT OF CPU ARCHITECTURE
* Single Chip Device .
To Meet All Required
Functions

13/15ﬂ

* EPROM/E?PROM Version :
To Meet Shorter
Production Lead Time

Y,
PROPOSED LSI FOR ADVANCED
AUTOMOTIVE ELECTRONICS::-(2)
m DESIGN CONSIDERATIONS
* Wide Operatiqrg , * Reasonable Cost
mperature
i 'rvpg per > ECONOMICAL PACKAGING
» Severe Temperature Cycle « Space Limitation
=> HIGH-DENSITY MOUNTING
> MAXIMUM CHIP SIZE : ADAPTABILITY
5-6mm
 Severe Ambient * Highly Reliable Product
. Electrical Noise Quality
> HIGH Vee (>4V) "™ £ CONSERVATIVE DESIGN
APPROACH
. k"
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FORECAST OF AUTOMOTIVE VLSI
. YEAR
T 5 1980 1985 1990 1995 2000
o :\““*wmw —
31 :
7] E
= | - y __,:.;gmim;ovemnea:wo W
Bost | [~ oo g 1 50 B
= . T
=
= o : . : . : - : 10
64K 256K M 4M  16M  64M  256M
D-RAM DENSITY (bits/chip)
- Y,

(BECHR)

T.Kawamura,etal., "Toyota’s New Single-Chip Microcomputer Based Engine
and Transmission Control System” SAE 850289 FEB, 1985
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FORMING
INTERNATIONAL
PARTNERSHIPS

JAMES F. RILEY
- Dataquest Incorporated

FORMING INTERNATIONAL PARTNERSHIPS

® Semiconductor industry status

® Definition of a strategic alliance

® Strategic alliances in the global marketplace
® Types of strategic alliances

® Evaluating a strategy of alliances

® The arithmetic of alliances

@
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SEMICONDUCTOR
INDUSTRY STATUS

@ Internationality
@ Capital intensity

® Worldwide world=class
production capacity

° National consciousness
® Transitional technology
@ Proliferation of alliances

ESTIMATED SEMICONDUCTOR CONSUMPTION
BY REGION

1980

[ United States
{110 Japan
Europe

N ROW

Source: DATAQUEST
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WAFER FAB TURNKEY COST

1975 $ 6 million

- IOL cj,ﬂw 1o
1985 - $47 million Lok e (E Lids
1995 $93 million

Source: DATAQUEST

EXAMPLES OF WORLDWIDE .
WORLD-CLASS FABS /ﬁ)

COMPANY LOCATION COMPANY LOCATION

BIT us. NSC us.
FUJTSU JAPAN NSC ISRAEL _ z-7% jwﬁ
GOLDSTAR KOREA SAMSUNG KOREA~ <7
HITACH! JAPAN SANDIA u.s.

HUGHES us. SGS ITALY

HYUNDAI KOREA SGS U.s.

IBM u.s. SILICONIX US.

DT US. TOSHIBA  JAPAN

MITSUBISHI JAPAN NMB JAPAN

Source: DATAQUEST
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NATIONAL CONSCIOUSNESS

Source: DATAQUEST

TRANSITIONAL TECHNOLOGY

(4¥3 129>
® CMOS.— g7 —7 (6o/,
® Packaging — 567 (995
‘ J g rgg@ S0 % %mc{u‘
® New architectures — smtpaphrde, Ose,
® New materials — GaAs,

® Advances in manufacturing automation
and processing technology

- |
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1985 JAPANESE STRATEGIC ALLIANCES
BY COMPANY

Company  Number Company Number

Toshiba 12 Ricoh 3
Hitachi 7 NTT 3
Oki Electric 6 Seiko Group 3
NEC 5 Matsushita 2
Sony 4 Fujitsu 2
Mitsubishi 3 Rohm 2

. Source: DATAQUEST
L

STRATEGIC ALLIANCES
IN THE
GLOBAL MARKETPLACE

~

9 — némo«;-( shé b
Lar?b,__ fi& Cafﬁd’q" ‘7

dm./(ﬂ — inAadvahl e
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STRATEGIC ALLIANCES
IN THE GLOBAL MARKETPLACE

< -
® Informed market presence
® Cultural synergy

® Complementary assets

TYPES OF
STRATEGIC ALLIANCES

-6 =
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TYPES OF
STRATEGIC ALLIANCES - 1

e Joint ventures — LSt Loy /kw«-sf:-ki _

® Licensing agreements — Tndd/ Fyyilso

® Technological cooperation — s£C, MCC
® Technical codevelopment — /mo /sﬁw7

® Capacity/foundry agreements — (vsi/Shap
~ ETEA

TYPES OF
STRATEGIC ALLIANCES - 2

® Marketing arrangements — ﬂv"cc/é‘“%
® Financial support — mi 7t

® Key individuals ~ pr. NSk /iP5 Tnamen/ mGw: .
® Vertical aliances — Déiaq/Sicmers

® User/vendor relationships —
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EVALUATING A
STRATEGY OF ALLIANCES
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DEVELOPING A STRATEGIC ALLIANCE .
- -BALANCING THE SCALES

& STRATEGY ® COMPETITORS
¢ DISTINCTIVE ¢ PROSPECTIVE
COMPETENCE PARTNERS
¢ NEEDS ¢ STRATEQY
& PRIORITIES & NEEDS
¢ PROSPECTIVE ® DISTINCTIVE
PARTNERS COMPETENCE
® COMPETITORS <}\ ¢ PRIORITIES
™
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DEVELOPING A STRATEGIC ALLIANCE

@ Are equal values being exchanged?

| o
e Will the alliance work culturally? <777 o%

® Does each partnher have a stake in the

other's success? (mflits o Grp. péw{csoga.?:?
® What is your prospective partner’s
experience in previous alliances?

® Does your prospective partner share your
ultimate goal? -

MAKING IT HAPPEN
. ______________________________________________________________________________J

® Know what you want and what you can get

® Treat the alliance as a major building
block in your corporate strategy

® Develop the alliance top level to top level
® Establish internal consensus

® Make sure that each side knows its
responsibilities

@ Hold regular joint reviews of the relationship
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SOME EXAMPLES . ..

WESTERN DIGITAL ¢
AMD

HARRIS I, // SIEMENS

XICOR ~____
, . MOTOROLA

GE/INTERSIL <> In@ <> MATRA-HARRIS
MIT UBISHI“’
SUE N ‘\ALTERA
T ok

SAMSUNG
ZYMOS FUJITSU

PHILIPS/SIGNETICS -

- 10 -
® 1986 Dataquest Incorporated April 13 ed,-Reproduction Prohibited

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



ROLM
INTEL y  MCI

BRITISH
STRATUS ~_\ | o il
MICROSOFT — IBM —_ STET/

SYTEK — - l \  TALTEL
SIEMENS .~ MITSUBISHI
| MERRILL
LYNCH
HEWLETT-PACKARD LSI LOGIC

AN S
"TOSHIBA
a, VN

ZILOG |
SGS KEC

SIEMENS

;@%;?;9.Acyméﬁ'

- 11 -
© 1986 pataquest Incorporated April 13 ed.-Reproduction Prohibited

Dataquest, a company of The Dun & Bradstreet Corporation / 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 971-9000 / Telex 171873



ERSO SONY
\ /

VITELIC
/ \

HYUNDAI NMB

KYOCERA ATE&T

N\ /
COUNTERPOINT

|

BCS .
6‘“}'}751“ { Cmmmm«fﬂu

-12 -
©1986 Dataquest Incorporated April 13 ed.-Reproduction Prohibited

Dataguest: a campany of The Dun & Bradstreet Corporation 7 1290 Ridder Park Drive / San Jose, CA 95131-2398 / (408) 871-9000 / Telex 171973



THE ARITHMETIC OF ALLIANCES
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