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Welcome to Dataquest

Semiconductor Equipment, Manufacturing,
and Materials
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Dataquest Perspective
binder

A series of multitopic publications that provide analysis on worldwide semiconductor
equipment, manufacturing, and materials issues, and semiconductor news and views.

Other Semiconductor Equipment, Manufacturing, and Materials
service binders:

Source: Dataquest

An annually updated collection of reference documents for the Semiconductor Equipment,
Manufacturing, and Materials service. Worldwide and regional market statistics; Company
Backgrounders; and several guides such as How to Use Dataquest, Dataguest Research Methodology,
Dataquest High-Technology Guide—Segmentation and Glossary are contained in this binder.
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How to Use This Index

This is a cumulative index of key industry terms, companies, and products for the first quarter 1992 issues of Data-
quest Perspective. Enftries are followed by the date of publication and the page number(s). Product names are listed
under the company that manufactures/publishes the product. General information about a company itself is found

under the full company
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issue number, date, and article title—is included at the end of the index.

A

Acquisitions. S¢¢ Mergers, takeovers, and acquisitions
Advanced Micro Devices Inc.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
Advanced Technology Materials
barium titanate thin film contracts from SDIO,
(Mar 2):12
Altera Corp.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
Amaya
ATO-6000 APCVD reactor, (Feb 10):6
Analog Devices Inc.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
Anelva
ILC-1060M LPCVD reactor, (Feb 10):6
Applied Materials
Endure 5500 integrated process, (Feb 10):6
Asia /Pacific-Rest of World (ROW)
capital spending, semiconductor manufacturing (1991,
1992), Mar 23):2
epitaxial wafer consumption (1991-1995), (Feb 10):1
fabs, (Mar 23):3
market share, film thickness equipment (1991),
(Mar 2):8
revenue, film thickness equipment (1991), (Mar 2):8
semiconductors
capital spending (1992), (Mar 23):5
facilities expenditure (1990-1995), (Feb 10):3
silicon wafers
consumption (1991-1995), (Feb 10):1
market, (Mar 23):4
ASM International
Advance 600/2 integrated tube process, (Feb 10):6
Eagle-10 PECVD reactor, (Feb 10):6
P-1/R-1 LPCVD reactor, (Feb 10):6

Barium titanate thin films, (Mar 2):12
Bulk gas
Korean business, (Mar 2):12

c

California Micro Devices Inc.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
Canon
APS-3800 dry etch, (Feb 10):6
FPA2000i1 stepper, (Feb 10):6
FPA2000i2 stepper, (Feb 10):6
QUEST i-line precision alignment technique,
(Feb 10):8
Chemical generation
in situ, at Intel, (Mar 23):10
Chemical vapor deposition (CVD)
metal
equipment market analysis (1990-1995), (Mar 23):7
forecast by film application (1990-1995), (Mar 23):7
forecast by process application (1990-1995),
(Mar 23):7
Chips & Technologies Inc.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
Clean rooms
expenditure (1990-1995), (Feb 10):3
Company analysis
Posco-Hiils, (Mar 23):4
Conferences and exhibitions
SEMICON /Japan 1991, (Feb 10):5
Consumer electronics
pmducuon in Japan, (Feb 10):10
CVD. Sge Chemical vapor deposition (CVD)
Semiconductor Corp.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10

ooy

Dataquest is a registered trademark of A.C. Nielsen Company.

File inside the Dataquest Perspective binder labeled
Semiconductor Equipment, Manufacturing, and Materials
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Daewoo Corp.
fabs
Bip Line, (Mar 23):3
MOS Line, (Mar 23):3

Daini S
W5W-8200 integrated wet stations, (Feb 10}:6
Dainippon Screen ing Co. Ltd.

market share, film thickness equipment (1991),
(Mar 2):9
revenue, film thickness equipment (1991), (Mar 2):9
(company}
fabs, Bip Line 1, (Mar 23):3
DRAM
Korean chaebols (conglomerates) investments,
(Mar 23)2
DRAM 4Mb
preduction in Korea, (Mar 23):3
DRAM 16Mb
production in Korea, (Mar 23):3
DRAM 64Mb
lithography approaches, (Feb 10):8; (Mar 23):9
DRAM 256Mb
production using barium titanate, (Mar 2):12
Dynachem {company)
market share, photoresist, U.S. (1991), (Mar 2):3
revenue, photoresist, U.S, (1991), (Mar 2):3

Electronic equipment
production in Ja {Feb 10010
Epitaxdal wafers. s};an, under Wafers
Europe
epitaxial wafer consumption (1991-1995), (Feb 10):1
market share, film thickness equipment (1991),
om):sﬁlm thickness
equi t comy
(1991), (Mar 2)8 pren panies
reverue, film thickness equipment (1991), (Mar 2):8
semiconductor facilities expenditure (1990-1995),
(Feb 10):3
silicon wafer consumption (1991-1995), (Feb 10):1
Exhibitions. S6¢ Conferences and exhibitions

Fabs. S¢¢ Wafer fabrication facilities {fabs)
Fairs. 50¢ Conferences and exhibitions
Film thickness equipment

market analysis (1991), (Mar 2):7
Freon-116 shortage improvement, (Mar 2):12
Fuji Electric

integrated wet stations, (Feb 10):6

Gas. S¢¢ Bulk gas; Specialty gas

April 30, 1952

Genus

1510 high-energy mlplant, (Feb 10%:6

Goldstar Electronics Co. Lid. L

fabs

Gumi Bip Line, (Mar 23):3

Gumi MOS Line, (Mar 23)3

Fhase 1, (Mar 23):3

Phase 2, (Mar 23):3

Woomyun MOS line, (Mar 23):3
semiconductor capital spending {1992), (Mar 23):5

H_: - .

Harris (company)

semiconductor R&D expenditure (1990-1992),
(Mar 2):10

Harris Semiconductor
pessible resignation from SEMATECH, (Feb 10):12
Hitachi

DM-21F dry etch, (Feb 10):6

EB-H direct-write e-beam, (Feb 10):6

HL 700 M IIE ing e-bean:, (Feb 10):6
IP-2500 high-current implant, (Feb 10):6
LA-2000 dedicated overlay, (Feb 10):6
LD-5015iD5 s! , (Feb 10):6

M-3288X dry etch, (Feb 10)6

FPD-3000 reticle inspection, (Feb 10):6

5-6280 CD SEM measurement, (Feb 10):6
WI-870 wafer inspection, (Feb 10):6

Hoechst AG (AZ Photoresist)

market share, photoresist, U.S. (1991), (Mar 2)3
revenue, photoresist, US. (1991), (Mar 2):3

Hyundai Electronics Co. Ltd.
fabs

Fab I-A, (Mar 23):3 - -
Fab 1-B, (Mar 23):3
Fab H, (Mar 23):3
Fab HI-I, (Mar 23):3
Fab HI-2, (Mar 23):3
R&D, Mar 23):3
semiconductor capital spenrding (1992), (Mar 233:5

IBM Corp

Integra

market share, photoresist, US. (1991), (Mar 2):3

ted Device Technology Inc.

semiconductor R&D expenditure (1990-1992),
(Mar 2):10

Intel Corp.

chemical generation, in sttu, (Mar 23):10

in situ chemical generation, (Mar 23):10

semiconductor R&D expenditure (1990-1992),
(var 2):10

International Microelecivonic Products Inc.

semiconductor R&D expenditure (1990-1992),
Mar 2x10

Inventories

©1952 Dataguest Incorporated

electronic goods, Japan, (Feb 10):10
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Japan
computer production, (Feb 10):10
consumer electronics uction, (Feb 10):10
electronic t production, (Feb 10):10
epitaxial wafer consum (1991-1995), (Feb 10):1
inventories, electronic , (Feb 10):10
market share, film thi equipment (1991),

(Mar 2):8
ownership, film thickness equipment companies
muﬁmmmzéib )
i 10):10
revenue, film thickness equipment (1991), (Mar 2):8
semiconductors
facilities expenditure (1990-1995), (Feb 10):3
market share of companies (1982-1990), (Mar 23):11
silicon wafer consumption (1991-1995), (Feb 10):1
telecommunications equipment production,
(Feb 10):10 i
wafer fab ment, SEMICON/Ja 1991 trends,
b 108 -
Joint ventures and agreements
Korsil, (Mar 23):4
Park Scientific and Tencor, (Mar 23):9
Posco-Hiils, (Mar 23):4
Tencor and Park Scientific, (Mar 23):9
J.T. Baker (company)
market share, photoresist, U.S. (1991), (Mar 2):3
revenue, photoresist, US. (1991), (Mar 2):3

Kokusai Electric
Vertex-V vertical tube, (Feb 10):6
Korea
bu}l;kihglas bu.gx]nness, (Mar 221 12 ?
ca semiconductor manufacturing (1991,
1992)%: 2%3’) 2 g
DRAM investments by chaebols (conglomerates),
(Mar 23):2
ﬁmsl'u.‘.zs)'3 tal spending (1992), (Mar 23)
semiconductors, capi 992), 23):5
silicon t:onstJ.mpi:icurt’]l (1987-19916?,g (Mar 23):5
silicon wafers
market, (Mar 23):4
uction (1988-1996), (Mar 23):5
Korea Elecironics Co. Ltd.
fabs
Bip Line 1, (Mar 23):3
Bip Line 2, (Mar 23):3
Korsil (c%mpany) 5
MEMC participation, (Mar 23):4
KTI Chemicals i
acquired by OCG Microelectronics, (Mar 2):12
market share, photoresist, U.S. (1991), (Mar 2):3
revenue, photoresist, U.S. (1991), (Mar 2):3

L

Lam Research
Rainbow 4720 dry etch, (Feb 10)_:6

SEMM-SVC-IX-9201
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Linear Technology Corp.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10

Lithograph:
advanceﬁ DRAM a , (Feb 10):8; (Mar 23):9
excimer/deep-UV, 23):9
i-line, (Feb 10):8; (Mar 23):9

LSI Logic Corp.

resignation f.rom SEMATECH, (Feb 10):11
semiconductor R&D expenditure (1990-1992),
(Mar 2):10

Market analysis
film thickness equipment (1991), (Mar 2):7
photoresist, US. (1990-1996), (Mar 2):1
semiconductor equipment, metal CVD equipment
(1990-1995), (Mar 23):7
semiconductor materials, epitaxial wafers, (Feb 10):1
sputtering equipment (1990-1995), (Mar 2):4
MEMC Electronic Materials (company)
Korsil tion, (Mar 23):4
Posco-Hiils participation, (Mar 23):4
Mergers, takeovers, and isitions
KTI Chemicals acquired by OCG Microelectronics,
(Mar 2):12
Nippon Sanso acquires Tri-gas, (Feb 10):9
OCG Microelectronics acquires KTI Chemicals,
(Mar 2):12
Tri-gas acquired by Ni Sanso, (Feb 10):9
Metal chemical vapor deposition (CVD). See under
Chemical vapor deposition (CVD)
Micron T Inc.
resignation from SEMATECH, (Feb 10):11
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
Mitsubishi Kasei (company)
market share, photoresist, U.S. (1991), (Mar 2):3
revenue, photoresist, U.S. (1991), (Mar 2):3
Motorola Inc.
semiconductor R&D expenditure (1990-1992),
Mar 2):10

Nanometrics Inc.
market share, film thickness equipment (1991),
(Mar 2):9
revenue, film thickness equipment (1991), (Mar 2):9
National Semiconductor Corp.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
NEC Corp.
DRAM, 64Mb, i-line lithography selected for produc-
tion, (Mar 23):9
fabs, Roseville, California, (Feb 10):10; (Mar 2):4
Nikon
NSR 2005EX8A (Feb 10):7
NSR 2005i8A stepper, (Feb 10):6

April 30, 1992
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Nikon (continued)
Super High Resolution by Ilumination Control
(SHRINC) i-line stepper resolution technique,
(Feb 10):8
Nippoen Sanso KK,
Tri-gas acquisition, (Feb 10):9
U.S. acquisitions, (Feb 10):9
Nissin Electric
Exceed-8000 high-current tmplant, (Feb 10):7
NH-20P medium-current implant, (Feb 10):7
NT-1000F high-voltage implant, (Feb 10)7
North America
market share, film thickness equipment {1991),
ownersl'um 2).8511.'(1 thickness
t comy
(1991), {Mar 2)8 squipmen panies
revenue, film thickness equipment (1991), (Mar 2):8
Sae also United States o
Novellus
Concept-Two integrated process, (Feb 10):7

QCG Microelectronics
KTI Chemicals acquisition of, (Mar 2):12
market share, photoresist, U.S. (1991), (Mar 2):3
revenue, photoresist, US. (1991), (Mar 2):3
Optical photoresist
consumption, U.S. (1990-199¢), (Mar 2):1
market analysis, US. (1990-1996), (Mar 2):}
Criental Electronic Metals (company)
silicon wafer production (1992-1996), (Mar 23):.5

P

Park Scientific Instruments
S5FM marketing agreement with Tencor, (Mar 23):9
Personal computers (PCs)
production in Jag.n, (Feb 1010
Phase shift masks, (Feb 10):8
Photoresist. $g# Optical photoresist
Plasma System
DES-220/456AVL dry strip, (Feb 10):7
DES-ATI0L dry strip, (Feb 10):7
Pohang Iron and Steel (company)
Posco-Hiils participation, {(Mar 23):4
Posco-Hiils
company analysis, (Mar 23):4
silicon wafer production (1993-1996), (Mar 22):5
Prometrix (company)
market share, film thickness equipment (1991},
(Mar 2)9
revenue, film thickness equipment (1991), (Mar 2):9

Ramco
RAMSS500 (Feb 10):7
Resist. $89 Optical photoresit
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Rudolph
FE I elli film thickness system, (Mar 2):8
Rudolph Research {company) a9
market share, filmn thickness ecquipment (1991},
(Mar 2):9
revenue, film thickness equipment (1991), (Mar 239

Samsung Electronics Co. Lid.
. fabs

Bip Line, (Mar 23)3
MOS 1, Mar 23)3
MOS 2, (Mar 23).3 _
MOS 3, (Mar 23):3
MOS 4, (Mar 23)3
MOS 5, (Mar 23)3
MOS Line, (Mar 23)3
R&D, (Mar 23):3
Posco-Htils participation, (Mar 23):4
semiconductor ca spending (1992), (Mar 23):5
Scanning force microscope (SFM), 23).9
SDIO. See Strategic Defense Initiative Office (SDIO)
Seeq Techmology Corp.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
SEMATECH
Harris Semiconductor mem
(Feb 10):12 may resigh membership
LSI Logic resigns membership, (Feb 10):11
Lﬁa‘onglncesigns membership, l(:Z‘l-'v‘eb 10):11
Semiconductor equipment
market shareeqmpm
Japanese companies (1962-1990), (Mar 23):11
U.S. companies {1982-1990), (Mar 23):11
metal CVD, market analysis (1990-1995), (Mar 23):7
Semiconductor facilities

expenditure by region (1950-1995), (Feb 10):3
$]
CaPAm acific-Rest of World (ROW) (1991, 1992),
(Mar 23):2
Asia /Pacific-Rest of World (ROW) (1992),
(Mar 23)5

Korea (1991, 1592), (Mar 23)2
flﬂ:’chmaa (1992), (Mar 23):5
Asia/Pacific-Rest of World (ROW), (Mar 23):3
Korea, (Mar 23):3
Korean chaebols {conglomerates) investments in
DRAM, (Mar 23):2
R&D spending, U.S. (1990-1992), (Marx 2):10
semiconductor faciliies, expenditure by region
{1990-1995), (Feb 10):3
Semiconductor materials
epitaxdal wafers, market analysis, (Feb 10):1
Semiconductors
market share
Japanese com; (1982-1990), (Mar 23):11
U.S. companies (1982-1990), (Mar 23):11
R&D s ing, US. (1990-1992), (Mar 2):10
SEMICON /Japan 1991, (Feb 10):5

SEMM-5VE-1X-9201



Semiconductor Equipment, Manufacturing, and Materials 5

SFM (scanning force microscope), (Mar 23):9

g":“Ease shift
r (Feb m):ste&mque
Shimada
integrated wet stations, (Feb 10):7
Shinko Seiki
Dream dry strip, (Feb 10):7
Shipley (company)
market share, photoresist, U.S. (1991), (Mar 2):3

without phase shift masks,

revenue, toresist, U.S. (1991), (Mar 2):3
Shows. See and exhibitions
Siliconix Inc.

semiconductor R&D expenditure (1990-1992),
Mar 2):10
Silicon wafers. See under Wafers
Siltron (company)
silicon wafer production (1988-1996), (Mar 23):5
South Korea. See Korea

Freon-lgla:shortage improvement, (Mar 2):12
Sputtering equipment

forecast by film application (1990-1995), Mar 2):5

market analysis (1990-1995), (Mar 2):4

revenue, worldwide (1990-1995), (Mar 2):5

unit shipments, worldwide (1990-1995), (Mar 2}:5
Steppers
i-line, (Feb 10):8; (Mar 23):9
Strategic Defense Initiative Office (SDIO)

barium titanate thin film contracts, (Mar 2):12
Sugai

integrated wet stations, (Feb 10):7
Sumitomo Eaton Nova

NV-1002 high-voltage implant, (Feb 10):7

NV-8200P medium-current implant, (Feb 10):7

NV-GSD-A high-current implant, (Feb 10):7
Sumitomo Kagaku (company)

market share, photoresist, U.S. (1991), (Mar 2):3

revenue, photoresist, U.S. (1991), (Mar 2):3
Sumitomo Metals

CIN5000 ECR CVD, (Feb 10):7

Helios dry strip, (Feb 10):7

OZ 3000 ECR/microwave etch, (Feb 10):7
S

semiconductor R&D spending, U.S. (1990-1992),

(Mar 2):10

SVG Lithography
Micrascan tool, (Mar 2):3

T

Takeovers. Se¢ Mergers, takeovers, and acquisitions
Telecommunications equipment

production in Japan, (Feb 10):10
Tencor (company)

market share, film thickness equipment (1991),

(Mar 2):9

revenue, film thickness equipment (1991), (Mar 2):9
Tencor Instruments

SFM marketing agreement with Park scientific,
(Mar 23):9
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Texas Instruments Inc.

semiconductor R&D expenditure (1990-1992),

(Mar 2):10

Thermawave

Opti-Probe film thickness system, (Mar 2):8
Thermawave (company)

market share, film thickness equipment (1991),

(Mar 2):9

revenue, film thickness equipment (1991), (Mar 2):9
Tokyo Electron

integrated wet stations, (Feb 10):7

IW-6 vertical tube, (Feb 10):7

TEL 7000/8000 dry etch, (Feb 10):7
Tokyo Ohka

OPM-2811 dry strip, (Feb 10):7

TCA-2802 dry strip, (Feb 10):7
Tokyo Ohka Co. Ltd.

market share, photoresist, U.S. (1991), (Mar 2):3

revenue, photoresist, U.S. (1991), (Mar 2):3
Trade shows. S¢¢ Conferences and exhibitions

UCBJSR (company)
market share, photoresist, U.S. (1991), (Mar 2):3
revenue, photoresist, U.S. (1991), (Mar 2):3
Ultratech Stepper
M2244i stepper, (Feb 10):7
Ulvac
Ceraus Z-2000 integrated , (Feb 10):7
Euclid 8000 dry etch, (Feb 10)7
IPZ-9000 medium-current implant, (Feb 10).7
Union Gas (company)
bulk gas business in Korea, (Mar 2):12
United States
epitaxial wafer consumption (1991-1995), (Feb 10):1
market analysis, photoresist (1990-1996), (Mar 2):1
semiconductors
facilities expenditure (1990-1995), (Feb 10):3
market share of companies (1982-1990), (Mar 23):11
R&D spending (1990-1992), (Mar 2):10
silicon wafer consumption (1991-1995), (Feb 10):1
See also North America

vV

Varian
200U medium-current implant, (Feb 10):7
Extrion 500 high-current implant, (Feb 10):7
VLSI Technology Inc.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10

Wafer fabrication ipment
SEMICON/Jap;T?WI trends, (Feb 10):5
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Wafer fabrication facilities (fabs)
e o S
(1990-1995), 10):3
s

consumption by region (1991-1995), (Feb 1011
- market (Feb 1
analysis,
Asla /Pacific-Rest of World (ROW) market, .
(Mar 23):4

mﬂpﬂ by region (1991-1995), (Feb 10):1  _ T -
(200mm, 1992), (Mar 2):12 '
Korean market, (Mar 23):4

Korean production (1988-1996), (Mar 23):5 T
Watkins Johnson
WI-TEQS999 APCVD reactor, (Feb 10):7

Xicor Inc.
semiconductor R&D expenditure (1990-1992),
(Mar 2):10
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In This Issue...

In this issue of Dataquest Perspective, we present a
special focus on the global silicon wafer market. The
articles in this issue address the different regional

Asia/Pacific Rolls On
Consumption of silicon wafers jumped in 1992 in
the Asia/Pacific region. For the first time, this

trends both from a macro viewpoint and an industry
viewpoint. This document also includes our most
current forecast for all the major silicon wafer
segments including prime, epitaxial, and test and
monitor wafers on a regional basis.

Market Analysis

Mixed Reviews for the United States

Silicon wafer unit consumption shows modest
growth in 1992 despite a strong upturn in device
revenue. The divergence between silicon demand
and device revenue is because of the surge in sales
of high-value-added micro parts. A simi-
lar trend is expected in 1993 because PC unit sales
are forecast to remain robust. Silicon wafer unit
demand over the longer term will be modest when
compared with earlier periods.
By Mark FitzGerald Page 2
Japan’s Recovery Problematic

Silicon consumption in Japan declined steeply in
1992. 1t is likely that the decline in demand hit
bottom in the fourth quarter. But the serious
problems facing the Japanese semiconductor indus-
try over the next five years cause us to be more
conservative in our forecast for silicon growth.

By Kunio Achiwa and Mark FitzGerald Page 3

European Slump

Silicon wafer demand in Europe is expected to
decline further in 1993. i our forecast is correct,
then unit consumption will have decreased three
years in a row. The only promise for improvement
on the horizon lies with investment being made by
foreign companies.

region’s usage of silicon wafers surpassed that of
Europe. Korean device manufacturers’ production
of DRAMS was the main driver. Continuation of a
healthy investment cycle in front-end lines bodes
well for future silicon demand.

By Mark FitzGerald Page 6

Regional Unit Silicon Wafer Consumption Forecasts

This section includes Dataquest’s most recent fore-
casts of regional unit silicon wafer consumption.
Included are seven tables detailing unit consump-
tion in the United States, Japan, Europe, and Asia/
Pacific, the four major regions of the world, along
with individual forecasts of the major product seg-
ments such as prime, epitaxial, and test and moni-
tor wafers.

By Mark FitzGerald Page 8

Polysilicon Supply Balanced

The weak demand for silicon wafers in 1992 torpe-
doed rumors of a polysilicon shortage that was cir-
culating just more than a year ago. Capacity utili-
zation at poly plants remains in a comfortable
zone. In the slower-growth environment for silicon
wafers polysilicon, supplies are expected to be
plentiful.

By Kunio Achiwa and Mark FitzGerald Page 12

By Mark FitzGerald Page 5
Dataquest® File inside the Dataquest Perspective binder labeled
2companyof Semiconductor Equipment, Manufacturing, and Materials
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Market Analysis
Mixed Reviews for the United States

Many semiconductor companies are weathering
the stagnant economic climate hanging over the
U.S. economy. Device companies with products
targeting the PC market are benefiting from the
20 to 25 percent unit growth in PCs in 1992
However, not all IC vendors are participating in
this upturn. Device makers with products going

into the mainframe/midrange computer markets,

consumer applications, and military applications
have reported a range of results for 1992, from
marginally up to significantly down.

We now anticipate that silicon wafer unit
demand (millions of square inches) in the
United States will grow 5.0 percent in 1992
{(see Table 1 in “Regional Unit Silicon Wafer
Consumption Forecasts,” elsewhere in this
issue). The growth rate for silicon wafers is
considerably lower than the growth rate of U.S.
semiconductor revenue as reported by WSTS,
about 15 percent revenue growth in 1992. The
difference in growth rates is because of the
increase in high-priced MPU sales in the overall
U.S. revenue mix. Consequently, a higher aver-
age selling price had more of an impact on the
15 percent revenue growth rate than did the

Winners and Losers

The primary beneficiaries of this trend are
microprocessor makers AMD, Intel, and
Motorola. These three companies” sales of
devices shot ahead this year. In the last quarter
alone, all three companies’ revenue jumped in
the range of 20 to 25 percent year-to-year. Epi
wafer demand in 1992 has also surged, up 22
percent (see Table 2 in “Regional Unit Silicon
Water Consumption Forecasts,” elsewhere in this
issue), since both Intel and AMD built their
microprocessors using epi wafers.

The prime, test, and monitor wafer market in
the United States saw much more sedate

in 1992, up only 2.0 percent (see Table 3 in
“Regional Unit Silicon Wafer Consumption
Forecasts,” elsewhere in this issue). The growth
of this segment reflects the more modest sales
gains made in many of the non-PC-related
device applications. An application particularly

November 30, 1992
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hard hit was the mainframe/midrange systems
market. Amdahl, Digital Equipment, and IBM all
recorded dismal sales in a year widely heralded
to be the beginning of a cyclic upturn for large
system manufacturers. The weak systemn market
translated into poor sales for captive device
operations and external chip suppliers selling
product into this computer segment.

Consequently, silicon wafer vendors’ 1992 per-
formance in the United States will depend
heavily on which accounts they supplied. For
example, the surge in epi demand left OTC,
SEH, and Wacker scrambling to bring up addi-
tional ASM epi reactor capacity. These vendors
supply Intel, which has only qualified ASM epi
systems to date. On the other hand, the weak
demand for wafers at IBM is expected to impact
vendors, such as MEMC, which are primary
suppliers.

Forward to 1993 and Beyond

Dataquest believes that the U.S. silicon wafer
market will continue to be driven by system
applications, especially PCs and workstations,
and by network applications. Lower prices will
continue to fuel unit sales of PCs and worksta-
tions. In addition, the growth of graphics-based
applications utilizing the power of a new-
generation of MPUs will increase the demand
for silicon wafers. Finally, in the communications
segment, the trend to a distributed computing
architecture by many U.5. businesses will remain
as a major driver in device growth.

But in 1993, the PC and workstation business
will remain the primary driver and silicon wafer
demand will again be Hed closely to unit ship-
ments of these systems. We expect the steady
improvement in the U.S. economy over the next
several years to gradually increase the demand
for devices in other applications such as auto
and consumer electronics. We anticipate a more
broad-base recovery in the electronic food chain
by 1994. Consequently, we expect silicon usage
to grow 7.3 percent in 1994 and to have a

5.8 percent compound annual growth rate from
1992 to 1996.

Our view on the mainframe/midrange market is
that the current downturn is a secular rather
than a cyclic shift. Our current silicon forecast
assumes that demand for semiconductors in this
segment will decline over the five-year-forecast
horizon.

SEMM-SVC-DP-9215
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Table 1
1992 Fab Closings

Geometry  Wafer Size
Company City State Technology (Microns) (Inches)
Unisys Components Group Rancho Bernardo CA  BIP MOS 15 4
Micrel Semiconductor San Jose CA  DMOS BIP 1.0 - 4
Motorola Mesa AZ  BIP BiCMOS 0.5 4
AMD Santa Clara CA BIP M2 15 4
Signetics (to Close) Orem uUT  BIP 2.0 4
Xicor Milpitas CA CMOS MOS 20 4
Hewlett-Packard Palo Alto CA CMOs 0.5 4
LSI Logic (to Close) Edmonton, Alberta CMOS 1.5 6

Source: Dataquest (November 1992)

Dataguest Perspective

Dataquest’s five-year forecast for silicon is
modest when compared with historical levels.
Qur silicon forecast mirrors the slower macro-
economic environment that we believe the U.S.

economy will experience through 1996.

There are also trends on a micro level contribut-
ing to the slower growth of silicon wafer
demand. First, the United States has the oldest
semiconductor fab infrastructure, and we believe
that the rate of fab closures will continue at

a steady pace because of obsolescence (see

Table 1). Second, we expect the rate of invest-
ment by foreign companies in U.S. fab capacity
to decrease. The decline in Japanese investment
in U.S. fabs will be especially notable. Finally,
we believe that U.S. device companies will con-
tinue to pursue high-value-added niche applica-
tions concentrating on design and using over-
seas foundries to manufacture the devices.

By Mark FitzGerald

Japan’s Recovery Problematic

The current economic slide in Japan has hit the
Japanese electronic industry hard. Asset defla-
tion in the financial sector of the economy, both
in equities and real estate, has spilled over into
the industrial sector. Weak end markets in the
computer and consumer segments has caused
device demand to decline sharply, about 10 per-
cent according to current WSTS data. We expect
silicon usage in 1992 to drop 8.5 percent (see
Table 1 in “Regional Unit Silicon Wafer Con-
sumption Forecasts,” elsewhere in this issue).

SEMM-SVC-DP-8215
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End-Use Markets Deteriorate

Miserable business confidence and constrained
capital spending budgets have eroded the
demand for computer systems, the largest end-
use application for semiconductors, especially in
the mainframe market. MITI’s August produc-
tion data, the latest as of press time, shows
mainframe sales off 23 percent in August year-
to-year and down 22 percent from July. With
banks, financial institutions, and manufacturers
all cutting capital budgets, it is unlikely that this
segment will recover in 1993. PC production was
down 1 percent year-to-year and off 23 percent
from July.

In addition, consumer electronic sales have

hit the skids as export market and domestic
demand still remain weak. MITFs August data
show most product segments off sharply, includ-
ing camcorders, VCRs, TVs, and home appli-
ances. Video disk players and digital audio disk
players bucked the trend, showing solid growth
in production year-to-year, though not strong
enough to offset declines in the other product
segments. Inventories of consumer goods con-
tinue to increase, though seasonal factors may
be at work here.

Forward to 1993

We have decreased our projections for the
growth of silicon wafer demand in Japan since
our forecast one year ago. We now estimate that
silicon demand will have a 6.0 percent com-
pound annual growth rate 1996, down
from the year-ago forecast of 7.8 t. As the
Japanese economic problems unfold, the impact

November 30, 1992
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on the Japanese semiconductor industry is prov-
ing more severe than our earlier assumptions.

Our estimate is that silicon demand will edge
~ slightly in 1993. Qur forecast growth rate is
percent in 1993, versus a decrease of 8.5 per-
" in 1992. Though we believe that the silicon
i¢ has bottomed, we cannot identify any
sajor driving factors that will cause demand to
oounce back in 1993,

The five major Japanese device companies——
Fujitsu, Hitachi, Mitsubishi, NEC, and Toshiba—
are all facing steep declines in revenue and
profits in their information/communications
equipment, consumer electronic goods, and
semiconductor groups.

We believe that weak semiconductor demand

is because of further productior control by
Japanese consumer electronic manufacturers and
sluggish domestic demand for data processing
equipment, including mainframes and PCs. Fur-
thermore, we expect little improvement in the
domestic demand for these goods in 1993.

Because the lion’s share of these five companies’
semiconductor sales is in Japan and a significant
portion of their domestic sales is to captive end-
use operations (see Table 1), we believe that the
major Japanese semiconductor makers will only
see a moderate upturn in 1993. Overseas mar-
kets will remain a bright spot for these compa-
nies because demand for MOS memory
products will continue to improve. But, because
of the relatively small size of the export market,
we do not believe that this opportunity will
completely offset the weak domestic market.

We believe that the structural problems built up
in the Japanese economy will take time to work

themselves out. Especially hard hit by the defla-
tion of assets will be capital spending by
Japanese businesses. As a result, demand for
data processing equipment, including computers
and office automation equipment, is expected to
lag over our five-year forecast period. Because
this is the largest end-use application for semi-
conductors in Japan, accounting for 42 percent
of semiconductor usage, we are not optimistic
about semiconductor production snapping back.

Consumer applications, which account for

29 percent of semiconductor usage in Japan, also
face future challenges. The most immediate
problem is the lack of any major new product
driving demand for semiconductors as the VCR
did in the 1980s. Furthermore, shifts in technol-
ogy used in consumer products threaten to dis-
rupt the vertical integration of large Japanese
consumer electronic companies such as Mat-
sushita and Sony. Key technologies required for
future consumer products such as personal com-
municators, multimedia equipment, and HDTV
will be software, microprocessors, and memory
devices. Because Japanese companies lead in
only one of these technologies, it is not clear
how the domestic semiconductor industry will
benefit as these products move to market.

External forces that threaten to weaken the
demand for silicon wafers in Japan also are
building. Mounting trade surpluses with the
United States and a more protectionist stance by
the Clinton administration may result in the
United States being more aggressive in pushing
for access to the Japanese semiconductor market.

The downturn in the demand for silicon wafers
could not have come at a more awkward time
for Japanese wafer vendors. Many companies
have just completed a round of investment in

Table 1
1991 Semiconductor Sales (Revenue in Miflions of Dollars)

Worldwide Percent Percent Percent

Revenue Captive DRAM Japan

Fujitsu 2,705 29.0 18.6 73.0
Hitachi 3,765 20.0 17.6 68.2
Mitsubishi 2,303 27.0 224 65.7
NEC 4,774 26.0 15.6 72.9
Toshiba 4,202 15.0 28 58.0
Source: Dataquest (November 1992)
November 30, 1992 ©1992 Dataquest Incorporatad SEMM-SVEC-DP-9215
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200mm wafer production lines. As one might
well expect, this new capacity is not being used
extensively because many semiconductor compa-
nies have put on hold their 200mm fab plans.
Prices for the large-diameter wafers are under
pressure and threaten to prevent companies
from earning a return on their investment.

Dataguest Perspective

The uncertainty in the Japanese electronic mar-
ket has caused us to be more cautious about the
growth of silicon usage. Even so, one should not
underestimate the influence that the Japanese
electronics market has on the global electronics
food chain and the semiconductor industry in
particular. It is difficult to ignore a market that
will process 46 percent of the world’s silicon in
1993, by our estimates. The sheer size of the
electronic market will guarantee that the
Japanese semiconductor remains a dominant
force in the global industry.

By Kunio Achiwa and Mark FitzGerald

European Stump

Business activity in Ewrope remains difficult.
Economic activity in Germany is falling off, the
United Kingdom continues to be in recession,
Spain’s growth rate is slowing, and Northern
Europe’s economy is quite depressed. As we
commented in our previous forecast document,
the European economy is unarguably the biggest
drag on silicon demand.

The fact that growth of silicon usage is almost
entirely dependent on investment made by

non-European companies is perhaps the most
alarming trend. With the completion of the
Mietec Alcatel facility in 1993, there will be no
new green-field investment in front-end produc-
tion fabs undertaken by domestic European
companies (see Table 1). If the semiconductor
investment climate in the United States and
Japan remains stagnant, then U.S. and Japanese
companies may well rethink their planned
investment in Europe, further cutting into

our forecast growth for European silicon
consumption.

A deterioration in European device manufac-
turers’ competitiveness is also causing us to be
more cautious in forecasting silicon wafer usage.
The three largest Europe-based companies—
Philips, SGS-Thomson, and Siemens—continue
to lag Asian, Japanese, and U.S. companies in
design of devices and develo t of semicon-
ductor process technology. The current downturn
in capital spending at these companies suggests
that the competition issue will not turn around
any time soon.

European Company Performance

Philips has been particularly hard hit by the
slowgown in consumer elegtronic demand. The
company delayed introduction of its digital com-
pact cassette player (DDC) until the end of the
year. Even so, we do not expect this product to
generate much demand for semiconductors.
Other systems under development are HDTV
and new compact disc systems. Introduction of
these products is too far off to have much of
an effect on device production for our forecast
period. Philips’ early device investment in

Table 1
Planned European Investment
Wafer
Geometry Size
Company Country Device Technology (Microns) (Inches)
Production Begins 1993
Intel Ireland MPU BiCMOS 0.5 8
Mietec Alcatel Belgium ASIC CMOS 0.5 6
National Semiconductor Scotland Lin BIP 6
SGS-Thomson France ASIC CMOS BiCMOS 0.5 8
Production Begins 1994
Fujitsu United Kingdom DRAM CMOS 0.5 \
Mitsubishi Germany DRAM CMO5 0.8 6
Source: Dataquest (November 1992)
SEMM-SVC-DP-9215 ©1952 Dataquest Incomporated Novernber 30, 1992


file:///mtil

6 Semiconductor Equipment, Manufacturing, and Materials

China over the long term may be the key to the
rejuvenation of this company’s semiconductor
operations.

Siemens has cut back sharply on the production
of semiconductors in Europe. The company
closed three fabs in Germany during 1991 and
continued to cut employees in 1992 at its semi-
conductor operations. The partnership strategy
Siemens is now pursuing suggests that access to
leading-edge device technology is more critical
than adding manufacturing capacity. A de-
emphasis on manufacturing will most certainly
result in a decline in silicon wafer demand.

The third major European company, SGS-
Thomson, continues to struggle with profitability
problems. The company is moving ahead with
plans to invest in a submicron, 200mm process
technology. A research/pilot line is scheduled
for completion in 1993. However, the French and
Halian governments, the primary source of capi-
tal for SGS-Thomson, are struggling to lower
their national budget deficits. If fiscal conser-
vatism continues fo be part of these govern-
ments’ political agenda, then the governments’
continued support of SGS-Thomson could be
threatened.

On a more positive note, telecommunications
devices will remain a strong area for European
companies such as Siemens and Mietec Alcatel.
The underdeveloped communications infrastruc-
ture of the eastern European countries means
that demand for telecommunications gear will
remain strong for the remainder of the decade.

Foreign Companies Lead the Way

Our forecast for the European silicon
market, 6.9 t com d annual

rate through 1996 (see Table 1 in “Regional Unit
Silicon Wafer Consumption Forecasts,” elsewhere
in this issue), is tied closely to spending on new
fabs and expansions of existing facilities by
non-European companies such as Fujitsu, Intel,
Mitsubishi, Motorola, NEC, and National Semi-
conductor. Especially noteworthy is Intel's
investment in a new line in Ireland. We expect
epi wafer demand to grow 16 percent in 1993
and surge another 35 percent in 1994, based

largely on Intel’s requirements.

Previously, we were more optimistic about
Japanese companies spurring the demand for
silicon wafers in Europe. But as domestic
problems in Japan have mounted over the last
year, we have turned more cautious. Only
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Fujitsu and Mitsubishi plan facilities in 1994,
and there is even a possibility that these may be
delayed. On the other hand, NEC is spending
additional money to expand its facilities in
England.

Texas Instruments is now ramping its Avezzano,
Italy facility, helped by the upturn in the U.S.
memory market. Consequently, TI's silicon usage
should also increase in 1993. National is closing
several bipolar lines in Santa Clara, California
and moving production to a new line in
Scotland.

Dataquest Perspective

Though the formation of a unified Europe is
certainly not the compelling reason for investing
in new fabs that many foreign device makers
thought it would be several years ago, we
believe that it may yet prove to be a boon to
Europe-based semiconductor production and to
the demand for silicon consumption. Certainly,
the end-use market demand is there. The main
problem is that a major upturn is not on our
five-year-forecast horizon, which extends
through 1996.

By Mark FitzGerald

Asia/Pacific Rolls On

The 1992 growth of silicon consumption is sur-
passing our expectations. Our current estimate is
that unit consumption will be up 24 percent in
1992, and we are forecasting a further increase
of 14 percent in 1993 (see Table 1 in “Regional
Unit Silicon Wafer Consumption Forecasts,”
elsewhere in this issue). The five-year compound
annual growth rate (CAGR) through 1996 is
estimated to be 14.2 percent, which is twice the
growth rate of any other region in the world.

Koreans Lead

The phenomenal growth in silicon consumption
in Asia/Pacific in 1992 is tied directly to the
Korean DRAM producers. DRAM revenue at the
three major Korean device makers shot ahead in
1992 (see Table 1). We believe that global
demand for DRAMSs will remain strong through
1993, pushing up silicon unit demand in Asia/
Pacific another 14 percent. A major uncertainty
surrounding our forecast is the recent dumping
tariffs placed on the Korean DRAM vendors.

SEMM-SVC-DP-9215
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In spite of the tariffs, major Korean suppliers
continue to add production capacity, but are ask-
ing at the same time whether they can maintain
their market share growth by selling at higher
prices forced on them by the U.S. government.
Major users, which have a substantial interest in
the eventual outcome in the resolution of this
issue, so far are silent. They all recognize that it
was only the Koreans that limited the Japanese
DRAM hegemony that developed in the late
1980s, but are likewise sympathetic to the
interest of US. suppliers.

Table 1
Korean DRAM Sales (Millions of U.S. Dollars)

Our forecast assumes that the Koreans will hold
the market share gains they have won and fur-
ther penetrate western markets. However, it is
unlikely that the size of the market share gains
achieved in 1992 will be repeated in 1993.

Perhaps the biggest obstacle to the long-term
growth of the silicon wafer market is the strong
hand of the Korean economic planners. The
government has favored the high-technology sec-
tor to the exclusion of other sectors of the econ-
omy. This policy has resulted in a capital spend-
ing boom on new semiconductor capacity. But
such a strategy is risky, considering the heavy
dependence on device exports to pay for this
investment. In our opinion, a more balanced
semiconductor industry in Korea, where end-use
applications such as PCs thrived, would be a

1992 Gmlzzﬁ more sohd fogndation on which to build a
Revenue Rate (%) domestic semiconductor industry.
Samsung 1173 32 pther Countries also Prosper
Goldstar 525 130 Tye new fab lines being built in this region (see
Hyundai 422 127 Table 2) suggest that the dominance of Korea in
Source: Dataquest (November 1992) this region will wane. Plans to construct fabs in
Table 2
New Fabs Planned for Asia/Pacific
Wafer
Year Geometry Size
Company Country Planrned Products (Microns) (Inches)
Goldstar South Korea 1993 16Mb DRAM 4Mb 0.5 8
SRAM
Mosel/Vitelic Corporation  Taiwan 1993 4Mb DRAM 0.6 6
NEC China China 1993 Telecom consumer ICs 2.0 6
Semiconductor Complex India 1993 LSI 3.0 6
Tech Semiconductor Singapore 1993 16Mb DRAM 0.6 8
Singapore Ltd.
Wuxd Microelectronics China 1993 Telecom ICs 3.0 5
Corporation
Hitachi Malaysia 1994 IMb DRAM, 4Mb 0 6
DRAM
Hua Yue Microelectronics China 1994 NA i0 6
Company
Mimos Malaysia 1994  NA 15 6
Mosel/Vitelic Corporation  Taiwan 1994 16Mb DRAM 05 8
Samsung South Korea 1994 4Mb 16Mb DRAM 0.6 8
Syntek Taiwan 1994 NA 0 6
United Microelectronics Taiwan 1994 SRAM 0 2]
NA = Not available
Source: Dataquest (November 1992)
SEMM-SVG-DP-9215 ©1992 Uataquast Incorporaded Noverber 30, 1932
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China, Malaysia, Singapore, and Taiwan suggest
that these countries increasingly will play a
more important role in the growth of the Asia/
Pacific semiconductor industry.

Taiwan’s market-driven economy in many
respects is much healthier than is Korea’'s.
Though its silicon consumption is much smaller
than Korea, its semiconductor industry is better
balanced. Taiwan has a thriving computer mar-
ket, which provides device makers a domestic
market for their product. As a resulf, we forecast
silicon demand to grow at 8.3 percent CAGR
through 1996.

However, the real star performer in terms of

in silicon consumption will be the group
of countries that fall under the rubric Rest of
World (ROW). We estimate that silicon con-
sumption for this group will push ahead at a
22.3 percent CAGR. Countries to benefit from
this growth will be Singapore, Malaysia, India,
and China. Much of the growth in the ROW
category will be fueled by investment and tech-
nology transfers from Japanese, U.S,, and to a
lesser extent European companies.

Table 1

Dataquest Perspective

The Asia/Pacific region remains the most
vibrant in terms of growth rates in silicon con-
sumption. However, we do expect some rotation
in the growth of silicon consumption away from
the current leader, Korea, to those countries just
beginning to build their industrial infrastruc-
tures. The ultimate rtunities will be
China and India because of the sheer size of the
market. But political turmoil, fragile legal sys-
tems, and underdeveloped infrastructures make
the timing of these opportunities difficult to
gauge.

By Mark FitzGerald

Regional Unit Sillcon Wafer Consumption
Forecasts

This section includes Dataquest’s most recent
forecasts of regional unit silicon wafer consump-
tion. The seven tables detail unit consumption in
the four major regions of the world: the United
States, Japan, Europe, and Asia/Pacific.
Individual forecasts of the major product seg-
ments such as prime, epitaxial, and test and
monitor wafers are included.

Forecast of Captive and Merchant Siicon* and Merchant Epitaxial Wafers

(Units: Milions of Square inches)

CAGR (%)
1991 1992 1993 1994 1995 1996 1992-1996
United States 611 642 678 728 761 806 58
Growth (%) -4.5 5.0 5.7 7.3 4.6 5.8
Japan 1,046 957 995 1,086 1,140 1,209 6.0
Growth (%) 5.4 -8.5 4.0 9.1 5.0 6.0
Europe 208 200 197 217 241 261 6.9
Growth (%) -11.7 4.0 -1.5 10.5 11.0 8.0
Asia/Pacific-ROW 194 241 274 310 366 410 14.2
Growth (%) 7.5 240 14.0 13.0 18.0 120
Total 2,059 2,039 2,145 2,341 2,509 2,684 7.1
Growth (%) 0.5 -1.0 5.2 9.2 7.2 7.0
Note: Columns may not add to totals shown because of rounding.
*Incdudes prime, test, and monitor wafers
Source: Dataquest (November 1992)
November 30, 1952 @1992 Dataquest Incorporated SEMM-SVG-DP-9215
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Table 2

Forecast of Merchant Epitaxial Wafer Consumption

{Units: Milions of Square Inches)

CAGR (%)
1991 1992 1993 1994 1995 1996 1992-1996
United States 92 112 126 137 147 157 89
Growth (%) 4.0 22.0 125 9.0 7.0 7.0
Japan 104 100 103 107 1 116 37
Growth (%) 11.6 -3.5 2.5 4.3 4.0 4.0
Europe 20 21 24 33 38 42 19.6
Growth (%) 74 2.3 16.7 35.0 17.0 110
Asia/Pacific-ROW 7 8 9 10 13 17 213
Growth (%) 435 17.9 16.7 11.7 279 30.0
Total 222 240 262 287 309 332 8.4
Growth (%) 9 8.2 8.8 9.7 7.8 74
Note: Columns may not add to totals shown because of rounding,
Source: Dataquest (November 1992)
Table 3
Forecast of Merchant and Captive Siicon™ Wafer Consumption
(Units: Milions of Square Inches)
CAGR (%)
1991 1992 1993 1994 1995 1996 1992-1996
United States 520 530 553 59 615 649 52
Growth (%) -5.9 20 43 6.9 4.0 5.5
Japan 942 857 893 979 1,029 1,093 6.3
Growth (%) 438 9.0 42 9.7 3.1 6.2
Europe 188 179 172 185 203 218 5.1
Growth (%) -13.3 ~4.6 -3.6 71 2.9 74
Asia/Pacific-ROW 188 233 265 300 3563 393 14.0
Growth (%) 6.6 240 13.9 13.0 17.7 1.3
Total 1,837 1,799 1,883 2,054 2,199 2,352 6.9
Growth (%) -0.4 -2.1 4.7 9.1 7.1 7.0
Note: Columns may not add to totals shown because of rounding.
*Includes prime, test, and monitor wafers
Source: Dataquest (November 1992}
SEMM-SVC-DP-9215 ©1992 Dataquest incorporated Noverber 30, 1992



10

Semiconductor Equipment, Manufacturing, and Materials

Table 4

Forecast of Captive Silicon* Wafer Consumption

(Units: Milions of Square Inches)

1991 1992 1993 1994 1995 1996
United States 70 70 70 70 70 70
Japan : 40 40 40 40 40 40
Europe 5 5 5 5 5 5
Asia/Pacific-ROW 0 0 0 0 0
Total 115 115 115 115 115 115
*Indudes prime, test, and monitor wafers
Source: Dataquest (November 1992)
Tahle §
Forecast of Merchant Sicon® Wafer Consumption
{Units: Mifions of Square inches)
CAGR (%)
1991 1992 1993 1994 1995 1996 1992-1996
United States 450 460 483 521 545 579 59
Growth (%) 4.7 2.3 49 79 4.6 6.2
Japan 902 817 853 939 989 1,053 6.5
Growth (%) 5.7 9.4 44 10.1 5.3 6.5
Europe 183 174 167 180 198 213 52
Growth (%) -12.4 -4.8 -3.7 7.3 10.2 7.6
Asia/Pacific-ROW 188 233 265 300 353 393 14.0
Growth (%) 6.6 240 139 13.0 ° 17.7 11.3
Total 1,722 1,684 1,768 1,939 2,084 2,237 74
Growth (%) 0.7 2.2 5.0 9.7 7.5 7.3
Note: Columns may not add to totals shown because of rounding.
*Includes prime, test, and monitor wafers
Source: Dataquest (November 1992)
Novemnber 30, 1992 ©1992 Dataquest Incorporated SEMM-SVC-0P-9215
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Tahle 6

Forecast of Merchant Test and Monitor Wafer Consumption

{Units: Milions of Square Inches)

CAGR (%)
1991 1992 1993 1994 1995 1996 1992-1996
United States 90 92 97 104 109 116 59
Japan 180 163 171 188 198 211 6.5
Europe 37 35 33 36 40 43 5.2
Asia/Pacific-ROW 38 47 53 60 71 79 14.0
Total 345 337 354 388 418 449 74
Source: Dataquest (November 1992)
Table 7
Forecast of Merchant Prime Wafer Consumption
(Units: Millions of Square Inches)
CAGR (%)
1991 1992 1993 1994 1995 1996 1992-1996
United States 360 368 386 417 436 463 5.9
Growth (%) NA 2.3 49 7.9 4.6 6.2
Japan 721 654 682 751 791 842 6.5
Growth (%) NA 94 44 10.1 5.3 6.5
Europe 146 139 134 144 158 170 5.2
Growth (%) NA 4.8 -3.7 7.3 10.2 7.6
Asia /Pacific-ROW 150 186 212 240 282 314 14.0
Growth (%) NA 24.0 139 13.0 17.7 113
Total 1,378 1,347 1,415 1,551 1,668 1,790 74
Growth (%) N/A -2.2 5.0 9.7 7.5 7.3
Note: Colvznns may not add to totals shown because of rounding.
NA = Not available
Source: Dataquest (November 1992)
SEMM-SVU-DP-9215 ©1952 Dataquest incomorated November 30, 1992
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Polysilicon Supply Balanced in Europe to a high of 88 percent in Japan,

Th 1dwid . ilization for polvsili Dataquest does not believe that any regional
e wor'dwide capacity on JOr POYSIL-  imbalances will occur because the polysilicon

con plants is running at 75 percent. The slow- et i5 5 global market. Table 1 shows

.ngth environment in the 310 bal silicon wafe.r polysilicon plant capacity and Dataquest’s

industry suggests that there is plenty of capacity  ooinated 1992 utilization rates.

to meet future demand. Though regional

utilization rates vary from a low of 73 percent By Kunio Achiwa and Mark FitzGerald

Table 1 -
Polysilicon Plant Capacity (Metric Tons/Year)
Capacity
Nominal 1992 Utilization
Region Company Capacity  Production (%) Type of Process
Total Capacity 1992 11,400 8455 752
United States Ethyl Corporation 1,250 600 Fluidized Bed-Silane
Base
United States Hemlock 1,600 1,400 Siemens-Trichlore
United States Advanced Silicon Mat. 1,200 950 Siemens-Silane
Total U.S. Capacity 4,050 2,950 72.8
Europe Hils 700 400 Siemens-Trichioro
Europe Wacker 3,000 2,300 Siemens-Trichloro
Total European
Capacity 3,700 2,700 730
Japan Kojundo (Hi-} Silicon 1,080 1,000 Siemens-Trichloro
Japan Komatsu 100 70 Siemens-Silane
Japan Osaka Titanium 720 500 Siemens-Trichloro
Japan Tokuyama Soda 1,200 1,150 Siemens-Trichloro
Total Japanese
Capacity 3,250 2,870 88.3
ROW China (PRC) 400 375 NA
Total ROW Capacity 400 375 93.8
NA = Not available
Source: Dataquest (November 1992)
For More Information . . .
On the topics in this issue Mark FitzGerald, Sr. Industry Analyst (408) 437-8375
About upcoming Dataquest conferences , (408) 437-8245
About your subscription or other Dataquest publications (408) 437-8285
Via fax request : (408) 437-0292

The content of this report represents cur interpretation and analysis of information generally available to the public or released by responsible individuals

in the subject companies, but is not guaranteed as to accuracy or completeness. It does not contsin material provided to us in confidence by our clients,

Individual companies mported on and analyzed by Dataquest may be clients of this and /or other Dataquest services. This information is not furnished in
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Korea: Current Trends in Semiconductor Industry

Development

After depending upon imported ICs, technology,

and semiconductor equipment and materials,

Korea is now striving to attain more independence
and self-sufficiency in these areas. Equipment and
materials vendors that do business in Korea should

take heed of these preliminary winds in the
Korean semiconductor industry.

By Joseph Grenier and ]. H. Son
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Compefition Heats Up in the Japanese Photoresist

Market

Tokyo Ohka is pursuing an aggressive strategy
using patents to protect its sizable market share in

Japan.
By Kunio Achiwa and Mark FitzGerald
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What LCD Manufacturing Equipment Makers Should
Know, but Are Afraid to Ask About: Their Future
This article examines the credibility of the alleged
claim of a ¥ trillion Japanese LCD market in 1995

by comparing its growth patterns with the

development history of the semiconductor indus-

try, and attempts to answer an important question:
Will the LCD equipment market be able to follow
the path of the semiconductor equipment market?

By Kunio Achiwa
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Microprocessors Drive Fabrication Technology
By Charles Boucher
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Page 15

Korea: Current Trends in Semiconductor

Industry Development

Since its embryonic beginnings in the late 1970s,
the Korean semiconductor industry has grown
into a key force in the world semiconductor
market. It has now reached a stage in its
development where youthful vitality and self-
confidence provide all the assurance needed that
it can accomplish what it sets out to do. Two of
the Korean semiconductor industry’s objectives
are self-sufficiency and independence.

Korea relied heavily on outside help during the
formative years of its semiconductor industry.
Technical assistance was obtained through
licensing agreements and imported technology.
Manufacturing capacity was launched with
imported semiconductor equipment and materi-
als. End-user imports provided the ICs needed
to build electronic equipment.

Today the situation is different. From a technol-
ogy standpoint, the Korean semiconductor
industry has already achieved world-class status.
It now wants to shake the remainder of the
yoke. Korean objectives are twofold: reduce IC
imports by balancing domestic chip consump-
tion and production, and reduce semiconductor
equipment and materials imports by building a
local equipment and materials infrastructure.
Electronics power is a well recognized and bona
fide goal for all of the world’s industrial nations.
To achieve it, to develop its own semiconductor
industry, Korea is intent on fully integrating its
electronic equipment and semiconductor sectors.

This article examines three aspects of today’s
Korean semiconductor industry: semiconductor
consumption and production, semiconductor
equipment, and semiconductor materials. For
global equipment and materials companies that
do business in Korea, understanding the prevail-
ing mood on the Korean peninsula is especially
important.
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Korean Semiconductor Consumption and
Production

Figure 1 shows 1991 Korean semiconductor
consumption and production. Of the $2.3 billion
Korean demand for semiconductors, 80 percent
was satisfied by imported chips and only

20 percent was produced domestically. In con-
trast, 82 percent of Korean chip production was
exported. In other words, the Koreans import
most of the chips they need and export most of
the chips they produce. Interestingly, the dollar
value of chip consumption and production in
1991 was nearly the same.

Why the imbalance? Figure 2 shows consump-
tion and production by device category. With
memory ICs accounting for 72 percent of
production, the remaining 28 percent of chips
produced simply cannot satisfy Korea’s need for
ICs in other device categories, particularly in the
high value-added MOS micro and MOS logic
areas.

The Koreans expect to correct this imbalance
and more Korean IC production in nonmemory
device categories may be anticipated. But, since
recent capacity additions in Korea have been
aimed at DRAMSs, additional capacity in other

Figure 1

device categories will have to be brought online
before production can be ramped up. This
means that Korea should continue to be a good
market for semiconductor equipment and
materials and that equipment and materials
companies should now be formulating strategies
for continued competition in this market.

Asia/Pacific and Korean Semiconductor Capital
Spending

In 1988, semiconductor capital spending in

the Asia/Pacific region accounted for about

10 percent of the worldwide total and exceeded
spending in Europe for the first time. This year,
spending in Asia/Pacific will account for about
20 percent of all worldwide semiconductor
capital investment. Korea is the largest spender
in the region, with about half the capital invest-
ment. It is likely that in 1992, Asia/Pacific,
including Korea, will be the world’s only growth
area for wafer fab equipment. Japan will be
down 24 percent, Europe down 12 percent, and
North America down 8 percent.

What has been the result of Korean investment?
First, new fab lines have been built in Korea and
new silicon capacity has been brought online. It
is estimated that from 1989 to 1992, Korea’s

1991 Korean Semiconductor Consumption and Production for Imports and Exports

Consumption

Produced
in Korea
(20%)

Total = $2.3 Billion

Production

Consumed
in Korea
(18%)

Total = $2.6 Billion

Source: Dataquest (November 1992)
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Figure 2
1891 Korean Semiconductor Consumption and Production

Consumption
Bipolar Digital (7%)
: Linear
MOS LOQIC {24%)
(15%)
MOS Memory
(16%) Discrete/Opto
(23%)
MOS Micro

(16%)

Total = $2.3 Billion

Bipolar Digital (1%)

Note: Segments may not add to 100 percent because of rounding.

Production

MOS Micro (2%)

Discrete/
Opto (8%)

T i
e

Total = $2.6 Billion

Source: Dataquest (November 1992)

silicon production capacity per four-week period
grew from 1.5 million square inches to more
than 10 million square inches. As already noted,
most of this added capacity has been for DRAM
production.

Second, the added capacity has led to increased
IC production. Korean semiconductor revenue
has grown from almost zero in 1982 to about
$3.0 billion today (see Table 1). In DRAMs in
particular, growth has been meteoric. As shown
in the table, Korean DRAM manufacturers will
hold a 25 percent share of the world’s DRAM
market by the end of 1992. If the Japanese
DRAM market is excluded (it is essentially
closed to Korean DRAM suppliers), the Korean's

G2001818

share of the world DRAM market is 37 percent.
To underscore this, Samsung is now the world’s
leading supplier of 16Mb DRAMs. It will be
among the top 10 worldwide suppliers of
SRAMs in 1992. In the U.S. market in 1992, two
other Korean companies, Goldstar and Hyundai,
will have 4Mb DRAM sales that will rank them
Nos. 5 and 6, respectively.

Third, the recently added Korean uction
capacity is state-of-the-art. To illustrate the
point, consider the following: i-line steppers are
state-of-the-art tools, the ownership of which is
indicative of the advanced processing capability
of a fab line. In 1988, there were few or no i-line
steppers shipped into Asia/Pacific, but in 1991

Table 1
Korean Semiconductor Suppliers, Yesterday and Today

1982 1987 1992 (est.)
Revenue (Millions of Dollars) 58 515 3,000
Worldwide Market Share (Percent) 04 1.3 4.1
DRAM Market Share (Percent) NA 6.6 25.0
NA = Not available
Source: Dataquest (November 1992)
SEMM-SVC-DP-9214 ©1992 Dataquest Incorporated November 9, 1992
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i-line systems accounted for more than two-
thirds of all steppers shipped into the region
(see Figure 3). Most of these went to Korea.

The speed with which Korea has become a
world contender in advanced semiconductor
processing technology reflects the large amount
of capital spending there. In DRAM processing,
this is proving to be a problem for Japanese
manufacturers, and it is one reason that capital
spending in Japan has plummeted in 1992.

Semiconductor Equipment Market in Korea

Dataquest forecasts a 1992 domestic semiconduc-
tor equipment market of $900 million; 87 percent
will be imported equipment (see Figure 4). The
remaining 13 percent, a scant $117 million, will
be supplied by local companies. This, however,
is up from the 6 percent provided by local sup-
pliers in 1990.

Who supplies equipment to the Koreans?
According to the Korean Semiconductor Industry
Association (KSIA), 49 percent of the equip-
ment is from Japan, 40 percent is from the
United States, and 11 percent is from Europe.
U.S. equipment companies dominated the

Figure 3

equipment market in Korea at one time, but
over the years they have lost market share to
Japanese companies continuously. Figure 5
shows Dataquest’s estimate of the total Asia/
Pacific wafer fab equipment market. Prior to
1986, U.S. companies had a 75 percent share,
but by 1991, this figure had slipped to 37 per-
cent. In contrast, the Japanese gained share—
from 25 to 53 percent—in the same period. KSIA
and Dataquest data for Asia/Pacific tell the
same story: U.S. equipment companies are
losing in one of the fastest growing regions for
semiconductor capital spending.

Development of a Korean Equipment Industry

For the Koreans, the issue at hand is to build
an infrastructure that provides national self-
sufficiency in semiconductor manufacturing
equipment. Korea has few equipment manu-
facturing companies at present. The 13 percent
local manufacturing segment comprises compa-
nies such as Varian Korea (implanters and
sputtering systems), Symtek (L.C. test handlers),
PSK. Tech (plasma strippers), and Edwards-
SungWon (vacuum pumps). All are joint
ventures between a Korean company and a

U.S., Japanese, or European partner.

I-Line Explosion in Asia/Pacific Region (Percentage of Shipments into

Asia/Pacific)

1988

One Steppers

(100%)

e

1991

Source: Dataquest (November 1992)

November 9, 1982
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Figure 4
1992 Estimated Korean Semiconductor Equipment Market
European
Equipment
(11%)
Japanese
U.8. Equipment Equipment
(40%)
Total = $900 Million Total = $783 Million
Source: KSIA, Dataguest (November 1992) G2001821
Figure 5
Percentage Share of Asia/Pacific Market Wafer Fab Equipment Companies, 1986 versus 1991
Percentage
70
60
50 / |
40
30
20 /
10 /
1986 1991
U.S. Companies [ Japanese Companies [l European Companies
Source: Dataquest (November 1992) Gaooe22
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The Koreans have cited several disadvantages of
working directly with foreign suppliers—
communications problems and high costs are
two—and they believe that the way to begin
building their own infrastructure is through joint
ventures. A Korean semiconductor manufacturer
would much prefer to communicate with a
foreign supplier through the supplier’s Korean
partner.

For the foreign partner, some advantages of local
manufacturing joint ventures include increased
sales, the use of Korean standard parts,
improved feedback from customers, and reduced
cost of manufacturing. The foreign and local
pariners can jointly develop other sales territo-
ries outside Korea, for example, China or other
Pacific Rim countries. In this regard, South
Korea and China have recently established
diplomatic relations, suggesting that Korea is
interested in developing the vast China market.
Access to such growth markets could be a moti-
vation for entering into a joint venture with a
Korean equipment company. Of course, this
approach to the Asian market must be weighed
against other alternatives, for example, direct
investment in a country.

In any case, it is apparent that the Koreans are
quite serious about developing a local equip-
ment industry. The Korean government has, in
fact, set some pretty ambitious goals in this area.
One, for example, is to be a net exporter of
equipment by the end of the decade. Another is
to achieve the use of 50 percent Korea-made
parts in locally manufactured equipment. To
help promote foreign joint ventures, the Korean
governiment has sed incentives for foreign
investiment that include a five-year tax benefit
and site preparation benefits.

An equipment company bent on advancing its
business in Korea would be well advised to
investigate joint manufacturing ventures there.
Although an often cited risk of foreign joint ven-
tures is the potential loss of technology and
markets—certainly there have been past exam-
ples of this sort of thing—there are successful
joint ventures where mutual trust and a com-
mon vision exdsts and where both partners are
in a win-win sitnation. Furthermore, if a non-
Korean equipment company does not evaluate
the feasibility of a joint venture with a Korean
partner and its competitors do, the result may
be loss of potential Korean business.

November 9, 1992

©1992 Dataguest Incosporatad

The lack of an equipment infrastructure in Korea
was a continuous lejitmotif at the first Annual
Korea Industry Strategy Symposium held Sep-
tember 2 and 3 in Seoul. These discussions plus
recent Korean government involvement in semi-
conductor equipment issues and the formation
of the KSIA clearly signal the path that Korea
wants to take. Although the growth of a Korean
equipment manufacturing industry could be a
problem for foreign equipment manufacturers,
Dataquest believes that this turn of events also
represents an opportunity.

Semiconductor Materials Market in Karea

Korea imports most of its semiconductor materi-
als, although it is a little better off in materials
than in the equipment area. KSIA estimates that
the 1992 semiconductor materials market in
Korea will be $680 million. Of this, 66 percent
will be provided by imported materials and

34 percent ($229 million) by local manufacture.
Considering that the local manufacture of
materials was almost nonexistent in 1984, this
represents good progress over the eight-year
period. Nevertheless, it is important to remem-
ber that semiconductor-related imports into
Korea are those that require a high level of
manufacturing technology. For example, most of
the demand for silicon wafers and photoresist—
both high-technology materials—is satisfied by
imports (local silicon manufacturers are provid-
ing smaller-diameter wafers). KSIA estimates
that silicon demand in Korea 1992 will be $180
million and that, of the amount consumed, only
about 22 percent will be of local manufacture.
Similarly, the Korean photoresist market in 1992
is estimated at $46 million, but only 10 percent
of these materials will be provided by local
sources.

Who are some of the local manufacturers of
materials? Siltron, Posco Hiils, and Dong Yang
Electronic Metals provide silicon wafers (Posco
Hiils will soon begin production of 200mm
wafers). Hoechst Korea and Dongjin Chemical
supply photoresist. Dupont Korea and
Samsung’s captive shop offer photomasks. Local
materials manufacturing is derived from Korean
materials companies, technology licensing
agreements, joint ventures, and 100 percent
direct foreign investment (for example, Hoechst
and Dupont). Local manufacturers fill most of
the demand for items such as bonding wire,
photomasks, and lead frames.

SEMM-SVC-DP-9214
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Although materials manufacturing in Korea is a
bit ahead of equipment manufacturing, it is in
the development stage. One may expect the
Korean materials industry to progress faster than
the equipment manufacturing industry as
Korean semiconductor companies seek to ensure
a steady supply of the advanced materials that
they will need to continue their extraordinary
progress in chip production. Development poten-
tial in the Korean materials segment parallels
the equipment segment and may provide an
opportunity for global materials companies that
currently export to Korea.

Dataquest Perspective

The Korean semiconductor industry is at the
crossroads. Working under the pressure of ambi-
tious government and industry goals, it has
achieved levels of technical development and of
sales revenue that have surprised industry
observers everywhere. Having attained self-
sufficiency in DRAM manufacturing, Korea is
now headed in the same direction with respect
to the manufacture of semiconductor equipment.
Dataquest believes that future alliances between
foreign equipment companies and Korean com-
panies will increase opportunities for both
parties and will shorten the technology ramp-up

period, thus providing a continuing series of
surprises for doubting industry watchers.

By Joseph Grenier and J. H. Son
Semiconductor Materials

Competition Heats Up in the Japanese
Photoresist Market

In 1991, Japan remained the largest regional
market for photoresist with sales of ¥20.6 billion
($152.8 million), or 552,400 gallons. Consump-
tion of photoresist in semiconductor applications
grew 6.8 percent year-to-year on a volume basis.

Growth in the Japanese market occurred exclu-
sively in positive-type resists (see Figure 1).
Co ion of positive resist totaled 367,400
gallons (see Table 1), an increase of 12 percent.
The market for negative type resists totaled
185,000 gallons (see Table 2), a decrease of

2.2 percent.

TOK’s Patent

Tokyo Ohka (TOK) held onto its share of the
positive resist market, which totaled 61 percent
in 1991. The company is getting more aggressive

:;%:;iee;e Resist Consumption, Semiconductor Applications
T l 328.1
1990
I 367.4
1991 P ]
0 100 200 300 400
Thousands of Gallons
[J Positive Negative ‘
Source: Dataquest (November 1992) G2001623
SEMN-SVC-DP-9214 ©1992 Dataguest Incorporated November 9, 1992
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Tahle 1
Japanese Positive Photoresist Consumnption in 1991, Semiconductor Applications
Gallons YM Share (%)

Tokyo Ohka 224000 11,200 61.0
Japan Synthetic Rubber 53,000 2,700 144
Fuji-Hunt 23,900 1,140 6.5
Sumitomo Kagaku 20,000 1,160 54
Mitsubishi Kaset 14,000 742 3.8
Shipley 12,000 588 3.3
Nagase 8,000 376 2.2
Nippon Zeon 7,000 350 1.9
Hoechst 5,500 308 1.5

Total 367,400 18,564 100.0
Source: Dataquest (November 1992)
Tahle 2
Japanese Negative Photoresist Consumption in 1991, Semiconductor Applications

Gallons ™ Share (%)

Tokyo Ohka 115,000 1,180 62.2
Japan Synthetic Rubber 44,000 574 23.8
Nagase 11,000 134 5.9
Fuji-Hunt 9,000 115 49
Nippon Zeon 6,000 60 32

Total 185,000 2,063 100.0

Source: Dataquest (November 1992)

in defending its market share. It appears that
TOK is now implementing a legal strategy to
protect its sizable g-line market.

In March 1992, a patent concerning a positive
resist compound was issued to TOK. The patent
covers positive g-line photoresist compounds
using 2,3,4,4-Tetrasomy Ester and featuring high
sensitivity, excellent heat resistance, and low
contaminates when used as a solvent. Warnings
concerning the potential violation of this patent
have been issued to device makers and resist
vendors.

Although TOK's real intention of obtaining the
broad-based patent is unclear, other resist ven-
dors and device makers view the company’s
aggressive stance on the enforcement of the
patent as high-handed behavior. If TOK forces
competitors to discontinue production of resists
violating this patent, it runs the risk of alien-

November 9, 1992
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ating device makers that are using these
competitive products.

Since TOK already dominates the Japanese posi-
tive resist market, it is unlikely that its strategy
will help it to win a larger market share. Device
makers would view this as unhealthy, from a
competitive point of view.

Dataquest believes that a more likely strategy is
that TOK will attempt to use the patent as lever-
age against intellectual property claims by other
companies or as a powerful bargaining chip for
cross-licensing negotiations. However, the
greatest value of the patent may be the deterrent
effect such a broad-based patent would have on

price competition,

Increasing Competition
TOK's strategy may reflect the intensifying com-

SEMM-SVC-DP-8214
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petition in the Japanese resist market. Several
large companies just entering the resist business
gained market share in 1991, including
Sumitomo Kagaku and Nippon Zeon. Sumitomo
Kagaku increased its market share because of a
strong product offering in advanced g-line and
i-line resists and further penetration of NEC.
Sumitomo also benefited from being a primary
manufacturer of the raw materials used to make
resists, which provides it with a lower cost posi-
tion than TOK.

Mitsubishi Kasei saw its market share erode
slightly. Its volume shipments are still small and
were negatively impacted by the delay in the
introduction of its i-line resist. Even sales to

its parent company, Mitsubishi Electric, stalled
in 1991.

Large LCD Opportunity

The demand for resist in thin film transistor
{TFT) LCD applications totaled 43,700 gallons
(see Table 3). Volume shipments are still small
relative to semiconductor resist applications, but
are expected to grow quickly over the next five
years. TOK also dominates this market, but
other companies including Shipley, Hoechst, and
Fuji-Hunt are investing in LCD resist technology.

Dataquest estimates that 20cc of resist is
required for each mask step; there are five to
seven mask steps on average for TFT LCDs.
Considering the low yields achieved on TFT
panel lines, we expect resist volumes to grow
rapidly over the next five years.

Table 3
Japanese Photoresist Consumption in 1891, TFT Panei
Applications

Gallons Share (%)

Tokyo Ohka 28,800 65.9
Shipley 5400 124
Hoechst 6,000 13.7
Fuji Hunt 3,500 8.0
Total 43,700 100.0

Source: Dataquest (November 1992)
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Dataquest Perspective

The recent acquisition of Shipley by Rohm and
Haas leaves TOK as the last resist vendor with
company revenue less than $500 miilion. New
competitors such as Sumitomo Kagaku and JSR
are eroding TOK'’s share of the Japanese resist
market and increasing pricing pressures. The
patent issues being raised by TOK this year
most likely indicate that TOK will pursue an
aggressive defense of its substantial market
share in Japan through legal channels.

By Kunio Achiwa and Mark FitzGerald

What LCD Manulacturing Equipment
Makers Should Know, but Are Afraid to
Ask About: Their Future

Semiconductors and liquid crystal displays
(L.CDs) share a number of common elements,
including their market structure. In fact, the
present expansion of the LCD market resembles
the start-up of the semiconductor market

14 years ago. A widely held belief is that the
Japanese LCD market will reach ¥1 trillion
{about $7.43 billion) in 1995 and ¥2 trillion
{(about $14.85 billion) by 2000.

The semiconductor market has accompanied the
rapid growth of the semiconductor equipment
market. In the nascent stage, semiconductor
makers made major capital spending at a level
comparable to the current value of semi-
conductor production. Although the investment/
production ratio has declined with the maturing
of the industry, its level is still an impressive

20 percent. Nevertheless, the similarity in
growth patterns between the semiconductor and
LCD markets does not necessarily suggest the
rosy future for the LCD manufacturing equip-
ment industry enjoyed by the semiconductor
equipment industry. There is a crucial difference
between the two equipment industries.

This article examines the credibility of the
alleged claim for a ¥1 trillion market in 1995 by
comparing the growth patterns of the LCD
market with the development history of the
semiconductor industry. We also will try to
answer the question of whether the LCD
equipment market will follow the path of the
semiconductor equipment market.

November 8, 1992
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LCD Industry

The Japanese LCD market neared ¥200 billion
($1.49 billion) in 1990. A compound annual
growth rate (CAGR) of about 40 percent in the
subsequent five years is forecast, reaching

¥1 trillion in 1995. Although the growth pace
will slow to 15 percent afterward, the market
will reach ¥2 trillion in 2000 (see Figure 1).
Undoubtedly, a number of the advantages
offered by LCDs—thinness, light weight, low
voltage, and low power consumption—promise
that LCDs will become a mainstay of flat-panel
displays with significant growth potential when
combined with technological advancements in
color graphics, higher resolution, and larger
display.

High expectations for the LCD industry are
intensifying as the semiconductor industry nears
the maturing stage and LCDs become regarded
as another semiconductor industry. This is
mainly because the growth pattern of the LCD
industry resembles that of the burgeoning semi-
conductor industry 14 years ago. Because there
are various similarities between LCDs and semi-
conductors, it is useful to review the semicon-
ductor’s history when forecasting for the LCD
industry. Similarities between the two industries
are as follows:

Figure 1
Japanese LCD Production

m Both are high-tech industries characterized by
high risk and high return

m Many competitors are involved in both
markets (see Table 1)

m Manufacturing processes are similar (see
Table 2)

m Both require massive investment (see Table 3)

m PCs are a major application for both
industries

Is there credibility to the LCD production fore-
cast of ¥1 trillion in 1995 and ¥2 trillion in 2000?
Although forecast demand for PCs and wall-
hanging TVs—major applications of LCD
panels—would seem to support the projections
more accurately, our forecast relies on the
similarity of the LCD and semiconductor
industries.

The semiconductor industry emerged in 1975.
For the purpose of comparison with LCDs, semi-
conductor production is indexed as a multiple of
the 1975 production for every five years after
1975 (see Figure 2). The active matrix-based LCD
market started full-scale growth in 1989, and

again, subsequent production is indexed as
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1

Table 1

Participants in the Semiconductor and LCD Markets

Hitachi Fujitsu Mitsubishi Matsushita Sanyo

Semiconductor Y Y Y Y
1.CD Y N Y Y
Seiko
Oki Epson Kyocera  Citizen
Semiconductor Y N N N
LCD Y Y Y Y
Casio Hoshiden Alps  Optorex Insirument Rohm
Semiconductor Y N Y
LCD Y Y Y
Y = Participant
N = Not a participant
Source: Dataquest (November 1992)
Table 2
Comparison of Manufacturing Processes: TFT LGD ang LSI
TFT LCD LSI
Mask Layers S5to7 15 to 20
Line Geometry (Microns) 3toS 0.8
Integration (Millions) 1to 15 4
Size 300 to 700 cm’/panel 0.8 cm’/chip
Source: Sharp, Dataquest (November 1992}
Table 3
Comparison of Fab Lines
TFT LCD DRAM
Production Capacity 15,000 panel 20,000 wafer
Substrate/Wafer Size 300 x 400 mm’ 6 inch
QOutput 2 panels/substrate 133 units/wafer
Yield (Percentage} 60 85
Fab Cost (¥B) 15 40
Source: Dataquest (November 1992)
SEMM-SVC-DP-9214 ©1952 Dataquest Incorporated November 9, 1952
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Figure 2
Production Expansion of LCDs and Semiconductors
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mentioned previously. As Figure 2 shows, the
startup time of the two markets is 14 years
away, but the growth pattern of the Japanese
LCD production closely resembles that of the
semiconductor market, suggesting credibility of
the ¥1 trillion and ¥2 trillion markets in 1995
and 2000, respectively. If the current pace of
market growth continues, LCD uction is

ed to reach ¥4 trillion ($29.70 billion) in
2010 at the worldwide semiconductor produc-
tion growth rate and ¥6 trillion ($44.55 billion)
at the Japanese semiconductor production

growth rate.

LCD Capital Spending Trends

Most electronics makers will announce poor
operating results for the first half of the fiscal
year ending September 1992, as well as down-
ward adjustment of future performance. The
business environment surrounding the LCD
industry is becoming increasingly murky. Factors
causing the poor performance of the electronics
industry include delayed recovery of the com-
puter market, cutbacks in capital investment by
the securities and banking industries, and slug-
gish demand for consumer electronic equipment,
audio/visual equipment in particular. As a
result, electronics makers are paring their capital
investment. Toshiba, for example, announced a

November 9, 1992
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¥30 billion ($222.75 million) reduction of semi-
conductor investment in FY1992, on top of a
previous ¥20 billion ($148.50 million) cutback.
This is the first time that such a major cutback
in capital spending has been launched in the
industry during the current term, which sug-
gests not only the magnitude of recession being
encountered, but also creates uncertainties about
future LCD investment. Because the LCD indus-
try largely consists of semiconductor companies,
semiconductor recession is hitting the LCD busi-
ness and capital spending hard. Principal causes
for the present semiconductor recession are as
follows:

m Sluggish demand for DRAMS, consumer
analog ICs, and single-chip microcomputers

m Eroded financial position because of nearing
maturity of warrants

m Difficulty in equity financing because of the
recent stock market slump

In addition, slowdown in LCD-related invest-
ment is a direct result of the stagnated PC
industry—which is the largest consumer of
LCDs—and improvement in LCD yield that will
ensure sufficient supply capacity and thus
eliminate a pressing need for new fab lines. As a
result, LCD makers such as Sharp and Display

SEMM-SVC-DP-9214
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Technology—a joint venture of Toshiba and
IBM—postponed construction of new LCD
production lines. Nevertheless, current LCD
production capacity is far from meeting future
demand. Dataquest believes that initial invest-
ment will continue in the coming few years, and
that the current slowdown is temporary because
of the repercussions of the slackened semicon-
ductor market.

LCD Equipment Industry

LCD production lines basically consist of the
same processes as semiconductor production
such as lithography and film deposition, except
that LCDs use glass substrate in place of silicon
wafer. Also, both processes are extremely sensi-
tive to dust particles. It is not surprising that
semiconductor equipment makers flocked to the
LCD business.

When forecasting the future of the LCD industry
from the viewpoint of a correlation between
production and capital spending, it should be
remembered that any industry is required to

Figure 3

make initial investment almost equivalent to the
value of production at the start-up phase, which
declines gradually to settle at a certain level
when actual demand and supply capacity are
balanced.

The investment/production ratio indicates effi-
ciency of investment. The semiconductor indus-
try’s efficiency of investment in the initial year
was 65.1 percent. It declined to 54.9 percent in
the second year, then to 45.1, 35.0, 29.9, and
20.0 percent. Thereafter, it averaged 20.7 percent
between 1982 and 1991, with some deviations
because of the business cycle (see Figure 3).

On the other hand, the LCD industry’s efficiency
of investment is estimated to be 54.6, 69.9, 69.4,
and 43.6 percent from 1989 through 1992, respec-
tively. Assuming that it will generally follow the
declining trend of the semiconductor industry,
say 35 and 30 percent in 1993 and 1994, respec-
tively, then remain stable at 20 percent from
1995 (see Figure 4), the LCD equipment industry
could expect to have a bright future.
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Figure 4
Japanese LCD Capital Investment and Its Efficiency (Optimistic Forecast)
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Dataquest Perspective

However, this simulation based on experience in
the semiconductor industry does not consider a
critical difference between LCDs and semicon-
ductors, a difference that dims the apparent
bright future of the LCD equipment industry.
What lacks in the LCD industry is “generation
shift.”

The semiconductor industry has been spawning
a new generation of products with miniaturized
circuit patterns every three years, which spurred
a suitable semiconductor equipment market that
grew side-by-side with products. In contrast,
LCDs are expected to provide high resolution
that can be satisfied visually at a certain level,
but not require a higher level of miniaturization
emulating the submicron geometries of leading-
edge devices. Thus, there is little impetus for
development of new generations of LCDs.

Next, consider the potential LCD demand for

a larger panel size. So far, the LCD industry has
been slow in standardizing substrates, whose
sizes differ from one maker to another. Accord-
ingly, LCD equipment makers are expected to

November 9, 1992
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supply equipment with flexible designs to
accommodate the different sizes; they already
supply large chamber systems for higher
throughput. In particular, dry systems such as
CVD and sputter are designed to four
panels in one batch, so that the increase in panel
size can be accommodated by reducing the
number of panels in each batch. This basically
eliminates a strong need for increase in equip-
ment size. Although technological advancement
will certainly continue in a number of areas—for
example, TFT's yield, improved brightness, and
response time—the LCD equipment market will
not undergo repeated technological shifts from
generation to generation, a critical difference
from the semiconductor equipment market. A
lack of generation shift means less opportunity
for an equipment market expansion.

Nobody disputes the similarities between LCDs
and semiconductor devices, and the growth
potential of the LCD industry. At the same

time, it should be reiterated that the LCD equip-
ment industry is intrinsically different from

the semiconductor equipment industry. The
semiconductor industry has consistently made,

SEMM-SVC-DP-9214
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at least until now, capital investment equivalent
to about 20 percent of its production, a figure
that served as the lifeblood of the equipment
market. On the other hand, the LCD equipment
industry seemingly is doomed to face a setback
of capital spending once production lines to
satisfy panel demand are completed and come
online.

The LCD equipment industry has experienced a
healthy growth of initial investment, which will
continue for a while, but not forever. It is
becoming an increasingly risky business for
semiconductor equipment makers to enter, for
growth potential of the LCD industry is decep-
tive; it will not provide much fruit to the LCD
equipment industry and will leave only a
tantalizing taste of success.

By Kunio Achiwa

Equiry Summary

Dataquest’s Semiconductor Equipment, Manufac-
turing, and Materials inquiry summaries are
designed to inform our clients of commonly
asked questions and Dataquest’s respective
answers. No confidential information provided
by our clients is included in this material.

Microprocessors Drive Fabrication
Technology

Q. How are microprocessors acting as process
technology drivers?

A. Microprocessors may not be driving new
processes in terms of minimim feature size as
DRAMSs do, but they are serving as a vehicle for
the development of multilevel metallization
process flows. Table 1 shows the process tech-
nology and selected parameters for several cur-
rent and future microprocessors. The different
processors can be characterized as being highly
integrated; they tend to incorporate the CPU,
FPU, data and instruction cache memory, cache
control logic, memory management unit, bus
control logic, and other functions integrated on
the chip. Many new microprocessors are also
shifting to 64-bit internal bus architecture.
Clearly, the incorporation of memory, control,
and test logic onto the same chip as the integer
and floating point execution units creates a large
demand for additional interconnect layers to

SEMM-SVC-DP-9214
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route the increased number of signals, ard to
maintain a manageable die size. This trend is
expected o continue as rs become even
more highly integrated, with multiple processors
integrated onto a single chip, with associated
complex logic, higher levels of test support,
error detection and correction, and other
functions.

Because complex microprocessors and
application-specific standard products derived
from the processor cores comprise an increasing
ion of total semiconductor production,
advanced multilevel metal processes will consti-
tute a larger fraction of the worldwide produc-
tion capacity. This carries some strong implica-
tions for the wafer fab equipment industry. For a
three-layer metal process, the number of process
steps from the beginning of the process to the
point at which the first metal layer is deposited
is about equal to the number of process steps
from that point to the end of the process flow.
In other words, the three-layer metal process is
the point at which the multilayer metallization
process steps become equal to all of the front-
end process steps. The mix of wafer fabrication
equipment will therefore tend to be more heav-
ily weighted toward process tools used in the
muliilevel metal process module—sputter depo-
sition systems, metal CVD systems for contact
and via plugs, dielectric CVD and PECVD sys-
tems for the intermetal dielectric (IMD) deposi-
tion, dry-etch systems for contact and via etch-
ing, and process tools for planarization of the
IMD and the tungsten contact and via plugs.

Figure 1 illustrates the trend toward heavier use
of multilevel metallization process equipment,
by showing the total worldwide wafer fab
equipment spending segmented by equipment
type on a percentage basis. The purchases of
CVD/PVD equipment and dry etch/dry strip
equipment have risen as a percentage of total
spending since about 1988, while the ses
of lithography/track equipment have fallen. This
shift in equipment spending has been caused by
greater use of multilevel metallization e5ses,
and by the evolution from batch to single-wafer
processing equipment, particularly for intermetal
dielectric processes. Dataquest expects this trend
to continue as multilevel metal processes find
greater use in production, and the number of
interconnect layers continues to grow.

By Charles Boucher
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Table 1

Process Technologles for Current Microprocessor Products

Microprocessor Minimum Line Number of Metal Die Size Number of
Manufacturer Architecture Geometry Interconnect Layers (8q. mm) Transistors
Intel 486 0.80 3 82 1.2 million
AMD 486 0.70 3 NA 1.2 million
Intel Pentium 0.80 3 264 3.1 million
1BM /Motorola Power PC 601 0.60 4 103 2.8 million
Motorola 68060 .50 3 149 2.8 million
Tl SuperSPARC 0.80 3 255 3.1 million
DEC Alpha 0.75 3 233 1.7 million

NA = Not available

*Uses a metal local interconnect layer in addition to four full interconnect layers.
Source: Dataquest (November 1992)
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Figure 1
Major Equipment Segments As a Percentage of Total Wafer Equipment Spending
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Market Analyﬁ
Semiconductor Manufacturing

Problems at Japanese Gomputer
Companies Point to Deeper Cuts in
Semiconductor CGapital Spending

Computer systems are the largest end-use appli-
cation for semiconductors in Japan. Therefore, it
is no coincidence that the four largest semicon-
ductor vendors in Japan—Fujitsu, Hitachi, NEC,
and Toshiba—ailso dominate the Japanese com-
puter systemns business.

In the current business downturn, computer sys-
tems sales fell more than 10 percent in the first
half of calendar 1992, according to the Japan
Electronic Industry Development Association.
Because the system groups at the four largest
Japanese computer companies purchase a large
share of the output of their captive semiconduc-
tor operations, it is reasonable to conclude that
the semiconductor divisions at these companies
are suffering in the current downturn in large
part because of the weak demand for computer
systems.

The problems at the Fujitsu, Hitachi, NEC, and
Toshiba computer systems divisions may extend
well beyond the current downturn. It is unlikely
that these companies have either the correct cost
structure or the necessary product offerings to
effectively compete in a global computer market
in which prices are collapsing and end users
are quickly moving to distributed computing
solutions,

The turmoil in the systems business will cer-
tainly impact Fujitsu, Hitachi, NEC, and Toshiba
semiconductor operations because captive device

Tahle 1
1991 Computer System Sales

demand is such a large part of each company’s
device output.

Big Share in Weak Japanese Market

The financial problems afflicting the Japanese
economy suggest that most Japanese businesses
will continue to cut capital spending on com-
puter systems. Businesses especially hard hit by
the downtum are banks and securities firms.

In the past, these two segments were the largest
buyers of computer systems in Japan. But now,
capital is tight at banks because of bad loans
and the need to meet the BIS capital adequacy
requirement that goes into effect in spring 1993.
In the face of a sluggish stock market and steep
quarterly losses, spending on computer systems
has evaporated at securities firms.

The tight capital spending environment in Japan
points to weaker sales of computer equipment,
especially the large business systems. Dataquest
expects this climate to persist for several years.

Because Fujitsu, Hitachi, NEC, and Toshiba
systems revenue is concentrated in Japan (see
Table 1), Dataquest expects each to report weak
sales and steep losses in their systems business
for fiscal 1993 (ending March 1993). The squeeze
on sales and profits is likely to persist into fiscal
year 1994 (ending March 1994), as we continue
to forecast a weak recovery for the Japanese
financial sector.

Toshiba has the smallest to the
Japanese market, with 47.4 percent of its 1991
system sales in Japan. The other three companies
have considerably more exposure: sales in Japan
account for 83.5 percent of Fujitsu’s total com-
puter system sales, 71.2 percent for Hitachi, and
74.7 percent for NEC.

Worldwide Percentage, by Region
Revenue ($M) Japan United States Europe  Asia-Pacifi’ROW
Fujitsu 4,735.5 83.5 0.4 15.3 0.8
Hitachi 2,368.1 712 22.6 6.2 0.0
NEC 6,257.7 74.7 74 4.6 13.3
Toshiba 1,848.3 47.4 12.0 270 6.6

Source: Dataguest (October 1992}
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Tough Product Mix

In addition to a weak economic environment,
Fujitsu, Hitachi, NEC, and Toshiba have invested
heavily in computer segments, which Dataquest
expects to have low growth or be very competi-
tive. Fujitsu, Hitachi, and NEC have a large per-
centage of their computer systems business in
the mainframe and midrange market, which
Dataquest is forecasting to decline. NEC and
Toshiba also have a large percentage of their
systems business in the PC market, which is
undergoing severe pricing pressures. It is
unlikely that these two companies have the

cost structure in place to compete in this
environment.

Fujitsu

Fujitsu is the world’s thind largest computer
maker. Its computer sales are concentrated in
the large mainframe and midrange markets
(see Table 2). Sales in these segments have been
particularly hard hit because of cuts in capital
spending by Japanese businesses. As a result,
Fujitsu is now preparing to revise downwardly

both yearly and interim profit forecasts for the
current fiscal year.

Dataquest believes that Fujitsu faces bigger
challenges in its computer business over the
long term. It must cope with the restructuring
of the computer industry and the move to dis-
tributed computing utilizing PCs, workstations,
and networks. Fujitsu has benefited from the
slow pace at which Japanese businesses have
adopted new information systems. But the cur-
rent economic downturn is expected to speed
up the move to distributed computing in Japan,
forcing Fujitsu to move more quickly to adapt to
this new product environment.

Dataquest believes that fallout from the
problems in the systems business is a major
reason that Fujitsu has turned cautious about

its semiconductor business. We estimate that

29 percent of its semiconductor group’s produc-
tion in 1991 was used by internal operations (see
Table 3). Among these internal operations, the
computer systems group accounted for the lion's
share of the captive semiconductor usage.

Table 2
1991 Computer system Sales, by Percentage
Fujitsu Hitachi NEC Toshiba
Supercomputers 51 1.9 1.9 NA
Mainframes 46.1 84.4 235 6.4
Midrange 37.0 6.3 23.5 185
Workstation 37 47 31 2.0
Personal Computer 8.1 2.6 48.0 731
Total Revenue ($M) 4,735.5 2,368.1 6,257.6 1,848.4
NA = Not applicable
Note: Percentages may not add to 100 percent because of rounding.
Source: Dataquest (October 1992)
Table 3
1991 Semiconductor Sales (Revenue in Millions of Dollars)
Worldwide Percentage Percentage Percentage
Revenue ($M) Captive DRAM Japan
Fujitsu 2,705 29.0 18.6 73.0
Hitachi 3,765 20.0 17.6 68.2
NEC 4,774 26.0 15.6 72.9
Toshiba 4,202 15.0 22.8 58.0
Source: Dataquest (October 1992)
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Fujitsu has announced a 33 percent capital
spending cut in its semiconductor division.
Dataquest believes that additional cuts are likely
to be announced in October 1992. The cuts in
semiconductor capital spending are expected

to mark a much slower period of growth in
Fujitsu’s semiconductor operations because its
main customer, its own computer systems

group, will require less product.

Hitachi

Hitachi’s computer systems business is primarily
focused on the mainframe market, accounting
for 84 percent of all computer system sales.
None of the other four companies we are
reviewing has a higher concentration of sales

in mainframes. Its worldwide mainframe sales
are second only to IBM. As Table 1 shows,
Hitachi's computer sales are concentrated in
Japan (71.2 percent) and to a lesser extent in the
United States (22.6 percent).

The importance of Hitachi’s mainframe business
is magnified after recognizing that 40 percent of
the entire company’s profits in the past several
years was earned by the mainframe business.
S0, as one might well expect, the current down-
furn in Japanese computer system sales is caus-
ing the red ink to flow at Hitachi.

As with Fujitsu, Hitachi faces challenges in
realigning its computer product line. And, as
with Fujitsu, the company’s focus on main-
frames will have a deleterious impact on its
semiconductor operations.

Captive consumption of semiconductors at
Hitachi in 1991 accounted for 20 percent of its
IC sales (see Table 3}. So the downturn in
Hitachi’s systems business, which includes com-
puters and computer storage, will certainly
mean changes for the semiconductor business.

Hitachi announced a 23 percent cut in semicon-
ductor capital spending at the beginning of the
current fiscal year. The entire electronic equip-
ment market in Japan has deteriorated further
since that initial announcement, so we believe
that additional cuts will be made in October
1992.

In addition, Hitachi plans to reduce memory
products as a percentage of total semiconductor
output. A sharp drop in 1991 DRAM prices
caused the company’s profits to fall below initial
and midterm expectations, prompting it to

October 5, 1992
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reduce its dependence on memory products.
DRAM products accounted for 17.6 percent of
Hitachi’s semiconductor production last year.

Hitachi will increase production of logic devices
and semiconductors designed for use in mobile
communications equipment, which it plans to
start designing and manufacturing in the United
States. The company is also developing its

own proprietary 32-bit RISC chip for embedded
applications based on Hewlett-Packard’s Preci-
sion Architecture RISC microprocessor.

NEC

NEC is facing problems similar to those of
Fujitsu and Hitachi in its mainframe business.
Sales and profits are off and revenue is expected
to decline over time. But mainframes and
midrange computers each account for only

23.5 percent of NEC's computer system sales
(see Table 2).

A much larger problem for NEC is the competi-
tive pressures building in the PC market. PCs
account for 48 percent of NEC's computer sys-
tem sales, by far the largest computer systems
segment for the company. NEC sold 1.4 million
PCs in 1992, 1.2 million in the domestic market,
and 200,000 overseas. The company still holds
45 percent of Japan's PC market, but this share
is likely to decline because Japanese desktop
users want lower prices and more powerful
machines than those offered by NEC. We believe
that the PC business profit contribution—the
underpinning for overall computer business
profits—will decline sharply.

Captive semiconductor consumption accounts
for 26 percent of NEC’s semiconductor division’s
sales (see Table 3), so we expect a downturn in
computer systems to cause weaker sales in
NEC's semiconductor operations. In response,
NEC cut semiconductor capital spending by

28 percent in fiscal year 1993.

Toshiba

Toshiba’s PC sales account for 73.1 percent of its
computer systems sales (see Table 2). It differs
from the other three computer makers in that it
does not have a large mainframe/midrange
business.

At first glance, Toshiba’s concentration in the PC
market appears as a strength. Furthermore, the
company has strong overseas sales; about

53 percent of its systems revenue is eamned
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outside of Japan (see Table 1). But its large over-
seas market exposure is proving to be more of a
liability because of fierce pricing pressure in the
U.S. and Asian PC markets. As PC makers such
as AST, Compaq, and even IBM cut prices,
Toshiba’s market share is expected to erode.

Toshiba has cut semiconductor capital spending,
as have the other major Japanese computer
manufacturers. At the begim\in% of its fiscal
year, Toshiba announced a ¥20 billion cut in
semiconductor spending. The company plans to
now cut an additional ¥30 billion. The midyear
cut is the first time the mmtﬁany ever lowered
spending halfway throu e fiscal year. The
unprecedented nature of the cut reflects the
severity of the current downturn.

Dataquest Perspective

Dataquest expected semiconductor capital
spending in Japan to grow only 3.3 percent

over the next five years. A large part of the
deceleration in spending can be attributed to the
problems facing the Japanese computer industry,
which is the largest end user of semiconductors
in Japan.

There are no easy solutions for Japanese com-
puter manufacturers. For many years these com-
panies chased IBM in the mainframe business.
But just as IBM is recreating itself, so must these
companies realign their product offerings and
lower their cost position if they are to compete
in the globai computer market.

The restructuring of the Japanese computer
industry will take time. This secular shift is one
of the primary drivers behind the slower growth
forecast by Dataquest for semiconductor capital
spending in Japan.

By Mark FitzGerald

Semiconductor Materials

CVD Diamond: Will it Be a Package-
Design Engineer’s Best Friend?

Founded in 1984, Crystallume Inc. of Menlo
Park, California, is one of 12 companies known
to be involved in CVD diamond, a nascent tech-
nology touted as a potential low-cost substrate
material for electronic packages, specifically
multichip modules (MCMs). Other known sup-~
pliers of diamond materials and substrates are
as follows:

s Diamonex
& General Electric

SEMM-SVG-DP-9213

©1992 Dataguest Incorporated

IBM-Watson R&D
Indemitsu Petrochemical
Kennametal Corporation
Mitsubishi Metal

Nachi Fujikoshi

Norton Company
Raytheon Corporation
Sumitomo Electric
Toshiba Tungaloy

Crystallume has used plasma-activated CVD to
create a polycrystalline diamond composite
material. Crystallume’s plasma CVD process
typically includes using microwave to convert
methane while maintaining 700°C to 900°C tem-
peratures. As reported by Crystallume, the
process has shown penetration of the deposition
process to thicknesses from 0.1mun to 4.0man.
Crystallume has developed diamond composite
material below 600°C, even to 350°C, and can
still maintain fairly good quality in its material.
The quality and growth rate of the diamond
composite material is reduced as the tempera-
ture is lowered.

Crystallume is working with Hughes to develop
a chemical vapor infiltration process. During this
process, a plasma is formed by 2.45-GHz micro-
wave excitation over a mass of diamond parti-
cles. The gases flow through the process to pre-
vent porosity problems. There still is between
80 and 85 percent consolidation with 10 to

15 percent porosity in this process, but Crystal-
lume believes that this porous state can be filled
with other materials. Diamond composites
would provide the following advantages as an
MCM substrate:

@ Superior heat-spreading capacity
& IC life-cycle enhancement
Improved IC performance

s High electrical resistivity

a Good TCE mmatch with silicon

® Reduced module size and weight

The challenges to CVD diamond substrates are
cost and limited availability to product technol-
ogy, fabrication technology, and application tech-
nology. Production scaleup is expensive and
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market acceptance is to be slow.
According to estimates made by International
Research Development (IRD) and reported by
Crystallume, CVD diamond is
a compound annual fowth rate of 61 percent
from 1990 to 2000. Table 1 shows other IRD
estimnates,

CVD diamond applications include the

following:

Laser diodes/diode arrays

Fiber-optic coupled diodes

High-speed power GaAs communications

devices

w Hybrids

m Heat pipes

a Less than 300-MHz clock rate performance
devices

a 3-D packages

MCM substrates

to have

CVD diamond substrates for packaging costs fall
between that for beryllium oxide (BeO) and
natural diamond, or about $10,000 per cm’. This

is expected to decline to $1,000 per cm’ by 1994,
Table 2 offers a com n of thermal proper-
ties of CVD diamond with other substrate
materials used in electronic packages.

Ceramics

Ceramic compositions or substrates are the
result of combining refractory materials such

as nitrides, oxides, and silicides of aluminum,
silicon, and beryllium, as well as magnesia and
zirconia. These raw materials are synthesized
and refined, formed, and fired in a controlled
but complex process. Ceramic substrates have
been used in the packaging of electronics for the
following valuable characteristics:

m Hermetic protection
= Environmental stability

Table 1
CVD Diamond Market Statistics {Millions of Dollars)
1990 2000 CAGR (%)
Market Shipment Growth 37 4,315 -
R&D 150 150 -
Electronic Package Applications 20 525 39
Total Application Markets 187 4,465 37
Source: International Research Development
Table 2
Thermal Properties of Base Substrates, CVD Diamond versus Other Substrates
CVvD
Diamond BeO AIN ALO, §8iC PWB Si Mullite
Thermal Conductivity
(watt/mass flow rate at
100°C) 1300 200 150 18 70-260 0.003/0°C 1.5/0°C NA
'I'hermal Diffusivity
em’/sec.) 74 0.67 0.65 0.05 NA NA NA NA
TCE 20 6.0 3.6 4.6-6.2 3.7-3.8 NA 3.3 42
Dielectric Constant 5.2-5.7 6.7 85-88 8.9.95 42.0 5.0 11.7 5.5-6.8
Electrical Resistivity
{Ohm-cm) 10%10* 10" 10® 10" 10" - - - -
Dielectric Strength
(V/million) 8750 850 1,275 850 NA NA NA NA

NA = Not available
Source: Crystallmme Inc.
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w Provides a protective barrier
m High mechanical stability

s Thermal shock and cycling
= Rigid stable platform

m No geometry limitation

a Good insulation properties
High yield during assembly

As noted by P. Garrou and I. Turlik in Thin Film
Multichip Modules, ceramic processing can be
categorized in several ways, including thick ver-
sus thin film and low- versus high-temperature
cofire. Ceramic substrates can be used as a
mechanical support with power, ground, and
signal layers or as a cofired ceramic structure
containing power and ground distribution
planes. The following sections discuss the most
common ceramic substrates considered for high-
performance MCM designs.

Aluminum Oxide

Aluminum oxide (ALO,), often referred to as
alumina, is an inorganic compound from the
element aluminum. The oxide alumina is
found naturally as ruby, sapphire, corundum,
and emery. Alumina is the most commonly
used ceramic substrate material in electronic
packaging, from hybrids through complex
MCM designs. Aluminum oxide requires high
firing temperatures and comes in several
grades of purity from 92 to 96 percent.
Because of its high design implementation in
aerospace, electronics, and metrology tools, it
is the most cost-effective substrate available.

Aluminum Nilride

Aluminum nitride (AIN) is an inorganic com-
pound from aluminum. It is a relatively new
substrate material used in electronic packaging
applications. It costs 10 to 15 times more than
alumina. Aluminum nitride has been used for
heat sinks and in hybrids, in selected IC pack-
ages, and more recently in MCM designs
requiring high thermal conductivity. Although
AIN is an attractive material because of its
thermal properties, technical barriers during
synthesis of the powder have delayed its
enfrance as a competitive ceramic substrate
material. The purity of the powder can be crit-
ical to the properties of the finished product.

SEMM-SVC-DP-g213
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The electrical and mechanical comparisons of
different types of AIN vary according to the
when, where, why, and how of manufacturers
and their processes. The quality and thermal
conductivity of translucent AIN is higher than
that of the darker AIN. The cost also increases
incrementally as the level of purity rises. The
darker quality of AIN indicates a higher level
of contaminants.

Although the thermal characteristics of AIN
and BeO are very close, the overall attributes
of silicon more closely match those of AIN,
making AIN a substrate for silicon components

by many substrate suppliers and
MCM design engineers.

Muitite

Mullite ceramic is a compound of alumina
(AL,O,) and silicon dioxide (5i0,). Mullite is a
new substrate whose thermal characteristics
are similar to AIN. According to Kyocera,
multilayer mullite packages under development
are fabricated using cofire technology with
tungsten or molybdenum metallization.

Silicon Carbide

Silicon carbide (SiC) is an inorganic compound
from the base element silicon. It has a thermal
expansion coefficient of 3.7 (10° x °K"), close
to that of silicon 2.5, making it an excellent
substrate for MCM designs, as well as for
applications requiring embedded heat sinks. As
noted in IBM's Microelectronics Packaging Hand-
book, SiC incorporated in MCM designs has a
thermal resistance of 5°C/W in air<cooled sys-
tems and 1.5°C/W in water-cooled systems.
Silicon carbide is often used as a structural
material in high-temperature applications such
as intermal combustion machines.
Low-Temperature Glass Ceramics

The low-dielectric, low-firing-temperature glass
ceramic substrate materials are crystallizable
glasses, glass-filled/glass-bonded composites,
and crystalline phase ceramics. Glass ceramic
substrates typically are formed using ceramic

technology. The glass ceramic substrate is a
mixture of alumina powders and glass

powders.
Beryllium Oxide (BeD)

Beryllium oxide, referred to as beryllia, is an
inorganic compound of the base element
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beryllium. Although expensive in comparison
to alumina, beryllia has been used because of
its superior thermal conductivity characteristics
in hybrid, microwave, scanning, and energy-
gathering mirrors in military applications, and
for MCM designs that require high heat dissi-
pation characteristics. Beryllia-substrate-based
applications can operate in temperatures from
-453°F to 500°F. Crystallume has signed an
agreement with Brush Wellman for develop-
ment of diamond-coated BeO.

Siticon

Silicon used as a hybrid or MCM substrate is
often referred to as silicon on silicon. Used by
IBM over the last two decades in conjunction
with flip-chip attachment, its obvious advan-
tages as a substrate include the following:

w Coefficient of thermal expansion matching
silicon die

m Thermal conductivity higher than alumina

= Known lithography and multilevel metalliza-
tion process

Three-dimensional memory stacking technology
such as that developed by companies such as
Irvine Sensors, Texas Instruments, and Micro-
Module Systems incorporates silicon-on-silicon
technology in the solid-state memory array
module design. A disadvantage is that it does
not have the mechanical stability offered by
ceramics.

Laminate Subsirates

The most conunon substrate material for the
MCM-L category will be printed wiring boards
comprising various types of laminates including
the standard FR-4 substrate materials. The more
advanced materials being incorporated into the
MCM-L category are glass epoxy substrates
FR-405 and FR-406 with respective transi-
tion temperature (T,s) of 155°C and 177°C.
Rogers Corporation is licensing its RO2800
fluoropolymer material as an MCM substrate.

The MCM-L category represents a low-cost
module with performance improvements over
single-chip designs. The more cost-efficient
laminate MCM designs will serve the 50- to
60-MHz systems. Compared to the MCM cer-
amic and thin film categories, MCM-L designs
are limited in thermal conductance, power dissi-
pation, speed beyond 60 MHz, and density.
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Although 100-MHz MCM-L designs are achieva-
ble, indications are that beyond 60 MHz, the
MCM-L design declines in cost efficiencies in
comparison to the higher-speed MCM-C and
MCM-D module designs. Design applications
for the MCM-L category are expected to be
predominant in the consumer market in pocket
computers, and to be inc ted in memory
modules and COB designs with low I/0O and
lower speed demands. Comparison of individu-
ally packaged chips with the MCM-L designs
indicates that costs should be comparative if the
module yields are good.

Dataquest Perspective

The choice of substrate material for the MCM
design represents the first level in the MCM
fabrication process. The substrate serves as a
carrier for the chips as well as a means of inter-
connecting the chips. Most MCM technologies
make a rigid mechanical connection between the
die and the substrate. In addition, the electrical
connection between the die and the substrate is
often made by some form of weiding. As a
resull, it becomes difficult fo remove the die for
repair or replacement. Thus, the major issues of
MCM test and repair come into play. Dataquest
maintains that the reparability issue continues to
be a major factor limiting the growth of some
but not all MCM manufacturers. Module
manufacturers should test chips and substrates
so well that module repair is seldom required,
or develop die and lead attachment techniques
that lend themselves to easy removal.

In summary, substrate selection for MCM
designs will determine the overall performance
of the entire MCM within the system. The role
of the substrate is to provide the interconnect
base for the die, meet the thermal properties of
the die, as well as provide a pathway for heat
dissipation, and be mechanically strong enough
o endure environmental factors such as han-
dling, thermal cycling, and thermal shock.

Future issues of Semiconductor Worldwide
Products, Markets, and Technologies Dataquest
Perspective will delve into the choice of sub-
strates by MCM vendors, their design capability,
and their R&D expenditure in developing MCM
capability.

By Mary Ann Olsson

(This article was veprinted with the permission of
Datagquest's Semiconductor Worldwide service.)
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ﬁ?hnology Analysis

Intermetal Dielectric Technology: The
Quest for Market Superiority

As more products are manufactured using
multilevel metal processes, the need for equip-
ment capable of addressing the needs for metal
deposition, contact, and via plug, and intermetal
dielectric (IMD) deposition and planarization are
increasing rapidly. Dataquest predicts that the
market for equipment utilized for multilayer
metal processes will outperform the overall
wafer fab equipment market through the
remainder of this decade. Driving this growth
will be adoption of three- and four-level metal
processes for next-generation microprocessors,
increasing numbers of three- and four-layer
metal ASIC designs, and the migration of the
DRAM to a two-level metal process with the
16Mb generation.

This article will focus on IMD deposition and
planarization technologies that are competing
for this market, with particular emphasis on
processes that will be ired as design rules
shrink below the 0.5-micron level. There is ro
clear winner yet, and proponents of each tech-
nology are putting much effort into technology
development, codevelopment work with key
fab partners, and aggressive marketing in an
attempt to become the mainstream technology in
the burgeoning submicron IMD deposition and
planarization marketplace.

Dielectric Deposition Technology

The Past: PECYD Silane Oxide

The choice of a particular IMD deposition
technique is one of the more complicated
issues in a modern wafer fab, It is widely
accepted that the device yield is largely
dependent on defects introduced during the

multilevel metal portion of the process flow.
A viable deposition would ideally
include the following partial list of attributes:

m Low deposition temperature
m Excellent gap fill capability
w Low film stress

u Low dielectric constant

w Low moisture absorption

m Ability to be eiched with standard
techniques
m High deposition rate
m Low particulate defect level
a High wafer throughput
Table 1 lists IMD deposition technologies and
the top companies that supply equipment
utilizing those processes. The material of
choice has, of course, been silicon dioxide. At
line geometries greater than 1.2 microns,
silane-based PECVD oxides are widely used,
because of the low deposition temperature,
high deposition rate, low particie levels, and
well controlled film properties. The relatively
poor conformality of silane-based oxide films
preciudes their use as a gap-filling material as
the metal line spaces fall below 1.2 microns.
However, the films find continued application
as a capping layer following planarization,
where conformality is no longer an issue.

The Present: PECVD TEQS Oxide and
Spin-On-Glass

The materials in widest use today at the sub-
micron level are tetraethylorthosilicate (TEOS)-
based PECVD oxides, which offer superior
film conformality compared to silane-based
oxides but are more difficult and expensive to
deposit because of the cost of the liquid TEOS

Table 1

Intermetal Dielectric Deposition Technologies

Silane-Based TEQOS-Based APCVD Ozone- ECR CVD
PECVD Oxide PECVD Oxide TEOS Oxide Oxide

Applied Materials Applied Materials Watkins-Johnson Sumitomo Metals
Novellus Novetlus Alcan (Canon) Anelva

E.T. Electrotech Applied Materials Lam/Sumitomo
Source: Dataquest (October 1992)
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source and the need for a specialized TEOS
delivery system. Applied Materials developed
one of the earliest versions of a PECVD TEOS
deposition system, which ran on the Precision
5000 platform, with which it established and
continues o hold a dominant market share
position. Dataquest estimates that Applied
Materials holds about 90 percent of the
PECVD TEOS oxide market. Novellus Systems
offers a TEOS process for its Con One die-
lectric deposition system, but failed to estab-
lish significant market share because of early
technical problems associated with the TEOS
delivery system. Dataquest believes that the
problems have been resolved, and predicts that
Novellus will aggressively position the Concept
One TEOS system against the Precision 5000,
emphasizing the low cost of ownership that
served the Concept One silane system so well.

Dataquest forecasts that the market for PECVD
dielectric deposition equipment will grow at a
com d annual growth rate of 11.8 percent
from 1991-1996 {see Table 2). Note that the
PECVD segment in Table 2 includes interlayer
dielectric (ILD) applications as well as IMD
applications. The use of two-level metal
processes for the 16Mb DRAMSs and for super-
shrink 4Mb DRAMs will stimulate increased
shipments of PECVD TEOS oxide equipment
for IMD applications in the next two years, as
well as the migration to three layers of metal
for the 486 microprocessor, increasing to an
expected four layers of metal for the PS5
MICTOPIOCesSOr.

Some IC fabs deposit thick films of PECVD
TEOS oxide, relying on the excellent confor-
mality to fill the spaces between metal lines

without forming a void. The most common
IMD process in submicron production today,
however, deposits a thin PECVD TEOS oxide
film, then applies spin-on-glass (SOG) as a
gap fill and planarizing material. Following
plasma etch-back planarization, a capping layer
of either TEOS or PECVD silane oxide is
deposited. Dataquest believes that this will
continue to be the dominant technology down
to about 0.5-micron line geometries. Below the
0.5-micron limit, the use of SOG as a gap fill
material poses potential problems, such as the
formation of voids at the bottom of high
aspect ratio gaps, and high film stress and
cracking because of excessive film shrinkage
upon curing. Another complication is the lack
of global planarization of the SOG process,
which could pose a problem for the advanced
lithography requirements below 0.5 microns
and concomitant depth of focus constraints.
Such limitations are particularly serious for
metal systems with three or more layers.

The Future: APCVD Ozone TEOS and ECR CVD
As IC manufacturers eye the impending arrival
of subhalf-micron processing, a flurry of
development activity has been undertaken to
establish an acceptable process technology to
meet the needs of that generation. One candi-
date studied extemsively is the APCVD ozone-
TEOS oxide deposition process, which uses a
liquid TEOS source and an ozone/oxygen mix-
ture as the oxidizing agent. The reaction is
carried out at atmospheric pressure to provide
higher deposition rates, and the films possess
unusually good gap-filling capability. Watkins-
Johnson and Alcan Technology (marketed and
sold by Quester Technology in the United

Table 2
Worldwide Dielectric CVD Equipment Forecast, by Equipment Type (Millions of Dollars)
CAGR (%)
1991 1992 1993 1994 1995 1996 1991-1996
Worldwide CVD Market 747 680 755 900 1,045 1,190 9.7
APCVD 92 83.6 89 120 130 150 10.3
PECVD 282 263 317 370 435 492 11.8
Horizontal Tube LPCVD 44 20 15 12 10 10 r25.6
Vertical Tube LPCVD 192 174 177 208 257 296 9.1
ECR CVD 7 7 8 10 12 16 17.0

Source: Dataquest (October 1992)
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States) are each marketing a continuous
process APCVD ozone-TEQOS system. Applied
Materials offers a similar process, dubbed
subatmospheric CVD (SACVD), running on the
Precision 5000 platform.

The continuous process systems have already
attained strong market acceptance for BPSG
film deposition, but are still in the evaluation
phase for IMD applications. The primary
drawback at this point is the relatively high
tensile stress in the films, which can lead to
cracking and metallization failures. Another
issue is the sensifivity to the type of surface
being deposited on for high-ozone-content
films, which are necessary to maximize the
gap fill properties. Dataquest believes that
these problems will ultimately be resolved,
and the process will establish a reasonable
degree of marﬁkleﬁnaccepta;l:]:f, because of the
void-free g capability and the v
high mfe%aﬁ-mughputga thatty can be ac]:n.ig?red.
APCVD films will require some form of
planarization step, but still offer the benefits of
process simplification by filling the minimum
metal spaces with a single deposition step.
Consequently, Dataquest foresees healthy
growth in the APCVD oxide deposition equip-
ment market. The APCVD market forecast in
Table 2 includes silane and ozone-TEOS ILD
applications, in addition to the ozone-TEOS

IMD segment.

A final film deposition technique under
develo t is electron cyclotron resonance
(ECR) CVD. This process generates a dense
plasma at low pressures using microwave exci-
tation, and utilizes an RF bias on the wafer to
add a controlled degree of ion bombardment
as the film is deposited. The deposition in
essence fills the gap from the bottom up, like
filling a glass with water, and as a resuit, can
fill seemingly impossible spaces seamlessly.
The market size for ECR CVD systems is
quite small, only $7.3 million in 1991. ECR
CVD systems are offered by Sumitomo Metals,
Anelva, and Plasma Technology (a slightly
modified version of the Sumitomo system is
marketed in the United States by Lam
Research). Sematech is working with a Lam
Research ECR system in an effort to develop
an IMD s for the 0.35-micron process
generation, but several problems remain. ECR
plasmas are notoriously nonuniform at eight-
inch wafer sizes, and promise to be difficult to
scale further. The deposition rates tend to be
somewhat low, which will compromise wafer
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throughput, and the process still needs to
demonstrate acceptable consistency and defect
levels. Dataquest subsequently forecasts a rela-
tively small market size for ECR systems
through 1996.

Planarization Technology

To provide a complete IMD process solution, the
film or films used to fill the spaces between the
metal lines need to be planarized. The degree of
planarization required depends on how many
layers of metal will ultimately be used in the
process, the line geometries of the various metal
layers, and the depth of focus budget of the
lithography system. In general, even if a high
degree of planarization is not required, the
topography must be smoothly varying with no
re-entrant angles at any steps. As more layers of
metal are added and the line geometries con-
tinue to shrink, a greater degree of planarization
is required. The ultimate planarization process
would deliver true global planarity, resulting in
a perfectly flat dielectric surface on which to
pattern the next metal iayer.

Etch-Back Planarization

Etch-back planarization involves the use of a
sacrificial planarizing material to enhance the
planarity of the deposited dielectric film. The
earliest incarnation spun photoresist onto the
wafer following deposition of a thick PECVD
oxide film. The wafer was then etched in an
oxide etcher with a process that etched the oxide
and photoresist at the same rate. The resist
smooths the topography of the oxide over the
metal, and the smoothed profile of the resist is
transferred into the oxide layer during the etch
back, resulting in a smoothed oxide film. This
process is still used by many companies,
although the oxide is now TEOS-based instead
of silane-based. Photoresist planarization has
fallen out of favor in many fabs, however,
because of difficulty in maintaining low particle
levels and problems in filling the gap between
metal lines with TEOS oxide as the spaces con-
tinze to narrow.

As mentioned earlier, the most popular process
for 1.0- through 0.5-micron process technologies
has been the use of SOG as both a gap-filling
material and a sacrificial planarization film.
Typically, the wafer is coated with one or more
SOG films, and cured at temperatures of
400-450°C. The SOG is then etched in a plasma
oxide etch system until it is completely removed
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from on top of the metal lines, but is allowed to
remain in the gaps.

Equipment suppliers that have served the mar-
ket driven by this type of process are manufac-
turers of dry etch equipment. Applied Materials,
Lam Research, Tokyo Electron, and Tegal all pro-
vide oxide etch tools and support planarization
eich processes. Dataquest believes that entrench-
ment of SOG/etch-back planarization technol-
ogy, combined with development of new SOG
materials with reduced shrinkage and hence
lower film stress, will permit this process
scheme to be used in sub-0.5-micron applica-
tions where global planarity requirements are
not stringent. A potential upside for SOG exists
if it can address the needs of the 0.25-micron
process technology. The dielectric constant of
silicon dioxide may be too high to meet the elec-
trical requirements at that level. SOG com-
pounds can have substantially lower dielectric
constants, increasing their attractiveness.

Chemical-Mechanical Polishing

A relatively new arrival on the planarization
scene, and one that is generating tremendous
interest and excitement, is chemical-mechanical
polishing (CMP). CMP is a process that has been
in use for many years for the polishing of silicon
wafers to a mirror finish. Within the last few
years, it has been adapted to polish oxide films
to planarize them, and has also been used to
polish tungsten films to planarize contact and
via plugs. The process consists of contacting the
wafer with a rotating porous pad and saturating
the pad with a polishing slurry. For oxide
planarization, commercial slurry mixtures con-
sisting of a suspension of silica particles in an
aqueous KOH solution are used. The oxide can
be removed at a controlled and uniform rate,
resulting in a smooth, planar surface. The resuit-
ing surface, if the process is controlled properly,
can be almost perfectly smooth, possessing true
global planarity.

The process is being used in production by
several IC manufacturers. IBM, which pioneered
the use of CMP for planarization in the
mid-1980s, uses the process for IMD planariza-
tion and tungsten plug planarization in its 4Mb
and 16Mb production process flow. Dataquest
believes that Intel is utilizing CMP in its
0.8-micron, three-layer metal process used for
the 486 microprocessor, and that AMD is
integrating the CMP process into a 0.7-micron,
three-layer metal process.
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CMP is not yet a panacea, however. Several
problems make the process difficult to use in a
manufacturing environment, such as pattern
sensitivity of the oxide removal rate, lack of a
means of endpoint detection, and the tendency
of the oxide removal rate to drift downward
over time. The current implementation of the
process demands heavy engineering support and
a large amount of test time to calibrate the film
removal rate, causing the cost of ownership to
be somewhat high. Dataquest believes that, in
the near term, CMP will be used where it con-
fers a technological advantage, in three-or-more-
layer metal processes with tight metal pitch, and
in production of high-margin products where
some loss in manufacturing efficiency can be
traded for the development of a strategic tech-
nology that will be critical later. Dataquest does
not believe that CMP will make significant
inroads into DRAM production processes, with
the exception of IBM, until the 64Mb generation.

Table 3 lists the four companies wrestling to
establish control in the CMFP marketplace.
Westech Systems owns the lion’s share of the
installed base, aided in part by its coliaboration
with Sematech and IBM. The experience base
accumulated by Westech should prove valuable
in helping its customers solve problems and
improve the manufacturability of the process.
Cybeq Systems offers a system that addresses
the throughput issue by allowing six wafers to
be polished simultaneously, compared with two
wafers per batch for the Strasbaugh machine
and single-wafer processing on the Westech tool.
The Westech system utilizes two separate polish-
ing stations, each with single-wafer capability.
One station is used for planarization, the other
is used for a post-planarization cleaning step.
The Strasbaugh machine polishes two wafers on
a single polishing pad. Cybeq's CMP tool also
features a patented floating head design that
results in uniform oxide removal across the
wafer, which is a problem on other machines.
This is dealt with on the Westech system by
dynamically curving the wafer holder during the
polishing process to compensate for nonuniform
oxide removal.

Dataquest believes that the company that can
demonstrate the lowest cost of ownership will
ultimately occupy the dominant position in the
market for CMP tools. Dataquest believes that
the market for CMP tools will ultimately tgow
substantially. CMP is the only technique that
offers true global planarization capability, which
will be essential in reconciling the need for
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Tabie 3
Chemical Mechanical Polish Equipment Gompanies
1991 CMP
Revenue
Company Equipment Equipment (Millions of
Name Model Features Dollars)
Westech Systems Model 372 2 single wafer polishing pads 11.6
Active correction for nonuniform film removal
Cybeq Systems Model 3900 6 wafers on a single pad 1.6
Floating head design for uniform film removal
Strasbaugh Model 6D3 2 wafers on a single pad 25
Working on active correction for nonuniform film
removal
Speedfam NA NA 0
Pressi NA NA 0
NA = Not available
Source: Dataquest (October 1992)

several layers of tight pitch interconnect with
diminishing depth of focus budgets as feature
sizes continue to shrink. In the near term, mar-
ket growth will be driven by technology buys
as more companies comunit to developing the
ess, and companies such as Intel that have
th the technological need and the profit mar-
gins to pay for the process in its early phase.
Dataquest expects the market for CMP equip-
ment to begin to d rapidly in the
1995-1996 time frame, when 0.35-micron
processes begin to run in production facilities.

Dataquest Perspective

The evolution of the integrated circuit, with the
emphasis on integration, is exerting pressure on
the process technologist to increase the number
of mefallization layers in the process flow. At
the same time, line geometries continue their
relentless drive downward to ever smaller
dimensions. This places a2 multitude of demands
on the metal and IMD process modules, which
already are the yield-limiting region of the
process flow in many cases. The multilayer
metallization portion of the process will equal
the remainder of the process in terms of number
of ess steps in a three-layer metal flow; it

ill dominate the process flow beyond three
layers of metal. These factors, in Dataquest’s
opinion, will give rise to a thriving market for
IMD depositior tools, planarization equipment,
metal CVD equipment, and other systems used
in multilevel metal processing.
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The suite of processes have been established for
the process flows down to the 0.5-micron level,
and the dominant unit process techniques will
be PECVD TEOS oxide deposition, SOG for gap
filling, and planarization with plasma etch-back.
Some use of resist etch-back with thick PECVD
TEOS oxide films also will occur. Dataquest
predicts that the sales of these process tools will
continue to grow at a healthy rate as more
DRAM processes switch to two-level metal
processes, and ASIC and micro sor fabs
continue to increase the number of metal layers
to three or more. Dataquest believes opportuni-
ties remain for equipment suppliers that can
address these process needs with low cost of
ownership solutions.

In the longer term, there is not yet a clear suc-
cessor to the current family of process tools at
the sub-0.5-micron level. The process tools that
ultimately become the status quo for future fine-
line geometry processes will be those tools that
best meet the complex and stringent technical
requirements in the most economical fashion.
Certain fundamental technical needs include the
ability to fill narrow, high aspect ratio gaps in a
seamless way, high wafer throughput, and
acceptable, reproducible film properties with low
confamination levels.

Dataquest believes that no single process will
dominate the applications base, but the choice of
processes will increasingly be tailored to the
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technical needs and cost basis of a particular
fab. APCVD ozone-TEQS films, combined with
CMF, appear to be well matched to the most
severe technical requirements of processes that
will employ more than three layers of metal at
fine line geometries. ECR CVD may be a techni-
cally viable solution, but must surmount several
hurdles in order to be considered a manufac-
turable process. In two-layer metal systems and
three-layer metal processes with relaxed metal
pitch on the top layer, extension of the SOG gap
fill and planarization processes may be more
suitable, provided that SOG vendors can deliver
material with the appropriate properties. Data-
quest believes that this will be the case. The
total available market for these systems will be
large, and their complexity and relative impor-
tance to the overall process flow means that
they will carry hefty price tags. The battle for
market su will be fiercely fought, and
the victors will be well compensated for their
vision and effort.

By Charles Boucher

News and Views
Material Notes

Kawatec Expands Sanmta Clara Facility

Kawasaki Wafer Techmology plans to expand its
Santa Clara, California, silicon wafer plant. It
hopes to double the polished and epitaxial wafer
capacity at the plant by moving ahead with a
$30 million investment. After completing the
expansion, polished capacity will totat 3.4 mil-
Lion square inches (msi) and epi capacity will
total 1.0 msi using ASM reactors. The expansion
will include the addition of 200mm wafer
production. The expansion is expected to be
completed by the fourth quarter of 1993.

IBM Pulls Mask-Making In-House

Photoronics Inc. reported that the loss of IBM's
mask business will continue to pressure its earn-
ings growth. IBM has pulled most of its mask
production in-house. Further adding to margin
pressures at Photoronics are the ongoing cost of
the expansion occurring at its California facility
and the hiring of two senior people in anticipa-
tion of the eventual opening of the planned,
new, Texas manufacturing facility.
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BOC to Handle CVD Chemicals

BOC Group companies including Airco in the
United States and Osaka Sanso in Japan will
distribute the CVD chemicals made by Olin
Hunt Speciality Products. These products
include TEOS (tetraethylorthosilicate}, TMB
(trimethylborate), TMP (trimethylphosphate),
phosphorus oxychloride, boron tribromide, and
phosphorus tribromide.

Lam Sells Epi Equipment Group

Lam Research has sold its Gemini epitaxial
equipment group to Concept Systems Design.
Concept will manufacture all new Gemini sys-
tems, as well as provide new product installa-
tion, service, and warranty {o customers. R.E.
Dixon will continue to supply spare parts and
service for the Gemini products.

Lam Research has planned to exit from the epi
market for several years. The Gemini product
line did not fit with its strategy of being a
focused etch and deposition equipment vendor.
In addition, the $20 million investment required
to develop the next-generation epi system target-
ing the high-growth CMOS epi market was
prohibitive.

Dataquest estimates that more than 235 Gemini
systems are installed worldwide. The large
installed base of Gemini systems prevented Lam
from dropping the equipment line before a
credible alternate vendor was identified. Concept
Systems has developed equipment enhancements
for the Gemini product line, so the sale is a
good fit.

BiGMOS Process Planned for Intel’s P5
Intel's P5 chip will be built using BiCMOS

. There is a 10 percent increase in device
complexity for the BiCMOS process, but it pro-
vides about a 30 to 35 percent performance
benefit without a size or power penalty, accord-
ing to Intel.

Intel’s X86 product line has been built using a
CMOS process. However, Intel is nunning out of
bandwidth. The fastest mi r offered
today by Intel is the 486DX2, which runs at

66 MHz. As future generations of microproces-
sor move to higher speeds in the range of 100 or
150 MHz, a BiCMOS process will provide more
room for designers to achieve these speeds.
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Orne of the results of the move to BiCMOS5 is
that Intel is developing in-house expertise in sili-
con epi film deposition. The BICMOS process
requires epi films beyond the first masking level
and consequently this deposition will be done
internally.

Hoxan and Daldo Sanse to Merge

Hoxan and Daido Sanso will merge on an equal
basis, effective April 1, 1993. Hoxan is an indus-
© trial gas supplier based in Sapporo City, Japan,
and is listed on the first section of the Tokyo
Stock Exchange. Daido Sanso is an indusirial gas
supplier headquartered in Osaka. Annual sales
of the two companies, after mexging, will exceed
¥150 billion, ranking the new company second
only to Nippon Sanso, which boasts the largest
sales of about ¥200 billion in the Japanese indus-
trial gas industry.

The industrial gas industry is facing shuggish
demand from steel and other base material
industries. Demand for specialty gases for elec-
tronic applications is also slowing down. In
addition, the growing presence of the U.S. and
European manufacturers in the Asian markets
seems to have prompted the decision by the two
companies. The merger is expected to trigger the
restructuring of the Japanese industry, which
suffers low profitability.

The new company will be named Daido

Hoxan and its first president will be Shigeru
Mizushima, current president of Hoxan. Hiroshi
Aokd, president of Daido Sanso, will be
appointed chairman.

Hoxan is diversifying its core business of indus-
trial gas into a variety of fuels such as liquefied
petroleum gas (LPG), solar batteries, and indus-
trial and building materials such as welding
machinery. The company is based in Hokkaido
and has offices in Nagoya and Osaka.
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Daido Sanso principally operates in Osaka and
the western part of Japan. Because the two com-
panies offer similar product lines, centering on
industrial gases, oxygen, and nitrogen in particu-
lar, the new company will be able to utilize
existing resources effectively without duplica-
tion.

In the 1980s, Japanese industrial gas prices col-
lapsed because of fierce competition. The indus-
try is under the supervision of the Ministry of
International Trade and Industry, which has
imposed various restrictons, for example, the
industrial gas makers require the ministry’s per-
mission to add production. The formation of a
new company is expected to streamline the dis-
tribution system and to pare sales and produc-
tion costs for both companies.

Hoxan is a medium-size industrial gas maker
based in Hokkaido Prefecture. With its high-
pressure gas and LPG as core businesses, the
company is diversifying into other fields, includ-
ing bathtubs, frozen food, and medical-related
products. It has working capital of ¥5,718 mil-
lion and about 1,100 employees. For the fiscal
year ended in March 1992, Hoxan reported
revenue of ¥89,412 million and operating profit
of ¥2,016 million.

Daido Sanso, established in 1933, is a leading .
industrial gas supplier specialized in oxygen and
nitrogen. Its chief stockholder is Air products &
Chemicals, a U.S. corporation that owns roughly
15 percent of Daido. The company is expanding
its operation into industrial machinery, including
welding machines and cryogenic systems. With
working capital of ¥5,466 million, the company
employs about 400 For the year ended
in March 1992, the company reported operating
profit of ¥1,953 million on ¥63,600 million
revenue.

By Mark FitzGerald
Kunio Achiwa
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Conference Announcement

Dataquest’s 18th Annual Semiconductor Industry Conference

Each October, Dataquest brings together the top executives in the electronics industry for
a forum on the latest issues facing this industry. This year’s conference will focus on
today’s semiconductor marketing and technology issues, and preview tomorrow’s major
semiconductor applications that are Fueling the Engines for Growth.

Highlights of the conference are as follows:

® Special guest speaker: David Packard, Cofounder and Chairman of the Board of
Hewlett-Packard.

u Eleven top industry executives sharing their insightful perspectives, real-world
experiences, lessons, and bottom-line analyses.

» Two interactive panel discussions covering ASICs and strategic processor direc-
tions. Panels will be moderated by Dataquest and feature key industry leaders.

= Four breakout sessions presented by Dataquest senior analysts. The sessions will
focus on manufacturing trends, semiconductor procurement issues, and two
emerging applications areas: personal information and communications devices
(PICDs), and multimedia.

In addition to the presentations and panel discussions, this year’s agenda has been
designed to allow social time for conferring with your peers on the critical issues and
challenges facing the industry. You'll find the two days interesting, very informative, and,
we hope, thoroughly enjoyable.

Seats are limited for this premier semiconductor event. To register for this conference, or to
request a complete conference agenda, please call our toll free number, 1 (800) 457-8233,
today!

Semiconductor Industry Conference Conference Registration Desk
Monterey Conference Center Telephone (Toll Free): 1 (800) 457-8233
Monterey, California Telephone: (805) 298-3262

October 5 and 6, 1992 Fax: (805) 298-4388

Dataquest Client Rate: $1,095 ' 18265 Soledad Canyon Road
Nonclient Rate: $1,295 Canyon Country, CA 91351

For More Information. . .

On the topics in this issue Mark FitzGerald, St. Industry Analyst (408) 437-8375
About upcoming Dataquest conferences _ (408) 437-8245
About your subscription or other Dataquest publications (408) 437-8285
Via fax request. (408) 437-0292
The content of this report represents qur interpretation and analysis of information generally available to the public or released by responsible individuals

in the subject companies, but is not gusranteed as to acouracy or completeness. It does not contain material provided to us in confidence by our clients.
Individual companies reported on and analyzed by Dataquest may be clients of this and/or other Dataquest services. This information is not furmnished in
connection with a sale or offer to sell securities or in connection with the solicitation of an offer to buy securities. This firm and its parent and/or their
officers, stockholders, or members of their families may, from time to time, have a long or shott position in the securities mentioned and may sell or buy
such securities.
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Volumes Up, Revenue Flat

Consumption of electronic specialty gases in the
United States increased marginally in 1991 in the
face of deteriorating wafer starts. Revenue that
totaled $77.9 million (see Table 1) pushed ahead
4.0 percent on a year-to-year basis. Silicon wafer
starts measured in millions of square inches
sank 4.5 percent over the same period.

Price Erosion

Growth rates for U.S. electronic specialty gases
have slowed over the last three years to a

6.0 percent compound annual growth rate
(CAGR). Certainly, part of the revenue slow-
down is attributable to the deceleration in wafer
starts in the United States. But, slower revenue
growth is especially curious if, as we believe,
semiconductor device makers are migrating to
the higher-grade gases, which carry higher aver-
age selling prices. Both reports from the gas
vendors and the growth of submicron capacity
in the United States (see Table 2) suggest that
the higher-grade products should be a larger
part of the product mix.

Processing trends also suggest that specialty gas
volumes should outpace silicon wafer unit
growth. Advanced designs now include two and
three levels of metal, and the average number of
mask steps is approaching 20.

Assuming that the demand for the higher-grade
gases is growing and knowing that advanced
designs are moving into production, we would
expect specialty gas revenue per square inch of
silicon to show very strong growth rates because
of the higher selling prices and larger volumes.
However, gas revenue uare inch of silicon
has only grown 3.4 percent CAGR since 1989,
suggesting that average selling prices have
eroded over this period.

Dataquest
B zcompamef
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Table 1
U.S. Market Electronic Specialty Gases (Millions of Dollars)
Three-Year
Product Usage 1989 1990 1991 CAGR (%)
Silicon Precursor 20.6 219 223 4.1
Silane 144 15.2 15.6 9
Dichlor 4.5 4.2 3.6 -10.6
Trichlor 1.0 1.6 20 43.4
Sil Tet 0.7 0.8 1.1 26.9
Dopants 6.5 7.2 7.3 5.8
Plasma Etchants 14.1 16.0 17.0 9.7
Reactant Gases 11.0 13.4 124 6.2
Atmo/Purge 17.2 16.4 19.0 5.0
Total Specialty 69.4 74.9 77.9 6.0
Annual Growth 6.0 7.9 4.0
1991
Company Market Share 1989 1990 1991 Share (%)
Airco 234 26.2 28.2 36.2
Air Products 13.5 15.9 16.6 21.3
Liquid Air 1.7 1.6 2.2 28
Praxair 11.7 14.0 13.6 175
Matheson 10.2 10.2 10.6 13.6
Scott Speciality 29 2.9 34 4.4
Solkatronics 0.0 1.7 2.2 28
Others 6.0 23 1.1 1.4
Total 69.4 749 77.9 100.0
U.S. Specialty Gas Consumption Three-Year
per Squaze Inch of Silicon 1989 1990 1991 CAGR (%)
Specialty Gas Consumption 69.4 749 77.9 60
Silicon Consumption (MSI) 582 640 611 25
Revenue/Square Inch $0.119 $0.117 $0.127 34

Source: Dataquest (September 1992)

Table 2
U.S. Capacity Distribution by Linewidth (Microns)

If in fact this trend is occurring, then there could
be some serious problems for vendors as the
demand for higher-grade gases grows. Gas puri-

Percentage MSI
1989 1990 1991

<0.5 0 0 0 0

20.5 and <0.8 3 4 5 5 see how ¢
20.8 and <1.0 9 10 12 14

21.0 and <2.0 41 40 40 40

22,0 40 38 36 35

Unknown 7 8 7 7

Source: Dataquest (September 1992)
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forecast period will be well below historical lev-
els for several reasons. First, we believe that the
rate of fab closures will remain high. Nineteen
fab lines in the United States were or are

to close in 1991 and 1992. The United
States has the oldest semiconductor manufactur-
ing infrastructure and many of these facilities
are becoming obsolete.

Semiconductor production in the United States
is expected tohavea9pe1t&ntCAGRthrough
1996. The main driver will continue to be the
PC /workstation market. Companies continue to
invest in new fabs for advanced micro,

sors. Telecommunication and especially network-
ing will be other t themes in the
growth of U.S. semiconductor production.

Second, the demand for military devices is fore-
cast to decline because of Pentagon budget cuts
that will accelerate through 1996. Already, com-

such as Harris Semiconductor, Hughes,
and McDonnell Douglas are downsizing their
semiconductor operations to adjust to this new
environment.

Foreign companies and especially Japanese semi-

conductor companies are to cut their
level of investment in U.S. tabs over the forecast
period. Therefore, U.S.-based companies will
account for most of the in device pro-
duction in the United States. Investment by
Digital Equipment Corporation, Intel, IBM,
Motorola, Texas Instruments, and Hewlett-
Packard will drive device production growth.

For specialty gas vendors, these trends point to
a concentration of purchasing power among the
top-tier U.S. semiconductor companies. Gas ven-
dors that will grow faster than the overall mar-
ket will increasingly need to target these top
companies. Dataquest also expects service
revenue to grow rapidly among the leading

- device companies in the United States and be
an important source of revenue for gas vendors.

Process Drivers

Processing trends in the United States are
expected to drive the rapid growth of several
materials over the next five years. The following
sections describe materials that Dataquest
believes will grow faster than the overall

specialty gases market.
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Tungsien Hexafluoride
Blanket tungsten CVD for plugs and global
interconnect applications is rapidly becoming
the largest segment of the fungsten thin film
market. Tungsten applications previously have
been dominated by silane-based tungsten
silicide films. Tungsten hexafluoride volumes
are poised for growth as several device com-
ies transition from pilot to production

- panies
using blanket tungsten CVD for polycide

gate/local interconnect applications.

But just as the volumes for tungsten hexa-
fluoride are poised to grow rapidly, pricing
has declined dramatically. WF6 pricing has
fallen below $1 per gram in 1992, which will

result in only marginal growth in revenue in
1992 even as volumes push ahead quickly.

TEOS

As devices move to a higher number of metal
layers, planarization lems increase. TI's
16Mb DRAM, Intel’s P5 microprocessor, Digital's
Alpha architecture, Sun Mi tems’ Super-
Sparc architecture, and the IBM/PowerOpen
architecture are all based on 0.8- to 0.5-micron
processes using triple-metal processes.

TEOS volumes are expected to benefit from
this trend to more levels of metallization.
Dataquest believes that TEOS™ excellent con-
formal qualities will make it the material of
choice as the planarization challenge increases
in intermetal dielectric processing. We expect
total U.S. volume shipments in 1992 to
increase 20 to 30 percent for the next three to
five years (see Table 3).

Metal Etchants HCI, CI2, HBr

The transition to multilevel metal designs is
expected to also drive the market for metal
etchant gases. Volumes of these materials
should outpace the growth of the overall

_specialty gases market.

Tantalum Pentaoxide

If stacked gate transistor technology is
employed for future DRAM generations, then
there will certainly be a need for new capaci-
tor dielectric materials. Materials such as CVD
tantalum pentaoxide, with a high dielectric
constant, may be
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Table 3
U.S. TEOS Vendors
1991
Revenue  Volume
Vendors ($M) (kg)
J.C. Schumacher 25 5,560
Olin-Hunt (Apache) 1.1 2,440
Advanced Delivery and
Chemical Systems 20 4,440
Others* 0.2 440
Total 58 12,880
Average Selling Price
per Gram 0.45

*Others include: Shinetsu Chemical thmugh Micro-sci {foreign
production} Kojundo through Airco (foreign production)
Yamanaka through Eagle-Pitcher (forelgn production)
Pacific/Pac (domestic)

Source: Dataquest (September 1992)

Dichiorositane (DCS)

The development of a reproducible and reli-
able dichlorosilane high-temperature process for
enhanced step coverage and low fluorine con-
tent in thin oxide dielectrics could grow the
demand for DCS. However, equivment devel-
opment in this area lags and could possible
miss the market window.

Dataquest Perspective

As device manufacturers move to the submicron
level, the demand for high-purity specialty gases
is expected to expand. The growth in revenue
for specialty gases should stay ahead of the
silicon wafer growth rate if pricing for the

advanced grades of gases does not erode.

Dataquest's current forecast for U.S. consump-
tion of silicon measured in millions of square
inches is 6.2 percent CAGR through 1996.
Specialty gas revenue in the United States could
easily grow in the 10 percent or more range in a
stable pricing environment. Revenue will
fall closer to the silicon growth rate of 6.2 per-
cent CAGR if pricing cuts are not arrested.

The history of the industrial gases business sug-
gests that vendors are far too eager to use pric-
ing to grab market share. But, there are a few
differences in the current climate that may cause
companies to respond differently than in the
past.
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First, the investment hurdle to supply the high
grades of electronic specialty gases is rising so
quickly that it is unlikely that smaller players
can stay the course. It is reasonable to project
that only three or four players will remain
serious competitors in the U.S. electronic
specialty gases market over the long term.

The small size of the market, $77.9 million in
1991, further supports this trend. Gas companies
cannot justify the required investment in their
electronic specialty gas operations if the total pie
is shared among seven or more competitors,

Second, the globalization of the semiconductor
industry increasingly is driving device makers to
work closely with a handful of vendors posi-
tioned to supply them in all the regions in
which they have built fabs. Among gas vendors,
this trend obviously benefits the five major ven-
dors and their affiliates.

Device makers may become even more selective
as the service component of electronic specialty
gases increases. It is not unreasonable to argue
that semiconductor makers would benefit by
paring the number of gas vendors with whom
they choose to work on a worldwide basis. If
indeed this trend takes hold, then developing a
close relationship with the major device makers
will be the key to future growth for globally
positioned industrial gas companies.

By Mark FitzGerald

Inquiry Summary

Dataquest’s Semiconductor Equipment, Manufac-
turing, and Materials inquiry summaries are
designed to inform our clients of cornmonly
asked questions and Dataquest’s respective
answers. No confidential information provided
by our clients is included in this material

Collimated Sputtering Displaces CVD Metal

Q. What is collimated sputtering and what effect
will it have on the CVD metal market?

A, Collimated sputtering is 2 technique in which
a collimator, which is a type of filter, is placed
between the sputtering source and the wafer in
a conventional sputtering system. The collimator
only permits metal atoms to pass that are on a
path nearly perpendicular to the wafer, and
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blocks divergent atoms, The result is that metal
deposition can be realized in small, high aspect
ratio contacts and vias with excellent step cover-
age. tal studies have successfully

deposited metal into contacts with aspect ratios
as high as 7:1. However, for ical applica-
tions, the technique will probably not be eco-
nomical beyond the 0.35-micron technology gen-
eration, which will utilize via aspect ratios of
between 2:1 and 3:1.

Dataquest believes that the dominant applica-
tions for collimated sputtering will be the depo-
sition of diffusion barrier materials and adhesion
layers for CVD tungsten deposition. The most
widely used materials are Ti/TiN. or TiW for
diffusion barriers, and TiN for the tungsten
adhesion layer. Collimated sputtering has several
inherent advantages over CVD for these materi-
als: the film is deposited at low temperature, it
possesses known properties, and it utilizes a
mature equipment technology with a relatively
inexpensive modification. The only major draw-
back is that the net deposition rate is reduced by
the collimator, thereby reducing throughput. The
collimator also presents a potential source of
particles, but existing techniques for particle
control should prevent that from becoming a
serious problem.

The net result is that the Ti and TiN sputter
applications market will grow at a healthy rate,
at least through 1996. Table 1 shows the forecast
revenue growth in the sputter market segmented
by film application. The market for Ti and TiN
sputtered films is expected to grow at 17.1 per-
cent and 19.6 percent CAGR, respectively. This

growth will be driven by the increased use of
Ti/TiN barriers and tungsten for contact/via
plugs and interconnect in process flows as a
greater fraction of the fab capacity shifts to 0.35-
to 0.5-micron technology levels. Dataquest there-

_ fore believes that the market for CVD TiN will

not begin to develop until the 1995 to 1996 time
frame.

By Charles Boucher

Lower Capital Spending to Device

Production Ratio

Q. In reviewing Dataquest’s recent capital
spending forecast and semiconductor production
forecast we have noticed that the ratio of capital
spending to production in the United States has
dropped. Could you please explain your reason-
ing behind this tren

A. Tables 2 and 3 present historical and forecast
semiconductor capital spending and device pro-
duction in the United States. We believe that the
ratio of capital spending to device production is
falling for the following reasons:

m In the short run, the worldwide overcapacity
situation means that revenue can grow
without additional capacity.

m Over the longer term, Dataquest expects
device makers to focus on raising their fab
utilization rates. National is a good example.
It has gone from 55 percent utilization to
more than 70 percent by closing older fabs.
Further evidence of this trend is the increased
level of fab closures in the United States
(19 in the last two years).

Table 1
Worldwide Sputtering Equipment Market Forecast, by Film Application (Milllons of Dollars)
. CAGR (%)
Sputtered Film 1991 1992 1993 1994 1995 1996 1991-1996
- Aluminum Alloys 281 265 290 339 394 452 10.0
Tiw 24 20 21 20 20 22 -1.8
TiN 42 45 53 69 85 102 19.6
Titanium 55 57 67 85 102 120 17.1
MoSix 15 12 10 10 11 12 -4.0
WSix 8 8 9 10 11 12 8.2
Other Films 13 11 11 11 12 13 0.1
Total Worldwide 438 416 460 546 637 734 10.9
Source: Dataguest (September 1992}
SEMM-SVC-DP-9212 ©1992 Dataquest Incorporaied Septamber 7, 1992
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Table 2
Historical Ratio of U.S. Capital Spending to U.S. Production Merchant and Captive Semiconductor Companies
{Milions of Dotlars}
1985 1986 1987 1988 1989 1990 1991
Device Production 12,654 14,456 16,712 20,171 21,324 22,789 25,103
Capital Spending 2,629 2,082 2,594 3,434 3,875 4,088 3,851
Ratio (%) 20.8 14.4 15.5 17.0 18.2 17.9 15.3
Source: Dataquest (September 1992)
Table 3
Forecast Ratio of .S, Capital Spending to U.S. Production Merchant and Captive Sesmiconductor Companies
(Mi¥ons of Dollars)
1992 1993 1994 1995 1996
Device Production 27,695 31,136 34,542 36,063 38,592
Capital Spending 3,559 3,754 4344 4,883 5,688
Ratio (%) 12.8 12.1 12.6 13.5 14.7
Source: Dataquest (September 1992)
m Dataquest believes that the number of green-  Table 4
field sites in the United States will decline Minimun: Feature Sizes for Typical 0.5-Micron Progess
dramatically from historical levels. Conse- Tine Space
quently, land purchases and building infra- . . .
structures will decline as companies focus Dimension Dimension
more on upgrading or retrofitting existing Layer (um) (wm)
facilities. _ Active 0.5 0.6
= Military capital spending is expected to Poly 05 0.6
decline. Though small, these cuts will pull N Gate 0.5 -
down the ratio because military capital - -
spending is high relative to the IC revenue P Gate 0.6
gel-lerated_- ContaCt 0o6 -
w Though equipment ASPs are increasing quick- Metal 1 06 07
ly, we expect the productivity gains to keep V34 0.6 - -
ahead of the ASP curve. The sharp decline in  Metal 2 0.6 0.7

the annual unit shipments of steppers is a
prime example.

m The growing trend toward alliances as evi-
denced by the recent spate of announcements
will spread the capital investment over sev-
eral companies, thereby slowing capital
spending.

By Mark FitzGerald

0.5-Micron Technology—What Do They
Really Mean?

Q. When will true 0.5-micron technology be
used in volume manufacturing, and for what
application?

A. It is first necessary to define what is meant
by 0.5-micron process technology. Table 4 indi-
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cates the minimum feature sizes for each critical
layer in a typical 0.5-micron process flow. As
Table 4 clearly shows, the minimum feature size
is defined by the N-channel MOSFET drawn
gate length; this dimension is adopted to
describe the overall process technology.

New technology generations usually are
developed using DRAM or SRAM products as
technology drivers, and these products will first
utilize the process technology in a production
environment. For a given generation of process
technology, the DRAM technology driver will be
four times the density of an SRAM product built
with the same technology level, because the
SRAM memory cell contains four (or even six)

SEMM-SVG-DP-9212
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transistors, whereas the DRAM cell only con-
tains one. It should be noted, however, that
although either vehicle can be used to develop
the basic facets of a technology generation, such
as lithography capability, etch techniques, thin
film deposition methods, and overall defect
reduction, a DRAM process flow and an SRAM
process flow are in the end very different enti-
ties. Many DRAM process enhancements have in
fact focused on reducing the size of the storage
capacitor to minimize memory cell size. Con-
versely, SRAM process enhancements have been
largely concerned with improving the memory
cell stability, and typically utilize three or even
four layers of poly at the 4Mb level, involving a
host of unique process integration problems.

Process technologies are also becoming increas-
ingly differentiated for different product seg-
ments. DRAM typically used a single
metal layer through the 4Mb generation, and
expanded to two metal layers at the 16Mb level,
while ASIC products and highly integrated
microprocessors are using three layers of metal
and are migrating to four-level metal processes.
Many specific process issues need to be solved
in a multilevel metal process that are distinct
from the generic problems associated with pat-
terning and etching smaller features.

Figure 1

SRAM and DRAM families in volume produc-
tion are 1Mb SRAM and 4Mb DRAM devices.
These products are built using 0.7- to 0.8-micron
process technology. In development and very
early pilot production are 4Mb SRAMSs and
16Mb DRAMSs. These devices are being devel-
oped using 0.55- to 0.6-micron process technolo-
gy, and Dataquest predicts that both devices
will begin low-volume production in late 1993,
ramping strongly during 1994 and 1995. We
expect design rules to continue to be pushed

as improved process capability is established,
and 0.5-micron processes will be in volume
production in 1994 as shipments of 4Mb SRAMs
and 16Mb DRAMs begin to grow rapidly.

By Charles Boucher

Trends in Spending for Major Wafer Fab
Equipment Segments

Q. What has been the historical trend in the
percentage share of total wafer fab equipment
spending for the major wafer fab equipment
segments?

A. Figure 1 illustrates the historical market
trends for three major segments of equipment
as a percentage of total wafer fab equipment
spending. Figure 1 shows a line at the year 1988

Major Equipment Segments As a Percentage of Total Wafer Fab Equipment Spending

Percentage of Dollars

40

0 T 1 [ T I LR T
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
-B— Lithography/Track —a— CVD/PVD -—de—  Dry etch/dry strip
Source: Dataquest (September 1992) Q2000904
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to distinguish what we believe are two different
periods of market behavior. Throughout much of
the early and mid-1980s, lithography and track
equipment have maintained essentially a cons-
tant slice of the total equipment spending pie at
about 30 percent. The combined categories of
CVD and PVD during this same pericd have
varied somewhat on the order of 1 to 2 percen-
tage points per year. The etch/strip categories of
equipment have maintained essentially a cons-
tant level with some modest increases noted
beginning in the mid-1980s.

Clearly, though, in the last three to four years
lithography/track equipment spending has
declined as a percentage of the total while
CVD/PVD equipment has garnered a larger and
larger portion of total wafer fab equipment
spending. Part of the explanation for this can be
directly correlated with the move to multilevel
metallization schemes for ASICs, advanced logic,
and now, with DRAMSs for the 4Mb shrink and
the 16Mb products.

A second component of our explanation for this
market trend is the consideration of system
throughput. Stepper manufacturers have aggres-
sively worked to increase wafer throughput and
to improve overall equipment productivity. At
the same time, there has been a significant
emphasis in the CVD arena to move from batch
to single-wafer systems, which has had a net
effect of reduced throughput for a given unit of
CVD equipment. We believe that these two fac-
tors are the major reasons behind the increase in
CVD/PVD spending over the last several years.

By Peggy Marie Wood

in Future Issues

Look for the following articles in future issues of
Dataguest Perspective:

m Stepper and photoresist technology mix in the
future

e Interlevel metal dielectric trends
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Table 1
Waorldwide Capital Spending by Reglon Forecast, Inciuding Merchant and Captive Semiconductor Companies
(Milions of U.S. Dollars)
CAGR (%)
1991 1992 1993 1994 1995 1996 1991-199%6
North America 3,851 3,559 3,754 4344 4,883 5,688 8.1
Percentage Growth -5.8 -7.6 5.5 15.7 124 16.5
Japan 5,636 4,312 4,601 5,107 5,551 6,634 3.3
Percentage Growth 39 -23.5 6.7 11.0 8.7 19.5
Europe 1,234 1,087 1,011 1,110 1,359 1,808 7.9
Percentage Growth -18.4 -11.9 -7.0 9.8 22.5 33.0
Asia/Pacific 2,274 2,808 2,676 2914 3,138 4,002 12.0
Percentage Growth 52.1 235 -4.7 8.9 7.7 275
Worldwide 12995 11,765 12,042 13475 14932 18,131 6.9
Percentage Growth 3.8 -9.5 24 11.9 10.8 214

Source: Dataquest {August 1992)

The slow adoption of the 4Mb DRAM and an
anticipated slow ramp up of the 16Mb DRAM
has caused the computer makers to turn cau-
tious on capital spending. In addition, Korean
DRAM vendors are continuing to win a larger
share of the market, thus adding to the competi-
tive pressures in the memory segment.

Weak domestic consumer demand and weak
export markets have prompted the large verti-
cally integrated consumer electronic companies
to deeply cut their spending on their semicon-
ductor operations. Consumer electronic equip-
ment inventories continue to mount, although
companies such as Sony and Matsushita are
doing a better job at managing the problem than
they were at the beginning of the year. However,
shrinking profit margins and quarterly losses
suggest that capital spending by consumer elec-
tronic companies will not snap back in 1993.

Japanese steel companies such as Kawasaki Steel
and NKK, which were late entrants to the semi-
conductor game, are in a more precarious posi-
tion. In a scramble to diversify beyond the
declining steel industry, the largest steel compa-
nies in Japan made large investments in the
semiconductor business in the late 1980s.

Dataquest believes that the production capacity
brought on by the steel companies is currently
running at less than 50 percent capacity utiliza-
tion. Moreover, Japanese steel companies will
face serious problems filling those factories if
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the weak economic environment persists because
steel companies do not have a captive market
for their devices.

Many Japanese companies announced delays in
200mm line investment plans late in 1991. Japa-
nese companies have not earned a return on
their 4Mb investment, and their strategy to
achieve this return is to postpone the next round
of investment in 16Mb lines. However, because
of the severity of capital spending cuts in 1992,
we now expect that some of these delayed lines
will not be built at all

Japanese spending on advanced semiconductor
lines in the United States and Europe is also
expected to decline. Though Japanese companies
have completed most of their “green-field”
investment in offshore fabs, many capacity
additions to these facilities are not expected to

proceed anytime soon.

U.S. Spending Pulled Down by Japanese
Companies’ Cuis

Capital spending in the United States will
decline by 7.6 percent in 1992. The largest fall-
off will be experienced by Japanese companies
spending in the United States, from more than
$400 million in 1991 to less than $200 million in
1992, This precipitous drop will be attributed to
the completion of some major green-field
projects by Japanese companies such as Fujitsu
and NEC.
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Spending by U.S. companies in the United States
will be down slightly in 1992. Investment in
new microprocessor lines by Intel, Digital Equip-
ment Corporation, and Hewlett-Packard will
prevent capital spending from decreasing steep-
ly. Intel is building a new development line in
Oregon and is converting its R&D line in Santa
Clara, California to 200mm. There also are
rumors that Intel has selected Austin, Texas as a
site for a new green-field facility, on which con~
struction will begin either at the end of the year
or the beginning of 1993. Both Digital and HF
are commercializing their RISC microprocessor
technology and are investing in fabs to ramp
device production.

Other new fab activity not in the MPU area
includes National Semiconductor’s expansion in
Arlington, Texas and AT&T's new line in Orlan-
do, Florida. IBM is also refurbishing buildings
222 and 223 in East Fishkill, New York.

Europe Expected to Decline through 1993
Capital spending in Europe is forecast to decline
11.9 percent in 1992 and sink another 7 percent
in 1993. The bleak outlook for spending is based
on steep cuts by European companies and cut-
backs by Japanese companies that have recently
completed a round of investment in new fabs.
The situation would be much worse if it were
not for the major projects being undertaken by
IBM in France and Intel in Ireland.

However, Intel will complete the lion’s share of
its spending in 1992, leaving only the IBM pro-
ject as the main driver for spending in 1993.
Consequently, we are expecting 1993 to be a
down year as well. Dataquest is more optimistic
from 1994 and beyond as we expect the Euro-
pean economy to begin benefiting from unifica-
tion. Even s0, the timing on this upturn is still

very speculative.

Korean Companies Place Some Big Bets

Dataquest believes that the Asia/Pacific region
will be the one bright spot in terms of semicon-
ductor capital spending in 1992. We are forecast-
ing that spending will leap ahead 23.5 percent.
The Korean chaebols (conglomerates) will
account for the bulk of that spending. Invest-
ment in Korean fabs is expected to climb to

U.5.$1.8 billien in 1992.

"In the short term, with excess worldwide DRAM
capacity, the gambie for the Korean companies
rests on the strength and timing of the recovery
in the U.S. and European economies. If the
Western economies have a strong recovery over
the next several years, DRAM demand will
grow quickly and the Korean companies may
exit the recession with more market share than
they had prior to the recession. Toshiba pursued
a similar strategy in the 1985 recession with the
1Mb DRAM and was very successful. On the
other hand, if the Western economies imp out

Table 2
1991 and 1992 Calendar Year Semidconductor Capital Spending Estimates (Merchart), Millions of U.S. Dollars,
Top 10 Rankings
1991 1992 Percentage
Rank 1991 Rank 1992 Change
1 Intel 2 948.0 1 1,000.0 55
2 Fujitsu 1 1,147.2 2 769.6 -32.9
3 Samsung 8 530.0 3 730.0 377
4 NEC 4 752.2 4 654.2 -13.0
5 Toshiba 3 789.3 5 654.2 -17.1
6 Motorola 5 673.0 6 550.0 -18.3
7 Hitachi 7 646.0 7 500.3 -22.6
8 Mitsubishi 6 664.5 8 461.8 -30.5
9 Goldstar 11 410.0 9 380.0 -7.3
10 Sony 9 519.8 10 365.6 -29.7
n Matsushita 10 462.6 11 3448 -25.5
Source: Dataquest (August 1992)
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of recession and there is only moderate growth
in DRAM demand, then these investments are

not expected to pay off financially.

There is a more fundamental problem for the
chaebols over the longer term. History has
shown that the health of a company’s semicon-
ductor operations cannot rest on merchant sales
of devices alone. For companies involved in the
production of commodity devices, a healthy
semiconductor operation is increasingly depen-
dent on captive operations using those devices.

Yet, Korean electronic products are losing their
competitive edge. Increases in wages are driving
up the prices of Korean electronic products,
although their quality still lags behind high-end
Japanese and U.S. products. On the low end,
developing countries such as China and Thai-
land, with much lower labor costs, are grabbing
market share.

Dataquest believes that Asian/Pacific investment
will decline 4.7 percent in 1993 as the three large
Korean companies complete the current round of
investment in 4Mb and 16Mb lines. However,
we expect the Asia/Pacific region to remain the
fastest-growing region in terms of capital spend-
ing. Much of the growth in capital spending will
occur outside of Korea, which now dominates
the semiconductor industry in the region. As
countries such as China and India develop, we
believe that semiconductor production capability
will be a key strategy in building their industrial
infrastructure.

Dataquest Perspective

Capital spending growth rates are expected to
decline from the double-digit compound annual
growth rates of the late 1980s to single-digit
growth over the next five years. The biggest
change in spending levels will happen in Japan
as companies adjust to a more restricted capital
environment. U.S. spending, on the other hand,
will benefit from the region’s strong position in
the microprocessor market, although we do not
expect capital spending levels to achieve the
growth rates of the past decade. European
spending will remain in 2 downward spiral
through 1993, though we expect unification to
kick life back into this market toward the mid-
dle of the decade. And finally, the Asia/Pacific
region is expected to remain the star performer
in terms of spending, although we strongly
believe that there will be a rotation away from
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the current countries that dominate the capital
spending roster in this region.

By Rebecca Burr
Mark FitzGerald

Updated Device Production Forecast:
Systems Key to U.S. Production Growth
Production in North America is expected to
have a 9 percent compound annual growth rate
{CAGR) through 1996 (see Table 1). The main
driver will continue to be the PC/workstation
market. Companies are continuing to invest in
new fabs for advanced microprocessors. Tele-
commumication and especially networking are
other themes that will be prominent in the
growth of U.S. semiconductor production.

Foreign companies and especially Japanese semi-
conductor companies are to cut their
level of investment in U.S. fabs over the forecast
period. Therefore, U.S.-based companies will
account for most of the growth in device
production in the United States. Investment by
Intel, IBM, Motoerola, Texas Instruments, and
Hewlett-Packard will drive device production
growth.

Fabs Closures

Though the U.S. market is viewed as healthy,
production growth rates over the forecast period
will be well below historical levels for several
reasons. First, we believe that the rate of fab
closures will remain high. Nineteen fab lines in
the United States were or are expected to close
in 1991 and 1992. The United States has the
oldest semiconductor manufacturing infrastruc-
ture and many of these facilities are becoming
obsolete.

Second, the demand for military devices is fore-
cast to decline because of Pentagon budget cuts
that will accelerate through 1996. Already, com-
panies such as Harris Semiconductor, Hughes,
and McDonnell Douglas are downsizing their
semiconductor operations to adjust to this new
environment.

Finally, the economic growth rate for the United
States is forecast to decelerate for most of the
decade. The surge in borrowing over the last

10 years has strapped both consumer and busi-
ness demand and is causing the economy to
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Table 1

Worldwide Semiconductor Production Forecast by Region, Merchant and Captive Semiconductor Company Sales

(Millions of U.S. Dollars)

CAGR (%)
1991 1992 1983 1994 1995 1996 1991-1996
Total North America 25,103 27,695 31,136 34,542 36,063 38,592 9.0
Growth (%) 10.2 10.3 124 10.9 4.4 70
Total (%) 39.8 419 - 411 40.3 39.5 39.3
Merchant 22,460 25170 28,704 32,142 33,663 36,192 10.0
Captive 2,643 2,525 2,432 2,400 2,400 2,400 -1.9
Total Japan 29411 29161 33734 36193 38319 40,621 6.7
Growth (%) 11.5 09 15.7 7.3 59 6.0
Total (%) 46.7 442 44.5 42.2 42.0 41.4
Merchant 29,121 28,946 33,500 35,943 38,069 40,371 6.8
Captive 290 215 234 250 250 250 =29
Total Europe 6,086 6,294 7,018 8,631 9,324 10,292 111
Growth (%) -10.2 34 11.5 230 8.0 104
Total (%) 9.7 9.5 9.3 10.1 10.2 10.5
Merchant 5,677 5,915 6,613 8,18C 83812 9,784 11.5
Captive 409 379 405 451 512 508 44
Total Asia/Pacific-ROW 2,435 2,895 3,851 6,362 7578 8,644 28.8
Growth (%) 10.2 18.9 331 65.2 19.1 14.1
Total (%) 3.9 44 5.1 74 8.3 838
Merchant 2,435 2,895 3,851 6,362 7578 8,644 28.8
Captive NA NA NA NA NA NA
Worldwide 63,036 66,044 75,739 85,728 91,284 98,149 9.3
Merchant 59,694 62,925 72,668 82,627 88,122 94,991 97
Growth (%) 9.4 5.4 15.5 13.7 6.7 7.8
Captive 3,342 3,119 3071 3,101 3,162 3,158 -1.1
Growth (%) 7.4 -6.7 -15 10 2.0 0.1 '
NA = Not applicable
Source: Dataquest (August 1992)
grow at a slower rate. A wild card in our Trade Probiems

economic analysis is the upside potential of the
South American market.

Japan Searches for a New Strategy

Dataquest expects semiconductor production in
Japan to decelerate during the next five years.
Semiconductor factory revenue spurted 14.9 per-
cent CAGR from 1986 to 1991. We believe that
growth will slow to 6.7 percent CAGR during
the next five years.
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We expect trade fricion caused by mounting
trade deficits to aggravate the already weak
export picture for semiconductor production.
rter of devices, the
mounting trade deficits with the United States
and especially Europe are reigniting the call
for ionist measures. It is possible that
this problem will haunt the Japanese semi-
conductor industry well past 1992 and cause
slower growth in production once the general
economy improves.
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iWhat Follows DRAMS?

There is some risk that the downtwrn in
production is the beginning of a structural
change in the Japanese semiconductor industry.
Early in the last decade, Japanese companies
made a conscious decision to pursue the com-
modity memory market, a strategy that proved
very successful because of the PC boom and
U.S. companies’ abdication of the memory
market,

Currently, 45 percent of Japan’s semiconduc-
tor capacity is dedicated to MOS memory.
However, the Achilles heel of this strategy
is becoming apparent. Squeezed from below
by low-cost Asian memory producers and
from above by the increasingly fragmented
application-specific nature of the MOS micro-
components and MOS logic makers in the
United States, Japanese device companies are
scrambling for a strategy. Complicating their
dilerama is the slower adoption of the
advanced memory products in end-use applica-
tions, These problems threaten the long-term
growth of Japanese production and conse-
quently we have lowered our five-year
forecast for semiconductor production.

Cut in European Production

Dataquest has cut back its European semicon-
ductor production forecast. Our current five-
year CAGR is 11.1 percent verses our previous
forecast of 13.3 percent in November 1991.

Last year proved to be a pivotal juncture for the
European semiconductor industry. Many econo-
mies in the region slowed or went into reces-
sion, dragging the semiconductor industry
down. The hairline cracks in EC 1992 opened
up, exposing some of the major problems facing
a unified European market. Also, the true costs,
both in political and economic terms, of raising
living standards in Eastern Europe became
apparent, and it is now evident that these costs
will crowd out investment in other areas of the
economy. As a result, we have cut our forecast
for semiconductor production.

Foreign Invesiment Slows

The prospects of a unified Europe in 1992
appear now to provide little incentive for
many foreign device makers. Companies such
as Mitsubishi, Toshiba, and Samsung that had
planned fab investment in Europe are delaying
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or canceling their plans. Other companies with
facilities in Europe are delaying expansion
plans: TT's expansion at Avezzano, Italy is on
hold; NEC will hold off expanding in Europe
until its Roseville, California fab is completed;
and Fujitsu has pushed out plans for its
second phase at its fab in England.

Foreign device makers emphasize that the
main problem with locating operations in
Europe is the high cost of doing business.

In the cumrent climate, in which many device
companies are unprofitable and spending
budgets have been slashed, the cost of
manufacturing in Burope is outweighing the
political inducements. Dataquest expects this
to remain a major hurdle for the Eurcpean
marke: over the forecast time horizon.

Domestic European Companies Pull Back

Furthermore, our lower forecast for semicon-
ductor production reflects the poor perfor-
mance of domestic European companies, which
account for the lion’s share of production in
Europe. European companies continue to lag
in the development of semiconductor manufac-
turing and process technology. Consequently,
they are finding it increasingly difficult to
make the spiraling investments required to
develop and stay in the manufacturing game.

The three largest European companies all have
cut spending and/or closed fabs in the last
year. Siemens has closed three lines and cut
spending, Philips has slashed capital spending
and closed several lines, and $GS-Thomson's
semiconductor operation is being propped up
by the French government, which is quickly
losing its patience with the company.

In addition, other non-European companies
have closed lines, further dampening the
growth in production. Siliconix shut one line
in Wales and LSI Logic also closed a line

England.

Asia\Pacific-Rest of World Device Production
Will Boom

Semiconductor production in Asia/Pacific is
expected to pick up in 1992, benefiting from
the stronger demand in the United States for
semiconductors. We are estimating that Asia/
Pacific production will 18.9 percent

in 1992 and accelerate through 1994. Our
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five-year CAGR for production in the region is
28.8 percent.

The economies of the countries in the Asia/
Pacific region are the fastest growing in the
world. We believe that a vibrant semiconductor
industry will be the key factor in building many
of these countries’ industrial infrastructures.

Capital investment in fabs in the region con-
tinues at a breakneck pace. The lion’s share of
the current capital spending on new fabs is tak-
ing place in Korea. This spending trend will
benefit device production over the next several
years as these facilities ramp-up.

Over the long term, the real star performer in
terms of growth in device production will be the
group of countries which fall under the rubric
rest of world (ROW). Countries that will benefit
from this growth are Hong Kong, Singapore,
China, and newly industrializing Pacific Rim
nations such as Thailand and Malaysia. Much of
the growth in the ROW category will be fueled
by investment and technology transfers from
Japanese and to a lesser extent U.S.-based
companies.

Dataquest Perspective

The Asia/Pacific region remains the most
vibrant in terms of growth rates for IC produc-
tion. However, we do expect some rotation away
from the current leaders within the region to
those countries that are just beginning to build
their industrial infrastructure. The ultimate
growth opporfunities will be China and India
because of the sheer size of the markets. But
political turmoil, fragile legal systemns, and
underdeveloped infrastructures make the
timing of these opportunities difficult to gage.

By Mark FitzGerald
Semiconductor Equipment

Wafer Fab Equipment Forecast: 1992
Market Decline Followsd by Modest
Growth

The go-for-broke capital spending spree of the
late 1980s has left excess capacity hanging like a
dark dloud over the semiconductor industry. A
2 percent decline in wafer fab equipment spend-
ing in 1990, followed by only 3 percent growth
in 1991, clearly reflected the beginning of a
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capital spending slowdown. This year, how-
ever, many semiconductor manufacturers have
slammed on the brakes and cut capital invest-
ment to such an extent that on a worldwide
basis we anticipate a 10 percent decline in
wafer fab equipment demand.

Dataquest evaluates its five-year forecast for
wafer fabrication equipment demand about
every six months. The midyear forecast outlook

ted here does not substantially differ from
that published at the end of 1991, at which time
we anticipated an 8 percent decline in 1992
wafer fab equipment demand. As compared
with our November 1991 forecast, we have
moderated our expectations for growth in 1993
and 1994 downward by several percentage
points. This modification is in response to our
decidedly conservative position on the industry,
which we believe will continue to suffer from
the problems of excess submicron capacity and
weak global macroeconomic conditions.

Assumptions behind Our Forecast

In our November 1991 forecast for wafer fabrica-
tion equipment, we presented four assumptions
that constituted the foundation of our five-year
equipment forecast. Those assumptions are
reviewed in the following paragraphs.

Macroeconomic Assumplions

Our assumptions today regarding global mac-
roeconomic conditions remain consistent with
our view six months ago. The global economy
is clearly weaker in 1992 than it was in 1991

The Japanese and German economies are

decelerating, the UK. economy continues to
have difficuities shaking off its recession, and
the U.S. economy has entered a period of very
weak recovery. Both the Japanese and Euwro-
pean economies are expected to pick up in
1993, but we believe that, as in the U.S. econ-
omy, these recoveries will be modest. We
expect all major regions of the world to retfurn
to healthy GNP growth in the 1994 through
1996 time frame.

Shifts in the Semiconducior Device Product Mix

Dataquest is forecasting that the combined
MOS micro and MOS logic categories in the
device revenue product mix will continue to
increase as a percentage of the total market.
MOS micro, the fastest-growing segment of
the worldwide IC market, is being driven
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increasingly by system-on-a-chip ultralarge-
scale integration (ULSI) trends and the adop-
tion of application-specific standard product
chip set solutions for many end-use markets.
The high value-added, design-intensive nature
of cerfain MOS micro segments, such as micro-
processors and microperipherals, translates to
higher average selling prices (ASPs) and lower
unit volumes relative to the DRAM market.
We do note that recent competitive market
forces in the microprocessor arena are driving
prices down. However, microprocessors have
yet to achieve the status of commodity pricing
that characterizes the DRAM marketplace.

Programmable logic devices, a subset of MOS
logic, are similar to microcomponents in that
they also represent high value-added, low-
volume manufacturing, which requires propor-
tionately less wafer fab equipment than
DRAMSs. Shifts in the semiconductor device
product mix toward MOS micro and MOS
logic segments characterized by high value-
added, low-volume manufacturing will con-
tribute to lower fabrication equipment unit
demand and thus deceleration in the long-
term growth rate for the wafer fab
equipment market.

Escalating Cost of Process Developmeni and
Advanced Manufacturing

We believe that our premise still holds true
that the rising cost of advanced technology is
driving a number of semiconductor companies
to pursue joint-development and/or manufac-
turing pacts as a strategy to control both the
costs and risks associated with advanced tech-
nology development. We believe that such
joint-dev: t and manufacturing strategies
and shared foundry facilities between semi-
conductor manufacturers will contribute to a
smaller number of megafabs being built in the
future,

Increased Wafer Fab Equipment Productivily

We maintain our position that wafer fab
equipment will continue to get more expen-
sive, reflecting the increasingly sophisticated
technical requirements of advanced submicron
manufacturing. In response to demands from
semiconductor manufacturers for increased
equipment productivity to offset higher equip-
ment prices, wafer fab equipment companies
will continue to aggressively compete on
equipment cost of ownership. Increased
equipment productivity will contribute to
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overall lower equipment unit demand. For
example, the newer models of steppers have
significantly improved wafer throughput as
compared with tools available several years
ago. Stepper manufacturers today offer leading-
edge machines with throughput on the order
of 60 wafers per hour, with some tools achiev-
ing 80-plus wafer-per-hour processing capabili-
ty. This improvement in productivity has a
direct impact of stepper unit demand and is a
key consideration in our forecast for steppers
over the next five years.

For the reasons cited, revenue growth in the
wafer fab equipment market primarily will
reflect escalating ASPs of advanced equipment
technology. For a number of wafer fab equip-
ment categories, unit demand in 1996 is
expected to be essentially flat relative to
shipment levels in 1991.

Wafer Fab Equipment Markets

Table 1 presents Dataquest’s five-year historical
estimates and forecast for wafer fabrication
equipment by segment. As the semiconductor
industry continues to push into the submicron
era, process complexity and fabrication technol-
ogy requirements continue to increase dramati-
cally. Lithography, deposition, and etch/clean
equipment continue to be the technology drivers
that fuel the wafer fabrication equipment
industry’s growth.

Dataquest anticipates i-line technology to domi-
nate the stepper product mix for new system
shipments between 1991 and 1996. I-line will be
the stepper technology of choice as advanced
microprocessor and ASIC designs push below
0.8-micron geometries. Advanced resolution
techniques, such as phase shift masks and newly
announced illumination modification techniques,
push i-line resolution to the 0.35-micron regime
with improved depth of focus. Although such
techniques are suited only for highly repetitive
device patterns such as memory products, con-
ventional i-line lens systems are available that
provide sub-0.5-micron lithographic capability
regardless of the device pattern being printed.
We expect excimer/deep-UV systems to continue
to gradually increase as a percentage of new
stepper shipments over the forecast period as
device manufacturers pursue research and
development programs for 64Mb and 256Mb
DRAM processing.
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Table 1

Worldwide Wafer Fab Equipment Market Forecast, 1991-1996

(Milions of LS. Dollars)

CAGR (%)
1991 1992 1993 1994 1995 1996 1991-1996
World Fab Equipment Market 6,040 5431 6036 7,145 8218 9,354 9.1
Lithography
Contact/Proximity 21 17 16 15 14 13 -9.0
Projection 68 55 57 62 67 75 1.9
Steppers 1,029 925 1035 1,200 1,380 1,580 9.0
Maskmaking Lithography 46 51 63 76 91 101 17.1
Direct-Write Lithography 55 59 69 86 97 109 14.5
X-Ray 4 10 20 38 53 70 75.5
Total 1,224 1,117 1,260 1477 1,702 1,948 9.7
Automatic Photoresist Processing
Equipment 369 330 363 430 490 569 9.1
Etch and Clean
Wet Process 405 355 390 465 530 600 8.2
Dry Strip 119 105 115 135 155 180 8.6
Dry Etch 705 640 710 850 990 1,125 9.8
Ton Milling 17 14 16 17 19 20 3.7
Total 1,246 1,114 1,231 1467 1,694 1,925 9.1
Deposition
Chemicat Vapor Deposition 747 680 755 900 1,045 1,190 9.7
Physical Vapor Deposition 474 450 495 585 680 780 10.5
Silicon Epitaxy 89 60 53 68 60 63 -6.6
Metalorganic CVD 51 45 50 60 67 70 6.4
Molecular Beam Epitaxy 59 52 57 63 67 71 3.8
Total 1420 1,287 1410 1676 1919 2,174 89
Diffusion 335 288 325 380 445 510 8.8
Rapid Thermal Processing 42 40 48 58 74 85 15.3
Ion Implantation
Medium Current 108 92 106 126 146 161 8.4
High Current 218 189 216 265 303 332 8.8
High Voltage 18 22 35 43 48 56 26.0
Total 343 303 357 434 497 549 9.9
Process Control
CD (Optical and SEM) 154 135 146 172 198 229 8.3
Wafer Inspection 90 82 91 106 124 140 9.3
Other Process Control 398 365 400 475 540 600 8.6
Total 641 582 637 753 862 969 8.6
Factory Automation 227 200 220 255 290 345 87
Other Equipment 193 170 185 215 245 280 7.7
Total World Fab Equipment 6,040 5431 6036 7,145 8218 9354 9.1
Percent Change 3 -10 11 18 15 14
Note: Some columns do not add to totals shown because of rounding.
Source: Dataquest (August 1992
SEMM-SVE-DP-9211 ©1992 Dataquest Incomorated August 10, 1992
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The adoption of double-level metal technology
for the 16Mb DRAM generation, together with
the rapid move toward triple- and even four-
level metal for MOS microprocessor and ASIC
devices will continue to push the CVD, PVD,
and dry etch thin films market to outperform
the overall wafer fab equipment market. The dry
etch equipment market will experience healthy
growth because of the triple factors of increased
dry etch process steps, complex new plasma
source technologies, and rapid ASP increase
because of the need for tighter process control
at sub-0.5 micron geometries.

In addition to the well-established low tempera-
ture, plasma-enhanced CVD reactor market, the
thermal CVD market (including metal CVD and
thermally driven atmospheric and low-pressure
CVD) will experience healthy growth over the
next five years because of the continuing need
for planarized device topology. New organic
CVD precursor sources will lead to precisely tai-
lored metal and dielectric CVD films that exactly
satisfy specific device topology requirements.
Concurrently, new advances in PVD technology
such as advanced barrier metallization, laser
reflow, and planarization of sputtered aluminum
will lend impetus to growth in the PVD market.
Sputter equipment continues to offer excellent
step coverage capability at a very attractive cost
of ownership.

Dataquest Perspective

Opportunities in Asia/Pacific

One significant trend we expect for the wafer
fab equipment industry over the next five
years will be the in the semiconductor
manufacturing base in Asia/Pacific. Dataquest’s
capital spending estimates for 1991 show that
Asia/Pacific represented about 12 percent of
total worldwide capital spending. We are fore-
casting that in 1996 this region of the world
will represent 22 percent of semiconductor
capital investment and will gain its share of
the capital spending pie at the expense of all
other regions. This significant increase in capi-
tal spending activity in Asia/Pacific will trans-
late to a substantially larger portion of woxld-
wide wafer fab equipment expenditure in the
future.

Asia/Pacific represents a significant market
opportunity for wafer fabrication equipment
companies because the barriers to entry for
doing business in this regional market are
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fairly low. The cost structure for establishing
local operations and providing service and
support personnel is lower than in other
regions of the world. US. and European com-
panies benefit from close historical ties to the
countries of Asia/Pacific, and Englisk is
widely spoken throughout the region.

Japanese wafer fab equipment ¢ ies have
already aggressively targeted the Asia/Pacific
region, and in 1991 they garnered an increase
in regional market share of more than 10 per-
centage points. Several factors are behind their
successful market penetration, including the
relative proximity of Japanese companies to
fabs in Asia/Pacific, their advanced technology
product offerings focused on high-volume
manufacturing, and the significant emphasis
that Japanese vendors place on customer sup-
port. These factors have allowed Japanese
equipment companies to expand their presence
from a mere 10 percent share of the Asia/
Pacific market in 1982 to more than 50 percent
share last year.

Although some larger companies, such as
Applied Materials, Lam, and Varian, have
already established a direct presence in Asia/
Pacific, many smaller wafer fab equipment
companies use representatives and distributors
to sell and support their products. We believe
that more and more wafer fab equipment
companies will need to have a local presence
in order to stay close to their customers and
effectively compete in this high-growth
regional market.

By Peggy Marie Wood

The Regional Economic Outlook for
Our Forecast

North America

The North American economy is moving into a
an extended period of slow growth following
the heated expansion of the 1980s. We believe
that the recovery will be subpar when compared
with ious recoveries. U.S. Gross Domestic
Product (GDP) is not expected to grow much
higher than 2.6 percent between 1992 and 1996.

The main factor preventing more robust growth
is the forecasted weak rebound in real income.
The problems with income are atiributable to
lingering consumer and business debt over-
hang, weak productivity growth, high levels of
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business failures, weak demographic demand for
housing, and the lack of fiscal stimulus. With
unit consumer spending having a less than nor-
mal recovery, the rebound in industrial produc-
tion is also certain to fall short of normal
historic cyclical proportions.

Though internal demand will be moderate, we
believe that the picture will continue to
improve. Latin America is to become a
key driver for the U.S. high-technology sector.
Exports to these countries have almost doubled
over the last two years. If the North American
Free Trade Agreement is passed later this year,
Mexico could easily exceed Ja Ldpan as the second-
largest customer of the United States by 1994.

The continued growth of exports is contingent
on companies’ abilifies to invest in new plants
and equipment. The U.S. Federal Reserve’s eas-
ing monetary policies are helping. We believe
that the Fed can maintain an accommodating
Ei:ljcy through the first half of 1993. There will

ikely be a moderate firming of interest rates in
the second half of 1993 as the economy picks up

speed.

However, the federal budget deficit, which is

to widen to about 6 percent of gross
domestic product, threatens to crowd out private
investment. The budget deficit continues to
deteriorate and the U.S. Government’s claim on
the savings of the country continue to rise. We
are assuming that Washington will take meas-
ures to arrest the of the deficit over the
next several years, though such an assumption
has proved overly optimistic to date.

Japan
The Japanese economy is undergoing a fun-
damental shift. Very strong in the money
suppegf during the second half of the 1980s

an unprecedented capital spending binge.
Capital spending for all industries as a percent
of gross national product (GNP) peaked in 1989
at 23.5 percent, which is un eled when
compared with any other period in post-World
War II history.

Dataquest believes that the rate of GDP growth
will decelerate over the next five years and drop
to 2 percent in 1992. We are forecasting a
moderate rate of growth in GDP over the next
five years, rising to 4 percent by 1995. However,
these growth rates will be well below the 5 to 6
percent range of GDP growth experienced in the
latter half of the 1980s.
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Perhaps, the biggest problem facing Japanese
electronic manufacturers is the unwinding of the
Japanese financial machine that funded the years
of growth. Asset deflation has hit the Japanese
banking sector hard. The bank’s capital base has
declined because of the fall in stock prices. At
the same time, d land prices are eroding
loans. As a result,
banks have turned cautious on lending. It is a
cycle that could take a long time to work out.

Though the financial problems add a great deal
of downside uncertainty to our forecast, other
indicators point to a stronger outcome. Inflation
is well under control and will allow real dispos-
able income to expand. Consequently, the Japa-
nese consumer will remain a strong link in the
economy.

Also, the recovery in the United States and the
continued expansion of the Pacific Rim countries
is a good sign for Japanese exports. We expect
large trade and current account surpluses to
continue in Japan. This trend is a doubled-edged
sword. In the short term, exports for Japanese
industry will deaden the impact of decreasing
industrial production. However, the ing
surpluses over the long term will add to trade
friction problems.

The current environment is difficult for the
Japanese economy. It is very likely that the
banks have not faced up to all their problems
and therefore the financial uncertainties are
high. Capital spending, which has been the main
economic engine for the economy, will certainly
not snap back. But external surpluses and
domestic consumption should enable Japanese
GNP to continue growing at moderate levels.

Europe
The Eu‘l:qojpiean economy, driven largely by Ger-
many, see weak growth in 1992. We expect

GDP in Germany to grow only 1.1 percent in
1992. Despite negative growth last year, g'rowth
in the United Kingdom will be 5.5 percen

. while growth in France will be 2.1 percent.

Germany, the main engine for the E

economy, continues to struggle with problems
associated with unification. Inflation is stuck in
the 4.5 percent range, forcing the Bundesbank to
hold the line on interest rates. Because the other
European currencies are tied to the deutsche
mark, interest rates throughout Euro

stubbornly high. We do not believe that rates
will begin edging downward until 1993.
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Wages in eastern Germany will converge to
western Germany’s standards by 1995. Conse-
quently, we expect that the ability of German
companijes to compete will deteriorate because
productivity gains will not keep up with cost
increases.

In the United Kingdom, evidence of a post-
election recovery is still very thin. Inflation is
subsiding. We do not believe that inflation will
be much of a problem for the foreseeable future.
Even with the gains on inflation, interest rates
remain high. We do expect a significant move
lower next year, assuming that German short
rates are by then falling. The main problem for
the United Kingdom is the deteriorating trade
figures, fueled by the increase in domestic
demand as the economy emerges from recession.

France avoided recession in 1991 and is moder-
ately improving in 1992, The moderate recovery
expected among its European trading partners
and a strengthening competitive position vis-a-
vis these partners will improve the export pic-
ture. But an upturn in domestic demand will
most likely be slower coming because the pace
of job creation is weak. A fiscal stimulus is
unlikely because the government continues to
target a lower budget deficit.

Over the long term, we are forecasting moderate
for Western European countries. The
Central and Northern countries are expected to
grow in the 2 to 3 percent range. Portugal and
Spain, which are less developed than most of
their Western European neighbors, are forecast
to grow slightly faster, in the 3 to 4 ent
range. We believe that Eastern Europe will not
have much of an impact on Western E
GDP growth until the second half of the 1990s.

Asia/Pacific

Most economists continue to forecast the fastest
growth in the world for the Asia/Pacific region.
We believe that annual GDP growth rates over
the next five years will range from 5 percent to
8 percent for Hong Kong, Indonesia, Malaysia,
Singapore, South Korea, Taiwan, and Thailand.
Moreover, underdeveloped countries such as the
People’s Republic of China, India, and Vietnam
will increasingly boost the economic activity of
the Pacific basin as the decade wears on.

In 1991, many of the Pacific basin countries
suffered from slow worldwide growth because
the health of their economies is tied so closely
to exports. Countries such as Korea and Singa-
pore, which are heavily dependent on sales to
the West, experienced a deceleration in GDP
growth because of the slow U.S. and European
economies.

But Taiwan’s economy was more resilient. It
benefited from strong exports to trading part-
ners in Southeast Asia and China, which were
not affected by the recession in the West. We
believe that the intraregional trade theme is a
trend that will increasingly impact not only Tai-
wan’s economy but also the economies of other
industrializing countries in the region.

The only dark cloud on the horizon is the threat
of a slower rate of investment by Japanese com-
panies because of the financial problems at
home. If the Japanese banking system were to
stumble, then the flow of investment to the
Pacific basin would certainly suffer. But this

downside has a low probability.
By Mark FitzGerald
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In This Issue...

In this issue of Dataquest Perspective, we continue
our special coverage and discussion of the general
trends in the wafer fab equipment market and those
specific issues that characterize the market for the

major segments of wafer fabrication equipment.

Market Analysis

Semiconductor Equipment

Wet Processing Sales Stall in 1991: 1991 Wet Process
Equipment Market in Review

The total wet processing equipment market tracked
with wafer fab equipment demand, which was
basically flat in 1991, though there were individual
segments of wet process equipment that bucked
the trend.

By Kunio Achiwa and Mark FitzGerald

New Players, New Products in Advanced Defect
Inspection: 1991 Waler Inspection Equipment Market
in Review

Advanced defect i ion systems continue to
dominate the market and technology issues
associated with wafer inspection equipment.
Recent market activities in this segment include a
new competitor entering the arena, the acquisition
of an established player, and a host of new
product offerings.

By Peggy Marie Wood and Kunio Achiwa

How Does Your Company’s Growth Compare with
Industry Growth?

In the intensely competitive wafer fab equipment
industry a company must outperform the market
to keep pace, but the costs of doing so have

By Joseph Grenier
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Inquiry Summary
R&D Spending Levels for U.S. Wafer Fab Eguipment
Companies Are Very High

By Joseph Grenier Page 11
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Wet Processing Sales Stall in 1991:
1991 Wet Process Equipment Market in
Review

The worldwide wet process equipment market
was $405 million in 1991, essentially flat with
respect to its level the prior year. This section
presents the significant highlights of the 1991
wet process equipment market with a focus on
new technology trends and company activities.

Regional Markets and Ownership

Figure 1 shows the worldwide 1991 wet process
equipment market segmented by region and
ownership. Japan, with 51 percent ($205 million),
continued to represent the largest wet process
equipment market, though spending in Japan
for wet process equipment last year declined
sharply by 17 percent from its 1990 level of
$246 million. The Japan wet process equipment
market was active in the first half of 1991
because of a large backlog of orders from the
prior year coupled with long lead times, on the
order of six to eight months. However, a drastic
reduction in shipments of wet process systems
in the second half of the year led to the precipi-
tous decline in wet process equipment sales in
Japan for the year as a whole.

The North American market for wet process
grew a record 41 percent from $75 million in
1990 to almost $106 million in 1991. The tremen-
dous growth in North American sales is largely
attributable to increased spending on integrated
wet systems. U.S. device makers are beginning
to aggressively adopt the more expensive auto-
mated wet systems though automated systems
still lag the degree of penetration achieved in
Japan.

acompanyof |
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Figure 1

1991 Wet Process Equipment, Regional Markets and Ownership

Markets

Asia-
Pacific/
ROW
$59.9
15%)

Europe
$34,7 (8%)

(51%)

North
America
$105.6
(26%)

Total = 4

European Companies $11.3 (3%)

Ownership

North
American
Companies

$122.7
(30%)

Japanese
Companies
$271.0
(67%)

Total = 405.0 Million

Source: Dataquest (August 1992)

Company Rankings

Table 1 presents the worldwide company rank-
ings for the wet process equipment market.
Company revenue for wet process equipment
is further segmented into the categories of inte-
grated wet systems, manual wet benches,
rinser/dryers, acid processors, and megasonic
cleaners.

1991 Market Highlights

Carrierless Wet Stations

One significant trend in the wet processin,
equipment arena has been development o
carrierless wet stations. A carrierless system
removes the wafers from the cassette prior to
processing. In 1991, 200mm carrierless wet
stations for 16Mb DRAM applications were
introduced by many equipment manufacturers:
Dainippon Screen, Dan Science, Fuji Electric,
Kuwano, Shimada, SubMicron Systems, and
Sugai. One feature offered by all the carrierless
systems is the elimination of chemical car-
ryover and wafer contamination associated
with the carrier. This makes these wet stations
the most advanced cleaning systems available
to satisfy the strict specifications that must be
achieved in 16Mb D processing.

The 200mm carrierless system has the same
footprint as the corresponding 150mm wet
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station system with carriers, and thus achieves
a very compact size even while processing the
larger-diameter wafers. Another advantage of
the carrierless systems is a significant reduc-
tion of chemical consumption. Table 2 sum-
marizes several of the key features of 200mm
carrierless wet stations compared with conven-
tional 200mm systems. The price of carrierless
wet stations in Ja ranges from ¥100 million
to ¥200 million ($770,000 to $1.5 million). In
addition to the companies identified, Sankyo
Engineering is developing a carrierless system.

Tokyo Electron Enters the Wet Process Market
Historically, Tokyo Electron’s (TEL) activity in
the wet market has been confined to the
marketing of Semitool’s acid processors and
Sugai’s wet stations. Strong growth in the wet
processing equipment market (24.8 percent
CAGR between 1987 and 1991), however,
encouraged TEL to terminate its marketing
agreement with Sugai and to build its own
manufacturing facility. Wet essing equip-
ment product offerings further establish TEL
as one of the few players in the industry to
provide one-stop shopping with a broad and
diverse product mix of wafer fabrication
equipment.

In addition to its desire to explore new market
opportunities, there are several other key reasons

SEMM-SVC-DP-9210



Semiconductor Equipment, Manufacturing, and Materials 3

Tahle 1

1991 Woridwide Wet Process Equipment Company Ranking (Millions of Dollars)

Integrated Manual

Share Wet Wet Rinsers/ Acid Megasonic

Companies Revenue (%) Stations Benches Dryers Processors Cleaners
Dainippon Screen 665 164 40.9 0 0 11.5 14.1
Kaijo 331 8.2 29.9 0 0.9 0 23
Sankyo Engineering 327 81 274 2.6 27 0 0
Sugai 326 80 314 12 0 0 0
FSI International 21.8 54 0 0 37 16.8 13
Santa Clara Plastics 202 5.0 19.5 0.7 0 0 0
Dan Science 19.8 49 149 44 0.5 0 0
Shimada 18.6 4.6 13.4 0 0 0 52
Maruwa 15.0 3.7 8.1 6.9 0 0 0
Verteq 149 3.7 17 0 6.0 0 7.2
Semitool 121 3.0 0 0 94 2.7 0
Submicron Systems Inc. 120 3.0 12.0 0 0 0 0
Enya 11.6 2.9 10.7 0.9 0 0 0
ETE 10.9 2.7 10.4 0.5 0 0 0
Universal Plastics 9.1 22 5.5 3.6 0 0 o
S&K Products 8.2 2.0 0 0 7.2 0 1.0
Pocorny 78 19 6.6 12 0 0 0
Toho Kasei 7.1 1.8 52 1.2 0.7 0 0
Kuwano Electric 7.1 1.8 71 0 0 0 0
Semifab 6.5 1.6 3.0 3.5 0 0 0
Tokyo Electron 56 14 5.6 0 0 0 0
Musashi 5.5 1.4 41 07 Y 0.7 0
CFM Technology 53 1.3 5.3 0 0 0 0
SCI Manufacturing 48 1.2 48 0 0 0 0
Sapi Equipments 3.5 0.9 20 15 0 0 0
Advantage Production 34 0.8 0 0 0 3.4 0
Fuji Electric 21 0.5 21 0 0 0 0
Others 7.2 1.8 3.3 0.9 0.2 28 0
Total 405.0 100.0 274.9 29.8 31.3 379 311
Percentage of Total 160 68 7 8 9 8

Note: No revenue associated with spares and service included
Source: Dataquest (August 1992)

for TEL entering the wet process equipment.
Dataquest b?e[]];}eges that may t;q;vg!m sensed a
technological limitation in Sugai’s wet station
capabilities for production of 16Mb and more
advanced DRAMs. In addition, TEL has the
second-largest share in the world vertical ther-
malreacbo;(V'I’R) market, and it is key that the
evelop its own prediffusion clean sys-
tem to b’:a usedqnlz-]jne with its VIR pmducts.ﬁys
The impact of TEL's decision to terminate its
relationship with Sugai is already becoming
apparent. With the loss of its major distributor,

Sugai slipped from second place in the 1990
worldwide wet process equipment market to
fourth position in 1991.

FSI Enters the Japan Market

FSI International, a major supplier of wet proces-
sing equipment, recently entered the Japanese
market through an alliance with Mitsui Corpora-
tion. The new entity formed from this alliance is
named m-FSIL. Under this arrangement, Mitsui’s
subsidiary, Chlorine Engineering, becomes one

SEMM-SVC-DP-9210 ©1992 Dataquest Incorporated August 3, 1992
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Table 2
Relative Comparison of Key Features for Conventional and Carrierless 200mm Wet Stations
Conventional Carrierless
200mm System 200mm System
Wafers per Batch 50 50
Footprint 1.00 0.70
Chemical Tank Capacity 1.00 0.53
QDR* Tank Capacity 1.00 0.68
Transportation Time between Baths 1.00 0.45
*QDR = Quick Dumper Rinse
Source: Dataquest (August 1992)
Table 3
New Planned Manufacturing Facilities for Wet Process Equipment Suppliers
New Plant Completion Land Floor Space
Companies Location Date {sq. m) (sq. m)
Dainippon Screen Shiga Q4/92 26,200 19,900
Dan Science Tokyo Q3/92 3518 4,196
Sankyo Engineering Oita Q2/91 8,440 2,877
Shimada Shizuoka Q3/92 7410 NA
Tokyo Electron Saga Q3/92 104,482 13,100
NA = Not available
Source: Dataquest {August 1952)
division of m'FSl and will continue to market thus increasing the need for removing icles
ozone ashers for photoresist stripping applica- on both sides of silicon wafers by m ical

tions. The joint venture also plans to manufac-
ture and distribute FSI's surface conditioning
products in Japan.

FSl is a leading manufacturer of hydrofluoric
(HF) acid vapor phase cleaning systems. These
systems are particularly effective in preventin
organic as well as inorganic contaminants an
particles from depositing on an activated silicon
surface. The main application for vapor phase
cleaning is the removal of native oxade. FSI's
entry to the Japanese market, the major DRAM
production base, is a key strategic move for the
company because the removal of native oxide
becomes critical as the oxide film becomes thin-
ner in advanced DRAM fabrication. Dataquest
believes that future vapor phase systems will
be clustered with CVD equipment. However,
current equipment is designed to carry out the
rinsing/drying process under an atmosphere of
nitrogen gas.

Megasonic Cleaner Market Experiences
High Growth

As design rules enter into a submicron level, the
allowance for the depth of focus has reduced,

August 3, 1992
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means. This has driven the megasonic cleaner
market, especially scrubber systems, to grow at
an accelerated pace the last five years from a
$4 million level in 1987 to $31 million in 1991,
reflecting compound annual growth exceeding
60 percent.

Expansion of Equipment Suppliers

Rapid growth of the wet process equipment
market coupled with increasing system complex-
ity has caused the production capability of wet
process eq];.lipment suppliers to fall short of
demand. Dataquest believes that many suppliers
had to give up orders during 1989 and 1990
because of capacity shortages in their own facili-
ties. As shown in Table 3, several manufacturers
have rushed to build new facilities in order to
attain sufficient capacity to meet the demands of
semiconductor manufacturers.

Dataquest Perspective

Although today’s current carrierless wet proces-
sing systemns are suited for the 0.5-micron
process for 16Mb DRAM production, 64Mb
DRAM production with line geometries of

SEMM-SVG-DP-5210
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0.3 microns wiil the contro! of
0.03-micron particles. The control and cleaning
of 0.3-micron particles is further complicated by
the fact that the number of particles increases by
geometrical progression inversely proportional to
the particle size. Furthermore, the smaller the
particle size, the stronger the particle’s adher-
ence to the wafer surface, thus making it more
difficult to remove. Contact holes of 0.3-micron
size have a high aspect ratio and thus will also
require a more sophisticated cleaning
As gate oxide and capacitor dielectric films
become thinner (below 10nxn), native oxide
films will need to be removed completety.
Because a limited number of existing wet
process manufacturers provide such advanced
cleaning technologies, Dataquest expects the
wet processing equipment industry to rapidly
migrate toward clearer product differentiation.
By Kunio Achiwa

Mark FitzGerald

New Players, New Products in Advanced
Defect Inspection: 1991 Wafer Inspection
Equipment Market in Review

The wafer inspection equipment market was

$90 million in 1991, essentially flat when com-
pared with its 1990 level of $91 million. The

two segments of the wafer inspection equipment
market—microscope-based stations and auto-
mated defect inspection too erienced only
moderately different market dynamics last year.
Microscope-based station revenue grew a modest
4 percent to reach $33 million, while the market
for advanced defect inspection stations declined
4 percent from its 1990 level to total about

$56 million last year.

Regional Markets and Ownership

Figure 1 presents the worldwide 1991 wafer
inspection equipment market segmented by
region and ownership. As in other major
categories of front-end wafer fab equipment,
Japan dominated the market, accounting for

46 percent of worldwide demand. It is interest-
ing to note, however, that semiconductor manu-
facturers in North America and Europe spent
proportionately more on wafer i ion equip-
ment as a percentage than is reflected by their
total wafer fab equipment expenditure. For
example, North America accounted for only

25 percent of the worldwide wafer fab equip-
ment market but represented 30 ent of the
wafer inspection equipment market. Similarly,

SEMM-SVC-DP-9210
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the wafer fab equipment market in Europe rep-
resented only 11 percent of the world market,
but semiconductor manufacturers in this region
purchased 17 percent of the worldwide demand
for wafer inspection equipment. One reason
behind this seeming anomaly in spending pat-
terns is that advanced defect inspection systems
(which have a significantly higher average sell-
ing price than microscope stations) in both
North America and Europe represent a substan-
tially larger portion of the wafer inspection
equipment product mix.

In 1991, we observed a significant gain in
regional company share for one group of suppli-
ers. Japanese companies accounted for 42 per-
cent of the worldwide market last year, com-
pared with only 25 percent in 1990. The increase
in Japanese company share was mirrored by a
decrease of similar magnitude for North Ameri-
ca. European company share in 1991 was 13 per-
cent, relatively constant as compared with the
prior year. The gain in Japanese share mirrored
by a drop in North American company share
mnbeexplamedm]a.rgepa.ﬂbyexannning
what happened in the advanced defect
inspection arena. Hitachi, a new supplier of
advanced defect i ion tools, entered the
market with its new WI-870 system and shipped
a number of units its first year. At the same
time, North American suppliers of advanced
defect inspection equipment—Insystems and
KLA Instruments—were still iencing the
effects of overall sluggish market demand. These
two companies spent much of their efforts in
1991 developing new tool technology or ramp-
ing up their manufacturing capability for new
equipment product offerings.

Company Rankings

Table 1 presents the worldwide company
rankings for the wafer inspection equipment
market in 1991, together with the market seg-
ment activities.

KLA Instruments

KLA Instruments continued to maintain its
No. 1 position in the wafer inspection equip-
ment market last year through sales of

‘advanced defect inspection systems totaling

$26.4 million. The company’s share of the
market, however, has been steadily declining
the last several years. In 1989, KLA com-
manded 49 percent share of the worldwide
market, but by last year that position had
eroded to only 29.4 percent share.
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Figure 1
1991 Wafer Equipment Inspection, Regional Markets and Ownership
Markets Ownership
Asia/Pacific-ROW $6.6 (7%)
European
Companies
EL;r:;ée North
$1 70'/ Japan American
(17%) $41.1 Companies
(46%) Japanese $40.6
North Companies (45%)
America $37°‘3
$26.4 (42%)
(30%)
Total = 89.7 Million Total = 88.7 Million
Source: Dataquest (August 1992) 62000934
Table 1
1991 Worldwide Wafer Inspection Equipment Company Rankings (Millions of Dollars)
Advanced Microscope-
- Defect Based
Company Revenue % Share Inspection Stations
KLA Instruments 26.4 294 X
Nikon 13.1 14.6 X
Insystems 13.0 145 X
Hitachi 11.6 12.9 X
Nidek 7.1 79 X
Nano-Master* 54 6.0 X
Leica 49 5.5 X
Canon 44 49 X
Others 3.8 42 X
Total 89.7 100.0 56.4 33.3
*Formerly known as Micro-Controle
Note: No revenue associated with service and spares included
Source: Dataquest (August 1992)
One major reason behind this erosion in mar-  of advanced defect inspection ipment, the
ket share has been the depressed market for 2100 series. Last zea.r re%rrgsen e first year
advanced defect inspection systems. The drop of shipments for 's first uct in the
family, the 2110 advanced d i ion

in demand in advanced defect ir.s%cﬁon sys-
tems tﬁlﬂ\tl:ﬁlatterhalfoflmlatthgm
same time that the aggressive capital s i
boom of the late 19883 began tonade. ﬁm &
October 1990, KLA introduced a new family

August 3, 1992
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em offers 0.25-micron defect
substantially improved through-
gut compared with the company’s llgt'ev-iu::vus
Oxx product line of inspection tools.
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In June 1952, KLA introduced its newest
product offerings in the 2100 family, the 2111
and the 2130 systems. The 2111 system specifi-
cations include a fivefold improvement in
speed and a 20 ent increase in sensitivity
relative to its predecessor, the 2110. The 2111,
like the 2110, has been optimized for inspec-
tion of highly repetitive device patterns, such
as memories. The 2130 gystem, also shown at
SEMICON/ West in june, has been designed
as a high-speed inspectior system to handle
all device pattern types, both repetitive and
random. Dataquest understands that a number
of 2111 systems have already been shipped
and that the 2130 has obtained customer

acceptance.

In conjunction with these new advanced defect
inspection product offerings, KLA also devel-
oped a new image and data analysis work-
station, the 2550. The 2550’s flexible, open
architecture supports multiple KLA and non-
KLA i ion tools, as well as optical and
SEM defect review stations.

Nikon

Nikon's wafer inspection equipment revenue in
1991 was $13.1 million, which placed the com-
pany second in the worldwide ranking. It
achieved this position by being the market
leader in microscope-based wafer inspection
stations. Nikon offers a variety of systems for
wafer inspection through its Optistation family
of products.

Insystems

Insystems ranked third in the wafer inspection
equipment market with system revenue of

$13 million. Insystems has suffered financial
problems over the past several years as it has
att to compete head-to-head with KLA
in the advanced defect inspection equipment
arena. Although Insystems has leading-edge
technology, it has been burdened by having
only a single uct offering. In contrast,
KLA has been better able to balance the effect
of the industrywide slowdown by dispersing
the impact on its business activities over a
much wider mix of products.

The year 1991 was decidedly difficult for
tems, as s cash flow position continued
to deteriorate. Finally, in May 1992, it was
announced that Optical Specialties Inc. (OST)
would acquire the assets of Insystems. The
joint operation of the two companies will be
congolidated under the OSI pame. Dataquest
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understands that as part of the a; t all
Insystems employees, products, and technology
will be transferred to OSL OSl, like Insystems,
provides process control equipment to the
semiconductor industry. (For additional infor-
mation, please see “OSI and Insystems Con-
solidate tions,” in the SEMMS Dataguest
Perspective dated June 1, 1992)

ucts was

Insystems’ latest family of prod
announced at SEMICON/West in June 1992,
The new IQ inspection systems represent the
company’s third generation of patterned wafer
inspection equipment. The 1Q inspection sys-
tem family currently consists of two products,
the IQ-155 and IQ-165. The IQ-155 offers high-
speed inspection at 0.25-micron defect sensitivi-
ty, while sensitivity for the IQ-165 is specified
at 0.1 microns. Both products can provide full
wafer defect detection capability in less than
five minutes. Several more product offerings in
the IQ family are planned over the next 12 to
18 months. Dataquest understands that several

-1Q systems are in the field and that additional

shipments are scheduled prior to the end of

Hitachi

Hitachi, a new entrant to the advanced defect
inspection equipment market, achieved an
impressive market position of nearly 13 per-
cent share its first year with almost $12 mil-
lion in system revenue. Its new automated
defect detection tool, the WI-870, has
0.5-micron defect sensitivity and relies on a
light intensity comparison technique to detect
the presence of defects. Dataquest believes that
a significant number of the company’s first-
year system shipments went to internal
Hitachi semiconductor operations. Although
Hitachi achieved impressive sales in its first
year of system shipments, its long-term com-
petitive position in this market will depend
on its ability to penetrate accounts beyond
Hitachi's semiconductor operations and
Hitachi’s semiconductor pariners.

Dataquest Perspective

Advanced defect inspection systems continue to
dominate the market and technology issues
associated with wafer inspection equipment.
Although growth in this segment of the market
has been relatively stagnant the last two years,
recent activities clearly indicate that companies
have been busy. A new competitor entering the
arena, the acquisition of an established player,
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and a host of new product offerings may well
herald significant changes in company share and
drive new market opportunities in the near
future.

By Peggy Marie Wood and Kunio Achiwa

How Does Your Company’s Growth
Compare with Industry Growth?

In this article we take a look at some general
wafer fab equipment industry growth trends in
order to indicate two key ideas. The first idea
is that there is an increasing concentration of
power in the wafer fab equipment industry, and
the second is that it is important for a company
to outperform the industry growth trend.

Concentration of Power

Table 1 shows the ranking of wafer fab equip-
ment sales for the top 50 wafer fab equipment
companies, 1991 compared with 1986. For
instance, in 1986, the No. 1 company, Perkin-
Elmer, had sales of $213 million, while in 1991
No. 1 company Nikon had sales of $557 million.
Sales for companies in the top 20 have grown
substantially more over the five-year period than
have sales for the rest of the companies beyond
the 20th position (actual companies in the top 20
for 1986 and 1991 can be different). In other
words, the big are getting bigger and the small
are staying small. Table 2 quantifies this latter
statement. Figure 1 shows the concentration of

power.

The top 10 companies accounted for $1,085 mil-
lion in wafer fab equipment sales in 1986, or
40 percent of the entire worldwide wafer fab

Table 1

equipment market. By 1991, the top 10 share
had grown to $2,859 million, or 47 t of
the world market. In 1991, the sales of the top
10 companies accounted for almost half of the
total world market for wafer fab equipment.

Companies Nos. 11 through 30 accounted for
22 percent of the world market in 1991, the
same percentage share they held in 1986, except
that the Nos. 11 through 20 grew at a
faster rate than did the Nos. 21 ugh 30
group. Together, the top 30 companies accounted
for 69 percent of the market in 1991, com;

with 62 percent in 1986. Conversely, all other
companies—and there are more than 150 in our
database—accounted for only 31 percent of the
market in 1991, compared with 38 percent in
1986.

The compound annual growth rate (CAGR) for
the worldwide wafer fab equipment market
from 1986 to 1991 was 17 percent. Looking at
the different groups of companies, note that only
the top 10 and the group Nos. 11 through 20
had growth rates that exceeded the industry’s

17 percent. The All Other Companies group had
only a 13 percent CAGR, quite a bit less than
the industry average growth rate. Clearly, this
large group of companies is falling behind.

The top 30 companies account for more than
two-thirds of the world market for fab equip-
ment. If the growth rates cited here are main-
tained, the top 10 or 20 companies will continue
to gain share of the world market, while the rest
of the companies as a group will lose share.
That is, once a; the are getting bigger
and the small ;‘J:a’enstaymgl%ma]lgor ge’?tmgg §
smaller. If your company is not in the top 20 or

Company Ranlkings, Sales of Wafer Fab Equipment (Millions of Dollars)

1991 1986
Nikon 557 Perkin-Elmer 213
Applied Materials 493 Nikon 137
Tokyo Electron Lid. 397 Canon 130
Hitachi 328 Applied Materials 124
Canon 292 Varian* 119
Varian® 275 GCA 89
Silicon Valley Group 180 ASM International 82
Anelva 155 General Signal 77
Kokusai Electric 138 Ulvac 65
Dainippon Screen 138 TEL/Thermco 60

*Includes TEL/Varian and Varian/TEL sales
Source: Dataquest (August 1992)
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Table 2
Concentration of Power, Wafer Fab Equipment Companies
1986 1991 CAGR (%)
{$) (%) {$) (%)  1986-1991
Companies 1-10 1,085 40 2,859 47 21
Companies 11-20 374 14 890 15 19
Companies 21-30 218 8 416 7 14
Total Top 30 Companies 1,677 62 4,165 69 20
All Other Companies 1,036 38 1,875 31 13
Total Wafer Fab Equipment Market 2,713 100 6,040 100 17

Source: Dataquest (August 1992)

Figure 1
Concentration of Power, Wafer Fab Equipment Companies
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so, then your company is competing in a con- in 1991 are Ja e companies, We will return

tinually shrinking piece of the market pie.

The 10 wafer fab equipment companies
prcrvs:)lg almost 50 t of the world fab
uipment market. On the other hand, the top

10 semiconductor ies, ranked by amount
of capital spending, buy about 50 ent of the
world’s production of wafer fab equipment.
There is truly a concentration of both equipment
manufacturing power and equipment buying

power.

Top 10 Waler Fab Equipment Companlies

Table 1 showed the company rankings for wafer
fab equipment sales in 1986, com with
1991. Note that in 1986 five companies (the com-
panies in bold) did not make it to the top 10 in
1991. Also, note that 7 of the top 10 companies

SEMM-SVC-DP-8210
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to this table in a moment.

Waler Fab Equipment Sales Growth

Figure 2 shows worldwide wafer fab equi

ment sales, or indusiry sales, over the peniod of
1982 to 1991. The data have been normalized to
1982 so that we can ¢ individual com-
pany growths to the industry. For instance,
industry sales of $1,414 million in 1982 grew to
$6,040 million in 1991, a growth factor of 4.3.

We also show the sales curve for
Applied Materials and ASM International.
Applied Materials has outperformed the indus-
try . It was No. 4 in the 1986 top 10, but
it moved to the No. 2 ition by 1991 because

of its above-average sales E;g ASM Interna-
tional, on the other hand, Perfomled about
August 3, 1992
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Figure 2
Wafer Fab Equipment Industry and Company Sales (Sales Growth Normalized to 1982)
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the same as the industry over the period. In outperformed U.5. companies over the period.

1986 ASM was No. 7 in the top 10, but by 1991
it was absent.

An interpretation of the foregoing is this: If a
company performs only as well as the industry,
like ASM International, or worse than the indus-
try, like others that were in the top 10 in 1986
but absent in the 1991 top 10, it will fail behind
the Jeaders. A company must outperform the
industry to stay in the lead pack. The need to
outperform the industry applies equally in both
up and down mar.

When a company outperforms the industry, it is
increasing its market share. Increasing market
share comes from new products, technology, and
processes, and these result from investment in
research and development. The wafer fab equip-
ment industry has a very high rate of R&D
investment, perhaps the highest of any high-tech
industry in the world. Thus, staying in the lead
requires huge investment in R&D, and below-
average sales performance is not compatible
with this need. ¥ your company is not investing—
or cannot invest—to outperform the industry,
others will and they will win the market share
game and survive.

Figure 3 compares the wafer fab equipment
sales of U.S. and Japanese equipment com-
panies with the same industry growth curve.

Clearly, Japanese equipment companies have
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As mentioned earlier, this is why seven Japanese
companies are in the 1991 top 10.

We said that a company must outperform the
industry to stay in the lead pack, yet we can see
that US. companies as a group are underper-
forming the industry. With this kind of perfor-
mance it will be very difficult for U.S. compa-
nies as a group to regain their leadership.
Whether for a group, like U.S. companies, or for
any individual company, und rmance
leads. to market share loss. U: ormance
also leads to R&D underinvestment, and eventu-
ally to further loss of market share. Thus, under-
performance leads to a downward spiral that is
very hard to hait.

Actually, we have been witnessing the loss of
market share by U.S. equipment companies as a
group for many years now. Although individual
U.S. companies are outperforming the industry,
most are not.

Dataquest Perspective

Many companies have individual growth curves

that follow the familiar s-shaped curve of
product life cycles. The company’s growth starts
out a little slcgw, goes through a fast acceleration
phase, and then tapers off. We have seen this
kind of growth numerous times among wafer
fab equipment companies. Dataquest has
observed that there seems to be a revenue

SEMM-SVC-DP-9210
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Figure 3

Wafer Fab Equipment Industry and Company Sales (Sales Growth Normalized to 1982, Japanese and U.S. Companies)
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“wall” somewhete near the $25 million-sales
level for equipment companies. They seem to
grow very nicely to about this level, and then
lose steam. This phenomenon of stalling out is
the reason for the concentration of power that is

shown in Figure 1.

If a company can maintain its momentum to get
propelled beyond the $25 million level, then it
has a better chance of continuing its growth to
reach higher levels of sales. One way to get to
the “critical mass” necessary for sales growth is
to merge with another company. In 1991, we
saw several instances of two small companies

merging, as well as large companies acquiring
small companies.

We said that high levels of R&D are needed to
ensure leadership. Merger and acquisition
activity can help finance this R&D, as small
individual companies cannot afford the R&D bill
alone.

Finally, we leave you with some questions:

How does your company’s growth compare
with the industry growth trend? How does your
competitor’s growth compare with your compa-
ny’s growth and the industry trend? Being able
to answer these questions may give you better
insight into both your own company and your
competitor’s company.

By Joseph Grenier

SEMM-SVC-DP-9210

©1992 Dataquest Incorporated

Inquiry Summary

Dataqguest’s Semiconductor Equipment, Manufac-
turing, and Materials inquiry sununaries are
designed to inform our clients of commonly
asked questions and Dataquest’s respective
answers. No confidential information provided
by our clients is included in this material.

R&D Spending Levels for U.S. Wafer Fab
Equipment Companies Are Very High

Q. What is the level of R&D spending for wafer
fab equipment companies?

*A. Figure 1 shows fiscal year 1991 R&D spend-

ing as a percentage of sales for 15 public U.S.
companies. 'I'heﬁrstnmecompamesmthechart
are wafer fab equi companies, or front-end
suppliers (Cognex is included in this category),
and three companies provide back-end equip-
ment (LTX, Teradyne, and Kulicke and Soffa).
Three other large U.S. companies involved in the
electronics industry are included for comparison
(Apple, Intel, and IBM).

Companies in the wafer fab equipment industry
have research and development investment rates
among the highest of any high-tech industry, if
not the highest. Several companies shown have
R&D rates in the 15 to 20 percent range, and all

but one company shown have rates greater than
10 percent.
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Figure 1
FY1991 R&D Expense (Percentage of Sales)
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Back-end companies have rates somewhat

lower than do front-end companies, but the
rates are still in the 10 to 15 ent range. For
comparison, in 1991, Apple’s R&D rate was only
9.2 percent; Intel, such a stellar performer, had

a rate of 12.9 percent; and IBM had a rate of
10.3 percent.

Clearly, staying on the leading edge in the wafer
fab equipment industry is a cosfly proposition.
As mentioned elsewhere in this issue, a com-
pany not making a high rate of R&D investment
will fall behind its competition.

What about comparison with non-U.S. compa-
nies, which is needed for a more meaning-
ful analysis of R&D spending?

2000938

ASM International, a European company, had

an 8.8 percent rate in 1991. R&D spending for
Japanese equipment companies is generally not
readily available in public reports. For instance,
Tokyo Electron Ltd.’s annual report does not
separately break out R&D expenditure. For other
companies that do (Canon, Nikon), the R&D
spending reported is the aggregate for the whole
company and may not be representative of its
equipment operations.

Nevertheless, we will continue to pursue the
acquisition of non-U.S. company data.

By Joseph Grenier

For More Information . . .

About online access
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In This Issue... Market Analysis
In this issue of Dataquest Perspective, we continue z =
our special co(;ferage and discussion of the general Semiconductor Equipment
trends in the wafer fab equipment market and those
specific issues that characterize the market for the CD Market Growth Bolstered by SEM
major segments of wafer fabrication equipment. Preference: 1991 Optical CD and CD
Market Analysis SEM Equipment Markets in Review
The worldwide critical dimension (CD) measure-
Semiconductor Equipment ment equipment market was $154 million

CD Market Growth Bolstered by SEM Preference:
1991 Optical CD and CD SEM Equipment Markets

in Review

CD SEM equipment continues to maintain its high-
profile position in the critical dimension equipment
market. At the same time, we are observing a
growing presence of dedicated overlay tools in the
optical CD product mix.

By Peggy Marie Wood and Kunio Achiwa
Japan Saves the Epi Equipment Market 1991 Silicon
Epitaxy Equipment Market in Review

If it wasn't for the surprisingly strong epi reactor
sales in Japan, the 1991 epi equipment market
would have been miserable.

By Mark FitzGerald and Kunio Achiwa

Page 1

Page 6

Semiconducter Manufacturing

Intel Flexes lts Muscles

The recent price cuts at Intel are expected to
accelerate microprocessor demand and place addi-
tional pressures on Intel’s manufacturing plants.

By Mark FitzGerald Page 8

Inquiry Summary
Joint Venture Wafer Fabrication Equipment Companies

By Peggy Marie Wood Page 11
Dataguest Methodology
By Peggy Marie Wood Page 11

in 1991, up 5 percent from its 1990 level of
$147 million. The CD SEM equipment seg-
ment of the market continued to outpace opti-
cal CD system demand. The CD SEM market
represented $94 million of the $153.6 million
total, and grew 8 t in 1991 over its 1990
level of $88 million. The CD SEM equipment
market has been on a steady growth path
since this market segment first emerged in the
mid-1980s. The continued market of this
equipment segment reflects that CD SEM tools
have become the established tool choice for CD
measurement technology in submicron applica-
tions, particularly in the sub-0.8-micron regime.

In contrast to market growth in the CD SEM
equipment segment, the optical CD equipment
market was essentially flat in 1991 at a level of
$59 million, after suffering declines of 12 percent
in 1989 and 15 percent in 1990. The new emerg-
ing market for dedicated overlay tools was a
key factor in preventing further erosion in the
size of the total optical CD equipment market
since the demand for optical CD tools with
joint linewidth/overlay measurement capability
continued down a path of decline last year.

Regional Markets and Ownership

Figures 1 and 2 present the worldwide 1991
CD SEM and optical CD equipment markets
segmented by region and ownership. As these
figures clearly illustrate, Japan continues to
strongly dominate the CD SEM arena, account-
ing for 62 percent of worldwide demand last

Dataquest
1“"'1”"!.""
Dataquest is a registered trademark of A.C. Nielsen Company.
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Figure 1
1991 CD SEM Equipment Regional Markets and Ownership

Markets

Asia/Pacific-ROW
$12.0 (13%)

Europe North
$5.4 (6%) America
$17.9 (19%)

Japan
$59.0 (62%)

Total = $94.3 Million

Ownership

North American
Companies
$12.9 (14%)

Japanese
Companies
$81.4 (86%)

Total = $94.3 Million

Source: Dataquest (June 1992)

year. This bias toward CD SEM equipment in
large part is because of the prevalence of DRAM
manufacturing in Japan, which is the technology
driver for processing smaller and smaller feature
sizes. At the same time that Japan represented
the largest regional demand for CD SEM sys-
tems, Japanese equipment suppliers maintained
their strong position of dominance with 86 per-
cent share of the market. This dominance in
large part is because of the commanding pres-
ence of Hitachi, which accounted for 74 percent
share of the worldwide CD SEM equipment
market.

In contrast to the strong bias toward CD SEM,
Japan accounted for only one-third, or $19 mil-
lion, of the worldwide optical CD equipment
demand in 1991. Dataquest estimates that
dedicated overlay tools represented more than
60 percent of that amount of optical CD tools
purchased in Japan last year. This strong prefer-
ence for dedicated optical overlay systems is
because CD SEM measurement systems are

not particularly well-suited for overlay measure-
ments. The physics of the CD SEM measure-
ment procedure restrict it to the measurement of
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surface features. An optical tool, however, can
“see” through a transparent film to the align-
ment marks on an underlying layer.

North America represented 33 percent of the
optical CD equipment market in 1991, while
CD SEM system es in North America
represented only 19 percent of worldwide
demand. It is not surprising that device
manufacturers in North America demonstrate
a purchase erence for optical CD systems,
as they havepraefstrong domoepstic base Osgrs equip-
ment suppliers to support their needs. North
American companies dominate the optical CD
arena, accounting for 65 percent of the world-
wide market.

Like their counterparts in North America, semi-
conductor device manufacturers in Europe
favor optical CD tools more strongly than CD
SEM systems. Europe represented 22 percent

of the optical CD equipment market and a
mere 6 percent of the CD SEM market. Semi-
conductor manufacturers in Asia/Pacific-ROW
purchased a fairly even balance of optical CD
and CD SEM systems last year, and accounted
for 12 percent and 13 percent, respectively, of

SEMM-SVC-DP-9209
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Figure 2
1991 Optical CD Equipment Regional Markets and Ownership

Markets

Asia/Pacific-ROW
$7.0 (12%)

North
America
$19.8 (33%)

Europe
$13.2 (22%)

Japan
$19.3 (33%)

Total = $59.3 Million

Ownership

European
Companies
$8.3 (14%)

Japanese
Companies
$12.5 (21%)

North American
Companies
$38.5 (65%)

Total = $59.3 Million

Source: Dataquest (Jupe 1992)

worldwide equipment demand of these two
categories of equipment.

It is interesting to note that the distribution of
revenue on a regional basis for the combined
optical CD and CD SEM ipment markets
closely mirrors the regional distribution of the
total wafer fabrication equipment market. So
while there are regional preferences for a given
measurement technology, overall CD equipment
expenditure follows a well-behaved pattern of
wafer fabrication spending.

Company Rankings

Table 1 presents the worldwide company rank-
ings for the CD equipment market based on
combined revenue of optical CD and CD SEM
equipment. Company revenue for optical CD
systems is further segmented into tools with
joint linewidth/overlay measurement capability
and dedicated overlay measurement systems.
The following sections discuss several key obser-
vations to note when evaluating the company
revenue and ranking estimates presented in
Table 1.

SEMM-SVG-DP-9209
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Relatively Few Companies Offer both Optical CD
and CD SEM Equipment

The CD equipment market has remained rela-
tively fragmented over the years. In 1991, only
2 companies of the 15-plus suppliers offered
both CD SEM and optical CD product offer-
ings. These two companies—Hitachi and
Biorad—ranked No. 1 and No. 2, respectively,
in the 1991 total CD equipment market.
Hitachi’s total CD revenue of $74 million is
strongly dominated by CD SEM equipment.
This is a market where Hitachi has dominated
the market since it emerged in the mid-1980s.
It has enjoyed an enviable position of more
than 70 t worldwide market share for
the last three years. Hitachi’s optical CD reve-
nue is derived from its LAMU system, a dedi-
cated overlay tool that complements the com-
pany’s strategy and focus on CD SEM

equipment.
Biorad ranked No. 1 in the optical CD equip-
ment market with revenue of $10 million.

Its CD SEM equipment revenue of $5 mil-
lion last year placed it third in the CD SEM

June 15, 1992
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Table 1
1991 Worldwide CD Equipment Gompany Rankings (Milions of Dollars)
Optical CD
Total Total  Joint CD/ Dedicated
Companies Total % Share CD SEM Optical CD Overlay  Overlay
Hitachi 738 48.0 69.6 42 0 42
BioRad 14.8 9.6 4.9 9.9 9.9 0
KLA Instruments 9.3 6.1 0 9.3 4.9 44
Holon 8.0 5.2 8.0 0 0 0
1VS, Inc. 7.6 49 0 7.6 7.6 0
Nano-Master 6.0 3.9 0 6.0 6.0 0
Nikon 5.9 38 0 59 33 26
Optical Specialties 5.7 37 0 57 0.7 5.0
Amray 34 2.2 34 0 0 0
Nanometrics 24 1.6 0 24 24 0
Opal 24 1.6 2.4 0 0 0
Angstrom 22 14 22 0 0 0
SiScan Systems 22 14 0 2.2 22 0
Topcon (formerly ABT) 21 14 2.1 0 0 0
Leica 1.8 1.2 0 1.8 1.8 0
JEOL 1.7 11 1.7 o 0 0
Ryokosha 0.7 0.5 0 0.7 0.7 0
Other Companies 3.6 2.3 0 3.6 3.6 0
Total 153.6 100.0% 94.3 59.3 43.1 16.2

Note: Spares and service not incduded.
Source: Dataquest (June 1992}

equipment market ranking. Biorad’s optical CD
and CD SEM equipment revenue historically
has been focused on the North American and
European markets. The company has yet to
establish much of a presence with semicon-
ductor manufacturers in Japan and Asia.
Dataquest believes that it is essential for
Biorad to expand its regional focus to the
Far East because these two regions represent
more than 60 percent of the worldwide
demand for CD measurement equipment.

At the beginning of 1992, IVS, a key player in
the optical CD arena, announced that it would
acquire Angstrom Measurements, a start-up
CD SEM equipment supplier. IVS has been an
important player in the optical CD equipment
market by virtue of having a relatively strong
position in each of the regional markets, with
the exception of Japan. IVS has yet to ship
any equipment into this region. With the

June 15, 1992
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Angstrom CD SEM product, IVS is now well-
positioned to continue to maintain its ranking
as a top player in the various regional mar-
kets. Although fierce competition from domes-
tic suppliers will always make Japan a diffi-
cult market to penetrate, the high-throughput
capability of Angstrom’s advanced CD SEM
should gamer IVS much attention from the
Japanese semiconductor device manufacturers.
Finally, Angstrom Measurements will provide
IVS with some incremental amount of critical
mass, which is vital to the survival of any
small semiconductor equipment company. We
note that the combined CD revenue of IVS
and Angstrom would have ranked third, ahead
of KLA Instruments, in the overall CD equip-
ment market last year.

Dataquest believes that this balanced approach

to CD product mix adopted by Hitachi,
Biorad, and IVS is a distinct benefit because

SENM-SVC-DP-9209
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it allows the equipment supplier to offer a
migration path of measurement technologies
as well as a broader scope of measurement
solutions to the device manufacturer

The Growing Presence of Dedicaled Overlay Tools
in the Optical CD Product Mix

Traditionally, optical CD tools have been used
to perform both linewidth and overlay mea-
surement. However, as CD SEM equipment
has become a larger portion of the overall
CD product mix, 2 number of companies
have designed systems that are specifically

imized for overlay measurement. Table 1
includes Dataquest’s estimates for the 1991
dedicated overlay revenue of four companies:
Hitachi, KLA Instruments, Nikon, and Optical
Specialties (OSI). We believe that the dedicated
overlay equipment revenue of these four com-
panies was $16 million, or more than one-
fourth of the total optical CD equipment mar-
ket last year.

Hitachi has been a longtime supplier of a
dedicated overlay system with its LAMU
measurement system. Although Hitachi enjoys
a strong market presence in every region with
its CD SEM product offerings, it has not been
able to effectively expand the sales of its over-
lay measurement system beyond customers in

Japan.

KLA’s current dedicated overlay product offer-
ing, the 5010, emerged from the KLA 5000
product family, which utilizes a patented KLA
measurement technique known as coherence
probe imaging. The KLA 5000 with joint
CD/overlay capability was introduced in 1988;
the company began shipments of a dedicated
overlay system based on this same technology
in 1990.

Nikon is a relatively newcomer in the dedi-
cated overlay arena. The company’s Instrument
Group introduced its new dedicated overlay
tool, the NRM-1, at SEMICON/West in May
1991. It is interesting to note that this tool
was developed by the Instrument Group of
Nikon, a different division than that which
manufactures and markets Nikon’'s LAMPAS
line of laser-based optical CD measurement
systems.

OSI has been providing its Metra family of

products to the marketplace since 1990. In
particular, a focused strategy toward dedicated
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overlay equipment has benefited OSI, which
has been a relatively small player in the mar-
ket. Dataquest believes that OSI gamered the
No. 1 position in this new ing market
segment last year with an estimated $5.0 mil-
lion in dedicated overlay system revenue. The
company has benefited from a close working
relationship with Toray Industries of Japan.
Last year, almost 70 percent of OSI's optical
CD equipment revenue came from Japan. In
May of this year, OSI announced that it will
acquire Insystems, a manufacturer of advanced
defect inspection tools. This acquisition will
provide OSI with advanced process control
equipment to complement its existing product
offerings and will also benefit the company by
adding much needed critical mass.

Make Note of a Newcomer to the CD SEM Arena

One company not shown in Table 1 is a

new North American CD SEM start-up called
Metrologix. This Silicon Valley-based company
shipped its first CD SEM system, dubbed
Metrostep TM 2001, in early 1992. This tool's
measurement system incorporates a proprietary
mixed-signal technique that mixes secondary
electrons with other electrons to achieve excel-
lent operation in a very lirear regime. The
company claims measurement capability in

a production environment of 0.1y with the
potential to measure 0.054 geometries. The
system is reported to have a very impressive
throughput level of 40 wafers per hour at
five sites per wafer, substantially faster than
the 12- to 15-wafer-per-hour rate reported by
several vendors. With this level of tool perfor-
mance, Metrologix has the capability to move
to the head of the pack of that group of
smaller CD SEM vendors (Angstrom, Biorad,
and Opal) targeting high-throughput operation
in a bid to wrest market share from Hitachi.

Dataquest Perspective

The clear trend in CD measurement technology
over the last several years has been toward CD
SEM systems. With its sub-0.5-micron measure-
ment capability and tool performance designed
for the production environment, CD SEM equip-
ment has become the preferred measurement
technology for many semiconductor device

Juna 15, 1992
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manufacturers focused on advanced device fabri-
cation. The two perceived disadvantages of CD
SEM tools today, however, are their relatively
low throughput and inability to measure overlay.
Dataquest believes that within the next two
years low throughput will no longer be consid-
ered a significant issue for CD SEM because of
new high-throughput product offerings coming
into the market.

The concern with CD SEM tools and overlay
measurement is currently being addressed by
optical CD tools, Several equipment companies
have developed dedicated overlay measurement
systems for the marketplace, while other optical
CD vendors have refocused their marketing
strategies to emphasize overlay measurement
capability of their joint linewidth/overlay
measurement tools. It has even been suggested
that CD SEM tools also can be adapted to over-
lay measurement with proper process modi-
fications that leave the area above alignment
marks open. This approach is being investigated
because it is believed that the arent layers
that prevent CD SEM tools from “seeing” align-
ment marks will also become a problem for
optical-based overlay measurement tools in the
64Mb /256Mb DRAM processing regime. The
transparent film is part of the fotal optical path,
and at some point process-induced distortions in
this transparent film will become so significant
that an alternative method for overlay measure-
ment will need to be established. If device
manufacturers opt for the additional process
steps to modify the area above alignment marks,
CD SEM applications will expand beyond
strictly linewidth measurements, which could
well have a significant impact on future optical
CD tool demand.

By Peggy Marie Wood (San Jose)
Kauttio Achiwa (Tokyo)

Japan Saves the Epi Equipment Market:
1991 Silicon Epitaxy Equipment Market
in Review

The worldwide silicon epitaxial reactor market
was $89 million in 1991, up 30 percent from
its 1990 level of $68 million. The sales of epi
equipment pushed ahead in 1991 because of
strong sales in Japan and to a lesser extent
Asia/Pacific. The traditionally strong North
American market declined precipitously and
the European market struggled to keep its
head above water.

June 15, 1962

1952 Dataquest Incorporatad

Regional Markets and Ownership

Figure 1 presents the worldwide 1991 silicon
epitaxial equipment market segmented by region
and company ownership. Surprisingly strong
demand in Japan buoyed worldwide epitaxial
equipment sales in what was a lackluster year in
most regions of the world. Resilient epi equip-
ment sales in Japan last year totaled $46.1 mil-
lion, up from $18 million in 1990. The Asia/
Pacific market was $6.7 and also saw strong
growth albeit on a very small base. The North
American market achieved a level of $24.8 mil-
lion last year, which ted a significant
decline of 30 t relative to its 1990 level,
while the European market was essentially flat
at $11 million. North American and European
epi companies, with almost equal share, domi-
nate the market.

In Japan, several of the large merchant silicon
companies put new capacity in place. Major
projects included the construction of a Chitose
line by Mitsubishi Metal and capacity increases
by Toshiba Ceramics and Shin-Etsu Handotai at
the Tokuyama Ceramics (subsidiary) and Isobe
plants, respectively. Other capacity increases in
Japan were at Osaka Titanium’s Saga plant and
Komatsu Electronic Metals’ Nagasaki plant. The
only significant epi capacity addition outside of
Japan was for Wacker Chemitronic’s Wasserburg
plant in Germany.

Epi Water Applications

Discrete and bipolar devices are the major appli-
cation in the Japanese market. On the other
hand, merchant epitaxial wafers are largely used
for CMOS devices in the United Siates. Intel and
Motorola use them for micro ors, IBM for
DRAMSs, and Texas Instruments (TT) for MOS
devices.

The relatively small demand for CMOS epi
wafers in the Japanese market is because Japa-
nese companies have designed around epi films.
Unlike IBM, which produces DRAMSs for captive
use, Japanese DRAM makers face intensive price
competition and cannot afford to use epitaxial
wafers, which cost two to three times the cost of
silicon substrate.

Epi wafers, however, are required for bipolar

devices. Epi films are used to form buried/
diffused layers for the purpose of decreasing

SEMM-SVC-DP-9209
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Figure 1

1991 Silicon Epitaxy Equipment Regional Markets and Ownership

Markets

Asia/Pacific-ROW
$6.7 (8%)

Europe
$11.0 (12%)

North
America
$24.8 (28%)

Japan
$46.1 (52%)

Total = $88.6 Million

Ownership

North American
Companies
$35.3 (40%)

Japanese
Companies
$18.4 (21%)

Total = $88.6 Million

Source: Dataquest (June 1992)

collector resistance. In MOS processing, the
improved crystal structure of epi films ents
latchup and soft errors caused by alpha rays.
In CCD applications, epi films provide im-
proved gettering and uniformity, and in dis-
crete applications, epi films are used solely for
achieving film uniformity.

Japanese Drivers

The healthy growth of the Japanese epi equip-
ment market last year can be attributed to
several factors. The fastest growing application
for epi films in Japan is the power IC market.
The trend toward high-voltage and large-cur-
rent IC designs is being driven by the increased
performance and size reductions in consumer,
information, and communications equipment.

The other major applications for epi films

are insulated gate bipolar transistors (IGBTs),
switching devices, and inverters, which con-
trol the speed of AC motors by varying the cur-
rent cy- From the equipment vendors’
point of view, IGBT devices may be the largest
application in terms of the number or reactors
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required because these devices require very thick
epi films in the range of 100 to 150 microns. A
relatively large amount of equipment is needed
because of low throughput caused by the longer
processing time required to grow a thick film.

On the CMOS side, Dataquest does not expect
Japanese DRAM manufacturers to migrate to epi
films until at least the 256Mb DRAM generation.
As mentioned earlier, the cost remains prohibi-
tively high for merchant DRAM applications.
Japanese device companies have emphasized
that they could only justify the use of epi wafers
in current DRAM generations at a price 30 per-
cent above that of prime wafer prices.

Another factor delaying the use of epitaxial
wafers in DRAM applications is the use of high-
energy ion implantation technology. Mitsubishi
Electric has pioneered this application. The pro-
cess is designed to improve latchup characteris-
tics and soft error resistance by forming retro-
grade wells by ion implantation. Although the
same effect can be achieved by using epitaxial
wafers, ion implantation has the added benefit
of reducing wafer processing by two mask steps.
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Of course, there is the additional expense of
ing the implanter, which costs on the
order of $3 million.

Company Rankings

As shown in Table 1, two companies—Applied
Materials and ASM Epitaxy--—dominate the
worldwide epi equipment market. Both compa-
nies showed strong growth in year-to-year sales
last year, and the combined sales of the two
companies accounted for 70 pexcent of the
worldwide epi equipment sales.

Applied Materials” strength in epi equipment
goes back to the beginning of the company.

Epi equi t was the first process equipment
offered by Applied Materials. The workhorses of
their product line today are the 7800 and 7700
series reactors. Both systems are barrel reactors.
Applied is also working on a multichamber
single-wafer system.

ASM Epitaxy quickly rose to prominence with
the introduction of its Epsilon I system in the
late 1980s. The Epsilon I was the first single-
wafer epi reactor offered in the market. The
company has since introduced another version
of the reactor Epsilon as well as a poly reactor
called Paragon. The fast ramp of ASM Epitaxy’s
sales is a barometer of the demand for single-
wafer reactors in the CMOS and BiCMOS epi
markets, which require very thin epi films.

Toshiba Machine and Kokusai are the next
largest vendors of epi equipment. Toshiba's
$12.5 million sales in 1991 are largely captive;
the company is the major supplier to Toshiba
Ceramics, a sister company involved in the
production of silicon and epi wafers. Kokusai,
also a Japanese vendos, offers a pancake-type epi
reactor. Kokusai’s technology is older but ironi-
cally it may prove to be better suited for the
high-growth market segment of thick film epi
applications.

Dataquest Perspective

The epi equipment market is relatively mature.
Its fortunes are tied very closely to existing
applications and epi wafer capacity expansions.
Because of the high cost of epi wafers, device
makers are very reluctant to adopt epi films in
any designs other than those that absolutely
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Table 1
1991 Worldwide Slicon Epitaxy Equipment Company
Rankings (Milions of Dollars)
Company Revenue % Share
Applied Materials 320 36.1
ASM Epitaxy 29.9 33.8
Toshiba Machine 125 14.1
Kokusai Electric 5.9 6.7
LPE 5.0 5.6
Moore 33 3.7
Total 88.6 100.0

Note: Spares and service not included
Source: Dataquest (June 1992}

require it. This trend is preventing the market
from growing mmuch beyond the $100 million
level.

By Mark FitzGerald (San Jose)
Kunio Achiwa (Tokyo)

Semiconductor Manufacturing

Intel Flexes lts Muscles

Intel recently announced sweeping changes in
its pricing for the 486SX microprocessor (see
Table 1). The announcement was targeted
directly at Advanced Micro Devices Inc.’s
growing 386 business and the timing of the
announcement was not lost on AMD, which will
not have its own version of the 486 available
until the first or second quarter of 1993, If the
price cuts spur unit sales, as is widely expected,
then Intel’s plants will certainly have added
pressure to lower costs and improve yields.

impact of Intel’s New Pricing Strategy

At Intel’s new price of $119 for a 4865X in lots
of 1,000, Dataquest estimates that the 486 price
will dislodge the 386DX, which costs $104 per
piece. Dataquest estimates that AMD currently
has 50 percent of the 386DX business, so Intel’s
price decrease poses a threat to AMD's existing
386 business and may complicate AMD's transi-
tion to the 486.
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Tahble 1
Recent Price Cuts in Intel’s 4865X Products

Speed 0Oid Price New Price
16 MHz $144 $99
20 MHz $201 $99
25 MHz $282 $119

Source: Dataquest (une 1992)

To date, sales of the 4865X have been weak in
slower speeds and firm in the higher-speed
grades. However, the new price structure is
expected to put wind in the sails of the 4865X,
especially for PCs selling in the range of $1,200
to $1,500. Dell Computer, which uses Intel as
sole source for 486 products, reported last quar-
ter that 53 percent of its sales were 486 ship-
ments. It expects that percentage to grow to

75 percent by year-end. The main factor driving
this growth is Intel’s lower prices. (Dataquest
forecast just such a price cut for the 486 earlier
this year. See “IC Pricing Pressure Mounts as
Recession Persists,” in the January 20 Semicon-
ductor Procurement Dataguest Perspective.)

lniel Scrambles to Add Production

The size of the 4865X chip will be reduced
because the math coprocessor will be lopped
off. To date, the math coprocessor has been built
on the chip but never enabled. Lopping off the
math coprocessor will save silicon real estate.
Even s0, the 4865X will be 31 percent larger
than the 3865SX. As shown in Table 2, other
products in the 486 family will also have con-
siderably larger die sizes than those of the 386.

Dataquest believes Intel’s decision to move to
8-inch wafers will pay off handsomely and give
the company a strong cost advantage over its
competitors as its percentage mix of 486 and
586 products increases. Current vendors of
8-inch wafers for Intel’s 486 program are Osaka
Titanium and SEH.

Intel also plans to move the 4865X to a
0.8-micron by the end of the year,
which will further increase the number of die
per wafer. Dataquest believes that Intel will be
converting critical mask steps to i-line lithogra-
phy in conjunction with the move to 0.8-micron
geometries. The less critical mask steps are
expected to use g-line technology. Intel has been
running extensive qualification tests on i-line
stepper and yesist products for a little more than
a year now. Dataquest believes that Nikon has
won the stepper business and Tokyo Ohka has
won the resist business.

The growth of the 486 business is pressing Intel
to move quickly to new production capac-
ity (see Table 3). Intel’s Ireland facility will begin
production in June 1993. Management last fall
decided to upgrade the new Irish fab from a
6<inch to an 8-inch line. Wafer start capacity for
the line measured in millions of inches
will almost double because of the upgrade. In
the meantime, Intel is converting its 6-inch
research facility in Santa Clara, California to an
8-inch production line and is building a new
8-inch pilot line in Portland, Oregon.

Dataquest Perspective
Intel is likely to maintain an 80 percent share of
the X86 market through 1993 because of its

Table 2
Design Trends for Intef MPUs
Die Size Geometry Number of

Device (square mm) {Microns) Metal Layers
3865X 255 1.0 2-Jayer
386DX 257 1.0 2-layer
4865X 334 0.8 3-layer
486DX 520 1.0 2-layer
486DX 357 0.8 3-layer
486DX2 357 0.8 3-layer

Source: Dataquest (June 1992)

©1992 Dataquest Incorporatad Juna 15, 1992
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Table 3 .
Intel Chipmaking Locations

Year Monthly  Wafer’
City State Fab Name Type' Production Products Geometry’  Capacity  Size
Plants Under Construction or on the Drawing Board
Rio Rancho NM FAB 94 F 1994 NA 0.7 17,000 8
Leixdip, Kildare Ireland FAB 10 F 1993 386 MPU 486 MPU 0.6 18,000 8
Aloha OR NA F 1993 586 MPU 0.0 21,250 8
Rie Rancho NM FAB 4.3 F 1992 586 MPU EPROM 0.8 24,000 6
Flants in Production
Rio Rancho NM EFAB 9.2 F 1991 486 MPU EPROM 1.0 13,600 6
Santa Clara* CA D2 PR 1989 8Mb EPROM NVMEM Tech. Dev. 0.8 0 8
Rio Rancho NM FAB 9.1 NF 1988 386 MPU 486 MPU 1.0 13600 6
Santa Clara CA FAB 1 NF 1987 FLASH 512K EPROM MCU PLD 15 16,800 4
Aloha OR D1 (FAB5) FR 1987 386 486 MPU LOG 64K SRAM 10 11,200 6
Jerusalem FAB 8 DFAT 1985 386 MPU 286 MPU 1.5 21000 6
Chandler AZ FAB 6 FAT 1984 MCU 286 MPU 1.5 31,000 6
Rio Rancho NM FAB 7 NF 1984 512K EPROM MCU MIL STD 1.0 31,500 6
Aloha OR FAB 4 F 1981 High-Vol. Commodity and Log 20 31500 4
Santa Clara CA PED P Q NA ] 10 3,200 6
"Type Field Description
P = Production-based fab line
R = Semiconductor R&D
P = Pilot line
A = Assembly
T = Test
D = Drezign
*Linewidth geometry in microns
*Theoretical 1mit wafer start capacity per four weeks
*D2 line in Santa Clara is being upgraded from 6 to 8 inch.
NA = Not Available
Source: Dataquest (June 1992)
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efforts fo move the market upstream to the 486
and 586 products. It is evident that Intel will
rely heavily on pricing to achieve its objective.
Dataquest expects Intel to be very aggressive in
lowering its manufacturing cost as part of the
pricing strategy.

By Mark FitzGerald

Inquiry Summary

Dataquest’s Semiconductor Equipment, Manufac-
turing, and Materials inquiry summaries are
designed to inform our clients of commonly
asked questions and Dataquest’s respective
answers. No confidential information provided
by our clients is included in this material.

Joint Venture Wafer Fabrication
Equipment Companies

Q. Why does Dataquest break out joint venture
companies separately in its analysis of the wafer
fabrication equipment market? Also, how do
you account for the revenue of such companies?
Do you split it between a joint venture compa-
ny’'s corporate parents?

A. In Dataquest's 1991 wafer fab equipment
market statistics, we identified five joint venture
companies active in the marketplace last year:
Alcan, m.F5l, Sumitomo/Eaton Nova, TEL /Vari-
an, and Varian/TEL. Although the majority of
these joint venture equipment companies are
Iocated in Japan and service that market exclu-
sively, we choose to report these companies in a
separate category rather than bundle them with
the other Japanese companies. That is because
the products offered by these joint-venture com-
panies t significant revenue and techno-
logical contributions of U.S. as well as Japanese
corporations. All of the joint ventures represent
joint ownership between U.S. and Japanese com-
panies, with the exception of one Japanese/
European joint venture (Alcan).

Dataquest attributes revenue directly to the joint
venture companies rather than split the revenue
between either corporate founder. We believe
that it is very important to associate both the
revenue and unit shipments to the joint venture
company in order to avoid confusing market
share and average selling price trends for given

SEMM-SVC-DP-8209
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equipment segments. It should be noted that all
revenue estimates in Dataquest’s equipment
market statistics reflect end-user revenue.

By Peggy Marie Wood

Dataquest Methodology

Q. Please describe the methodology and conven-
tions that you use to establish market statistics
of the worldwide wafer fabrication equipment
market.

A. The foundation of Dataquest’s methodology
for establishing wafer fab equipment market
statistics is primary research. As part of our
annual compilation of wafer fab equipment mar-
ket statistics, we contact knowledgeable
individuals in wafer fabrication equipment com-
panies fo discuss their company’s current activi-
ties in the marketplace. In addition, throughout
the year, we regularly gather information on
companies by visiting them directly, talking with
their semiconductor manufacturing customers,
attending the key equipment trade shows and
technical symposia, and by utilizing secondary
research sources such as company financials and
financial analysts reports.

We employ a set of well-defined conventions in
reporting market statistics. We estimate each
company’s revenue and unit shipments by prod-
uct category by region of the world. Revenue
estimates do not include spare parts or service
but do include retrofits and upgrades. Qur infor-
mation represents end-user revenue for calendar
year shipments. Particular attention must be
paid to this issue because there can be signifi-
cant variations between a company’s calendar
year and fiscal year revenue.

In addition, our market estimates focus exchi-
sively on wafer fabrication equipment used in
front-end semiconductor device manufacturing.
We do not include equipment used in other
market applications such as flat panel display
manufacturing, thin fitm head manufacturing, or
pmultichip module fabrication. Even though these
other market applications utilize the same type
of equipment, it is very important not to mix
such market statistics together because the
aggregated total may well mask very different
market dynamics for the individual application
markets.

June 15, 1992
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Worldwide market share estimates combine data
from many countries, each of which has differ-
ent and fluctuating exchange rates. Estimates of
non-U.S. company revenue are based upon the
average exchange rate for the given year. As a

rule, our estimates are calculated in local curren-

cies, and then converted to U.S. dollars.

Finally, when all of our market statistics have
been gathered, the information is scrubbed
through a series of cross-checks that evaluate
key tie ratios between the various wafer fab
equipment segments. We also correlate our
findings with other trends in the semiconductor
industry such as fab activities, capital spending,
semiconductor production, silicon consumption,
and general macroeconomic trends.

Despite the care taken in gathermg, analyzing,
and categorizing the data in a meaningful way,
careful attention must be paid to the definitions
and assumptions used in our market statistics.

Various companies, government agencies, and
trade associations may use slightly different
definitions of product categories and regional
groups, or they may include different companies
in their summaries. These differences should

be kept in mind when making comparisons
between data and numbers provided by Data-
quest and those provided by other suppliers.

By Peggy Marie Wood

In Future Issues

Look for the following articles in future issues of

Dataquest Perspective:

u 1991 wafer inspection equipment market in
review

m 1991 wet processing equipment market in
review

e US. specialty gas market update
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In This Issue... Company Analysis
Posco-Hiils: The Race for the Asian Silicon Market

The Posco-Hiils joint venture is a bold move on
MEMC's part in its quest for a piece of the fast-

In this issue of Dataquest Perspective, we present a
special focus on macroeconomic factors and trends

affecting the semiconductor industry, and in turn, : 3 : : ;
the silicon wafer industry. We believe that the global ~ Broning Asia/Pacific siicon wafer market. (This
silicon cycle bottomed out in 1991. However, Dataguest Perspective is be;.ng reprinted in its

prospects for the different regions of the world will entirety in this issue because of formatting errors
vary markedly. The articles in this issue address the in Table 2. We apologize for any inconvenience or
different regional trends both from a micro and confusion these errors may have caused.)

macro viewpoint, using silicon wafers as a barometer ;

of market activity. The fioe silicon forecast tables that BY Mark FitzGerald Page 9
pertain to all four regional articles are found in a

separafe section following the Asia/Pacific Market

Pulse article.

Market Analysis

Semiconductor Materials

U.S. Market Pulse

The U.S. semiconductor industry is shaking off the
recession. But for those that have been in the busi-
ness a while, the recovery in silicon demand won’t
be anything to write home about.

By Mark FitzGerald Page 2

Japanese Market Pulse

Silicon demand continues to deteriorate and the
unnerving aspect is that the decline is accelerating.
We expect the bottom of the silicon cycle in Japan
to hit in late summer.

By Mark FitzGerald Page 3

European Market Pulse

Last year was so bad, silicon demand had nowhere
to go but up. How quickly will Europe snap back?
By Mark FitzGerald Page 4
Asia/Pacific Market Puise

What recession? Asia/Pacifi¢ demand steams
ahead, but there are some icebergs out there that

could make the voyage rough.
By Mark Fitz2Gerald Page 5
Silicon Forecast Tables Page 7
Dataquest File inside the Dataquest Perspective binder labeled
a of Semiconductor Equipment, Manufacturing, and Materials
BB 1o, q
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Market Analysis
Semiconductor Malerials
U.S. Market Pulse

Recap of 1991

The 1991 U.S. silicon market began on a weak
note because of the Middle East crisis. Wafer
demand picked up following the conclusion of
the war and was moderate through May
1991. But as the industry moved into the sum-
mer months, typically a slow season for semi-
conductor manufacturers, wafer demand began
declining more precipitously than could be
explained by seasonal factors. The fourth

saw this summer decline turn into a full-fledged
route and the fall turned out to be the worst
quarter of 1991.

At the end of the year, it was apparent that sili-
con consumption had experienced its first nega-
tive growth since 1986. Dataquest’s market sur-
vey indicates that the total U.S. silicon market
declined 4.5 percent in 1991 (see Table 1).
Epitaxial wafers increased 4.0 percent (see
Table 2) and prime, test, and monitor wafers
decreased 5.9 percent (see Table 3).

Wafer demand dropped off at most semiconduc-
tor companies as business uncertainty, weak
employment statistics, and plummeting con-
sumer confidence stalled the economic
Particularly hard hit were those device makers
with sales tied to large mainframe computers,
midrange computers, and military applications.
Companies such as IBM, Texas Instruments,
Digital Equipment Corporation, and Harris cut
ss;aybackontheirpu:chaseofwafmatﬂleend
of 1991.

The turmoil in the PC industry because of pric-
ing pressures did not slow down the demand
for semiconductors in this segment. The real
strength in the PC industry appeared to come
from MOS logic and devices with work-
stations, high-end 486DX-based PCs, and low-
end 3865X-based notebook PCs being the major
driving forces. In fact, we believe that the
collapse of desktop PC prices has slowed the
decline in PC unit growth rates since more
affordable machines are now on the market.

The weak market for semiconductors in 1991
and a fab overcapacity problem is prompting

Jme 8, 1982
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many companies to close marginal fabs. AMD,
Intel, Seeq, and Western Digital have closed

fabs or announced closings in 1991. Dataquest
expects this trend to continue into 1992 with
National already announcing the closure of three
California lines. Our new silicon wafer forecast
reflects this decrease in wafer start capacity,
which is primarily in fabs running smaller-
diameter wafers.

Forward to 1992

The first quarter of 1992 has seen wafer demand
improve along with the rest of the U.S. economy.
Dataquest’s 1992 forecast calls for total silicon
consumption to increase 5.0 percent; epi wafers
by 8.0 percent; and prime, test, and monitor
wafers by 4.5 percent. Nevertheless, these
growth rates are very moderate by historical
levels, especially for a postrecession year, which
typically results in a surge in demand.

The strength of the recovery in the U.S. economy
hinges on the consumer, who accounts for two-
thirds of the U.S. gross domestic product. How-
ever, we believe that consumer spending will be
modest because of the cloudy outlook for decent
consumer income We expect income to
pick up moderately as the economy recovers.
Rapid growth remains unlikely. The absence of
fiscal stimulus (remember those big federal
deficits), the slowdown in growth abroad—
which will limit the growth of U.S. exports—
and the reluctance of U.S. companies to hire
new workers all should cap the rate of income
gains in 1992 and keep the US. consumer
cautious.

The U.S. Federal Reserve Board’s discount rate
cut in December 1991 laid the groundwork for a
stronger first quarter. For the third consecutive
month, both bookings and billings of semicon-
ductors in April hit record highs.

Not surprisingly, semiconductor ¢ have
reported first-quarter 1992 financials that look
very good. Motorola’s semiconductor revenue
leaped 20.7 percent in the first quarter on a
year-to-year comparison; the company’s just-
reported semiconductor revenue totaled $1.1 bil-
lion. AMD’s microprocessor revenue (45 percent
of total) was up 24 percent sequentially, driven
by 3865X and 386DX sales. Other AMD revenue
(55 percent of total) was up 3.5 percent
sequentially.

SEMM-SVE-DP-8208
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These very bullish trends have caused us to
raise our midyear forecast for silicon slightly.
Even so, we are still cautious about 1992 semi-
conductor production in the United States,
because the first: burst in semiconductor
ordering is largely attributable to inventory
replenishment. Semiconductor distributor resales
and orders have been strong—some of which is
accounted for by seasonal factors.

On the other hand, OEM business, a much
stronger indicator of a recovery, is firming but
not as strong as distribution. Furthermore, over
the last six years the annual book-to-bill has

in April four times and once in March
and May. This historic trend may suggest that
the industry has seen the strongest growth of
the year in the first half. Until the OEM business
gives more of a positive signal, we will stick
with our current forecast.

We also expect the U.S. 200mm market to be up
moderately in 1992 (see Table 4). Intel is moving
aggressively on 200mm projects at Aloha, Ore-
gon and Santa Clara, California, which will
increase its demand mostly for test and monitor
wafers. We are also more positive about wafer
demand at IBM and have increased our epi fore-
cast. On a negative note, Motorola’s MOS 11 line
is ramping very slowly.

On the 200mm supply side, we expect intensi-
fied Japanese competition in the United States
because of the delays in the ramp of the Japa-
nese 200mm market. Much of the 200mm wafer
production capacity installed in Japan will now
be searching for international markets.

Dataquest Perspective

All in all, we U.S. wafer demand to be
tepid in 1992. It is this climate that has histori-

cally produced fierce pricing ures in the
industry and we do not 1992 to be an
exception to the rule. The distin ing factor

for successful wafer vendors in 1992 may be the
quality of their customer base, as the rising tides
of recovery are not expected to raise all boats.
By Mark FitzGerald

Japanese Market Pulse

Recap 1991

The demand for silicon in Japan was robust
through the first half of 1991. However, con-
sumption began to fall off in the fourth quarter,
and total consumption of silicon wafers in Japan

©1992 Dataquest Incorporated

grew 5.4 percent in 1991. The strongest demand
was in epitaxial wafers, which grew 11.6 per-
cent, pushed ahead by the power module mar-
ket. The demand for prime, test, and monitor

wafers grew 4.8 percent.

For most of 1991 Japan’s economy appeared to
have escaped the grip of recession that slowed
Western economies. The Middle East crisis
proved to be more of a political hot potato than
a stumbling block for Japanese industry. Oil
prices fluctuated widely before and during the
crisis, causing a great deal of concern for Japa-
nese industry. But with the successful conclusion
of the crisis the threat of higher oil prices
faded and the unprecedented expansion of

the Japanese economy appeared on track

However, by summer the first cracks in the Jap-
anese expansion could be seen. The Bank of
Japan’s tight monetary policy was having its
intended effect on the excesses of the bubble
economy. Real estate prices had collapsed, even
if banks and investment ies failed to
recognize the lower valuations. The stock market
had fallen by more than a third from its histori-
cal peak and consumer confidence was begin-
ning to wane.

For the semiconductor industry, concern began
to mount as electronic equipment inventories
continued to build. Many companies had
expected the Western export markets to shake
off the recession and soak up the growing
inventory of consumer products. But Christmas
season demand fell short of the mark as con-
sumer confidence sank to new lows in the West.

In addition, deflation in the Japanese real estate
sector and the decline of Japanese equities
kicked the wind out of Japanese business. Com-
panies that depended on the growth of equities
or real estate to up their balance sheets
quickly found that the rules of the game had
changed. Retained earnings derived from operat-
ing profits would now be required to sustain
growth, but earnings in the current environment
were difficult to generate. Something had to give

and it was capital spending.

By the fourth calendar quarter Japanese compa-
nies began to cut their FY1991 capital spending.
The cuts particularly hit computer and office
equipment purchases, which exacerbated the
already high electronic equipment inventory lev-
els. During SEMICON/Japan held in December
1991, it was quite evident to many silicon

June 8, 1992
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wafer vendors that 1992 was going to be a
down year, the first since 1986.

Forward to 1992

Nearly halfway through the calendar year 1992,
there appears little chance that silicon demand
will turn up sharply in Japan. Industrial produc-
tion as adjusted 2.8 percent
in March from February and fell 5.3 percent
compared with year-ago levels. March was the
sixth consecutive month in which production fell
on a year-over-year basis. Worse yet, these
declines are accelerating. From November
through March production regi successive
year-over-year declines of 1.0, 1.9, 4.0, 4.6, and

5.3 percent. For the entire first quarter, output
plunged an adjusted 3.2 percent.

For April the Ministry of International Trade and
Industry (MITI) forecast a 0.9 percent decline in
industrial output. MITI has described the out-
look for industrial production as “considerably
severe,” saying that Japan is likely to see output
drop in the second quarter of 1992.

On the positive side, Japanese electronic equip-
ment manufacturers are cutting back production
and are continuing to bring inventories into line.
Inventories had been building up through Janu-
ary 1992 and have since been declining. From a
fundamental point of view this means that Japa-
nese electronic manufacturers are turming the
comner. Silicon demand, which has been down
sharply in the first calendar quarter of 1992, is
expected to bottom in summer and see modest

in the second half of the year. Even so,
demand in 1992 is expected to shrink 3.2 percent
year-to-year.

Over the longer term, there is a chance that the
downturn will impact Japanese semiconductor
production more severely than other sectors of
industry for two reasons. First, we expect trade
friction caused by mounting trade deficits to
aggravate the already weak export picture for
semiconductors. Because Japar is a net exporter
of devices, the mounting trade deficit with the
United States and especially Europe is reigniting
the call for protectionist measures. It is possible
that this problem will haunt the Japanese semi-
conductor industry well past 1992 and cause
slower growth in silicon demand once the
general economy turns up.

Second, there is some risk that the downturn in
capital spending is the beginning of a structural

June 8, 1992
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change in the Japanese semiconductor industry.
Early in the last decade Japanese companies
made a conscious decision to the com-
modity memory market. It was a strategy that

very successful because of the PC boom
and U.S. companies’ abdication of the memory
market.

However, the Achilles heel of this strategy is
becoming apparent. Squeezed from below by
low-cost Asian memory producers and from
above by the increasingly fragmented
application-specific nature of the MOS
microcomn ts and MOS logic makers in the
United States, Japanese device companies are
scrambling for a strategy. Complicating their
dilemma is the large capacity have installed
and the slower adoption of the advanced mem-
ory products in end-use applications.

These problems threaten the long-ferm

of the Japanese silicon market, and consequently
we have lowered our five-year compound
annual growth rate (CAGR) for silicon in Japan
to 4.8 percent.

We have also cut back our growth rate for
200mumn wafer consumption in Japan. Many Japa-
nese companies continue to push out their plans
for adding 200xmun capacity and it is now It

that some of these fabs will not be built at all.
We expect capital spending on 200mm lines to
pick up in the fourth quarter of 1992 at reduced
levels. Based on this timing we are forecasting
200mm wafer demand to grow rapidly in 1994.

Dataquest Perspective

Japan will remain the largest market for silicon.
However, structural problems threaten to derail
the historical this market has enjoyed
over the last 10 years. The dilemma for the Japa-
nese semiconductor industry would be resolved
if there was a surge in demand for consumer
electronics, which would soak up the excess
capacity in the electronic food chain. But slower
economic in the industrialized nations
and the lack of any product driving device
demand has caused us to be more cautious
about the Japanese silicon market.

By Mark FitzGerald
European Market Puise
Recap 1991

The demand for silicon in Europe staxted out
on a weak note in 1991 and got worse. Silicon

SEMM-SVC-DP-9208
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consumption declined 11.7 percent in 1991, the
worst year on record since the 1985 recession.

The domestic European companies whose semi-
conductor were suffering deep losses
closed facilities and cut production, accounting
for the lion's share of the decline in silicon
demand.

In addition, slower silicon demand at transplant
fabs hurt the demand for silicon. Texas
Instruments’ Avezzano, Italy line experienced
delays and the ramp of the fab, beginning in the
fall of 1991, was slow because of the global
downturn in TI's business. The weak market for
the 4Mb DRAM also caused Japanese operations,
NEC, and Fujitsu to cut their silicon usage.

The European economy was arguably the big-
gest drag on silicon demand. At the beginning
of 1991 only the United Kingdom was in reces-
sion, but as the year ground on the other West-
em E economies began to decelerate.
Higher interest rates were the main culprit.

The true cost of German unification gradually
became apparent to the Bonn government over
thecomseoftheyear.lnresponsetothemﬂa

nary pressures of unification the Bundesbank
pum.led a tight monetary policy, driving interest
rates to the highest levels in the European com-
munity. These high rates rippled across the rest
of Europe because the other European commu-
nity members” currencies are ted to the
deutsche mark.

As a result, growth rates in most countries
declined and the slower growth had a deleteri-
ous impact on the entire electronic food chain in
Europe, including silicon.

Forward to 1992

The decline in 1991 silicon consumption was
more severe than we had forecast. Consequently,
we are revising our growth rate for 1992. At the
beginning of the year we had estimated that sili-
con consumption woulki shrink 2.8 percent in
1992, Howevet, because of the steep decline in

1991 we now expect consumption in 1992 to
grow 3.2 percent.

It looks as if European silicon co ion has
hit bottom and may eke out skight gains in 1992.
We are encouraged by the improving signs

in the economy, which will benefit industrial
production. The headway made by the Bundes-
bank on inflation is at the top of the list.

SEMM-5VC-DP-9208

@152 Dataquest Incorporatsd

Consumer price inflation ¢ased to 4.5 percent in
April from 4.8 percent in March. The March
inflation rate probably represents a peak, and we
expect inflation to decline through most of 1992
A clear trend on inflation is one of several
developments the Bundesbank will look for

before easing monetary policy.

If German rates begin falling in the second half
of 1992, then we would expect a moderately
strong upturn in industrial production and sili-
con demand in 1993. As we look further out
to the middle of the decade, we believe that
Eastern Europe will become more of a positi
factor in driving semiconductor demand.

¥f this were to happen, then it is reasonable to
additional investment in new fab capaci-
ty, which would drive the demand for silicon
higher. But it is necessary to emphasize that the
iming of this trend on silicon demand is very

speculative today.

Dataquest Perspective

We remain positive about the long-term
prospects for European silicon demand, even if
we are less sure of its timing. Furope accounted
for 17 percent of the worldwide semiconductor
consumption in 1991 and 12.3 percent of the
production. It is a net importer of devices. The
Furopean Community (EC) is expected to try to
close this gap by encouraging additional invest-
ment in domestic production.

Though the formation of a unified Euxope in
1992 is certainly not the compelling reason for
investing in new fabs that many people thought
it would be several years ago, we believe that it
may yet prove to be a boon to European device
production. Western Europe will inty be a
unified market larger than the United States, as
has been well advertised by the EC. But more
important we believe will be the European com-
munities” access and cultural ties to Eastern
Europe and the fo;nlerel Soviet states. ‘ﬁs these
regions begin to develop, we expect Western
European seﬂuoonductﬁ production to benefit.

By Mark FitzGerald

Asia/Pacific Market Pulss

Recap 1991

The 1991 growth of silicon consumption in

Asia /Pacific fell below our expectations.
Demand posted a respectable 7.5 percent

June 8, 1992



6 Semiconductor Equipment, Manufacturing, and Materials

growth, though down from the historic double-
digit growth rates. The deceleration can be
attributed to recession in the Western economies,
which this region’s semiconductor manufacturers
rely on for the export of devices.

Also contributing to the single-digit growth rate
was the inventory buildup of wafers that took
Place in fall 1990. Several Jarge Korean semicon-
ductor device makers purchased large invento-
ries at that time because the supply of silicon
was tight. These inventories were then carried
over into 1991, resulting in lower purchases of
wafers, which did not reflect the actual produc-
tion starts.

Even so, growth in Asia/Pacific silicon demand
was the highest in the world. The region is
highly leveraged on DRAM production and con-
tinues fo make inroads into the major Western
markets. Samsung, the largest device vendor in
Asia/Pacific, increased market share in the flat
U.S. market largely because of stronger penetra-
tion of the 1Mb market.

The primary silicon consuming countries—
Korea, Taiwan, Hong Kong, and Singapore—
sustained strong growth rates in 1991. The
growth was fueled by a strong construction sec-
tor and a surge of internal consumption and
exports to other Asjan countries.

Korea’s Gross National Product (GNP) expanded
by 8.6 percent last year. However, the strong

hides some serious problems. Korea's
trade deficit worsened, the won lost ground
against other major currencies, and inflation
stubbornly hovered in the 10 percent range. In
addition, the Buropean Comununity began inves-
tigating allegations that Korean companies were
dumping DRAMS,

Taiwan's economy showed the most resilience
among the four tigers. GNP is estimated to have
grown 7.2 t in 1991. The trade surplus
widened to U.5.$13.3 billion. Many of Taiwan’s
industries benefited from strong to trad-
ing partners in Southeast Asia and China, which
were not impacted by the recession in the West.
The export of electronic equipment did increase
4.7 percent to U.S.$7.8 billion, which is respect-
able considering the downturn in the worldwide
computer industry. One industrial segment that
saw its weak to the West offset by
strong sales to other countries within Southeast
Asia was Taiwan’s low-cost clone manufacturers.

June 8, 1992
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As a result, silicon consumption held up
throughout the year.

Trends in Hong Kong and Singapore have a
very small effect on the Asia/Pacific silicon
cycle. Hong Kong’s economy is increasingly tied
to the economic boom under way in the south-
ern provinces of China, especially Guangdong.
Hong Kong's GNP grew 3.9 percent in 1991.

Singapore on the other hand is tied much closer
to the United States; 21 t of its nonoil
exports go to the United States, In 1991 Singa-
pore’s GNP grew 6.5 percent. Both countries are
increasing their pation in the PC clone
and disk drive industry. We believe that the rate
of investment in semiconductor fabs to support
these system businesses also will increase.

Forward to 1992

Silicon consumption in Asia/Pacific is expected
to pick up in 1992, benefiting from the stronger
demand in the United States for semiconductors.
We are estimating that the Asia/Pacific con-
sumption of silicon will grow 12.4 percent in
1992, Capital investment in fabs continues at a
breakneck pace, which bodes well for strong
wafer demand over the next several years. OQur
five-year com annual growth rate (CAGR)
for Asian/Pacific silicon consumption is 12.4

percent.

The lion's share of the current capital spending
on new fabs is taking place in Korea. This
spending trend will benefit silicon consump-
tion over the next several years. We are forecast-
ing Korea co ion of silicon to grow

11.4 percent CAGR through 1996 (see Table 5).

But it is unlikely that the boom in capital spend-
ing can be maintained. It is becoming increas-
ingly more difficult to maintain the huge capital
outlays for new fabs with local interest rates in
the 17 percent range and Korean equity prices
tumbling. Even the overseas markets are backing
away from Korean paper as Samsung realized
recently when its convertible bond offering
received a chilly reception in the Euromarkets.

Korean electronic products are also losing their
competitive edge. They lack the brand awareness
and quality of Japanese and U.S. products and
are no longer cost ¢ itive with products
coming out of Southeast Asia and China. In
addition, the semiconductor industry is increas-
ingly feeling the heat from trade friction. Micron



Semiconductor Equipment, Manufacturing, and Materials 7

Technology has just filed dumping charges
against the major Korean DRAM makers and
Japanese companies are being more aggressive
in negotiating royalty payments for intellectual
property rights.

Perhaps the biggest detriment to the long-term
growth of the Korean economy is the strong
hand of the Korean economic planners. The
government is favoring the high-technology sec-
tor with preferential rates for borrowing to the
exclusion of other sectors of the economy. This
policy has resulted in a capital spending boom
on new semiconductor plants. But it is question-
able whether exports and the local markets can
absorb this capacity. Consequently we expect the
capital investment boom to peak either this year
or next.

Taiwan’s market-driven economy is in many
respects much healthier than is Korea’s. Though
its silicon consumption is much smaller than is
Korea's, its semiconductor industry is better
balanced. Taiwan has a thriving computer mar-
ket, which provides device makers a domestic
market for their product. As a result we forecast
silicon demand to grow at 8.3 percent over the
next five years.

However, the real star performer in terms of
growth in silicon consumption will be the

Table 1

group of countries that fall under the rubric rest
of world (ROW). We estimate that silicon con-
sumption for this group will push ahead at a
22.3 percent CAGR. Countries that will benefit
from this are Hong Kong, Singapore,
China, and the newly industrializing nations in
the Pacific rim such as Thailand and Malaysia.
Much of the growth in the ROW category will
be fueled by investment and technology
transfers from Japanese and to a lesser extent
U.S.-based companies.

Dataquest Perspective

The Asia/Pacific region remains the most
vibrant in terms of growth rates in gilicon con-
sumption. However, we do expect some rotation

in the of silicon consumption away from
the current leaders within the region to those
countries g to build their industrial

just
infrastructure. The ultimate growth opportunities
will be China and India because of the sheer
size of the markets. But political turmoil, fragile
legal systems, and underdeveloped infrastruc-
tures make the timing of these opportunities
difficult to gauge.

By Mark FitzGerald

Forecast of Captive and Merchant Silicon™ and Merchant Epitaxial Wafers

{Units—Milions of Square Inches)

5-Year
1991 1992 1993 1994 1995 1996 CAGR (%)
United States 611 642 689 746 789 824 6.2
Percentage Growth -4.5 5.0 7.3 8.2 58 4.6
Japan 1,046 1,012 1,081 1,161 1,239 1,319 48
Percentage Growth 54 -3.2 6.9 7.4 6.7 65
Europe 208 213 227 246 267 296 7.3
Percentage Growth -11.7 23 7.0 8.0 8.8 10.5
Asia /Pacific 194 218 248 283 316 353 12.7
Percentage Growth 7.5 122 13.6 143 11.6 11.8
Total 2,059 2,085 2,245 2,436 2,611 2,793 6.3
0.5 1.2 7.7 85 7.2 70
*Includes prime, test, and monitor wafers
Source: Dataguest (June 1992)
SEMM-SVC-DP-9208 ©1992 Dataquest Incorporatad June 8, 1982
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Yable 2
Forecast of Merchant Epitaxial Wafer Consumption by Region (Units—Milions of Square Inches)
5-Year
1991 1992 1993 1994 1995 1996 CAGR (%)
United States 92 99 i 123 130 137 8.4
Percentage Growth 4.0 8.0 11.8 11.4 5.8 5.0
Japan 104 106 118 124 128 133 5.0
Percentage Growth 11.6 2.3 115 52 2.5 40
Europe 20 21 26 30 33 36 121
Percentage Growth 74 5.4 215 16.4 9.0 9.0
Asia/Pacific 7 8 9 10 13 17 20.6
Percentage Growth 435 17.9 16.7 1.7 27.9 30.0
Total 222 234 264 288 304 322 7.7
8.7 54 12.7 9.1 5.5 6.1
Source: Dataquest (June 1992)
Table 3
Forecast of Captive and Merchant Sikicon™ Wafer Consumption by Region (Units—Milions of Square Inches)
5-Year
1991 1992 1993 1994 1995 1996 CAGR (%)
United States 520 543 578 622 658 688 5.8
Percentage Growth -5.9 45 6.4 7.6 58 4.5
Japan 942 906 963 1,037 1111 1,186 47
Percentage Growth 48 -38 6.3 7.7 72 6.7
Europe 188 191 201 215 234 260 6.7
Percentage Growth -13.3 1.9 54 6.9 8.8 10.8
Asia/Pacific 188 210 239 273 303 336 124
Percentage Growth 6.6 120 13.5 144 11.0 11.0
Total 1,837 1,850 1,981 2,148 2,307 2,470 6.1
0.4 0.7 7.1 8.4 7.4 7.1
*Includes prime, test, and monitor wafers
Source: Dataquest (June 1992)
Table 4
Forecast of 200mm Wafer Consumption by Region (Milions of Units)
5 Year
1991 1992 1993 1994 1995 1996 CAGR (%)
United States 0.5 0.6 0.8 1.2 14 1.8 302
Japan 0.3 0.4 0.6 2.4 3.3 35 61.9
Europe 0.2 0.2 0.3 04 0.7 0.8 34.7
Asia /Pacific 01 0.1 0.2 0.4 0.6 0.6 56.1

Total 11 14 1.9 43 6.0 6.7 49
Source: Pataquest (June 1992) Ce

Juns 8, 1992 ©1992 Dataquest Incorporatsd SEMM-SVC-DP-9208
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Table §
Asla/Pacific Row Forecast Silicon Wafer Consumption (Milions of Square [nches)
CAGR (%)
1991 1992 1993 1994 1995 1996 1991-1996
Total Prime, Test, and
Monitor Wafers 187.8 210.3 238.7 273.1 303.2 336.5 124
Korea 126.0 137.0 157.0 180.0 199.0 216.0 11.4%
Taiwan 39.0 48.0 52.0 55.0 57.0 58.0 8.3
ROW 2.8 253 29.7 38.1 47.2 62.5 223
Total Epitaxial Wafers 6.6 7.8 91 10.1 13.0 169 20.6
Total Silicon 194 218 248 283 316 353 12.7
Source: Dataquest (June 1992)
compan, Ana'vsls end up putting a competitor into business if the
joint venture was to go sour.
Posco-Hiils: The Race for the Asian MEMC in the mid-1980s was involved in a simi-
Silicon Market lar joint venture company in Korea called Korsil

Posco-Hiils, the joint venture between Pohang
Iron and Steel, MEMC Electronic Materials, and
Samsung, is investing U.S.$110 million in a sili-
con wafer plant south of Seoul, Korea. Dataquest
believes that the investment marks a change in
strategy for MEMC in its struggle for market
share with other major silicon vendors.

In addition, the Posco-Hiils joint venture signals
a fundamental change in the global silicon busi-
ness, which was first dominated by U.S. and
European companies through the 1970s. In the
1980s the Japanese companies rose to promi-
nence. For the 1990s the ascent of Asian compa-
nies is the theme most likely to dominate. As
the industrializing nations in Asia build their
semiconductor infrastructures, the region is
expected to win a larger share of the new
investment in silicon wafer production.

MEMC's Gamble

MEMC’s participation in Posco-Hiils is a
strategy to stay ahead of the Asia/Pacific silicon
growth curve. MEMC is transferring its leading-
edge eight- and six-inch wafer technology to the
joint venture. The technology transfer includes
crystal growing. The big risk for MEMC is that
it may lose control of the technology by transfer-
ring the process to a joint venture company in
which it has a minority position (see Table 1). In
the worst-case scenario, MEMC could very well

©1992 Dataguest Incorporaled

The joint venture was dissolved in 1989 and
most of the assets were acquired by Siltron
(formerly Lucky Advanced Materials). Little
technology was transferred to Korsil because the
joint venture was a slicing and polishing opera-
tion. But the failure of Korsil points to the
potential downside of MEMC’s strategy.

On the other hand, the upsides for MEMC are
considerable. The Asia/Pacific silicon wafer
market is the fastest-growing wafer market in
the world and Korea has by far the largest
demand within the region. It is unlikely that
Korea will relinquish its leadership in semicon-
ductors anytime soon.

In addition, MEMC has a well-matched partner
in Pohang. From a business point of view,
Pohang is expected to bring valuable relations
critical in doing business throughout the Pacific

Table 1
Equity Positions in Posco-Hills
Type of
Percentage Investment
MEMC Electronic Capital and
Materials 40  Technology
Pohang Iron and
Steel 40 Capital
Samsung Electronics 20 Capital
Source: Dataquest (June 1952)
June 8, 1962
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Rim. (Parenthetically, 35 percent of Pohang is
owned by the Korean government. The govern-
ment’s equity position is a key point, consider-
ing the Korean style of doing business at senior
levels.)

Pohang is also a source of highly educated and
motivated metallurgists. If the company’s rapid
ascent in steel is any kind of barometer, then the
joint venture could easily push the current
MEMC technology further and faster than

MEMC could by itself.

On its face, Samsung’s involvement in the joint
venture is as an end user. It is the largest user
of silicon in Korea. It is also one of MEMC's
largest customers, accounting for an estimated
13 percent of MEMC's 1991 sales. But from a
business point of view Samsung’s involvement
is probably more important in providing balance
to the joint venture. In fact, it is unlikely that
MEMC, after its experience with Korsil, would
have agreed to a joint venture where Pohang
held majority ownership.

Korean Semiconductor Industry

Korean capital investment in front-end semicon-
ductor facilities will defy economic gravity in
1992. Though Dataquest is forecasting world-
wide capital spending to decrease 2 percent in
1992, we believe that Asia/Pacific capital spend-
ing will buck the trend and increase 22 percent.
Korean companies will account for the lion’s
share of that spending, U.5.$1.8 billion out of a
total U.5.$2.5 billion (see Figure 1). Within
Korea, the chaebols (conglomerates) Samsung,
Goldstar, and Hyundai will account for more
than 95 percent of the semiconductor capital
spending. The three top companies are investing
U.S.$1.76 billion in 1992 as they push ahead
with plans for advanced DRAM lines.

Samsung is adding an MOS 5 line that will be a
0.5-micron, 8-inch CMOS fab with a monthly
capacity of 10,000 wafers. Goldstar and Hyundai
are late to the 4Mb DRAM game but are deter-
mined to get a piece of the action. Both compa-
nies will add two 4Mb DRAM lines. These
investments will rapidly increase the demand
for silicon.

Because the semiconductor industry is a corner-
stone of the Korean government’s industrial pol-
icy, Dataquest expects the pace of investment in
new semiconductor technology to remain strong.

June 8, 1992
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Figure 1
1992 Asia/Pacific Semiconductor Capital Spending

Other Korean 2%

Other Asian

Goldstar
18%

Total = U.S.$2.5 Billion

Source: Dataquest (June 1992) G2000013

Domestic silicon wafer production is not only a
natural extension of the government’s vertically
integrated semiconductor strategy but also is
especially critical in light of the country’s
mounting trade deficit. In 1991, Korea imported
78 percent of its wafers, accounting for about
U.S.$140 million of its U.5.$9.5 billion trade
deficit.

The Korean Silicon Market

As a result of growth in domestic demand for
silicon, investment in silicon wafer plants has
increased rapidly in the last several years. In
addition to the Posco-Hiils investment, two local
companies are expanding their production.
Siltron is expanding its domestic crystal growing
capacity, and Oriental Electronic Metals, a newly
formed company, is also building a silicon wafer
plant for slicing and polishing. All three plants
will begin ramping production (see Table 2)
within the next 12 months.

Local production will come online just in time to
take advantage of the next upturn in the silicon
cycle. Dataquest forecasts the demand for silicon
in Korea to grow at an 11.3 ent compound
annual growth rate from 1991 to 1996 (see

Table 3). Though prime, test, and monitor wafer
demand showed only moderate in 1991
-and is forecast to grow only 8.2 percent in 1992,

‘'we expect demand to pick up in 1993 because of
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Table 2
Korean Silicon Wafer Production, by Plant (Miions of Square inches)
Plant Capacity/Year 1988 1989 1990 1991 1992 1993 1994 1995 1996
Siltron 60 msi/1991 32 29 31 32 33 43 45 50 50
Posco-Hiils 90 msi/1993 NA NA NA NA NA 16 27 45 59
Oriental Electronic
Metals 60 msi/1992 NA NA NA NA 5 26 36 41 41
Total 32 29 31 32 38 86 108 136 150
NA = Not applicable
Source: Dataquest {(June 1992)
Table 3
Korean Sificon Gonsumption (Milions of Square Inches)
CAGR (%)
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1991-1996
Total 56 80 100 120 131 142 163 187 206 223 11.2
Silicon Wafer* 53 77 95 116 126 137 157 180 199 216 11.3
Percentage
Change 264 239 217 89 82 151 146 102 87
Merchant Epi 27 33 42 44 47 49 58 68 74 73 9.4
Local
Production 32 29 31 32 38 8 108 136 150
Imports 50 72 92 102 112 1M1 125 122 125
Exports 1 1 3 3 8 33 46 51 51
Local
Consumption 80 100 120 131 142 163 187 206 223
*Prime, test, and monitor

Source: Dataquest (June 1992)

stronger Western economies and a ramping of
new DRAMW]Jl?le]:;e All three of the new plant
expansions wi in place to take advantage
of this growth. P &

An important point to note is that Dataquest has
increased its estimate of the overall size of the
Korean silicon market based on information we
collected during a recent visit to South Korea.
Conversations with suppliers and users lead us
to believe that we underestimated the market by
35 million square inches {msi) in 1990. Table 3
shows the current adjusted totals for silicon con-
sumption from 1987 through 1991. These adjust-
ments mean that silicon consumption data for
the Asia/Pacific region were erstated in
earlier publications. All future regional data will
reflect the new information.

Domestic production of silicon will increase
over the next several years. We expect local

©1992 Dataquest incomporaisd

production to total 150 msi by 1996. Even so, we
estimate that Korea will still import 125 msi to
meet local demand. Imports will still be required
because the current investments in capacity are
not to meet the growth in demand.
Also, device manufacturers will still second
source from vendors overseas in case domestic
production is interrupted.

SEH and Wacker are the two foreign-based ven-
dors that stand to lose the most because of
Posco-Hiils” move. By installing leading-edge

tal-pulling technology in Korea, (o
fo’;es to grabg signiﬂcangtysha.:e of the Asian mar-
ket and to keep SEH and Wacker, the other mar-
ket share leaders in the region, on the defensive.
The two domestic competitors—Siltron and
Oriental Electronic Metals—are not currently
focused on the hi markets and are not

to compete directly with Posco-Hiils in

the immediate future.

Jumg 8, 1992
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However, it is unlikely that SEH or Wacker will
abdicate market share without some spirited
defense. There probably will be additional
investment in Asian wafer lines as foreign com-

itors move to secure a position in the Asia/
Pacific market. These potential investments may
not necessarily be made in Korea. Even now
there are rumors that China Steel—a Taiwan-
based company—has plans to enter the silicon
business in Taiwan.

Dataquest Perspective

The challenge for established silicon companies
is to win a piece of the Asian market. The days

when a silicon vendor could simply ship wafers
into these countries are waning. Future invest-
ment in world-class Asian plants will most cer-
tainly be necessary. The Posco-Hiils joint venture
marks the first of these investments.

Though Korea is the largest consumer of silicon
in the Asian market today, the really big oppor-
tunity over the long term is China. So, invest-
ments made today may prove to be more
strategic than tactical by paving the way for
participation in a much larger Asian market.
By Mark FitzGerald
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In this issue of Dataquest Perspective, we continue
our special coverage and discussion of the general
trends in the wafer fab equipment market and those
specific issues that characterize the market for the
major segments of wafer fabrication equipment.
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Muitilevel Metal Mania: 1991 Sputter Equipment Market
in Review
The sputter equipment market, which grew a stag-
gering 22 percent in 1991, represented a hotbed of
activity in an otherwise lackluster wafer fab equip-
ment market. The market was driven by the
accelerated conversion to double-level metal 4Mb
DRAM shrink products and the continuing trend
in microprocessor/VLSI logic devices toward
triple- and quadruple-level metal.

By Peggy Marie Wood, Krishna Shankar, and
Kunio Achiwa

Riding the Roller Coaster: 1991 lon Implaniation
Market in Review

The worldwide market for ion implantation
equipment declined 7 percent in 1991 to a level

of $343 million. This was the most significant reve-
nue decline for any major category of wafer fab
equipment excluding those mature segments cur-
rently being phased out in favor of newer technol-
ogies. Clearly, the roller coaster ride that tradition-
ally has characterized ion implantation equipment
market dynamics still appeared to be holding true
last year.

By Peggy Marie Wood and Kunio Achiwa
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Vertical Turf Wars: 1991 Diffusion Equipment Market
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The worldwide diffusion equipment market grew
modestly by 3 percent to $335 million in 1991. The
market is now dominated by vertical thermal reac-
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accounting for 60 percent of 1991 diffusion market
revenue. The top three players in VIR technology
already claim more than a 70 percent share in this
briskly growing market segment.
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Processing Equipment Market in Review

The worldwide market for automatic photoresist
Pprocessing equipment (track) was $369 million in
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highlights some of the key trends behind the
healthy growth in last year’s market and discusses
the activities of the top three players that have
continued their decade-long position of dominance
in the worldwide track arena.
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Market Analysis

Semiconductor Equipment

Multilevel Metal Mania: 1991 Sputter
Equipment Market in Review

The 1991 physical vapor deposition (PVD) mar-
ket represented a bright spot in an otherwise
lackluster wafer fab equipment market. The
PVD market by 16 percent from $408 mil-
lion in 1990 to $474 million in 1991. The
sputtering equipment segment, which consti-
tutes 93 percent of the 1991 PVD market, grew
dramatically by 22 percent from $359 million
in 1990 to $438 million in 1991.

Steep increases in sputtering equipment aver-
age selling prices (ASPs), together with
enhanced unit demand for multilevel inter-
connect applications in advanced 4Mb DRAMs
and microprocessor/ASIC devices, were re-
sponsible for robust growth in the 1991 sputter-
ing equipment market. In contrast, the mature
evaporation equipment market, which represents

Figure 1
1991 Regional Sputtering Equipment Markets and Ownership

only 7 percent of the 1991 PVD market, actually
declined 24 percent in 1991.

Regional Markets and Ownership

Figure 1 shows the worldwide 1991 sputtering
equipment market segmented by region and
ownership. Japan, with 50 percent ($219 million)
of the 1991 sputtering market, represented the
largest regional market. In 1991, semiconductor
capital investment in Japan was focused on
150mm and 200mm advanced 4Mb DRAM
shrink production and 16Mb DRAM pilot

line production. Japan-based semiconductor
manufacturers attempted to leapfrog competi-
tive advances from lower-cost Korean DRAM
producers such as Samsung by rapidly migrat-
ing to high-speed, premium DRAM products
that were implemented in double-level metal.
Japan-based fabs also focused on more flexibility
and ASIC/microprocessor/memory multi-
product capability. The new focus on intercon-
nect technology-driven products stimulated the
expansion of the high-end flexible, cluster-tool
sputtering equipment market in Japan.

Markets

Asia-Pacific/ROW
$62 (14%)

Europe
$38
(9%)

Japan

$219 (50%)

North
America
$119 (27%)

Total = $438 Million

Ownership
Europe $16 (4%)

North
America

$163

Japanese
Companies
$259 (59%)

(37%)

Total = $438 Million

Source: Dataquest (June 1992)
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The vigorous expansion of 4Mb DRAM and
advanced logic fabs in Korea and Taiwan also
stimulated the growth of the Asia/Pacific sput-
tering equipment market. Companies such as
Samsung migrated to double-level metal ver-
sions of their shrink 4Mb DRAM production.

In general, the migration from single- to double-
level metal in the Japanese and Asia/Pacific
markets stimulated the growth of the world-
wide sputtering equipment market. Companies
such as Digital Equipment Corporation, IBM,
Intel, Motorola, and Texas Instruments mi-
grated to triple-level metal for their advanced
microprocessor and VLSI logic devices, thus
sustaining the demand for advanced cluster-
tool-based sputtering equipment in the

North American market. The lack of major
interconnect-intensive device production in
Europe, coupled with overall anemic demand
for wafer fab equipment, resulted in a generally
weak European sputtering equipment market
in 1991.

Japanese companies, with 59 percent ($259 mil-
lion) of the worldwide market, retained their
leadership position in the sputtering equip-
ment market. North American companies, with
37 percent ($163 million) of the market, gained
market share in 1991 at the expense of Euro-
pean equipment companies. Applied Materials,
a newcomer to the market, augmented the
North American company group performance
because of its strong showing in the 1991 sput-
tering equipment market. The transfer of the
Europe-based Balzers PVD business to the
Japan-based MRC /Sony business favorably
impacted the 1991 Japanese sputter company

group performance.

Company Rankings
Table 1 ranks the 1991 worldwide sputtering
equipment companies,

Anelva

Anelva, with 26.2 percent of the market,
retained its leadership position. Anelva’s strong
position in the large Japanese market, together
with its experience in isolated-chamber Ti/
TiN/aluminum alloy sputtering applications

on its popular Series 1051 cluster tool, has
enabled the company to remain the top player
in sputter systems. Dataquest believes, how-
ever, that Anelva will need to globalize its

SEMM-SV(-DP-9207

©1992 Dataquest Incomorated

Table 1
1991 Worldwide Sputtering Equipment Company Rankings
(Revenue in Milions of Dollars)

Market
Company Revenue  Share (%)
Anelva 114.5 26.2
Varian 90.9 20.8
MRC (Sony) 84.5 19.3
Applied Materials 55 12.6
Ulvac 54.5 12.5
E.T. Electrotech 12 2.7
CVC Products 7 1.6
Leybold-Heraeus 44 1.0
Shibaura Engineering
Works 4 0.9
CPA 2 0.5
Novellus Systems, Inc. 18 0.4
Denton Vacuum 1.8 04
Sputtered Films 1.5 0.3
Others 38 0.9
Worldwide
Market Total 437.7 100.0

Note: Spares and service are not includied.
Source: Dataquest (June 1952)

operations at an accelerated pace in order to
overcome its excessive dependence on the
Japanese market.

Varian

Varian, with 20.8 percent, retained its No. 2
position in the market. Varian continued to
aggressively penetrate the market with its
advanced M2000 cluster-tool system for sub-
micron device applications. Varian's strong
presence in Asia/Pacific allowed it to capital-
ize on the 1991 boom in that region. The
step-coverage enhancement provided by the
Quantum source, together with Varian’s
pioneering efforts in collimation-based step-
coverage enhancements, allowed the company
to secure design wins at several major 4Mb
DRAM production/16Mb DRAM pilot lines.
Varian also continues to benefit from its cash-
cow Series 3000 multichamber tool that cosi-
effectively addresses more mature device fab
applications and capacity expansion programs.

June 1, 1992
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Materials Research Corporation (MRC)/Sony

MRC/Sony, with 19.3 percent of the market,
ranked third in the worldwide sputtering
equipment market in 1991. MRC/Sony con-
tinued to proliferate applications for its suc-
cessful Eclipse systems with enhancements
such as improved throughputs, enhanced
step-coverage, low-damage soft precleans,
loadlock options, and particle-reduction kits.
MRC/Sony’s acquisition of the Balzers Cluster-
line sputtering family and its integration into
the new Galaxy open-architecture cluster tool
will alow MRC/Sony to address future needs
of sub-0.5-micron devices. MRC/Sony’s prior
acquisition of the BCT/Spechum metal CVD
business also positions the company well in
offering integrated PVD/CVD interconnect
solutions on its Galaxy cluster tool.

Applied Materials

Applied Materials, a newcomer to the sputter-
ing equipment market, demonstrated meteoric
success in rapidly gaining 12.6 percent of

the 1991 market. The company’s flagship
Endura cluster tool was very successful in
capturing several key design wins at leading
200mm submicron device fabs. Dataquest
attributes the phenomenal success of the
Endura system to Applied’s emphasis on
exceptional reliability, low-particle performance,
global customer support, process support, and
migration path to integrated metal CVD/PVD
solutions. Dataquest expects Applied to face
intense competition in subsequent PVD market
battles as competitive flexible cluster tools

that offer staged, high-vacuum capability for
200mm submicron applications hit the market.

Uivac

Ulvac accounted for 12.5 percent of the 1991
sputtering equipment market. Ulvac continued
to market its flagship MLX-3000 cluster-

tool sputtering system for isolated chamber
sputtering applications. Ulvac is also bringing
new cluster tools to market that address the
integrated metal CVD/PVD/dry etch applica-
tions market. Ulvac will attempt to integrate
its pioneering selective tungsten CVD and
soft plasma preclean technologies with its
sputtering film capabilities in order to offer

a complete interconnect solution to its cus-
tomers. Ulvac is also aggressively giobalizing
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its operations in order to minimize its over-
dependence on key DRAM-driven Japanese
customers such as Toshiba.

Dataquest Perspective

The worldwide sputtering equipment market
represented a bright spot in the 1991 wafer fab
equipment market, posting aggressive growth
of 22 percent. The market was driven by the
accelexated conversion to double-level metal
4Mb DRAM shrink products and the continuing
trend in microprocessor/VLSI logic devices
toward triple- and quadruple-level metal. New
entrants to the sputtering equipment market
such as Novellus, together with the growing
dominance of newly established players such
as Applied Materials, may completely recast
the balance of power in the sputtering equip-
ment market. Incumbent market leaders such
as Anelva, MRC/Sony, Ulvac, and Varian will
fiercely defend their entrenched positions. A
shakeout may be coming in the crowded sput-
tering equipment market.

By Peggy Marie Wood and
Krishng Shankar (San Jose)
Kunio Achiwa (Tokyo)

Riding the Roller Coaster: 1991 lon
Implantation Markot in Review

The dynamics of the ion implantation equipment
market can be compared to an amusement park
roller coaster ride complete with thrilling heights
and gut-wrenching depths. Plagued by an over-
all sluggish capital spending environment, the
worldwide implant equipment market last year
was $343 million, down 7 percent from its 1990
level of $370 miliion. Clearly, this percentage
change was relatively modest when compared
with the peak year of 1988 when the market
grew 103 percent. Nor was last year’s decline as
severe as 1986 when ion implantation equipment
revenue plummeted 60 percent. Fundamentally,
the implant market is driven by capacity
demands rather than technological innovation
and this has contributed to a market environ-
ment characterized by sharp surges and
subsequent drop-offs in activity.

Both medium- and high-current tools suffered a

decline in shipment levels and revenue in 1991.
Unit shipments for medium- and high-current
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implanters tumbled 19 percent and 18 per-
cent, respectively. The corresponding decline

in medium- and high-current implant market
revenue was minimized by increasing average
selling prices (ASPs) as newer advanced sys-
tems became a larger portion of the total prod-
uct mix. The medium-current implant market
was about $108 million in 1991, down 5

from the previous year’s level of $114 million,
while the high-current implant market dropped
to $218 million, a decline of 13 percent from its
1990 level of $250 million.

The high-voltage implant market experienced a
significant increase in revenue last year, growing
from about $7 million in 1990 to almost $18 mil-
Lion in 1991. However, one must keep in mind
that this category of equipment represents only
a small, niche segment. Unit shipments last
year totaled only six systems as compared with
three the year prior. A hefty increase in average
selling price from $2.3 million to $2.9 million
accounted for a significant portion of the reve-
nue increase for high-voltage implanters in 1991.

Regional Markets and Ownership

Figure 1 presents the worldwide 1991 ion
implantation equipment market segmented by
region and ownership. Japan, with 58 percent
share of the world market, continues its domi-
nant position in the marketplace, driven by its
need to equip advanced high-volume manufac-
turing facilities. North American companies,
however, continue to hold their dominant posi-
tion in all three segments of the implant market
and together command 56 percent worldwide
market share. Further influence of U.S. company
technology in the implant market is also evident
in the success of the two U.S./Japanese joint
venture companies, TEL/Varian and Sumitomo/
Eaton Nova, much of whose technology histori-
cally has flowed from their U.S. pariner compa-
nies. In 1991, these joint venture companies
represented 26 percent share of the worldwide
implant market. The implant market is unlike
most other segments of the wafer fab equip-
ment industry because Japanese companies hold
a relatively small minority position with only

Figure 1
1991 Regional lon Impiantation Equipment Markets and Ownership
Markets Ownership
Asia-Pacific/ROW
$41.2 (12%)
Joint Venture

Europe Companies

$43.5 $88.1 (26%) North

(13%) Japan American

Companies
$200.7 (58%
North (56%) Japanese $191.6 (56%)
America Companies
Total = $343.2 Million Total = $343.2 Million

Source: Dataquest (June 1992) 2000683
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18 percent share. This market share level has
held essentially constant for the last three years.

Company Rankings

Table 1 presents the worldwide company rank-
ings for the ion implantation equipment market
in 1991, along with worldwide company revenue
by segment of the implant market. In order to
better illustrate the influence and market posi-
tioning of companies providing the same ion
implant product offerings, we have combined
the revenue of Varian with its joint venture
company, TEL/Varian. Similarly, we present the
combined implant revenue of Eaton and
Sumitomo/Eaton Nova.

Please note that all revenue reported in Table 1
is end-user revenue. This distinction is of partic-
ular importance in understanding Dataquest’s
revenue estimates for the implant joint venture
companies. The revenue associated with implant
kits sent from one company (say Varian or
Eaton) to be fabricated and assembled by its
joint venture parmer (TEL/Varian or Sumitomo/
Eaton Nova) is vaiued at the full system ship-
ment price to the semiconductor manufacturer,
rather than at the value of the kit. Dataquest
attributes the end-user revenue from assembled
kits to the appropriate joint venture company.

Vanian and TELNVarian

Varian and TEL/Varian continue their leader-
ship position in the ion implantation equip-
ment market with combined revenue of

Table 1

1991 Woridwide lon Implantation Equipment Company Ranking

(Revenue in Milions of Doflars}

$132 million (39 percent share). At SEMICON/
Japan in December 1991, Varian formally
introduced its new medium-current implanter,
the E-500, to complement its core uct
offerings for 200mm processing (the E-220,
single-wafer medium-current implanter, and
the E-1000 and 180XP high-current, batch-
processing systems). The E-500, like the E-220,
is a parallel-beam scanning system. In addition
to medium-current applications, the E-500 is
also suited for certain high-energy applications
that have more moderate energy irements
than traditional high-voltage implants. Such
applications include charge-coupled devices
and programmable ROMs.

Eaton and Sumitomo/Eaton Nova (SEN)

The combined activities of Eaton and
Sumitomo/Eaton Nova (SEN) ranked second
in the 1991 implant equipment market with
revenue of $102 million and share of 30 per-
cent. Eaton and SEN, together, rank first in
the high-current implant market with 40 per-
cent share. High-cwirent implant has been the
traditional strength of the Eaton and SEN
organizations. This particularly sirong market
position in 1991 was fueled in large part by
the success of the NV-GSD high-current sys-
tem. Contrary to the historical practice of
shipping kits from the United States to Japan,
this ool was developed jointly in Japan by
Sumitomo/Eaton Nova and Eaton. The tech-
nology for the NV-GSD has been transferred
back to Eaton’s facility in the United States,

Medium High High
Company Revenue Share (%) Current Current Voltage
Varian and TEL /Varian 132.3 38.5 55.8 76.5 0
Eaton and Sumitomo Eaton/Nova 102.2 29.8 12,6 86.3 3.3
Nissin Electric 422 12.3 28.0 11.2 3.0
Applied Materials 33.9 9.9 0 33.9 0
Genus 1.3 33 0 0 11.3
Ulvac 11.1 3.2 111 0 0
Hitachi 10.2 3.0 0 10.2 0
Worldwide Market Total 343.2 100.0 107.5 218.1 17.6

Note: No revenue associated with spares and service is included.

Source; Dataquest (June 1992)
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and the system now can be manufactured in
either region of the world.

Nissin Electric

Nissin Electric ranked third in the worldwide
ion implantation equipment market in 1991
with revenue of $42 million (12 percent share).
Nissin continues to expand its export activities
in the implant market segment with almost
one-fourth of its 1991 revenue coming from
customers outside of Ja In contrast, fellow
Japanese implant suppliers Hitachi and Ulvac
only ship systems in their home market of
Japan. Nissin introduced several mew models
of implant equipment in 1991, including its
medium-current NH-20SP system, its high-
current Exceed-8000, and an MeV implanter,
NT-1000F. Nissin traditionally has held a
strong position in medium-current implant but
is currently a relatively small player in the
high-current arena. With its new high-current
product offering, the Exceed-8000, Nissin has
focused on the features of low charge-up, low
particulate contamination, less shadowing
effect, higher throughput, and longer source

Applied Malerials

Applied Materials had ion implantation equip-
ment sales of about $34 million in 1991, which
provided the company with a share of 10 per-
cent of the tofal implant market. Applied only
participates in the high-current implant seg-
ment of the market, of which Dataquest esti-
mates the company had 16 percent share.

At SEMICON /West in May 1991, Applied
introduced an enhanced version of its high-
current product offering, the Precision Implant
9200XJ. This tool provides improved system
performance and process capability and a

new ion source. New beamline components
and wafer-handling materials have also helped
reduce particulate contamination, while new
filtering techniques have helped to reduce BF,
contamination. Dataquest believes that contami-
nation problems with Applied’s earlier high-
current implanter (Precision Implant 9200) con-
tributed to some erosion of Applied’s market
position in high current from 18 percent in
1990 fo 16 percent in 1991.

Genys

While Genus claims only 3.3 percent share
of the worldwide implant market, the com-
pany remains the dominant player in the

SEMM-5VC-DP-9207
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high-voltage implant equipment segment with
sales of $11 million. One of the most signifi-
cant events in this implant segment last year
was Mitsubishi Electric’s adoption of high-
voltage implant for volume uction of
16Mb DRAMs. Dataquest believes that Genus
was the vendor to supply Mitsubishi Electric
with its high-voltage implant system. High-
voltage implant is used fo form retrograde
wells and channel stoppers under LOCOS
structures, as well as to avoid latch-up.
Although high-voltage tools carry an impres-
sive ASP of $2.9 million, the use of such sys-
tems can eliminate two mask layers from a
16Mb DRAM process and thus reduce the
need for additional steppers, track systems,
and strippers. One additional advantage of
high-voliage implant is an improvement of soft
error reduction by a factor of 20.

Ulvac

Dataquest estimates that Ulvac had implant
sales of $11 million in 1991, all of which
were medium-current systems shipped to
customers in Japan. The company introduced
a new medium-current tool last year, the
IPZ-9000, which is the next-generation tool
design of Ulvac’s IPX family of products.
Dataquest understands that this system adopts
a unique multielectrostatic scanning method
and creates a parallel beam that covers 150mm
and 200mm wafers with a high degree of
accuracy. The beam amngle can be varied from
0 to 60 degrees, and the wafer can be rotated
up to 80 revolutions per minute, which

i ves device while reducing
shadowing effects. Recenily, Ulvac’s new sys-
tem was adopted for GaAs applications in
addition to traditional silicon wafer processing.
Hitachi

In 1991, Hitachi had implant sales of $10 mil-
lion, representing 3 percent share of the world
market. Hitachi only participates in the high-
current se t of the market, and to date
has only shipped systems to customers in its
home market of Japan. The company’s major
advanced product offering, the IP-2500, was
introduced at SEMICON/Japan in December
1990.

Dataguest Perspective

The worldwide market for ion implantation
equipment declined 7 percent last year. This was
the most significant revenue decline for any

Jung 1, 1982
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major category of wafer fab equipment exclud-
ing those mature segments currently being
phased out in favor of newer technologies. Total
unit shipments of ion implanters of all three
types declined 17 percent from 249 units in 1990
to 206 units in 1991. This 1991 shipment level is
_ comparable to the 201 units shipped back in
1982!

Clearly, the roller coaster ride that traditionally
characterizes ion implantation equipment market
dynamics still appeared to be holding true last
year. The reason behind the stunning highs and
significant lows in implant unit shipments over
the years is that the implant market fundamen-
tally has been driven by capacity demands more
so than technological innovations in the equip-
ment. The question is whether jon implant
equipment companies can expect their roller
coaster market dynamics to evolve into a much
more stable pattern as the semiconductor indus-
try itself moderates its own binge/bust cycle of

capital spending.
By Peggy Marie Wood (San Jose)
Kunio Achiwa (Tokyo)

Vertical Turf Wars: 1991 Diffusion
Equipment Market in Review

The worldwide diffusion equipment market
grew modestly by 3 percent to $335 million in
1991. Steep increases in diffusion tube average
selling prices (ASPs) were the main contributing
factor for the slight market growth. Dataquest
includes diffusion, wet/dry oxidation, anreal,
implant drive-in, and BPSG reflow processes
within the diffusion equipment market applica-
tions. The categories of low-pressure tube CVD
and horizontal plasma-enhanced tube CVD mar-
ket are not included within the diffusion market,
but rather are included in Dataquest’s estimates
of the CVD equi t market. This article high-
lights the growth dynamics of the vertical- and
horizontal-tube diffusion market.

Regional Markets and Ownership

Figure 1 shows the worldwide diffusion equip-
ment market, segmented by region and owner-
ship. Japan, with 46 percent ($154 million) in
1991, has represented the largest regional diffu-
sion equipment market over the last few years.
The Asia/Pacific market grew rapidly in 1991 to
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19 percent ($65 million) of worldwide demand.
Japanese equipment companies also dominate
ownership of the diffusion market: In 1991,
they accounted for 61 percent share ($204 mil-
lion) of the worldwide market. Japanese diffu-
sion equipment companies are significant
exporters of advanced diffusion tube equip-
ment, especially in the category of vertical
thermal reactor (VIR) tube products. North
American companies captured 27 percent

($89 million) of the 1991 worldwide diffusion
market.

Company Rankings

Table 1 presents the worldwide company rank-
ings for the horizontal and vertical diffusion
equipment market. Dataguest notes that sales
of vertical diffusion equipment have grown
rapidly and now comprise 60 percent ($200 mil-
lion) of the 1991 worldwide diffusion market of
$335 million. The horizontal diffusion equipment
market is in a state of rapid decline. These sys-
tems are being implemented only in mature

fab expansions and noncritical applications.
Vertical diffusion furnaces have the advantages
of easier automation, improved uniformity
across 200mm wafers, tighter process control,
and lower defect levels compared with horizon-
tal diffusion furnaces. The downside to vertical
furnace products is their higher ASF, which
reflects more value-added automation and proc-
ess control features.

Tokyo Eleciron (TEL)

TEL, with 27.7 percent of the 1991 market,
retained its leadership position. TEL's vertical
diffusion tube shipments comprised 60 per-
cent of the company’s total diffusion revenue.
TEL also has a mature cash-cow portfolio of
horizontal diffusion furnace products that
account for the remaining 40 percent of its
diffusion business. TEL continues to offer
evolutionary improvements to its diffusion
product line, such as enhanced automation,
loadlocks, clustered VIR products, and in situ
pre-cleans. Dataquest believes that TEL's
strategy of offering value-added process fea-
tures will enable it to continue its premium
pricing policy as competition intensifies in the
VTR business.

Kokusai Electric

Kokusai Electric, with 20.3 percent, captured
the No. 2 position in the diffusion equipment

SEMM-SVC-DP-9207
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Figure 1
1991 Regional Diffusion Markets and Ownership

Markets

Asia-Pacific/
ROW
$65 (19%)

Europe
$36 (11%)

Japan
$154 (46%)

North
America
$80 (24%)

Total = $335 Million

Ownership
Joint Venture
Companies
European w5 @%)
Companies

$29 (9%)

North

American
Companies
$89 (27%)

Japanese
Companies
$204 (61%)

Total = $335 Million

Source: Dataquest (June 1992)

market in 1991. Kokusai Electric’s diffusion
shipments are much more heavily skewed
toward vertical furnaces: more than 90 per-
cent of the company’s diffusion revenue was
obtained from vertical furnaces. Kokusai Elec-
tric’s recent majority investment position
within the Bruce Technologies front-end fur-
nace division of BTU International is aimed

at globalizing Kokusai’s technology and obtain-
ing rapid access to the installed base of BTU
International’s furnaces in North America and
Europe. Kokusai Electric will also benefit from
Bruce Technologies” expertise in process control
and automation software. Dataquest believes
that Kokusai Electric and TEL are caught up
in a fierce battle for market supremacy within
the large, technologically demanding Japanese
diffusion market.

Silicon Valley Group (SVG)

SVG, with 16.1 percent of the 1991 market, is
the third-largest supplier of diffusion equip-
ment in the world. SVG is in the midst of a
major product transition from its horizontal
furnace product line to its newer VIR product

SEMM-SVC-DP-9207
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family. The company has been quite successful
in ramping up its VIR shipments. SVG’s VIR
diffusion business is now almost at the same
level as its older horizontal furnace business.
Dataquest believes that SVG is also in the
final stages of development for its advanced
vertical processor family for sub-0.5 micron
diffusion applications. With BTU International’s
exit from the diffusion equipment business,
SVG is the last major U.S. diffusion equipment
company.

Dataguest Perspective

The worldwide diffusion equipment market
grew modestly to $335 million in 1991. Japanese
diffusion equipment companies, which
pioneered the adoption of VIR technology, own
a major portion (61 percent) of the market. The
diffusion equipment market is now dominated
by VIR technology with VIR tube systems,
which account for 60 percent of 1991 diffusion
market revenue. Horizontal diffusion furnace
companies that were caught off guard by the
rapid shift to VIR technology are undergoing
painful restructuring in order to stay in the
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Table 1
1991 Worldwide Diffusion Equipment Company Rankings
(Revenue in Millions of Dollars)

Market Horizontal Vertical
Company Revenue Share (%) Diffusion Diffusion
Tokyo Electron Ltd. 92.7 27.7 37.0 55.7
Kokusai Electric 68.1 20.3 5.6 62.5
Silicon Valley Group 54.0 16.1 28.0 26.0
ASM International 21.7 6.5 11.7 10.0
BTU International 19.0 57 13.0 6.0
Varian/TEL 13.8 41 5.7 81
Ulvac 13.0 3.9 10.4 2.6
Koyo Lindberg 126 3.8 59 6.7
Disco 10.0 3.0 0 10.0
Gasonics 8.7 2.6 87 0
Shinko Electric 74 22 0 74
Centrotherm 6.7 2.0 6.7 0
Sernitherm 3.0 0.9 0 3.0
General Signal Thinfilm 3.0 0.9 1.0 20
Wellman Furnaces 0.5 0.1 05 0
Tystar 0.5 0.1 0.5 0
Pacific Western 0.4 0.1 04 Y
Worldwide Market Total 335.1 100.0 135.1 200.0
Note: Spares and service are not included.
Source: Dataquest (June 1992)

diffusion business. The standardization of diffu- 5 percent last year This article highlights some
sion VIR product features may make it difficult  of the key trends behind the healthy growth in
for new companies to recoup their investment in last year’s market and discusses the activities of
development of advanced VIR products as com- the top three players, who have continued their

modity product pricing and margin erosion decade-long position of dominance in the world-

practices invade the hitherto lucrative VIR turf.  wide track arena.

By Peggy Marie Wood and Dataquest atiributes the healthy growth rate in
Krishna Shankar (San Jose) the 1991 track market to several factors. First,
Kunio Achiwa (Tokyo) we believe that the average selling price (ASP)

. . associated with a given track system increased

Track Triunwirate Prevails: 1991 at an accelerated pace last year. From a market

Automati oforesist Processii research perspective, reliable information on
i ¢ Ph“ kst In Revi ng track unit shipments is difficult to gather—the

Equipment w definition of what constitutes a unit of track

The worldwide market for automatic photoresist equipment varies from vendor to vendor
processing equipment (track) was $369 million because of the modular and custom nature of
in 1991, up 13 percent from its 1990 level of a given customer’s requirement. However, it is
$326 million. This healthy growth rate is of sig-  clear that track manufacturers are including
nificance in light of the fact that the track equip- more and more advanced modules and sub-
ment market is closely tied to purchases of systems on their leading-edge product offerings,
lithography equipment, whose market declined  including vertical hot plates, random-access
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robotics, environmentally controlled chambers,
and improved chemical dispense nozzles with
sophisticated fluid volume controllers. In addi-
tion, continued emphasis is being placed on
achieving tighter particle control throughout the
entire track system. All of these elements are
essential in order to achieve the same physical,
chemical, and temporal environment for every
wafer being processed. These factors all directly
contribute to a higher ASP for track equipment.

In addition, Dataquest believes that a significant
level of replacement systems was purchased for
volume production lines and advanced R&D
facilities last year. This is because the newer
advanced track tools available in just the last
few years have undergone substantial improve-
ments relative fo many tools currently in the
installed base. These older tools at volume
production lines and R&D facilities are not par-
ticularly well-suited for the advanced processing
requirements of devices such as 16Mb DRAMS.
Not only do the newer track systems provide
improved process performance but random-
access systems can typically save from 25 to

Figure 1

30 percent on floor space. This reduction in foot-
print directly impacts cost of ownership and has
contributed to an acceleration in the replacement
activity in track.

Finally, the sluggish DRAM market has led
many manufacturers to shift their product
strategy from DRAMSs to ASICs and other
advanced logic products. As a result, we specu-
late that the market opportunity for standalone
track systems last year expanded at a faster pace
than might have otherwise been expected if
DRAM activity had not been so slow. Stand-
alone track systems provide an additional level
of process flexibility that is well-suited for ASIC
manufacturing. That flexibility typically is not
required for high-volume DRAM manufacturing
where the track system is directly interfaced to
the lithography tool.

Regional Markets and Ownership

Figure 1 presents the worldwide 1991 track mar-
ket segmented by region and ownership. As
with other major categories of front-end process-
ing equipment market, Japan represented the

1991 Regional Automatic Photoresist Processing Equipment Markets and Ownership

Markets

Asia-Pacific/ROW
$44.4 (12%)

Europe
$34.5
(9%)

Japan
$179.3 (49%)

North
America
$110.4 (30%)

Total = $368.6 Million

Ownership
European  joint Venture Companies
Companies $17.1 (5%)
$18.9 (5%)

North
American
Companies

$103.5 (28%)

Japanese
Companies
$229.1 (62%)

Total = $368.6 Million

Source: Dataquest (June 1992)
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largest regional market for track equipment,
accounting for 49 percent of world demand in
1991. Japanese companijes continued to hold a
particularly strong position in the track market
with 62 percent share last year. This dominant
share position in the world market in large part
is attributed to the fact that the Japanese track
companies have “owned” their home market

of Japan, accounting for more than 98 percent
share of the market every year since 1985. In
1991, only one non-Japanese track vendor had
sales in Japan and that was Machine Technology
(MTI). Dataquest believes that MTT's business
activity in this region was directly related to the
shipment of two SVG Lithography Micrascan
step-and-scan tools to customers in Japan. (To
date MTI has been the primary supplier of track
systems interfaced to Micrascan tools world-
wide.) In addition to dominating the largest
regional market for track equipment, Japanese
companies have also been focused on expanding
export activities over the last several years,
either by going direct, through representatives
and distributors, or through joint-venture
activity.

Company Rankings

Table 1 presents the worldwide company rank-
ings for the track equipment market in 1991.

In order to better illustrate the influence and
market positioning of companies providing the
same track product offerings, we have combined
the revenue of Tokyo Electron Ltd. (TEL) with
its joint venture partner, Varian/TEL. This joint
venture, established in 1989, is specifically
focused on providing track, diffusion, and etch
products from TEL in Japan to semiconductor
manufacturers in the United States and Europe.
The Varian/TEL joint venture is supported by
the sales, marketing, and service organization
of Varian.

Please note that Dataquest’s estimates of the
track equipment market include only those sys-
tems used in semiconductor device fabrication.
Many of these same track companies supply
systems that are used in other applications, such
as compact disk coating and flat panel display
manufacturing. We have excluded any such
revenue associated with these nonsemiconductor
manufacturing activities.

TEL and Varian/TEL

TEL and Varian/TEL claimed the No. 1 rank-
ing in the track equipment market in 1991
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Table 1
1991 Automatic Photoresist Processing Equipment Company
Ranking (Revenue in Milions of Doffars)

Company Revenue  Share (%)
TEL and Varian/TEL 143.3 38.9
Dainippon Screen 69.5 18.9
Silicon Valley Group 48.9 13.3
Machine Technology 26.6 7.2
Convac 18.9 5.1
Tazmo 15.2 4.1
Semiconductor Systems,

Imc. 14.0 33
Canon 12.3 33
Yuasa 59 1.6
Solitec 49 1.3
F5I International 48 13
Eaton 4.3 1.2

Worldwide Market
Total 368.6 100.0

Note: No revenue associated with spares and service is
included.
Scurce: Dataquest (June 1992)

with $143 million in revenue and 39 percent
share of the world market. The combined
activities of TEL and Varian/TEL have main-
tained this ranking since 1987. TEL was the
first company to introduce a random-access
track system, the Mark II, back in 1987. The
company has continued to capitalize on that
early lead in advanced track systems. Its
leading-edge product offering today is the
Mark V.

The TEL and Varian/TEL operations have
established a significant presence in all re-
gions of the world. Dataquest estimates that
TEL’s 1991 share of the Japanese market was
55 percent and that the company accounted
for 64 percent of the Asia/Pacific market

last year. Varian/TEL, which has only been
shipping track systems since 1989, garnered
23 percent share of the European market in
1991. Varian/TEL's share of the North Ameri-
can market last year was only 8 percent, but
this relatively small position in the United
States is not unreasonable considering that
there exist a number of North American sup-
pliers with well-entrenched positions in their
home market.
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Dainippon Screen (DNS)

Dainippon Screen ranked second in the 1991
track equipment market with sales of $70 mil-
lion and 19 percent share of the world market.
The company has continued to emphasize its
export activities and in 1991, track revenue
from customers outside of Japan accounted
for about one-fourth of total sales. DNS was
delayed in introducing a random-access track
system and as a consequence suffered a loss
in worldwide market share in 1990. However,
in 1991, the company regained a percentage
point of share as sales of its random-access
D-SPIN 60A system became a portion
of the company’s total product mix. In addi-
tion, Dataquest believes that DNS' gain in
market share was in part attributed to the
company’s new developer solution nozzle
(dubbed “soft impact nozzle”) that can reduce
dispense volumes of developer chemicals from
100cc to 35cc for 200mm wafer processing. The
new nozzle also provides improved process
uniformity.

Silicon Valley Group (SVG)

SVG ranked third in the 1991 track market
with $49 million in sales. The company has
suffered a decline in market share over the
years because it has been unsuccessful in
breaking into the world’'s largest regi

market, Japan, and has had to face increasing
Jevels of competition from Japanese competi-
tors in the other parts of the world, including
its home market of the United States. In 1987,
SVG accounted for 20 percent of the world-
wide track market. Five years later (1991),
this market share position had eroded to

13 percent.

SVG stll holds its No. 1 ranking in North
America and garnered 34 percent share in its
home market last year. An important compo-
nent of SVG’s 1991 North American revenue
came from shi ts to Motorola’s MOS-11
facility. SVG's major advanced product offering
is its 90 Series, a random-access track system
introduced at SEMICON/West in May 1990.
Dataquest estimates that the 90 Series product
line accounted for about half of SVG’s total
track revenue in 1991.

Dataquest Perspective

The top three players in the track market—TEL
(including Varian/TEL), Dainippon Screen, and
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Silicon Valley Group—have dominated the track
market throughout the 1980s. In 1982, they
accounted for a combined share of 52 percent,
which by last year had increased to a combined
share of 72 percent. Ten other companies split
the remaining 18 percent of the 1991 market
Clearly, the combination of advanced technology
and random-access product offerings coupled
with sufficient critical mass to support a global
customer base have been key to the success of
these larger players.

The midsized track players such as Machine
Technology and Convac have advanced product
offerings but will need to expand their global
presence if they ever hope to gain membership
to the upper echelons of the track market. The
smaller track companies face a significant chal-
lenge in developing their long-term strategy for
success in this marketplace. Some companies,
such as FSI International with its TI-designed
Polaris system, are aggressively marketing an
advanced product offering designed to go head-
to-head with the big guys. Other smaller play-
ers, however, may well be relegated to pursue
noncompetitive niche applications or remain
content with a single-region marketing focus for
their business activities. The three major players
in this marketplace show no sign of abdicating
their positions of leadership anytime soon.

By Peggy Marie Wood (San Jose)
Kurnio Achiwa (Tokyo)

News and Views

081 and Insystems Consolidate
Operations

Dataquest understands that, in a move that has
been rumored for weeks, a binding contract
recently has been signed between Opti
Specialties Inc. (OSI) and Insystems whereby
OSI (Fremont, California) will acquire the assets
of Insystems (San Jose, California). The joint
operations of the two companies will be con-
solidated under the OSI name. Dataquest
understands that as part of the agreement all
Insystems employees, products, and technology
will be transferred to OSI. OSI is a publicly
traded company with reported 1991 fiscal

year revenue of $6.7 million and net income of
$1.2 million. Insystems is privately held, but
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Dataquest estimates that the company’s 1991
calendar year revenue of wafer inspection equip-
ment was $13 million.

Insystems has suffered financial problems over
the past several years as it has attempted to
compete head-to-head with KLA Instruments in
the advanced defect inspection equipment arena.
Although Insystems has leading-edge technolo-
gy, it has been burdened by having only a single
product offering. In contrast, Insystems’ major
competitor KLA has been better able to balance
the effect of the industrywide slowdown by dis-
persing the impact on its business activities over
a much wider mix of products.

O8], like Insystems, provides process control
equipment to the industry and is relatively small
in size. OSI has experienced its own financial
woes over the years, reporting multiple consecu-
tive quarterly losses. In the last year, however,
the company pulled itself into a profitable posi-
tion. Dataquest believes that, in particular, OSI's
new dedicated overlay measurement product
line has played a significant role in turning
around the company’s position in the market-
place. The Insystems’ inspection technology will
greatly complement the current product offerings
of OSI and will improve the company’s overall
critical mass. Dataquest speculates that the new
larger operation will most likely continue the
development work that had been pursued by
Insystems in the area of defect inspection of flat

panel displays.

We note an additional interesting point with
regard to this latest acquisition in the

control arena. At the end of 1991, Toray Indus-
tries of Japan acquired majority ownership of
Thermawave, another supplier of process control
equipment. It turns out that Toray also has an
established relationship with OSI. In 1989, Toray
entered into R&D and licensing agreements with
OSI to allow the company to complete advanced
product development. It has provided marketing
.support for OSI products in Japan. Now,
through the acquisition of Insystems by OSI,
Toray might well be involved in future projects
associated with the advanced defect detection
technology of Insystems, and thereby further
increase its presence in the process control arena.

By Peggy Marie Wood
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Inquiry Summary

Dataquest's Semiconductor Equipment, Manufac-
turing, and Materials inquiry summaries are
designed to inform our clients of commonly
asked questions and Dataquest’s respective
answers. No confidential information provided
by our clients is included in this material.

Multilevel Interconnect Technology for
Advanced DRAM's

Q. What are the likely candidates for multilevel
interconnect technology for the 64Mb DRAM?

A. Please refer to Table 1 on page 15.
By Kunio Achiwa (Tokyo)

In Future Issues
Look for the following articles in future issues of
Dataquest Perspective:

a 1991 wafer inspection equipment market in
review

m 1991 critical dimension equipment market in
review

w U.S. specialty gas market

SEMM-SVE-DP-0207
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Table 1

Multilevel Interconnect Technology for 64Mb DRAM Manufacturing

Word Line

Intermetal Dielectric

Bit Line

Intermetal Dielectric

Contact Hole

First Metallization

Intermetal Dielectric

Via Hole

Second Metallization

Passivation

W-polycide

Poly-Si

LPCVD (TEOS-BPSG)
APCVD (TEOS-BPSG)
APCVD (TEOS)

HTO

W-polycide

WSi

LPCVD (TEOS-BPSG)
APCVD (TEOS-BPSG)
APCVD (TEOS)
Sputter TiN /blanket W
Selective W
TIN/AlCu/TiN

TiN/ AlSiCu

Sputter W/blanket W
TIN/blanket W
AlCu/W/TiN
AlSiCu/TiN

Plasma (TEOS-oxide)/SOG/plasma (TEOS-Oxide)

TEOS/ ozone-oxide

Plasma oxide/SOG/PSG

APCVD (TEQS/ozone-oxide) /SOG/APCVD (TEOS/ ozone-oxide)

Plasma (TEOS-oxide)/ APCVD (TEOS/ozone-oxide)

Selective W
TiN/blanket W
TiN/AICu/TIN
TN/ AlSiCu
TiW/AlSiCu/TIW
AlCu
AlCu/W/TIN
Plasma SIN

Plasma (TEOQS-oxide)/plasma (SiN)

Source: Dataquest (une 1992)
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CONFERENCE ANNOUNCEMENT

Dataquest’s 11th Annual SEMICON/West Seminar: Status 1992
Wednesday, June 17, 1992

Wafer fab equipment and materials companies had a tough time in 1990 and 1991 as
the industry faltered. Dataquest believes that 1992 will also be a difficult year because
of the Iack of capital investment in semiconductor facilities. Will this dismal scenario
continue? We don’t think so. This year’s SEMICON/West seminar will explore some of
the reasons why the equipment and materials indusiry slowed over the past several
years and why we believe that the industry will pick up again to resume a more nor-
mal growth path.

Attendees will hear Dataquest speakers discuss the following topics, which will provide
a cohesive picture of the wafer fab equipment and materials industry from both supply-
side and demand-side perspectives:

Wafer fab equipment market status and forecast
Wafer fab equipment company trends
Semiconductor fab overview

m Capital spending forecast

s Changing strategies for materials companies

m Is there a future for the 1IGb DRAM?

a Portable PCs: A hot demand-side application

The seminar covers a lot of ground but it is specifically designed to provide the kind of
high-level status and trend information that semiconductor equipment and materials
industry executives need to support their decision-making. Industry executives have full
and hectic schedules during SEMICON /West, but we believe that attendance at our
acclaimed annual seminar will be an excellent investment of your time that will pay
dividends to you and your company.

Dataquest’s Status 1992 Seminar will be held on Wednesday, June 17 at the ANA Hotel
{(formerly Le Meridien) in San Francisco, just a few minutes” walking distance from
Moscone Center, site of the SEMICON /West trade show. The seminar will begin at 8:30
am. and conclude by 11:40 a.m. Registration and continental breakfast will commence
at 7:30 a.m. The fee for this seminar is $145. Please contact Dataquest’s Conference
Department at (408) 437-8245 for further information.

For More information . . .

On the topics in this issue Peggy Marie Wood, 5r. Industry Analyst (408) 437-8631
About online access (408) 437-8576
About upcoming Dataquest conferences (408) 437-8245
About your subscription or other Dahaquest publications (408) 437-8285
Via fax request (408) 437-0292
Erhewwm butnnmx:n&ednwa?ﬂiacywooﬁ:m ltdoeono{contam ﬁmmmm%ﬂmwﬁm
Individual companies reported on and analyzed by Dataquest may be clients of this and for ofher Dataquest services. This information is not furnished in

connection with & sale or offer to aell securities or in connection with the solicitation of an offer to buy seamities. This firm and its parent and/or their
officers, stockholders, or members of their families may, from time to time, have a leng or short position in the securities mentioned and may sell or buy
such securities,
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. . ) Bulk Gases Defy Economic Gravily
In this issue of Dataquest Perspective, we continue 5, industrial gas sales pushed ahead in 1991
our special coverage and discussion of the general even though silicon wafer sales declined.
trends in the wafer fab equipment market and those
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Slide in U.S. Company Share Slows in 1991: Wafer
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Trends in regional company market share are a
perennial topic of interest in the semiconductor
industry, be it for devices, equipment, or materials.
This article examines several of the underlying rea-
sons for the changes in regional company market
share for wafer fab equipment in 1991.
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The I-Line Lifeline: 1991 Stepper Market in Review
I-line steppers became the dominant tool choice for
new system purchases in 1991. While total
shipments declined, revenue was buoyed by the
higher average selling price of advanced i-line
systems.

By Peggy Marie Wood and Kunio Achiwa Page 4

Jockeying for Position in a Tight Race for Market
Leadership: 1991 Dry Etch Equipment Market in
Review

The worldwide dry etch market grew a modest
2 percent in 1991 to reach a size of $705 million.
The dry etch competitive arena appears to be a
wide-open race for market leadership as the key
contenders narrow the difference between their

market share positions.
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Market Analysis
Semiconductor Equipment

Slide in U.S. Company Share Slows in
1991: Wafer Fab Equipment Market by
Company Ownership

Trends in regional company market share are a
perennial topic of interest in the semiconductor
industry, be it for devices, equipment, or materi-
als. Figure 1 shows that the steady increase in
market share by Japanese companies throughout
the 1980s was mirrored by a similar loss in
share by North American companies for key
segments of wafer processing equipment.
Although North American companies still lost
market share last year, the pattern of market
share erosion appears to have slowed somewhat
in 1991. This article examines several of the
underlying reasons for the changes in regional

Changes in Regional Market Share

Japanese wafer fab equipment companies
increased their share of the worldwide market
to 53 percent at the expense of both European
and North American wafer fab equi t man-
ufacturers in 1991 (see Table 1). European com-
pany share declined by more than a percentage
point to about 8 percent, while U.S. company
share declined half of a percentage point to
about 35 percent. Joint venture companies (the
majority of which are joint ventures between
U.S. and Japanese corporations) essentially main-
tained their 1990 share level with about 4 per-
cent of the worldwide market in 1991.

Japanese Companies

In 1991, Japanese companies gained share in the
world market because increased penetration in
both the North American and Asia/PacificcROW
markets generated enough of a balance to com-
pensate for lost share in Europe and their home
market of Japan. The gain in market share in

company market share in 1991. North America was due primarily to increased
Figure 1
Worldwide Market Share of Regional Companies for Key Equipment Segments, 1982-1991
(Percentage Revenue in Doflars)*
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Source: Dataquest (May 1992)
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Table 1

Changes in Regional Company Market Share in the 1991 Wafer Fab

Equipment Market (Percentage Dollar Revenue)

Changes in Regional
Company Share as Compared with 1990

1991 Asia/

World North Pacific-
Region Share (%) America Japan  Europe ROW World
North American Companies 35.4 4.6 28 54 94 -0.5
Japanese Companies 53.1 3.8 -1.5 2.5 105 1.9
European Companies 7.8 0.4 -0.2 ~4.1 -1.8 -1.3
Joint Venture Companies 37 1.3 -1.0 1.2 0.6 0.1

Total 100.0

Source: Dataquest (May 1992)

sales of lithography equipment into a market
that was actually experiencing an overall decline
in wafer fab equipment sales. The Asia/Pacific
region was a hotbed of activity in 1991 and
Japanese companies enjoyed particularly strong
revenue growth, more than doubling their sales
from the prior year. Revenue increases were
noted in every major category of wafer fab
equipment. Through this higher sales volume,
Japanese companies garnered an increase of
more than 10 percentage points in share to
achieve an overall position of 53 percent share
in this region of the world.

The relative proximity of Japanese companies
to semiconductor fabs in Asia/Pacific, coupled
with advanced technology product offerings
focused on high-volume manufacturing, and
the significant emphasis that Japanese vendors
place on customer support have allowed the
Japanese equipment industry to grow its
presence in this market from 10 percent share
in 1982 to a dominant position of 53 percent in
1991. During this same time span, North Ameri-
can companies’ share dropped from 78 percent
to 36 percent share.

North American Gompanies

The worldwide market share of North American
companies declined only a half of a percentage
point in 1991, in contrast to the average 3 per-
centage point decline observed throughout the
1980s. Exactly opposite of the trend observed in
Japanese company share, North American com-
panies gained market share position in Japan

SEMM-SVC-DP-9206
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and Europe, and lost share in Asia/Pacific

and their home market of the United States.

The gain in wafer fab equipment market share
in Japan has garnered much interest in light of
the market access disputes and trade friction
that currently characterize U.S./Japanese rela-
tions. While the total Japanese equipment mar-
ket experienced only modest growth of 1 percent
in 1991, North American companies increased
their sales in Japan by 19 percent. This increased
sales activity covered a broad number of equip-
ment categories including lithography, CVD,
PVD, silicon epitaxy, ion implantatior, and rapid
thermal processing equipment.

Dataquest believes that North American com-
pany share gains in the Japanese market in

the categories of CVD and PVD equipment are
of particular interest. The Japanese semiconduc-
tor industry is currently diversifying its manu-
facturing product mix away from the heavily
dominated high-volume DRAM manufacturing
to include more ASIC and advanced logic
products. DRAM manufacturing is driven to

a significant extent by trends in advanced lith-
ography. ASIC and advanced logic products,
however, are strongly design-dependent on
multilevel metallization, which is achieved
through the advanced thin film processing tech-
niques of CVD and FVD equipment. In contrast,
it is only at the 4Mb DRAM shrxink that double-
level metal even begins to be used in DRAM
manufacturing. North American companies have
held a traditionally strong market position in
advanced CVD and PVD processing equipment,

May 18, 1992
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and thus have benefited from this shift in manu-
facturing strategy with increased market pene-
tration in Japan.

Although an increase in North American com-
pany share gain in Japan in 1991 is certainly
laudable, it must be noted that North American
companies also lost almost 5 percentage points
of share in their home market and more than

9 percentage points of share in Asia/Pacific. In
both of these regions, North American company
share was lost while Japanese company share
continued to grow.

European Companies

European companies lost market share in every
regional market in 1991. On a worldwide basis,
European company revenue declined in every
major category of wafer fab equipment with

the exception of silicon epitaxy and track equip-
ment. Dataquest believes that European compa-
nies, in particular, fell victim to the depressed
equipment environment in their home market

of Europe, which declined by 17 percent in 1991.
Throughout the 1980s, the European market

on average accounted for about 44 percent of
total European equipment company revenue.
However, in 1991, the home market represented
only 33 percent of total European equipment
company business as total European company
revenue plunged 30 percent from its 1990 level

Another important component in the loss of
share for the E companies is the rela-
tively small sales level of wafer fab equipment
companies as compared with their North
American and Japanese counterparts. According
to Dataquest estimates, only the three largest
European wafer fab equipment companies in
1991—ASM International, ASM Lithography,
and E.T. Electrotech—achieved worldwide
wafer fab equipment sales in excess of $20 mil-
lion. It is very difficult for companies with a
small revenue base to stave off the triple foes
of a sluggish business environment, increased
competition, and escalating R&D costs, while
coping with an increasingly global and increas~
ingly demanding customer base.

Dataguest Perspective

Shifts in regional company market share grab
both headlines and the attention of industry
politicos. We believe that when evaluating the

May 18, 1992
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regional company share trends it is important to
keep in mind that 1991 was a fairly stuggish

year for the wafer fab equipment industry. Over-

all growth achieved only 3 percent, preceded by
a 2 percent decline the year before. While we
have noted some interesting changes in regional
company market share for 1991, we caution that
a single year does not necessarily define a trend.
What is more important in establishing long-
term market positioning and dominance is not
just how companies fare when times are slow,
but also the ability of companies to catch the
tiger by the tail and ride out the next upswing
in market growth.

By Peggy Marie Wood

The I-Line Lifeline: 1991 Stepper Market
in Review

I-line steppers became the dominant tool choice
for new purchases in 1991. Total stepper unit
shipments to semiconductor manufacturers were
679 units in 1991, down 12 percent from the
1990 level of 771. Buoyed by the higher average
selling price of advanced i-line systems, world-
wide stepper revenue was $1.03 billion in 1991,
reflecting a decline of a mere 2 tage
points from its 1990 level of $1.05 billion. This
article presents the significant trends and high-
lights of the 1991 stepper equipment market.

Regional Markets and Ownership

Figure 1 presents the worldwide 1991 stepper
unit market segmented by region and owner-
ship. As with other major categories of front-
end processing equipment market, Japan
continued its role as the largest regional
market, accounting for almost half of 1991
stepper shipments. The Japanese stepper
companies continued their dominance of the
1991 stepper market, accounting for more
than 80 percent of worldwide shipments.

Stepper Market Highlights of 1991

Several key factors characterized the world

of stepper lithography in 1991. I-line steppers
continued to command a larger and larger
portion of the stepper technology product mix.
These tools constituted 21 percent of the stepper
product mix in 1989 and 36 percent in 1990, but
by last year had increased their share to 60 per-
cent of total system shipments. I-line steppers

SEMM-SVC-DP-9206
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Figure 1
1991 Stepper Regional Markets and Ownership

Markets
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North America
(27%)
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Asia/ \ (60) (1236)
Pacific- &
ROW
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(48%)

Ownership

European Companies
(6%)

Japanese Companies
(82%)
(560)

Total Units = 679

Source: Dataquest (May 1992)

are the predominant lithography tool choice

for products with line geometries in the

sub-0.8 micron regime, including such devices
as 4Mb and 16Mb DRAM:s as well as advanced
ASIC and logic chips. The development of semi-
conductor phase shift mask technology and
recently announced advanced illumina-
tion techniques, both of which are optimized
for highly repetitive device patterns, holds
promise for extending the capabilities of i-line
lithography to the 0.35-micron regime.

The phase shift mask fever that took hold of
the industry in 1990 continued into 1991. The
challenges associated with phase shift mask
inspection and ir still remained formidable,
however. At the end of 1991, Nikon and Canon
announced new i-line s illumination tech-
niques, dubbed SHRINC and QUEST, respective-
ly, that achieve the benefits of phase shifting on
the wafer without having to use a mask as the
source of the phase-shifting pattern. These

new techniques, targeted at the 64Mb DRAM
generation, provide some breathing room for
development work to continue on phase shift
mask inspection/repair technology for latter
generations of DRAMs and other highly
repetitive device product families. At the

same time, Nikon and Canon benefit by being

SEMM-SVC-DP-9206
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well-positioned with their new i-line techniques
to offer an alternative lithographic approach to
64Mb DRAM device manufacturers. (For addi-
tional information, please refer to “Phase Shift
Masks: The Fever Begins to Break,” in the
February 10, 1992 SEMMS Dataquest Perspective.)

Finally, 1991 can clearly be named the year of
the wide-field lens. The industry saw a veritable
explosion of wide-field lens product offerings.

A total of 15 new wide-field i-line and excimer
lenses were introduced by stepper manufacturers
ASM Lithography, Canon, GCA, Hitachi, Nikon,
and Uliratech. Wide-field lens capability to
accommodate more die per exposure field, as
well as the large die size associated with
advanced device designs, is a key competitive
feature of today’s advanced stepper systems.
(For additional information, please refer to “It's
A Wide, Wide World,” in the November 18, 1991
SEMMS Dataquest Perspective.)

Company Rankings

Table 1 presents the worldwide company rank-
ings for stepper unit shipments in 1991. In addi-
tion, Table 1 includes the percentage split by
technology for each company’s stepper shipment
product mix in 1991.
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Table 1
1991 Worldwide Stepper Company Rankings (Unit Shipments)

Percent Stepper Technology Mix

Excimer/

Company Units Share (%) g-line j-line deep-UV Ix
Nikon 350 51 3 66 3 0
Canon 145 21 50 41 9 0
Hitachi 65 10 0 100 0 0
ASM Lithography 40 6 8 87 5 0
Ultratech 40 6 0 0 0 100
GCA 31 5 19 58 23 0
SVG Lithography 8 1 0 0 100 0

Total 679 100 28 60 6 6
Source: Dataquest (May 1992)
Nikon allows DRAM manufacturers to achieve some of

In 1991, Nikon continued to maintain its leader-
ship position in the stepper market, a position
it has held since 1984. Nikor’s worldwide unit
shipments totaled 350 units, down about 9 per-
cent from its 1990 shipment level of 384. One
key factor that began to affect Nikon’s busi-
ness activities toward the end of 1991 was the
decision by many Japanese manufacturers to
downsize or delay their capacity plans for
200mm fabs in Japan. The majority of these
planned or existing 200mm fabs are slated

for 4Mb and 16Mb DRAM devices. This slow-
down in DRAM equipment purchases will
have significant impact on Nikon, more so
than any other stepper manufacturer, because
of Nikon's traditionally strong position in sup-
plying DRAM facilities.

Nikon experienced a decline of stepper ship-
ments in all regions of the world with the
exception of the United States, where there was
particularly healthy growth. Dataquest estimates
that Nikon’s shipments reached 80 units in 1991,
up from 56 units the year before. Of particular
note for Nikon in 1991 was the shift in the com-
pany’s product mix toward i-line stepper sys-
tems. Nikon shipped its first i-line tools in 1989,
a year in which i-line constituted only 10 per-
cent of the company’s product mix. In just two
years, i-line has grown to represent two-thirds of
Nikon's worldwide stepper shipments. As men-
tioned earlier, an important event for Nikon in
1991 was its announcement of its new advanced
illumination technique for i-line steppers that

May 18, 1992
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the benefits of phase shift masks while eliminat-
ing the problems associated with mask inspec-
tion/repair technology.

Canon

Dataquest estimates that Canon’s 1991 stepper
unit shi ts were 145 units, down about

3 percent from its 1990 level of 150 umits.

This decline for Canon is smaller than that
experienced by Nikon because Canon’s custo-
mer base includes a large number of ASIC and
advanced logic manufacturers and thus Canon
has been somewhat more immune from the
slowdown in DRAM fab activities. Last year
marked the first year of significant shipments
of Canon’s first i-line product offering, the
FPA-2000i. The success of that product offering
allowed Canon to rapidly grow i-line steppers
to about 40 percent of its product mix. As
mentioned earlier, another significant event for
Canon last year was its announcement of a
new advanced illumination technique for i-line
steppers that, like Nikon's technique, provides
64Mb DRAM manufacturers with a lithographic
alternative to using phase shift masks.

Hitachi

Hitachi ranked third in worldwide stepper ship-
ments in 1991 with 65 units, down from 84 units
in 1990. Historically, Hitachi's shipments have
been concentrated in Japan. However, Datagquest
believes that the company shipped a substantial
portion of its total 1991 stepper shipments to
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Goldstar in Korea. The Hitachi and Goldstar
organizations have had long-standing relation-
ships in the consumer electronics arena since the
1950s. As part of a semiconductor agreement in
1989, Goldstar acquired the rights to Hitachi’s
IMb and 4Mb DRAM technology in return for
a variable portion of its DRAM output going to
Hitachi. Hitachi uses this output from Goldstar
to balance the capacity utilization of its Japanese
DRAM lines against overall market demand.
Some industry watchers speculate that Gold-
star’s of Hitachi steppers is some-
how tied to the DRAM technology agreement.
However, Dataquest notes that this is not
entirely supported by the facts, since Hitachi’s
own semiconductor operations do not exclu-
sively rely on Hitachi for use in their
manufacturing facilities. Hitachi’s stepper
activity in Korea may mark the beginning of

a significant shift in the company’s marketing
strategy to expand its customer base beyond a
handful of Japanese device manufacturers and
internal operations at some of the Hitachi semi-
conductor facilities.

ASM Lithography (ASML)

ASM Lithography shipped a total of 40 units
in 1991, down from 58 the prior year. The
U.S. market continued to be the largest region-
al market for ASML in 1991, representing
about 58 percent of total system shipments.
However, for the first time, shipments to Asia/
Pacific moved ahead of ASML’s stepper ship-
ments to Europe. Dataquest believes that this
decline for ASML in its home market was due
to a severely depressed stepper market in
Europe last year (total European stepper ship-
ments of 60 units com with 95 units the
year before) coupled with ASML's aggressive
marketing strategy to increase its penetration in
the Asia/Pacific market, in particular, Taiwan.
ASML has yet to ship any steppers to Japan.
However, Dataquest believes that the company
is actively laying the groundwork for future
business activities in that region.

The major event for ASML in 1991 was the
introduction of a major new product family

of steppers at SEMICON /West in May. The

PAS 5500 stepper family, which includes three
wide-field i-line and one wide-field excimer
stepper, has been designed in a modular fashion
so that the steppers can be easily upgraded with
new illumination systems, lenses, reticle transfer
systems, wafer transport systems, and other ele-
ments as technology advances the definition of
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state-of-the-art lithography. Other system compo-
nents such as the machine frame, lens platform
and exposure stage, alignment system, internal
clean room environment, and image sensor

and calibration remain the same out

the 5500 family. This modular design approach
effectively addresses one of the hot issues
among semiconductor manufacturers today:
controlling the cost of ownership of today’s
wafer fab equipment.

Ultratech

Ultratech was the only stepper manufacturer

to enjoy increased unit shipments in 1991. The
company’s shipments totaled 40 units, up from
34 units the year before. The co: y’s 1991
unit shipments included 9 systems to Japan,
representing the majority of the total of 12 units
shipped by non-Japanese stepper companies

to this region. After all of the uncertainty that
plagued Ultratech in 1990, including possible
consolidation with sister company GCA, a
failed management buyout p: and dwin-
dling employee morale, 1991 was definitely a
turnaround year for the company. A new man-
agement team with solid experience in the
wafer fab equipment industry was put in place,
and a strong marketing ign was launched
to promote the company’s “trailing edge” mar-
keting strategy for 1x mix-and-match lithogra-
phy. Outside the semiconductor arena, the com-
pany also began to aggressively promote its
position as a leader in providing lithography
solutions for the thin film head manufacturing
environment.

GCA

GCA’s s shipments totaled 31 units in
1991, down from 52 systems in 1990. The United
States remains the largest regional market for
the company, accounting for more than 80 per-
cent of system shipments last year. GCA was the
first vendor to begin i-line s shipments
back in the mid-1980s, and today the company’s
product mix still largely reflects its participation
in that market segment. However, it is important
to note that GCA has placed significant empha-
sis on its excimer laser product offerings. As
shown in Table 1, almost one-fourth of GCA's
product mix is in the excimer area, the highest
percentage of any vendor currently offering
excimer laser steppers. Dataquest believes that
the goal of the company’s current emphasis

on excimer lithography is to establish an early
foothold in this advanced stepper segment and

May 18, 1992
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to use this product offering as part of the com-
pany’s long-term strategy to regain its former
market presence in the highly competitive step-
per arena. GCA introduced its long-awaited XLS
family of steppers at SEMICON /West in May
1991. This family of products, developed in con-
junction with SEMATECH, includes three i-line
and two excimer stepper product offerings.

SVG Lithography (SVGL)

SVG Lithography’s shipments of its Micrascan
90 product totaled 8 units in 1991. Shipments
in 1991 included two units to and two
units fo Japan, one of which was the highly
publicized shi; t to Toshiba in early 1991.

In 1991, IBM continued to be SVGL's major
customer for the Micrascan. With the exception
of the Toshiba shipment, Dataquest believes that
all other units were sent to IBM faciliies includ-
ing Corbeil-Essonnes, France, and Yasu, Japan.
Much of SVGL's activities in 1991 were taken
up with development of its new advanced
Micrascan tool, which will be introduced at
SEMICON/West in June 1992. The product
acceptance of the new advanced Micrascan
system by device manufacturers other than IBM
is absolutely key to SVGL's long-term competi-
tive position in the marketplace. (For additional
information, please refer to “Next-Generation

Micrascan Soon to Be Unveiled,” in the April 13,

1992 SEMMS Dataquest Perspective.)

Dataquest Perspective

The worldwide stepper market was 679 units
in 1991, down almost 30 percent from the
peak year of 1989 when 954 units were
shipped to the world’s semiconductor manu-
facturers. The revenue decline (down 13 per-
cent) was not nearly as precipitous because of
the ever-escalating average selling price (ASP)
of advanced stepper systems. Factors driving
increasing stepper prices include new sources,
new wide-field lens capability, and new align-
ment systems. Stepper ASP grew at a stagger-
ing compound annual growth rate (CAGR) of
16.8 percent between 1985 and 1990, and Data-
quest anticipates that it will continue to increase
at a rate of 12 to 13 t CAGR between
1990 and 1995. Technology has always been
king in lithography, but the 1990s will see
cost of ownership emerge as technology’s con-
sort sharing the throne as an equal partner in
future lithography buying decisions.
By Peggy Marie Wood (San Jose)

Kunio Achiwa (Tokyo)

May 18, 1992
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Jockeying for Position in a Tight Race
for Market Leadership: 1991 Dry Etch
Equipment Market in Review

The worldwide 1991 dry etch equipment

market grew a modest 2 percent to reach a size
of $705 million. The growth in the dry etch mar-
ket was roughly on par with the 1991 growth in
the overall wafer fab equi t market. This
article highlights the key trends in the 1991 dry
etch equipment market.

Regional Markets and Qwnership

Figure 1 shows the worldwide 1991 dry etch
market ted by region and ownership.
Japan, with 51 percent ($357 million), continued
to represent the single largest dry etch equip-
ment market. North American companies, wi

51 percent share ($356 million), continued to
cling on to a leadership position in the global
dry etch business.

Company Rankings
y rank-

Table 1 highlights the dry etch compan
ings based on the worldwide 1991 market. The
table also identifies the various dry etch market
segment activities for each company.

Applied Materials

Applied Materials, with 21.9 percent ($154 mil-
lion) of the market, managed to retain its leader-
ship position. The company, however, lost
market share on a worldwide basis by almost

4 percentage points between 1990 and 1991.
Applied’s late transition to single-wafer dry etch
technology, together with the inability of the
P5000 magnetically enhanced RIE technology to
crack the all important single-wafer oxide etch
market, were significant factors in the erosion

of Applied’s dry etch market share. Vigorous
global ition from Hitachi, Lam Research,
and Tokyo Electron Limited (TEL) further
weakened Applied’s dry etch market position.

On the positive sile, Applied has recently begun
to focus on executing on its strengths in the
single-wafer P5000 metal etch, polycide etch,
and silicon trench etch market. Applied’s
cash-cow 8000 Series hexode batch systems con-
tinue to be a market share and profit leader in
4-inch through 6-inch metal dielectric etch
applications. Continuous improvements to the
hexode etch technology such as improved auto-
mation, molecular backside heliuin cooling, and
enhanced process chemistry extended the range

SEMM-SVC-DP-9206
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Figure 1
1991 Dry Etch Regional Markets and Ownership

Markets

Total = $705 Million

European Companies

Ownership

Joint Ventures
(2%)
($17)

(3%)
($18)

North American
Companies
(51%)
($356)

(44%)

Total

= $705 Million

Source: Dataquest (May 1992)

of applicability for the hexode system. Dataquest
believes that Applied has new advanced plasma
etch source technologies under development
that will transition the company to single-wafer
dry etch solutions for the crucial dielectric etch
market.

The benefits of continuous improvement in the
P5000 mainframe performance and reliability
that evolved into the Mark-II version also have
had a positive effect on Applied’s recent dry
etch market rmance. The success of the
P5000 CVD and dry etch family illustrates the
economies of scale in performance improvement
and cost reduction that can be gained by delink-
ing process chamber development from main-
frame development. Applied, which recently
began signaling its intentions to migrate to a
new mainframe for dry etch and CVD applica-
tions, will continue to adopt the same successful
unified mainframe strategy for future thin film
applications.

Lam Research

Lam Research, with 18 percent ($127 million)
of the market, represented the most dramatic

SEMM-SVC-DP-9206
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G2000154

market success story of 1991. Lam picked up
almost 5 percentage points of market share from
1990 to 1991. Lam’s Rainbow platform continued
to pick up multiple, large-volume orders at lead-
ing global device fabs. The strengths of the Rain-
bow system in the dielectric and polycide etch
market, together with the system’s proven reli-
ability and simple architecture, enabled it to pick
up incremental market share. Lam’s growing
participation in the Japanese market through
Sumitomo Metals and its traditional strengths

in the Asia/Pacific market allowed the company
to outperform the overall 1991 dry etch market.

On the cautionary side, Lam will encounter
increased competition from new advanced-
source dry etch systems. Lam’s future success
depends upon successful execution in the
Rainbow migration path for sub-0.5 micron
applications together with the development of
the new Alliance cluster tool platform and
inductively coupled plasma source technology
based on the IBM license. Lam has also posi-
tively benefited from the incredible Samsung-
driven Asia/Pacific ion in 1991. However,
future Asia/Pacific business growth will depend

May 18, 1992
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Tabie 1
1991 Worldwide Dry Etch Equipment Company Rankings
(Revenue in Milions of Doliars)

Market Market

Company Revenue Share (%) Segment
Applied Materials 154.0 219 RIE, MERIE
LAM Research 127.1 18.0 RF plasma, RIE
TEL & Varian/TEL 120.9 17.2 RF plasma, RIE, MERIE
Hitachi 115.2 16.3 Microwave/ECR, RIE
Tegal 290 41 RF plasma, RIE, triode
Drytek 25.0 35 RIE, triode
Anelva 223 32 Microwave/ECR, RIE
Sumitomo Metals 154 2.2 Microwave/ECR
Tokyo Ohka Kogyo 15.3 2.2 Microwave/ECR, RF plasma
Shibaura Engineering Works 141 2.0 RIE .
Plasma-Therm 138 20 RE plasma, RIE
E.T. Electrotech 12.0 1.7 RIE, triode
MRC (Sony) 9.6 14 MERIE
Oxford Plasma Technology 6.3 0.9 Microwave/ECR
Ulvac - 6.2 0.9 RIE
Alcan Technology (Canon) 5.6 0.8 RF plasma, RIE
Gasonics 5.0 07 RF plasma
Others 7.9 1.0

Worldwide Market Total 704.7 100.0

Note: Calendar year 1991 systems revenue only; spares and service not included.

Source: Dataquest (May 1992)

upon the success of the Korean majors in the
4Mb/16Mb DRAM business. Lam needs to
rapidly build up its applications and joint-
development customer capabilities in Japan in
order to gather firsthand information on the all-
important Japanese dry etch market. Lam will
need to weave a synergistic strategy that uses
Sumitomo Metals’ network in Japan while
allowing Lam direct access to development
efforts in Japan.

TEL and Varian/TEL

The TEL and Varian/TEL dry etch products
accounted for 17.2 percent ($121 million) of the
1991 market. TEL continues to excel in deliver-
ing incrementally improved, cost-effective dry
etch solutions that address the dielectric and
polycide market segments. TEL is also success-
fully developing a market for its advanced

May 18, 1592

©1992 Dataquest Incorporaied

magnetron etcher for sub-0.5 micron applica-
tions. TEL's extensive customer support net-
work capability in Japan and Asia/Pacific,
together with its U.S./European market pre-
sence through Varian/TEL, iti the com-
pany well in retaining its lead in the dry etch
market. However, we caution that TEL's large
dependence on the domestic Japanese market
could be a negative factor given the current

woes and capital spending freeze
in Japan.

Hitachi

Hitachi, with 163 percent ($115 million) gained
t market share in 1991. Hitachi contin-
ued to excel in the metal etch market using its
landmark microwave/ECR technology. The com-
pany’s unique approach combining single-wafer
dry etch, dry strip, and wet clean into the same

SEMM-SVC-DP-9206
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%Iat;ormhas to be very successful in
e Japanese metal etch and ili ?te
eﬁchmrketpan Pﬁtachihaseﬁecﬁpoixe?}hcon the
void left in the market by the absence of a
cost-effective single-wafer metal etch process.
Dataquest believes that Hitachi will continue
to expand its product portfolio to address the
important dielectric etch market segment.
Hitachi also appears to be focused on global-
izing its capital equipment business in order
to stay close to its increasingly globalized
customers.

Dataquest Perspective

The worldwide dry etch ipment market
showed modest in 1991 to reach
$705 million in size. The dry etch competitive
arena amrs to be a wide-open race
market leadership as the key contenders
narrow the difference between their market
share positions. A plethora of plasma source
techncﬁgglies are being in the quest
for sub-0.5 micron dry etch dominance,
Focused, new source companies such as
Plasma Materials Technology could reshape
the dry etch technology landscape by offering
ﬁu:;hdded building block solutions. Future
equipment companies may become
value-added process integrators cht provide
enabling, global solutions to their semicon-
ductor customers.

By Peggy Marie Wood and Krishna Shankar
(San jose)
Kunio Achiwa (Tokyo)

Semiconductor Materials
Bulk Gases Defy Economic Bravily

Industrial gas sales (nitrogen, oxygen, hydrogen,

and argon) to the semiconductor industry
appear to be recession-proof. Volumes have
grown year in and year out albeit at modest

rates since Dataquest began tracking the market

in 1985. On the face of it, this frend seems like

good news for vendors, but marginal profitabil-
ity and the need to maintain a strong investment

program are creating a lopsided risk/reward

gscenario.

In 1991, bulk gas sales to the U.S. semiconductor

industry pushed ahead even though silicon
wafer P ion declined 4 t for
the year. Revenue totaled $213.1 million (see
Table 1) and volumes 72.19 billion cubic feet

(BCF) in 1991. Revenue was up 1.8 percent and

volumes were up 1.6 percent when compared
with 19%0. P

SEMM-SVC-DP-9206
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Dataquest does not expect this consamption
trend to change anytime soon. Semiconductor
process trends suggest that bulk gases and
especially nitrogen consumption will continue
to creep higher. Single-wafer processing using

more purge cycles, process equipment using

enclosure technology, pumpless chemical distri-
, and a growing trend to keep the

bution
wafer under a nitrogen blanket throughout the
manufacturing process guarantee that bulk gas
volumes will increase with time.

Consequently, Dataquest expects the unjt volume

consumption of bulk gases in semiconductor

applications to grow at a 3.2

annual growth rate (CAGR) through 1996. All

this would seem like good news to industrial

gas vendors if they could only get their prices

igher and if the investment treadmill would
W,

Nitrogen
Nitrogen revenue is by far the largest seg-
ment of semiconductor bulk gas sales. Nitro-
gen sales totaled $161.5 million and volumes
68.85 BCF in 1991 (see Table 2), an increase
of only 1.1 percent over 1990. Total nitrogen
volumes grew for the seventh straight year
(the entire span of Dataquest’s coverage) (see

Figure 1). On-site vohunes were up slightly,

percent compound

Table 1
U.S. Bulk Gas Market (Mifions of Dollars)
1991 1992 -
Total 213.1 209.3
Nitrogen 1615 159.8
Hydrogen 28.6 28.5
Argon 15,5 144
Oxygen 7.5 6.6
Source: Dataquest (May 1992)
Table 2
1991 U.S. Nitrogen Market
Revenue Volume
(Millions of  (Billions of
Dollars) Cubic Feet)
Total 161.5 68.85
Liquid 97.1 27.54
On-site 41.6 31.41
Pipeline 228 9.90
Soutce: Dataquest (May 1992)
May 18, 1992
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whereas pipeline volumes were flat and
liquid volumes were off. We believe that on-
site volumes will continue to benefit from
the trend to build larger fabs. Co tly,
on-site nitrogen volumes are to
grow. faster than either liquid or pipeline
volumes.

Figure 1
U.S. Use of Nitrogen

Other Bulk Gases

Volumes of the other bulk gas products used
by device makers are small in comparison to
nitrogen. Volumes of hydrogen, argon, and oxy-
gen totaled 3.34 BCF (see Table 3) in 1991, or
4.9 percent of nifrogen volumes. However, on a

Billions of Cubic Feet

80—

1985 1986 1987

67.89 68.85

1988 1989 1990 1891

1985 1986 1987

1988 1989 1990 1991

B On-Site [ Liquid Pipeline
G2000195

Source: Dataquest (May 1992)
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Table 3
1991 U.S. Hydrogen, Oxygen, and Argon Use
Revenue Volume
(Millions of (Billions of
Dollars) Cubic Feet)
Total 51.5 3.34
Hydrogen 28.6 1.98
Argon 15.4 0.55
Oxygen 7.5 0.81

Source: Dataquest (May 1992)

revenue basis these other bulk gases totaled
$51.5 million or roughly one-third the nitrogen
revenue.

Hydrogen volumes saw marginal growth of
2.6 percent in 1991 and tracked very closely
with our preliminary epi wafer growth of

4.0 percent. Epitaxial wafer growth was very
slow in 1991 relative to previous years when
double-digit growth was the norm. Lower
demand at IBM accounts for a significant share
of the deceleration of the CMOS epi market in
the United States.

Figure 2
U.S. Hydrogen, Oxygen, and Argon Use

Hydrogen volumes jumped in the late 1980s
(see Figure 2) when epi substrate growth
exploded. However, we are not forecasting
the epi substrate market to return to double-
digit growth in our five-year forecast. Conse-
quently, the growth rates for hydrogen are
expected to moderate.

Oxygen and argon volumes are expected to
track the overall market, which we are fore-
casting at 3.2 percent CAGR.

Prices

There was little increase in the price of nitrogen
products in 1991. The average selling price for
liquid products edged up a penny to $0.35 per
hundred cubic feet (per hundred), but this price
is still well below the plant replacement cost of
$0.52 per hundred estimated by Dataquest. Pipe-
line and on-site nitrogen prices held constant at
$0.14 and $0.23 per hundred, respectively.

There has been much speculation among finan-
cial analysts that air separation plant capacity in
the United States is approaching 90 percent utili-
zation and therefore pricing for atmospheric

Billions of Cubic Feet

2.5
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[ Oxygen

Argon
1.5

0.5
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1990 1991

Source: Dataquest (May 1992)
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products such as nitrogen, argon, and oxygen
will increase. Data from the U.5. Department of
Commerce show that the total unit production
of a eric products (all industrial applica-
tions) in the United States has climbed slowly
since 1989 (see Table 4). Nitrogen production
has grown 2.8 percent CAGR since 1989; argon

3.7 percent; and oxygen 1.1 percent.

It is difficult to imagine that these type growth
rates will tax the production capacity of indus-
trial gas vendors. There may indeed be regional
imbalances in supply and demand for Liquid
products, which would force prices higher for
specific areas of the country. But Dataguest does
not believe that regional trends will affect the
areas of the United States with high concentra-
tions of semiconductor plants such as Northern
California, Oregon, Texas, and New York. In
addition, our economic model calls for moderate
inflation and stable energy prices throughout
1992. Therefore, we expect semiconductor man-
ufacturers to see little upward pressure on
industrial gas prices in 1992.

Tolal Gas Management

Semiconductor manufacturers in the United
States are increasingly relinquishing the man-
agement of their industrial gas installations

to vendors. Currently, there are 15 fabs in the
United States where gas vendors have taken
over, to varying degrees, the management of
gas systems, both bulk and process gases. Gas
companies place employees in the fab full-time
typically under a 10-year or longer contract.

Total gas management is not well defined. The
spectrum of services that fall under the total
gas management rubric differ from one site to
the next. But total gas management would
include some or all of the falling services: off-
site storage, just-in-time delivery, loading dock
handling, U.S. Department of Transportation
filings, piping system, purifier and tank installa-
tion and management, analytical, point-of-use
tee, maintenance, and safe-

ty. A full-blown total gas managementd contract

cally requires five to eight people dedicated
mne site filling shifts a.ti).gu];nd the clock.

The advantage of total gas management for
the device manufacturer is apparent insofar

as the operation of the gas systems becomes
transparent. For the industrial gas industry,
which has seen very little shift in market share
(see Table 5), total gas management enables

May 18, 1902

Table 4
Total U.S. Shipments of Atmospheric Industrial Gases
(Milkons of Gubic Feet)

1991 1990 1989
Total Argon 12,914 12860 12,819
Percentage
Semiconductor 4.3 41 3.8
Total Nitrogen 786,727 749525 744,068
Percentage
Semiconductor 8.8 9.1 8.7
Total Oxygen 471,216 462,293 460,684
Percentage
Semiconductor 0.2 0.1 0.2

Source: Commerce Department

Table §
U.S. Market Share for Bulk Gases (Milions of Dollars)

1991 1990 1989
Air Products 100.4 947 97.1
Linde/UCC 53.7 55.9 522
Airco/BOC 30.1 29.2 25.8
Liquid Air 23.3 23.7 23.0
Others 5.6 5.8 57

©1992 Dataquest Incorporated

Source: Dataquest (May 1992)

companies to distinguish themselves from their
competitors on much more than simply product
specifications. In addition, gas vendors are gain-
ing invaluable ce in the fab, which over
the long term will add to their base of
knowledge and help them to compete more
successfully.

Dataquest Perspective

Industrial gas volumes used in semiconductor
applications will continue to grow, benefiting
from shifts in manufacturing trends. But because
volume growth is expected to be relatively
small, the long-term opportunities for vendors
will be tied more closely to the service compo-
nent. Indeed, there may even be a multiplier
effect to service. As gas vendors spend more
time inside the fab, opportunities to take on the
supply and management of other areas beyond
gases will most likely arise.

By Mark FitzGerald
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Inquiry Summary in Future Issues

Dataquest’s Semiconductor Equipment, Manufac- Look for the following articles in future issues of
turing, and Materials inquiry summaries are Dataquest Perspective:
designed to inform our clients of commonly . .
asked questions and Dataquest’s respective m 1991 PVD equipment market in review
answers. No confidential information provided m 1991 track equipment market in review
by our clients is included in this material o

m US. silicon market

Stepper Technology Split by Region m U.S. specialty gas market
Q. What is the distribution of stepper shipments

by technology for each region of the world in

19917

A. Figure 1 indentifies Dataquest’s estimates of
the percentage of stepper shipments by technolo-
gy (g-line, i-line, excimer/deep-UV, and 1x) for
the four major regions of the world in 1991.

By Peggy Marie Wood

Figure 1
1991 Stepper Technology Split by Region (Percentage of Unit Shipments)
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CONFERENCE ANNOUNCEMENT

Dataquest’s 11th Annual SEMICON/West Seminar: Status 1992

Wafer fab equipment and materials companies had a tough time in 1990 and 1991 as
the industry faltered. Datacquest believes that 1992 will also be a difficult year because
of the lack of capital investment in semiconductor facilities. Will this dismal scenario
continue? We don't think so. This year’s SEMICON/West seminar will explore some of
the reasons why the equipment and materials industry slowed over the past several
years and why we believe that the industry will pick up again to resume a more nor-
mal growth path.

Attendees will hear Dataquest speakers discuss the following topics, which will provide
a cohesive picture of the wafer fab equipment and materials industry from both supply-
side and demand-side perspectives:

Wafer fab equipment market status and forecast
Wafer fab equipment company trends
Semiconductor fab overview

Capital spending forecast

Changing strategies for materials companies
Worldwide semiconductor device forecast

m Is there a future for the 1Gb DRAM?

m Portable PCs: A hot demand-side application

The seminar covers a lot of ground but it is specifically designed to provide the kind of
high-level status and trend information that semiconductor equipment and materials
industry executives need to support their decision-making. Industry executives have full
and hectic schedules during SEMICON /West, but we believe that attendance at our
acclaimed annual seminar will be an excellent investment of your time that will pay
dividends to you and your company.

Dataquest’s Status 1992 Seminar will be held on Wednesday, June 17 at the ANA Hotel
(formerly Le Meridien) in San Francisco, just a few minutes’ walking distance from
Moscone Center, site of the SEMICON/West trade show. The seminar will begin at 8:30
a.m. and conclude by 11:40 a.m. Registration and continental breakfast will commence
at 7:30 a.m. The fee for this seminar is $145. Please contact Dataquest’'s Conference
Department at (408) 437-8245 for further information.

For More Information . . .

On the topics i thiS ISSUE ... Peggy Marie Wood, Director/ Principal Analyst (408) 437-8631
About online access (408) 437-8576
About upcoming Dataquest conferences {408) 437-8245
About your subscription or other Dataquest publications ... veveenie. (408) 437-8285
Via fax request (408) 437-0292
The content of this report represents our interpretation and analysis of information generally available to the public or released by ible individuals
mthemmm?t?mmuwww?m&dmymwwwlﬁzm f e;;u::yomc]kmi:
mnmmﬂxaaﬂeo;oﬂuxﬂum;ha;ym my with the solicit ----dao;o&ermbﬂyam.mmmdihpamtard/wm

officers, stockholders, or members of their families may, from tipw to time, have a long or short position in the securities mentioned and may sell or buy
such securities.
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In This Issue... Company Analysis

. Chemical Titans Inherit the Resist Business
Dataquest recently concluded its annual survey of The acquisition of Shipley by Rohm and Hass

the wafe ﬁm. ication equipment industry..Over the means that the resist business is now dominated
next several issues of Dataquest Perspective, we will by chemical titans. The age of the photoresist
discuss our analysis of general trends in the market-  entrepreneur has passed into history.

place and those specific issues that characterize the Mk EitsGerild oud R Achig Pace 10
market for each major segment of wafer fabrication By 2
equipment.
Inquiry Summary
Market Analysis Wafer Fab Activity in Malaysia
Semiconductor Equipment—1991 Wafer Fab Equipment B Rebeeca Burr Page 13
Market in Review 1991 Top Ten Wafer Fab Equipment Company Ranking
The wafer fab equipment market is decidedly in a by Region
slump. This article discusses several key charac- By Peggy Marie Wood Page 13
teristics of the wafer fab equipment market in
1991.
By Peggy Marie Wood Page 2
An “All-in-One” Summary Snapshot of the 1991 Wafer
Fabrication Equipment Market

The wafer fabrication equipment market is not a
single homogeneous entity but rather is made up
of a large number of individual equipment seg-
ments. In order to simplify a complex and frag-
mented market, this article presents summary
regional and ownership market statistics for each
of the key segments of the wafer fab equipment
market in 1991.

By Peggy Marie Wood Page 3

1991 CVD Equipment Market in Review

While Japan accounted for 50 percent of the 1991
CVD market, North American companies main-
tained their position of dominant share with

56 percent of the worldwide $747 million market.
This article presents the significant highlights of
the 1991 CVD equipment market.

By Peggy Marie Wood, Krishna Shankar, and

Kunio Achiwa Page 6
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Market Analysis

Semiconductor Equipment—1991 Wafer
Fab Equipment Market in Review

In 1991, the wor$12wide market for wafer fafl[:)o

uipment was $6.04 billion, up 3 percent from
ftg 135110 level of $5.87 billion. Igpan and North
America each experienced a sluggish market
environment in 1991, with of 1 percent
and a decline of 4 percent, respectively, from
1990 levels. Substantially weaker business con-
ditions in Europe contributed to a 17 percent
decline for that region’s wafer fab equi
spending in 1991. The one bright spot in world-
wide wafer fab activities in 1991 was Asia/
Pacific-ROW, which grew a healthy 64 percent
from its 1990 level. Figure 1 presents the
regional wafer fab eq ent markets by
pementaie share for 1991. Even with its SIuIIJF

et environment in 1991, Japan s

accounted for 50 percent of the worldwide
wafer fab equipment market.

The wafer fab equipment market is decidedly in
a slump. The market declined 2 percent in 1990
and was followed by only modest 3 percent
growth in 1991. We expect the 1992 market, fed
by a significant slowdown in the latter half of

1991 to be weaker ye exgenence a decline
of 8 percent from its 1991 1

Figure 1

1991 Market Highlights

The following paragraphs detail several key
characteristics of the wafer fab equipment mar-
ket in 1991.

The mood of cautious o; expressed

by wafer fab equipment manufacturers at SEMI-
CON/West in May 1991 turned to frank pessi-
mism in the latter half of the year as the wafer
fab equipment ind fell victim to the
weakemnequ%?lgnconditi:nsug; the world’s major
economies. The Japanese and German econo-
mies began to decelerate while the U.S. and
U.K. economies remained firmly entrenched
under their mantles of recession. The weakening
macroeconomic climate had a significant impact
on the capital spending plans of the world’s
semiconductor manufacturers. Many equipment
companies saw orders bem%}])ushed out by as
much as several quarters while some new busi-
ness was canceled altogether.

One major factor that influenced the flat equip-
ment market in Japan in 1991 was a growing
concern regarding the profit pressures, over-
capacity, and end-market uncertainty associated
with the 4Mb and 16Mb DRAM. These concerns,
coupled with the weakening macroeconomic cli-
mate in Japan, resulted in 16 of the 24 existing
or planned 200mm fab lines being downsized or
delayed. By the end of 1991, only 38 percent of

1991 Regional Wafer Fab Equipment Markets (Millions of Dollars)

Europe
(11%)
$634 Million

Asia/Pacific-
ROW
(14%)

$852 Million

North America
(25%)
$1.54 Billion

Total =

Japan
(50%) :
$3.02 Billion B

6.04 Billion

Source: Dataquest (April 1992)
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the originally planned 200mm capacity had
come online. These large DRAM facilities require
significant equipment expenditure, thus the
reduced capacity additions for 200mm fabs took
a toll on the Japanese equipment market.

The European wafer fab equipment market was
the weakest regional market in 1991. Much of
the hype associated with the economic unifica-
tion of in 1992 had led to expectations
that semiconductor companies would make sig-
nificant investment in new fabs in order to meet
local content rules. The anticipated growth spurt
in the years prior to 1992 fizzled miserably. The
European wafer fab equipment market

only a modest 9 percent in 1989, followed by

a mere 6 percent in 1990. The market declined

17 percent last year.

Asia/Pacific, growing an impressive 64 percent
over its 1990 level, was a hotbed of activity for
wafer fab equipment companies in 1991. Semi-
conductor manufacturers in Asia/Pacific are on
an aggressive campaign to gain market share in
DRAMSs and other advanced semiconductor
devices and thus are adding the necessary
capacity to support this strategy. However, it is
important to place the feverish 1991 market
growth in perspective. This same equipment
market suffered a decline of 37 percent just one
year These roller-coaster market dynamics
highlight the fact that, with only a few major
semiconductor companies in this region, a
change in plans for just a handful of fabs can
swing market growth wildly in either direction.

To add to the competitive qua in the wafer
fab equipment industry, it is now clear that the
Korean government is beginning to nurture its
own embryonic domestic equipment industry

to complement its strategy in semiconductors
and silicon. Clearly, the potential of a new kid
on the block won't have any impact on wafer
fab equipment market dynamics in the short
term, but it does contribute a whole new dimen-
sion to the future competitive market environ-
ment for wafer fab equipment.

Dataquest Perspective

The market environment for wafer fab equip-
ment companies has probably never been tough-
er. Companies must cope with the presence of
sigmificant global competitors and the ever-
escalating costs of advanced technology develop-
ment on top of sluggish market conditions that
have prevailed for more than two years. The

©1992 Datacquest incorporaiad

companies that successfully emerge from this
downturn in the industry with new product
offerings and an increased emphasis on cost of
ownership and aftersale service and support will
be well positioned to take advantage of future
growth opportunities in the wafer fab equipment
market.

By Peggy Marie Wood

An “All-in-One” Summary Snapshot of
the 1991 Wafer Fabrication Equipment
Market

Dataquest's research of the wafer fabrication

i t market tracks the activities of more
than 150 companies that participate in 40 differ-
ent ts of the front-end equipment market.
We have designed Table 1 to be an easy-to-
use reference for summary market statistics of
the 1991 wafer fabrication equipment market.
Table 1 also reports our estimates of the 1991
worldwide markets for key segments of equip-
ment and the percentage change of the size of
each market relative to its 1990 level The table
also presents the percentage share for each mar-
ket segment by region and by regional supplier.

Dataquest Perspective

Although the wafer fab market is
becoming more and more global, it is not
entirely homogeneous with respect to equipment
usage. Wafer fab equipment demand in Japan
represented 50 percent of the worldwide wafer
fab equipment market in 1991. However, semi-
conductor manufacturers in Japan accounted for
63 percent of worldwide CD SEM equipment
demand, 65 percent of worldwide maskmaking
equipment demand, and 83 percent of the 1991
worldwide demand for ECR etch equipment.

These variations in equipment demand can
occur on a regional basis because of a concentra-
tion of activity in a specific region, such as
maskmaking in Japan, or because of a specific
manufacturing philosophy that favors a given
type of tool technology, such as the preference
by Japanese device manufacturers for CD SEM
rather than optical CD systems. An especially
strong domestic supplier base in a given tool
technology can also influence the regional mar-
ket dynamics for a specific equipment segment.
Japanese companies account for 98 percent of
the worldwide ECR etch equipment market,

May 4, 1992
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Tahle 1

Summary Reglonal and Ownarship Market Statistics of the 1991 Wafer
Fabricatlon Equipment Market (Millions of Dollars)

(%)

Percentage Regional Markets

Percentage Regional Ownership

Change Asia- North
1991  from North Pacific/’  American Japanese European Joint
Equipment World ($) 1990  America Japan Europe ROW Comps. Comps. Comps. Ventures
Contact/Proximity 21 -13 13 38 34 16 0 38 62 0
Projection Aligners 68 -27 22 45 11 22 31 69 ] 0
Steppers 1,029 -2 27 49 9 15 11 82 7 0
Direct-Write 55 -27 13 64 13 9 0 81 19 0
Maskmaking 46 -3 21 65 7 8 56 39 5 0
X-Ray 4 163 57 43 0 0 57 0 43 0
Total Lithography 1,224 -5 26 50 10 5 13 79 8 0
Automatic Photoresist
Processing Equipment 369 13 30 49 9 12 28 62 5 5
Wet Processing 405 1 26 51 9 15 30 67 3 0
Dry Etch 567 2 30 43 13 15 63 31 3 3
ECR Etch 138 23 3 83 4 10 0 98 2 0
Dry Strip 119 1 27 52 8 13 33 50 0 18
Total Etch and Clean 1,229 2 25 51 10 14 42 52 2 3
Horizontal Tube CVD 85 -27 26 38 17 19 21 16 60 2
Vertical Tube CVD 192 34 17 57 6 20 13 71 12 4
Nontube CVD 471 3 28 48 n 12 80 10 5 6
Total CVD 747 4 25 49 10 15 56 26 13 5
Sputter 438 22 27 50 9 14 37 59 4 0
Evaporation 36 26 40 37 14 9 30 35 35 0
Silicon Epitaxy 89 30 28 52 12 8 40 21 39 0
MOCVD 51 16 27 45 18 10 36 33 31 0
MBE 59 2 18 51 18 14 9 4?2 49 0
Total Deposition 1,420 10 26 49 11 14 46 37 15 3
{Continued)
N - -
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Tahle 1 (Continusd)

Summary Regional and Ownership Market Statistics of the 1991 Wafer
Fabrication Equipment Market (Millions of Dollars)

Pexcentage Regional Markets Percentage Regional Ownership
(%)
Change Asia- North
1991  from North Pacifi’/  American Japanese European Joint
Equipment World ($) 1990 America Japan Europe ROW Comps. Comps. Comps. Ventures
Horizontal Diffusicn 135 -18 27 34 16 22 38 44 14 4
Vertical Diffusion 200 25 21 54 7 18 19 72 5 4
Total Diffusion 335 3 24 46 11 19 26 61 9 4
Rapid Thermal Processing 42 41 44 34 17 . 5 85 7 8 0
Medium Current Implant 108 -5 15 55 13 17 53 36 0 11
High Current [mplant 218 -13 18 59 12 11 55 10 0 35
High Voltage Implant 18 159 16 65 19 0 83 17 0 0
Total Implant 343 -7 17 58 13 12 56 19 0 26
Optical CD* 59 1 33 33 22 12 €5 21 14 0
CD SEM 94 8 19 63 6 13 14 86 0 0
Wafer Inspection %0 -1 29 46 17 7 45 42 13 0
Subtotal Wafer Fab Equip. 5,205 2 25 50 11 14 35 53 8 4
Macro Categories

Ton Milling 17 28 23 42 13 23 NA NA NA NA
Other Process Control. 398 8 30 45 3 14 NA NA NA NA
Factory Automation 227 5 16 58 10 16 NA NA NA NA
Other Equipment 193 2 25 50 1 14 NA NA NA NA

Total Wafer Fab
Equipment 6,040 3 25 50 11 14 NA NA NA NA

NA = Not applicable

*Includes dedicated registration measurement tools.

Percentage figures
Source: Dataquest {April 1992)

for regional markets and ownership may not add to 100 percent because of rounding.
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6 Semiconductor Equipment, Manufacturing, and Materials

and thus, it is no surprise that semiconductor
manufacturers in Japan purchase a dispropor-
tionately larger amount of this equipment
because of their proximity to this strong domes-
tic vendor base. Overall, though, Table 1 shows
that for the majority of wafer fab equipment cat-
egories, regional trends for individual segments
of equipment are quite similar to the percentage
share represented by each of the regional wafer
fab equipment markets.

By Peggy Marie Wood

1991 CVD Equipment Market in Review

The worldwide CVD equipment market grew

4 percent in 1991 and represented a $747 million
market. This article presents the significant high-
lights of the 1991 CVD equipment market.

Regional CVD Equipment Market and
Ownership

Figure 1 shows the worldwide 1991 CVD equip-
ment market segmented by region and owner-
ship. Japan, with 50 percent of the worldwide
CVD market, continued its role as the largest
regional market. However, North American
companies continued their dominance of the
1991 CVD market, capturing 56 percent of the
worldwide $747 million total.

Figure 1
1991 CVD Regional Markets and Ownership

CVD Equipment Company Ranking

Table 1 lists the worldwide 1991 CVD equip-
ment company market ranking, together with
the market segment activities.

Applied Materials

Applied Materials, with 29.2 percent of the
1991 market, retained its position as the mar-
ket leader. Applied’s dielectric PECVD reactor
business continued its strong thrust into
intermetal dielectric and passivation applica-
tions. Applied has focused on designing ifs
low-temperature TEOS-based oxide process into
multiple applications within multilevel inter-
connect processes at leading device company
fabs. The move toward double-level intercon-
nect 16Mb DRAM processes and triple-level/
four-level microprocessor/ASIC processes has
allowed Applied to address a progressively
larger total available market. Applied’s metal
CVD business, which addresses the tungsten
and tungsten silicide interconnect market, also
showed healthy growth in 1991.

Dataquest believes that Applied’s CVD market-
ing strategy is currently focused on lowering
cost of ownership across the board in its

huge installed base of P5000 CVD systems.
The combination of Applied’s traditional
strengths in process development, together

Markets

Europe (10%)
$76 Million
Asia/Pacific-
ROW

(15%)
$113 Million

Japan
(50%)

$370 Millon

North America
(25%)
$188 Million

Total = $747 Million

Companies (13%)

Ownership

Joint Ventures
(5%)
$36 Million

European

$97 Million

North American
Companies
(56%)

$419 Million

Japanese
Companies

(26%)
$195 Million

Total = $747 Million

Source: Dataquest (April 1992)

May 4, 1992
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Table 1
1991 Worldwide CVD Equipment Company Rankings (Revenue in Miliens of Dollars)

Horizontal Vertical

CVD Market LPCVD LPCVD Horizontal Reactor Reactor ECR
Company Revenue % Share Tube Tube LPCVD PECVD CVD
Applied Materials 218.4 29.2 0 0 0 0 32 186.4 0
ASM International 70.5 94 7.9 226 40 0 0 0 0
Novellus Systems Inc. 69.7 9.3 0 0 0 0 5.7 64 0
Kokusai Electric 63.6 8.5 1.6 62 0. 0 0 0 0
Tokyo Electron Ltd. 62.8 84 7.1 53 0 0. 27 0 0
Watkins Johnson 48.5 6.5 0 0 0 .5 0 0 0
Genus 34.8 4.7 0 0 0 0 348 0 0
Alcan Technology
{(Canon) 26.8 3.6 0 0 0 0 0 0
Silicon Valley Group 258 35 9.3 16.5 0 0 0 0
ET. Electrotech 20 2.7 0 0 0 0 20 0
Ulvac 18.3 24 5.3 5 0 8 0 0
Amaya 12.3 1.6 0 0 0 0 0 0
BTU International 10.5 14 6 45 0 0 0 0
Varian/TEL 9.6 1.3 19 7.7 0 0 0 0
Others 55.8 7.5 48 20.3 1 6.7 114 7.3
Worldwide Market Total 747.4 100.0 43.9 191.6 41 89.9 2818 7.3

Note: Calendar year 1991 gystems revenue only; spares and service not included.
Source: Dataquest (April 1992)

:ieactor
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8 Semiconductor Equipment, Manufacturing, and Materials

with its stronger focus on user economics
issues, positions the company well for growth
in the CVD market.

ASM International

ASM International, with $70.5 million in 1991
CVD revenue, captured 9.4 t of the mar-
ket. Although ASM International’s traditional
horizontal PECVD tube business has shown
signs of decline in the last two years, the
company is attempting to reposition itself as

a leading supplier of vertical LPCVD tubes,
vertical LPCVD tube-based cluster tools, and
PECVD single-wafer reactors. ASM Interna-
tional has been i ly successful in Japan
with its 6- and 8-inch horizontal PECVD tube
and its new vertical LPCVD tube for poly and
thermal nitride applications.

ASM International faces its biggest challenges
in the next few years as it attempts to crack
the high-growth reactor CVD market and the
vertical LPCVD fube market against entrenched
rivals that forged into the market earlier. The
company is betting that its small-batch and
large-batch vertical tube loadlocked cluster
tools will find market acceptance in emerging
integrated applications such as integrated gate-
stack formation and preclean/oxidation/diffu-
sion applications.

Noveflus

Novellus, with $69.7 million in 1991 CVD sys-
tems revenue, captured 9.3 percent of the
market. Novellus continues to penetrate the
low-temperature silane-based and TEOS-based
oxide market using its elegant Concept-One
systern architecture, Novellus’ marketing strate-
gy, which emphasizes low cost of ownership
coupled with advanced film qualities, has
been very successful in winning large-vohume,
multiple orders from several global device
manufacturers. Novellus was also very effec-
tive in continuing its penetration of the crucial
Japanese market.

Dataquest believes that Novellus has elected
to pursue a long-term policy of direct ici
pation in the Japanese market through the
establishment of a comprehensive customer
support, applications, and development facility
in Japan. Novellus continued its efforts toward
penetrating the metal CVD market with the
Concept-One-W The success of Novel-
lus in the metal CVD market will play a

May 4, 1992
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crucial determining role in the company’s
efforts toward penetrating the integrated inter-
connect applications market on the new CVD/
PVD Concept-Two hybrid platform.

Dataquest also notes that dry etch technology
is conspicuous by its absence in the Novellus
product portfolio. We predict that Novellus
will speedily acquire dry etch technology
capability either through an acquisition, alli-
ance, or internal development efforts. In the
era of integrated thin films applications, the
lines between deposition and etch technologies
are rapidly blurring. Only companies that offer
a complete, global, best-of-breed solution can
sustain growth and profitability. Novellus has
recently been putting a new management team
in place that will transition it from a single-
product, regionally focused company into

a multiproduct, global capital equipment
company.

Kokusai Electric and TEL

Kokusai Electric and Tokyo Electron Ltd.
(TEL) continue their dominance of the verti-
cal LPCVD tube business. Both companies
have been extremely successful in delivering
high-performance, production-worthy plat-
forms for poly, thermal nitride, and un-
doped high-temperature oxide applications
in 4Mb/16Mb DRAM applications. Both
companies recently introduced loadlocked
8-inch vertical thermal reactors (VIRs) targeted
at integrated thermal processes such as gate-
stack formation, capacitor formation, and
preclean/diffusion /oxidation.

Because of significant value-added automation,
process-control, and defect-reduction features,
both companies have been able to obtain
premium market prices for their VIRs,
which can range in price from $300,00¢ fo
$600,000 per tube. TEL is aggressively
marketing its VIRs globally through the
Varian/TEL joint venture in the United States
and Europe, and by itself in Asia/Pacific.
Kokusai Electric recently bought a majority
stake in BTU International’s Bruce Systems
division and hopes to gain from BTU Interna-
tlonals installed base, customer support/ser-

vice, and process-control software expertise.
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Watkins-Johnson

Watkins-Johnson, with 6.5 percent of the
worldwide CVD market, continued its domi-
nant position in the APCVD market. The
company is attempting to diversify beyond its
traditional silane-based BPSG premetal dielec-
tric business. By offering TEOS/ozone low-
temperature conformal dielectric solutions, the
company hopes to parlay its core APCVD
technology into the larger, potentially more
lucrative intermetal dielectric market.

Dataquest believes that Watkins-Johnson will
vigorously attempt to carry over its production
worthiness, APCVD simplicity, and low cost
of ownership advantages into the intermetal
dielectric market.

Genus

Genus, with 4.7 percent of the 1991 CVD mar-
ket, retained its position as the market leader
in the LPCVD-based tungsten silicide market.
However, Genus experienced significant compe-
tition from companies such as Applied Materi-
als and Novellus in the blanket tungsten CVD

segment.

Dataquest believes that Genus will continue to
focus on developing advanced films such as
high-temperature dichlorosilane silicide (DCS
silicide) and CVD titanium nitride. Genus con-
tinues its strong links with key customers such
as IBM in the bianket tungsten CVD market.
Genus faces the challenge of fending off larger,
better-capitalized competitors such as Applied
and Novellus in the high-volume blanket tung-
sten and tungsten silicide market. The com-
pany must simultaneously chanmel its limited
resources wisely toward the development of
leapfrog films such as CVD titanium nitride,
CVD copper, and DCS tungsten silicide.

Alean Technology (Canon)

Alcan Technology (Canon), with almost

$27 million in 1991 revenue, nearly doubled
its CVD product revenue based on its pioneer-
ing TEOS/ozone APCVD technology. Its

low temperature APCVD technology repre-
sents a significant challenge fto the hitherto
unchallenged PECVD technology dominance
of the hucrative intermetal CVD film market.

SEMM-SVG-DP-9205
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Dataquest believes that other leading CVD
companies will focus on development of
TEOS/ozone APCVD intermetal dielectric
solutions that will compete with Alcan in
the CVD market.

Silicon Valley Group

Silicon Valley Group, with almost $26 million
(3.5 percent) of the market, continues its focus
on the vertical LPCVD tube business. The
company won several significant 8-inch VIR
orders in 1991. With BTU International’s
diminished position within the wafer fabrica-
tion equipment business, SVG remains as the
last U.S. participant of significant size in the
VIR business.

Dataquest believes that SVG is poised to con-
tinue its quest for market share gain in the
LPCVD VTR market through development of
the advanced vertical processor (AVP) family
of clusterlike loadlocked tube products.

Dataquest Perspective

The $747 million 1991 CVD equipment market
represented one of the few growth spots in an
otherwise lackluster wafer fabrication equipment
market. Technology-driven market segments
such as metal CVD, LPCVD VTR tubes, and
TEOS/ozone APCVD continued to influence the
growth of the CVD market. New CVD market
players in areas such as APCVD and LPCVD
VIR products may challenge the traditional
dominance of the PECVD dielectric reactor com-
panies. PECVD reactor companies, in turn, are
scrambling to diversify their process applications
into high-growth segments such as metal CVD,
polysilicon LPCVD, and TEOS/ozone APCVD
films. We expect the technology displacements to
continue driving significant shifts in the quest
for global CVD equipment market share.

By Peggy Marie Wood and Krishna Shankar
(San Jose)
Kunio Achiwa (Tokyo)

May 4, 1952
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Company Analysis

Business

Rolun and Haas Company has announced an
agreement to purchase the remaining 70 percent
of the equity of Shipley Company. Rohm and
Haas has owned 30 percent of the company
since 1982. The transaction is expected to be
completed in the second quarter of 1992.

The major shareholders, Charles and Lucia
Shipley, prefer a tax-free transaction and will
exchange their Shipley holdings for a new issue
of 2.7 million shares of $50 million convertible
preferred stock (paying a $2.75 per-share annual
dividend) plus 700,000 common shares of Rohm
and Haas (price $54.75 as of April 16, 1992).
Dataquest esb.mates that the present value of
the deal is worth $135 million to $200 million
dollars.

Market Drivers

The acquisition marks another step in the con-
solidation and restructuring of the global pho-
toresist industry, which has been under way for
the last seven years {see Table 1). Prior to the
acquisition, Shipley and Tokyo Ohka (TOK), the
two largest players in the U.S. and Japanese

Table 1
Photoresist Industry Consolidation

markets, were the last vendors not owned by

a large chemical company. But, as capital in-
vestment in leading-edge resists skyrockets,
even Shipley and TOK are finding it difficult to
match the spending programs of some of the
large chemical companies that have entered the
resist business.

Shipley’s revenue in 1991 totaled about

$200 million, slightly down from $212 million
in sales in 1990. Dataquest believes that it was
increasingly difficult for Shipley to finance its
$100 million dolar, five-year building program
because of the downturn in the semiconductor
industry. Shipley is constructing two new facili-
ties in Marlboro, Massachusetts and Niigata
prefecture, Japan. In addition, the company
plans to upgrade its recently completed
manufacturing facilities in Coventry, England.

Compared with other resist manufacturers (see
Table 2), Shipley spends a larger percentage

of its sales on facilities and R&D. Dataquest
estimates that Shipley spent about $30 million
on new facilities in 1991, or 14.7 percent of sales.
R&D spending accounted for another $14 mil-
lion in spending, or 6.9 percent of sales. TOK
and Shipley lead the industry in facility invest-
ment and R&D expense when measured as a
percentage of sales.

1992 Rohm and Haas acquires Shipley.
1992 OCG Microelectronics acquires KTI's resist lines.
Olin Hunt and Ciba Geigy merge photoresist operations into OCG Microelec-
1991 tronic Materials, a joint venture company.
1991 Hoechst AG acquires manufacturing rights to IBM’s g-line and i-line resists.
Japan Synthetic Rubber and UCB form a joint venture company to market
1990 resists in Europe and the United States.
Dynachem acquires MacDermid’s semiconductor resist business in exchange
1990 for Dynachem’s printed circuit board resist business.
1989 Shipley acquires Aspect Systems.
1988 E. Merck sells its photoresist line to Ciba Geigy.
1988 Spectrum Resist exits the photoresist business.
1987 B.E Goodrich exits the photoresist business.
1986 Monsanto sells off its photoresist operation to Aspect Systems.
1985 Allied Chemical exits the photoresist business.
Dataquest (April 1992}

May 4, 1962
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Table 2
FY1991 Financial Data on Selected Photoresist Suppliers (Milions of U.S.$)
Facility Investment Ré&D Expense

Revenue Dollars % Sales Dollars % Sales
Japan Synthetic Rubber’ 1,600 185 11.6 85 5.3
Nippon Zeor' 1,250 99 7.9 45 3.6
Shipley® 204 30 147 14 6.9
Sumitomo Chemical’ 7,926 518 6.5 296 3.7
Rohm and Haas® 2,763 265 9.6 183 6.6
Tokyo Ohka’ 475 72 15.7 21 4.5
Note: 1991 exchange rate $U.S.1 = ¥134.68
'FY ends March 1952
*Dataquest estimates; FY ends December 1991
’FY ends December 1991
Source: Dataquest (April 1992)
But Dataquest believes that Shipley is being Table 3

oufspent in absolute dollar terms by the much TOK’s Capital Expenditure (BRlions of Yen)
larger companies, even recognizing that total

spending at the larger companies is spread

over many programs outside of the photoresist ~ FY1990 5.9

business. Japanese companies are especially FY1991 9.7

aggressive in their level of photoresist spending  FY1992 6.0 to 8.0 (including the following
even when they do not currently have a position items)

in the photoresist business (for example, Nippon 1.9 land purchase for new plant in
Zeon). With much laxger competitors outspend- Kooriyama

ing Shipley, the mkﬂzhhﬁeazzl a deel;-hpodceted 1.5 for phase two of Aso plant
company such as Haas should permit . Cot

Shipley to maintain its capital spending plans 1.5 for - : of ba plant
through the current industry downturn. Source: Dataquest {April 1992)

Tokyo Ohka as i-line resist volumes begin to ramp. More-

The acquisition of Shipley leaves TOK as the last gver, TOK’s g-line products, which account for
resist supplier with revenue less than $500 mil-  the largest share of its sales, are coming under
lion. This begs the question as to whether mar-  pricing pressure and are not expected to
ket dynamics will also force TOK into a merger  experience much growth. Resist products and
with a larger company. TOK, like Shipley, will ancillary resist chemicals account for 66 percent
need to maintain an intensive capital spending  of TOK’s sales worldwide (see Figure 1), so
and R&D program in order to sustain its leader- price erosion or a loss of market share will
ship position in the resist industry (see Table 3).  certainly undermine TOK’s ability to maintain
TOK currently has 60 percent of the positive its capital spending plans.
resist market in Japan and 10 percent of the U.S.
market. Yet the shift to i-line resist threatens to ~ Unless TOK can turn these trends around
erode that market position. or aggressively grow its printing materials

or equipment business, the probability that
New competitors, particularly Sumitomo Chemi- TOK will remain independent will decrease.
cal and Japan Synthetic Rubber, are expected Dataquest believes that the company simply
to erode TOK's share of the Japanese market does not have the critical mass to maintain its

SEMM-SVC-DP-9205 ©1892 Dataquest incorporated May 4, 1952
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Figure 1

Tokyo Ohka Sales Breakdown (Half-Year Ending September 1991)

Printing
Materials

Half-FY1991 Total = ¥29.8 Billion

Source: Toyo Keizai

momentum. In addition, like other Japanese bus-
inesses, it is facing higher capital costs that are
an additional strain on sustaining the aggressive
investment plans.

The wild card in this analysis is the fast-
growing market for resist in liquid crystal dis-
plays. Japanese companies dominate this market.
TOK has the advantage here in being the largest
player in the Japanese market, an advantage
which Shipley could not fall back on. If TOK
can position itself in this application, then it will
certainly benefit from the exponential growth
forecast for the LCD market. Under this scenar-
io, TOK could reach the critical mass to remain
independent. However, winning a significant
share of the LCD resist market, a share that
would be comparable to its position in g-line
resists today, appears impractical considering
the number of other competitors in Japan target-
ing this application.

Rohm and Haas
Rohm and Haas is a Philadelphia-based chemi-

cal company. It is a major supplier of polymers,
plastics, performance chemicals, and agriculture
chemicals. Its 1991 revenue totaled $2.7 billion.

May 4, 1992
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Shipley is Rohm and Haas’ second acquisition
in the past six months. In 1991 it agreed to
acquire the emulsion polymer business of
Unical. The Unical transaction is awaiting FTC
approval. Unical had sales of about $160 million
and the estimated selling price was $150 million
to $175 million. The two acquisitions will add
about $400 million of specialty chemical revenue
to Rohm and Haas’ sales. In 1991, its specialty
chemical sales were about $1.8 billion, so these
acquisitions will expand Rohm and Haas’ spe-
cialty chemical sales by more than 20 percent.
Dataquest expects Rohm and Haas to continue
to build its specialty chemical business through
acquisitions.

Dataquest Perspective

The Shipley acquisition will most likely be one
of the last few transactions, marking an end to
an intense period of consolidation in the global
photoresist business. The industry is now mov-
ing into a phase in which chemical titans will
battle for world market share armed with
advanced resists, which will cost small fortunes
to bring to market.

By Mark FitzGerald (San Jose) and
Kunio Achiwa (Tokyo)
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Inquiry Summary

Dataquest’s Semiconductor Equipment, Manufac-
turing, and Materials inquiry summaries are
designed to inform our clients of comunonly
asked questions and Dataquest's respective
answers. No confidential information provided
by our clients is included in this material.

Wafer Fab Activity in Malaysia
Q. What is the status of wafer fabs in Malaysia?

A. Over the past few years, Malaysia has
received increasing press coverage as the coun-
try has strived to atiract leading semiconductor
manufacturers to establish front-end operations.
Historically, Malaysia has focused on back-end
operations and has had an extensive number of

foreign companies set up shop there.

One impetus for assembly and test operations
locating to Malaysia has been the General
System of Preference agreement. In short, this
agreement provides tariff abatement for products
brought into the European Comumunity that
are manufactured in selected southeast Asian
nations. Under the broad definition of “manu-
facture,” the value added through assembly
and testing also provided manufacturers with
a mechanism to more effectively meet market
pricing demands.

The only major semiconductor manufacturer so
far to establish a front-end operation in Malaysia
is Motorola. The Motorola Sarambam line has
been operating since midyear 1988 and produces
principally discrete devices. Motorola also has a
back-end operation located in Petaling Jaya.

Company sources cannot confirm that Hitachi
reportedly has plans to build a front-end fab in
Malaysia for DRAM fabrication. At present,
Dataquest believes that this new fab line in
Malaysia is highly unlikely because Hitachi's
wafer fab in Landshut, Germany, is slated to
come online this fall. The Landshut facility will
manufacture DRAMs, and with the current ane-
mic capital spending outlook, the likelihood of a
new line in Malaysia appears doubtful

By Rebecca Burr
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1991 Top Ten Wafer Fab Equipment

Company Ranking by Region

Q. How many companies in the worldwide top
10 wafer fab equipment company ranking for
1991 also rank as a supplier in the top 10 rank-
ing for all four regional markets?

A. Table 1 identifies the top 10 wafer fab equip-
ment companies in the world and regiona! mar-
kets in 1991. Only four companies (Nikon,
Applied Materials, Canon, and Varian) place in
the top 10 ranking in each of the four major
regional markets. Nikon and Canon achieve
this distinction because of their particularly
strong presence in the stepper market. Applied
Materials and Varian are in each of the top 10
regional rankings because these two companies
provide a diverse mix of products designed for
leading-edge device manufacturing,

By Peggy Marie Wood

In Future Issues

Look for the following articles in future issues of
Dataquest Perspective:

m 1991 stepper market in review

& 1991 PVD market in review

m U.S. semiconductor bulk gas market

May 4, 1992
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Table 1
1991 Top Ten Wafer Fab Equipment Company Ranking by Region
‘Rank World {($M) North America {$M) Japan ($M)
1 Nikon 557.2 Applied Materials 165.0 Nikon 3482
2 Applied Materials 4933  Nikon 121.1  Tokyo Electron Lid. 314.8
3 Tokyo Electron Ltd. 397.3 Silicon Valley Group 108.6 Hitachi 244.0
4 Hitachi 327.6 General Signal 77.8 Applied Materials 203.1
5 Canon 2915 LAM Research 63.0 Canon 147.2
6 Varian 180.8 Canon 544 Ulvac 118.3
7 Silicon Valley Group 180.3 Varian 42.7 Anelva 118.1
8 Anelva 154.6 ASM Lithography 40.7 Dainippon Screen 92.9
9 Kokusai FElectric 138.2 ASM International 38.2 Kokusai Electric 76.1
10 Dainippon Screen 138.0 Materials Research Corp. 355 Varian 65.8
2,858.8 7470 1,728.5
Total Market 6,039.5 Total Market 1,536.3 Total Market 3,016.7
Percent Top 10 47 Percent Top 10 49 Percent Top 10 57
Rank Europe Asia/Pacific-ROW
1 Applied Materials 66.2 Tokyo Electron Ltd. 825
2 Nikon 39.9 Hitachi 62.3
3 Silicon Valley Group 317 Applied Materials 59.0
4 Canon 316 Canon 58.3
5 Varian 27.7 Nikon 48.0
6 Varian/TEL 24.6 Varian 44.6
7 ASM International. 245 Kokusai Blectric 43.6
8 E.T. Electrotech 20.8 LAM Research 329
9 Eaton 184 Silicon Valley Group 26.7
10 General Signal 144 ASM Lithography 21.6
299.8 479.5
Total Market 634.2 Total Market 852.3
Pexcent Top 10 47  Percent Top 10 56

Revenue eatimates reflect the major categories of wafer fabrication equipment including lithography, automatic photoresist processing equipment, stch and clean, deposition,
diffusion, rapid thermal processing, ion implantation, optical CD and CD SEM tools, and wafer inspection equipment. Revenue associated with service and spares is not

included.
Source: Dataquest (April 1952)
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CONFERENCE ANNOUNCEMENT

Dataquest’s 11th Annual SEMICON/West Seminar: Status 1992

Wafer fab equipment and materials companies had a tough time in 1990 and 1991
as the industry faltered. Dataquest believes that 1992 will also be a difficult year
because of the lack of capifal investment in semiconductor facilities. Will this dis-
mal scenario continue? We don't think so. This year’s SEMICON/West seminar
will explore some of the reasons why the equipment and materials industry
slowed over the past several years and why we believe that the industry will pick
up again to resume a more normal growth path.

Attendees will hear Dataquest speakers discuss the following topics, which will
provide a cohesive picture of the wafer fab equipment and materials industry from
both supply-side and demand-side perspectives:

s Wafer fab equipment market status and forecast
m Wafer fab equipment company trends

= Semiconductor fab overview

m Capital spending forecast

a Changing strategies for materials companies

® Worldwide semiconductor device forecast

m Is there a future for the 1Gb DRAM?

m Portable PCs: A hot demand-side application

The seminar covers a lot of ground but it is specifically designed to provide the
kind of high-level status and trend information that semiconductor equipment and
materials industry executives need to support their decision-making. Industry
executives have full and hectic schedules during SEMICON /West, but we believe
that attendance at our acclaimed annual seminar will be an excellent investment of
your time that will pay dividends to you and your company.

Dataquest’s Status 1992 Seminar will be held on Wednesday, June 17 at the ANA
Hotel (formerly Le Meridien) in San Francisco, just a few minutes’ walking dis-
tance from Moscone Center, site of the SEMICON/West trade show. The seminar
will begin at 8:30 a.m. and conclude by 11:40 a.m. Registration and continental
breakfast will commence at 7:30 a.m. The fee for this seminar is $145. Please con-
tact Dataquest’s Conference Department at (408) 437-8245 for further information.

SEMM-SVC-DP-9205 ©1992 Datacuest Incorporated May 4, 1922
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For More Information . . .

On the topics in this issue ..................... Peggy Marie Wood, Director/Principal Analyst (408) 437-8631
About online access (408) 437-8576
About upcoming Dataquest conferences {408) 437-8245
About your subscription or other Dataquest publications (408) 437-8285
Via fax request (408) 437-0292

The content of this report represents our interpretation and analysis of information generally available to the public or refeased by responaible individuals

in the subject companies, but is not guaranteed as to accuracy or completeness. It does not contain material provided to us in confidence by cur clients.

Individual companies reported on and analyzed by Dataquest may be clients of this and /or other Dataquest services, This information is not furnishexd in

connection with a sale or offer to sell securities or in connectinn with the solicitstion of an offer $o buy securitien, This firm and its parent and /for their

mwo&holdus or members of their families may, from time to time, have a jong or shert position in the securities mentioned and may sell or buy
securities.
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Technology Analysis Microprocessor Technology Steals the

DQ Feature—Microprocessor Technology Steals the
Show at ISSCC/1992

In this article, Dataquest analyzes advanced device
and technology trends from the recent
International Solid-State Circuits Conference.
Microprocessors and flash memory will comple-
ment DRAMs as future technology drivers.

By Krishna Shankar Page 1

Semiconductor Manufacturing

How Much Is Too Much?

The semiconductor industry is one of the most
capital-intensive in the world. Semiconductor com-
panies spend 33 percent, or one-third, of the their
revenue on technology development and capital.

By George Burns Page 4
Conferences and Exhibitions

Bad Vibes in Europe
There were few signs of an industry recovery at
the 1992 SEMICON/Europa show.

By Mark FitzGerald Page 5

News and Views

Nexi-Generation Micrascan Soon to Be Unveiled

By Peggy Marie Wood Page 6

Inquiry Summary

Semiconductor Equipment, Manufacturing, and
Materials Inquiry Highlights
Dataquest’s Semiconductor Equipment, Manufac-
turing, and Materials inquiry summary is designed
to inform our clients of commonly asked questions
and Dataquest’s respective answers. No confiden-
tial information provided by our dlients is included
in this material. The information contained in this
publication is believed to be reliable, but it cannot
be guaranteed to be correct or complete.

Page 7

Show at ISSCC/1992

The recent annual International Solid-State
Circuits Conference (ISSCC) held in San
Francisco provided a glimpse of future de-
vice architecture and process technology that
will drive the wafer fabrication equipment
and materials industry for the next 10 years.
Fast-paced advances in microprocessor system-
on-~chip technology stole the show from the
traditional DRAM-driven technology status
reports at ISSCC/1992.

Microprocessors Become Semicomputers

Microprocessor architectural advances coupled
with the enabling power of submicron pro-

cess technologies are now enabling computer
designers to cram entire systems onto one

large chip. In addition to the CPU, leading-edge
microprocessors now incorporate the floating-
point unit (FPU) and instruction and data cache
(8Kb to 36Kb) on board the chip. Factors such
as defect densities, yields, and stepper field sizes
will constrain the trend toward all-encompassing
integration.

The semiconductor revolution is giving way to
semicomputer evolution. The design innovation
pendulum is swinging away from traditional
proprietary, merchant microprocessor houses
such as Intel and Motorola toward system-
knowledge intensive captive computer compa-
nies such as Digital, Hewlett-Packard, IBM, Sun,
and Silicon Graphics. The evolution of RISC-
based open-architecture computing and access
to leading merchant CAD tools and global ASIC
foundries has significantly leveled the silicon
playing field between traditional merchant
microprocessor companies and captive com-~
puter/workstation companies.

Dataquest
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Table 1 summarizes the key features of
advanced microprocessors discussed at ISSCC/
1992. All microprocessor papers were presented
by computer/workstation companies. Digital’s
Alpha RISC architecture and MIPS R4000
architecture (not presented at ISSCC/1992) her-
ald the arrival of 64-bit computing. Leading-
edge microprocessors are using CMOS technol-
ogy with minimum lithography design rules in
the 0.5- to 0.8-micron range. Extra-wide field
stepper lenses and other lithography innovations
such as step-and-scan technology will be needed
to print increasingly larger microprocessor chips.
BiCMOS technology may be needed to imple-
ment the ECL-type low-level logic swings of
high-speed microprocessors.

Microprocessors continue to drive multilevel
interconnect technology. Three-level interconnect
technology is rapidly becoming the standard in
advanced 32/64-bit microprocessors, with four-
level interconnect implementations looming on
the horizon. Metal linewidth/space and contact
feature sizes in the range of 0.5 to 0.8 microns
rival the traditional transistor gate-length as a
technology driver. In response, microprocessor
manufacturers will increase the proportion of
the wafer fab equipment capital budget spent
on planarization, plug, interconnect deposition,
and etch applications, relative to lithography
applications.

Is the DRAM Technology Juggernaut Slowing?

NEC’s 64Mb DRAM chip was the lone advanced
DRAM entrant in the ISSCC technology horse
race. The chip was implemented in 0.4-micron,
3.3V double-metal CMOS technology. NEC used
a hemispherical storage-node technique for its
stacked capacitor cell scheme to yield a cell size
of 1.8 * 0.9 micron”. The prototype chip, which

measured 19.48 * 9.55 mm’, performed with an
access time of 30ns. NEC’s adoption of built-in
self-test (BIST), redundancy, and repair diagnos-
tics logic may signal an emerging advanced
DRAM design trend that will contribute to
simplified testing and repair at the expense of a
slightly larger die size.

A DRAM panel session held at ISSCC/1992
revealed some contradictory opinions on future
DRAM generation evolutions. IBM believed

that lengthening the historical three-year gap
between DRAM generational adoptions was
inevitable because of factors such as increasing
fab costs that may increase cost per bit, limits to
cell-size scaling and lithography, and device
reliability issues.

In contrast, Toshiba’s outlook was optimistic.
Toshiba believed that new cell innovations such
as three-dimensional stacked gate transistor
(SGT) technology, in which the transfer gate and
capacitor node are built in the vertical direction
on a silicon pillar island, may allow DRAM
technology to evolve at its historical rapid pace.
Dataquest believes that new capacitor dielectric
materials such as CVD tantalum pentoxide, with
its high dielectric constant, may allow DRAM
companies to continue scaling cell sizes while
maintaining the simplicity and economics of
prior-generation processes.

Texas Instruments (TI) believed that future
DRAM generations such as a 256Mb DRAM
based on 0.25-micron technology and a 1Gb
DRAM based on 0.15-micron technology were
realistic, achievable long-term targets. TI specu-
lated that DRAMSs will become increasingly
specialized and segmented to target specific
applications such as high-speed workstations
and low-power portable computers. Dataquest

Table 1
Key Features of Microprocessor Technology at 1ISSCC/1992

Speed Design Rule  Transistors Chip Size
Company  Architecture (MHz) Technology (Microns)  (Millions) (cm * cm)
DEC 32-Bit/CISC 100 CMOS 0.75 1.30 1.62 * 1.46
DEC 64-Bit/RISC 200 CMOSs 0.75 1.68 1.68 * 1.39
Fujitsu 32-Bit/CISC 70 CMOS 0.50 1.50 1.60 * 1.58
Hitachi 32-Bit/CISC 250 BiCMOS 0.30 1.02 0.81 * 0.80
Sun 32-Bit/RISC 40 BiCMOS 0.80 3.10 1.60 * 1.60
Source: Dataquest, ISS5CC/1992 (April 1992)
April 13, 1992 ©1992 Dataquest Incorporated SEMM-SVC-DP-9204
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believes that application-specific DRAMs such
as video DRAMSs, wide-word DRAMSs, and
RAMBUS-based high-performance DRAMSs
will offer opportunities for differentiation and
premium pricing that allow more expensive
high-performance process and packaging
technologies to be adopted.

Faster and Denser SRAM Technology
Mushrooms

Faster and denser SRAM process technologies
are mushrooming at an accelerated pace be-
cause of the increasing cache-memory needs
of high-performance workstations and high-
end computers. Table 2 lists the key features
of advanced SRAM chips that debuted at
1SSCC/1992. Japanese companies such as
Fujitsu, Hitachi, NEC, and Toshiba appear to
be in the forefront in introducing high-speed,
high-density SRAMs such as 1Mb, 4Mb, and
16Mb products. Several SRAM companies con-
tinue fo pursue BiCMOS technologies because
of the high-speed ECL-level I/O requirements.
However, pure submicron CMOS technologies
that are more cost-effective appear to be
catching up rapidly in the speed horse race.

All the advanced SRAMs utilized double-level
interconnect technologies. Dataquest believes
that advanced SRAM devices present a signifi-
cant planarization challenge because of their
pervasive use of three and four poly/polycide
Jevels coupled with double-level metal technolo-
gies. We believe that advanced SRAMSs such as
4/16Mb SRAMs will stimulate the growth of the
polysilicon CVD equipment market because of
the need for multiple, high-quality polysilicon

films for BICMOS emitter, gate, local polycide
interconnect, load resistor, and poly thin-film
transistor pull-up logic applications.

High-Density, 5V Operation Flash Memory
Technology

Toshiba and NEC introduced high-density
(4/16Mb) flash memories based on single-volt-
age (5V operation) EEPROM technology at
ISSCC/1992. Flash EEPROM single-voltage
technology poses a challenge to the current
dominance of EPROM-based dual-voltage flash
memory products from market leaders such as
Intel.

Toshiba’s 4Mb flash EEPROM featured a cell-
size of 1.8 * 2.0 micron’ that resulted in a chip
size of 8.11 * 6.95 mm’ with an access time
of 58ns. NEC’s 16Mb flash EEPROM des1gn
yleldedacellsizeof17*2.0nucron with a
chip size of 6.3 * 18.5 mm® and an access time
of 58ns.

Flash memory technology typically uses double-
level metal CMOS

that rely on multi-
ple poly levels for the gate and floating storage
node functions. Dataquest believes that opportu-
nifies exist for wafer fabrication equipment com-
panies to develop in ted thin oxide-nitride-
oxide (ONOQ) dielectric and polysilicon CVD
cluster tools that allow for enabling, hlgh-quahty
flash memory structures. The development of
production-worthy, high-perfoxrmance polysilicon
CVD equipment modules and rapid thermal
processor equipment modules for the ONO
dielectric film is a prerequisite for the tunnel
dielectric/floating storage electrode integrated
application.

Table 2
Key Features of SRAM Technology at ISSCC/1992
Access

Com- SRAM Design Gate Oxide Poly Metal Cell Size  Chip Size Time

pany  Density Techmology Rule (Angstroms) Levels Levels (n*p) (mm * mm) (ns)
Fujitsu 16Mb CMOS 0.40 110 4 2 21%42 104*215 15
Hitachi iMb CMOS 0.35 100 4 2 20*33 40*74 7
NEC 4aMb  BICMOS 0.50 120 4 2 32%*58 8.8 *189 6
NEC 16Mb CMOS 0.40 120 4 2 20%40 125*183 12
Toshiba 4Mb BiICMOS 0.50 110 3 2 35*57 87 * 18.8 9
Source: Dataquest, ISSCC/1992 (April 1992)
SEMM-SVE-DP-9204 ©1992 Dataquest Incorporated Apit 13, 1992
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Dataquest Perspective

The advances in microprocessor and flash mem-
ory technology reported at ISSCC/1992 signify
the importance of these device families as tech-
nology drivers that complement the traditional
high-volume DRAM generation advances.

The emergence of RISC-based system-on-chip
architectures and advanced merchant CAD
tools and ASIC foundries is swinging the
microprocessor design innovation pendulum
away from merchant microprocessor companies
toward workstation and computer companies.
Wafer fab equipment and materials companies
will need to successfully execute their business
strategy around the growth prospects of a new
breed of semiconductor applications driven by
microcomponent and application-specific mem-
ory products rather than the traditional com-
modity DRAM fab customer.

By Krishna Shankar

Semiconductor Manufacturing
How Much Is Too Much?

The semiconductor industry is one of the most
capital-intensive in the world. Currently, 18 per-
cent of semiconductor revenue is spent on
equipment and facilities, To meet these huge
costs, semiconductor companies do what people
have always done when the burden gets too
heavy: they get help. They are getting help from
each other through joint ventures, and from
governments in the form of financial incentives
and lowered capital costs. The result of all this
help is that there may be too much capacity
today, particularly in DRAMs.

The semiconductor industry is well on the

road to spending $1 billion for a new fab. Intel
already has a capital spending budget of more
than $900 million per year. Motorola spent more
than $600 million on its newest fab at Oak Hill,
Texas, which opened in 1991. Sharp reportedly
will spend $800 million on a new fab to make
flash memory for Intel.

These are staggering sums. On top of this, semi-
conductor companies also spend about 14 per-
cent of their revenue on R&D. In other words,
semiconductor companies each year must spend
33 percent—or one-third—of their revenue on
technology development and capital.

Aprl 13, 1992
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No single semiconductor company can carry
these costs alone. Intel, one of the industry’s
most profitable companies, recently announced
the formation of a long-term partnership to
jointly develop and manufacture future genera-
tions of flash memory with Sharp. Why has
Intel participated in this partnership? Because it
does not have the resources to simultaneously
develop and capitalize its flash memory and
microprocessor lines.

Even giants such as IBM, Siemens, AT&T,
and NEC cannot afford to go it alone. IBM
now has with Siemens to produce
16Mb DRAMs, and AT&T and NEC have a
joint development/production agreement to
develop and produce 0.5-micron ASICs.

In addition to helping each other through joint
development and production agreements, semi-
conductor companies have not been bashful
about seeking and getting governmental help to
build their fabs. The central governunent of Italy,
as well as the local governments of that country,
have provided financial inducements to both
Texas Instruments and SGS-Thomson to build
fabs in Italy. Ireland has provided Intel with
financial incentives to locate its newest fab in
Ireland. The Singapore Development Agency is
a major backer of Tech Semiconductor, a joint
venture involving Canon, Hewlett-Packard, the
Singapore Development Agency, and Texas
Instruments.

The list goes on and includes many local
governments. Most recently, the People’s Repub-
lic of China (PRC) announced a joint venture
with NEC. We believe that both Moterola and
VLSI Technology are also negotiating with the
PRC to build fabs in China to support its poten-
tially vast market for electronics.

Why are so many players investing so much
money in semiconductors? Governments offer
financial incentives to attract technology and
jobs. Semiconductor companies invest so many
millions because, ultimately, they hope to turn

a profit.

Dataguest Perspective

But with so many players and so much capacity,
how likely is it that a profit will be turned? The
answer to that question depends on the balance

of supply and demand for individual products.

SEMM-SVC-DP-9204
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Cuwrrently, we believe that there is an overca;
ity of facilities capable of making advanced
DRAMSs.

Dataquest estimates that demand for

4Mb DRAMSs and 16Mb DRAMSs in 1992 will
be 415 million units and that this demand
will rise to 782 million units in 1993. The
415?million units are equivalent to 12 DRAM
fabs with a monthly capacity of 20,000 62inch
wafers starts (assuming reasonable, state-of-
the-art yields and factory use rates). Currently
50 fabs are capable of producing either

4Mb DRAMSs or 16Mb DRAMs—a ratio of
actual fabs to needed fabs of 4.2 to 1.

We do note, however, that because some of these
fabs are capable of producing SRAMs, ASICs,

or other submicron products, the ratio of 4.2 o

1 is somewhat overstated. Still, even assuming
that half the capacity of these existing DRAM-
capable fabs is devoted to non-DRAM products,
the ratio of actual DRAM fab capacity to DRAM
fab demand is still 2.1 to 1.

Because of this overcapacity, some DRAM
manufacturers have scaled back or delayed
DRAM capacity additions. For example,
Japanese companies had originally planned

to have a total of 11 200mm fabs with a com-
bined monthly capacity of 57,000 wafers online
by the end of 1992. However, production start
dates have been pushed back, and now only

7 facilities will be online by the end of the year.
These facilities wili have a monthly combined
capacity of 22,000 wafers—a mere 38 percent of
what had been originally planned.

However, as Japanese companies cut back
their capacity expansion plans, South Korean
companies are going ahead with additional
4Mb DRAM and 16Mb?DRAM fabs. South
Korean companies will spend $1.5 billion for
DRAM capacity in 1992.

Thus, all this help may be too much help. Even
with joint ventures and governments sharing the
costs of new fabs, the bottom-line question—is it
profitable?—will be answered in the negative, at
least for the short term. Companies and govem-
ments have increased the number of DRAM fabs
beyond the current demand for DRAM fabs.
DRAM suppliers that also have broad product
lines may be able to switch some excess capacity

SEMM-5VC-DP-9204
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into production for other (and perhaps higher-
margin) leading-edge devices. However, compa-
nies that do not have broad product lines will
have huge investments producing submicron
profits in addition to submicron semiconductor
devices.

By George Burns

Conferences and Exhibitions

Bad Vibes In Europe

Attendees at this year’s SEMICON/Europa
show suffered from a collective bout of depres-
sion that even a good dose of lithium was
unlikely to cure. Equipment manufacturers com-
ing off a difficult 1991 in Europe were expecting
further declines in 1992, Likewise, material ven-
dors that had a dismal year last year (European
silicon consumption measured in millions of
square inches dropped 8 percent in 1991) were
estimating a flat 1992.

In addition, the rumors of fab closures or con-
solidations, especially for IBM and Siemens,
were rampant. Only a few companies, mostly
non-European, a to be planning new lines
(see Table 1). To heap insult on injury, it was
rumored that the German government, strapped
with the financial burdens of integrating East
Germany, rebuffed Siemens’ pleas for tax breaks
for a 64Mb line in Germany. Siemens, a quintes-
sential European company, was last heard pitch-
ing the Singapore government for similar tax
benefits, raising the specter that Europe cannot
even compete in attracting its domestic compa-
nies to invest in the home market.

The political changes that rocked Eastern Europe
last year were evident in the participation of a
few companies and individuals from former
Eastern Bloc countries. Yet, none of the vendors
any business to be generated by the
‘new world order” anytime soon. The more pes-
simistic attendees believed that the turmoil in
some of the Eastern Europe countries was very
likely to worsen and drag the already besieged
Western economies further into recession.

Dataquest Perspective

It is ironic that the year 1992 may in fact be a
bottom for the European semiconductor industry

April 13, 1952
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Table 1
Future European Production and Pilot Lines

Wafer
Company Location Year Product Diameter (Inches)
Hitachi Landshut, Germany 1992 DRAM/SRAM 8
IBM/Siemens Corbeil, France 1992 DRAM 8
SGS-Thomson Grenoble, France 1992 ASIC 8
Fujitsu Newton, England 1993 DRAM 6
Intel Kildare, Ireland 1993 MPU 8
Mietec Alcatel Qudenaarde, Belgium 1993 ASIC 6
Mitsubishi Alsdorf, Germany 1993 DRAM 6

Source: Dataquest (April 1992)

when just a few years ago 1992 was expected to
spur many companies to invest in European fabs
because of local content rules. It is evident now
that a unified Europe is not a solution to the
Eroblems facing the domestic device industry.
astern Europe, which is partially to blame for
the current tough economic times, may be the
key to the growth of the European semiconduc-
tor industry over the long term. If market forces
are allowed to take hold in this region then it is
conceivable that a determined and educated
engineering work force with its back against the
wall could possibly repeat the industrial revolu-
tion recently seen in Taiwan, Korea, and Japan.

By Mark FitzGerald

News and Views

Next-Generation Micrascan Soon fo
Be Unveiled

Much interest and anticipation surround the
development of SVG Lithography’s advanced
Micrascan system, which is slated for introduc-
tion at SEMICON /West this June. Designed
for the 0.35-micron environment, this second-
generation machine achieves improved perfor-

mance and reliability while offering a substan-
tially smaller int than its €CesS0L
Dataquest understands that a 5 ent reduc-

tion in footprint has been achieved through a
combination of a new optics system, reconfigu-
ration of the electronics subsystem, and the
incorporation of a remote operator station into
a stand-up operator console that is part of the
main machine housing.

One key feature of the first-generation Micrascan
system was its wide field of 20mm x 32.5mm.

Apdl 13, 1992
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The new advanced Micrascan slighily extends
that field size to 22mm x 32.5mm, which allows
three 64Mb DRAM chips to be imaged per

. This larger field size translates to a
50 percent improvement in exposure throughput
as compared with today’s advanced wide-field
reduction s , which can image only two
64Mb DRAM chips per exposure. Although
SVGL must first establish its position in the
market with its 22mm x 32.5mm field size,
Dataquest understands that the company is
well positioned to deal with the larger chip
sizes of future device generations. The advanced
Micrascan series can be readily reconfigured
to accept larger reticles (6 x 9 inches) that cor-
respond to an exposure field of 22mm x 50mm.

In a key strategic move, SVGL will offer i-line
capability on the advanced Micrascan tool. The
system’s deep-UV platiorm has been designed
to accept an i-line source and its corresponding
optics. Dataquest believes that this may well
prove to be a pivotal marketing decision for
SVGL. This strategy allows the company to
embrace those customers already attracted to the
benefits of the advanced Micrascan technology
but that are reluctant to abandon their i-line
processing know-how for the unknown realm
of deep-UV.

The price point of the new advanced Micrascan
as yet has not been made public. Dataquest,
however, does not believe that there will be the
same level of sticker shock that occurred when
the first-generation Micrascan was introduced in
1989. At that time, the Micrascan’s price tag of
$4 million was in sharp contrast to the average
stepper price of $1.3 million. Since that time,
there has been a significant shift in the stepper

SEMM-5VC-DP-8204
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technology product mix away from the older
g-line technology
in turn has contributed to higher stepper
Today’s advanced stepper offerings of wide-field
i-line and excimer systems are in the range of

$2 million to $4 million. Dataquest anticipates a
price point of between $4 million and $5 million
for the new advanced Micrascan deep-UV sys-
tem. This price probably seems extremely high
for those device manufacturers that grew up

on a generation of steppers that cost one-tenth
that amount. However, Dataquest believes that
the advanced technical capabilities of the new
Micrascan system, coupled with a strong empha-
sis on cost of ownership justification, may well
transform SVG Lithography from a captive sup-
plier to IBM to a global player in today’s
advanced lithography market.

By Peggy Marie Wood

Inquiry Summary

Semiconductor Equipment,
Manufacturing, and Materials Inquiry
Highlights

Dataquest’s response to specific questions from
clients frequently can be useful for other clients.
In this article we provide a response to one of
our inquiries.

Q. Please provide us with a snapshot of Western
European front-end semiconductor fab facilities.

A. Figure 1 presents a distribution of existing
production and pilot fab lines in Western Europe
by country. Table 1 provides a distribution of
theoretical wafer start capacity normalized to
100 percent.

Although Germany now represents a powerful
production belt for semiconductor diffusion,
Dataquest contends that future growth is likely
to be tempered. Germany’s high wage structure
and prosperous position within the European
Community (EC) will mar its ability to attract
and maintain semiconductor manufacturing
facilities. With the cost of new wafer fab con-
struction becoming more and more exorbitant,
Germany will have to pit itself against less
affluent EC member nations for an EC hand in
underwriting new construction.

By Rebecca Burr

SEMM-SVC-DP-9204
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Figure 1

to new advanced systems. This  Distribution of Existing Production and Pilot Fab Lines in
prices.  Western Europe

Austria (2.7%) Belgium (0.9%)

Finland (1.8%)

United Kingdom
(22.7%)

Netherlands
(4.5%)

Total = 110 Fab Lines

Note: Segments do not add to 100 percent because of rounding.
Source: Dataquest 2000582

Table 1

Existing Production and Pilot Fab Lines in Western Europe
(in Production or Began Operation during 1991)

(Percent Square Inch Capacity)

Percentage Distribution

Country of Theoretical Capacity
Austria 6
Belgium 1
Finland 0
France 20
Germany* 30
Italy* 1
Netherlands* 6
Spain 2
Sweden* 2
Switzerland 2
United Kingdom* 20

Total 100

Note: Totals have been normalized to 100 percent. For some
number of fabs in those countries followed by an asterisk (*),
Dataquest has incomplete theoretical capacity information.
Only facilities with known capacities were incorporated into
this analysis.

Source: Dataquest (April 1992)
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In Future Issues

Look for the following articles in future issues of
Dataquest Perspective:

® 1991 wafer fab equipment market by
ownership

» U.S. semiconductor gas market

® European photoresist market

Errata

Incorrect Dataquest estimates of market size and
company revenue were included in the SEMMS
March 2, 1992 issue of Dataguest Perspective. In
the article entitled “Market Update on Film
Thickness Equipment,” incorrect estimates were
printed in three locations. Please flag page 7 of
the March 2, 1992 issue with a note to refer to
the corrections in this issue (April 13, 1992) for
the correct market size and company revenue
estimates. We apologize for any confusion or
inconvenience our errors may have caused.

Corrections are as follows:

m On page 7, the first two sentences in “The
1991 Market in Review” section should read:
“Dataquest estimates that the 1991 worldwide
market for film thickness measurement equip-
ment for the production environment was
$43 million. This corresponds to approxi-
mately 310 systems reflecting an average
selling price of $140,000.”

# In the same section, the last sentence on
page 7 (which carries onto page 8) should
read: “As with other categories of front-end
processing equipment, Japan represents the
single largest regional market, accounting for
$18.9 million, or 44 percent, of the $43 million
market in 1991.”

m Table 1 on Page 9 incorrectly identifies
Dataquest’s estimates of 1991 worldwide com-
pany revenue and market share. See the new
Table 1 for our corrected estimates.

Table 1
1991 Worldwide Film Thickness Measurement Equipment
Company Rankings

Revenue Market

Company ($M)  Share (%)
Prometrix 13.5 31
Nanometrics 10.8 25
Dainippon Screen 5.5 13
Tencor 53 12
Rudolph Research 2.7 6
Thermawave 0.5 1
Qthers 4.6 11
Total 43.0 100

Note: Columns may not add to totals shown because of round-
ing. No offline or lab/Ré&:D} ellipsometers are included.
Source: Dataquest (April 1992)

For More information . . .

On the topics in this issue Peggy Marie Wood, Sr. Industry Analyst (408) 437-8631
About online access (408) 437-8576
About upcoming Dataquest conferences (408) 437-8245
About your subscription or other Dataquest publications (408) 437-8285
Via fax request (408) 437-0292
Lhet}mwﬁxpmwtwn:gm@duwn&qmmfwmndmno{mm ehmmwmmz&dmb;mm

Individual companies on and

may be clients of this and /or other Dataquest services, This information is net furnished in

oonnecbmwithasaleoroﬁertoseﬂaecu-}hesormcm}necdmwﬁhmesohmhﬁmofanoﬁartobuymmhudmpamumd/mthm
officers, stockholders, ormbersofthw&mﬂiesmyﬁumhmwhme have a long or short position in the securitics mentioned and may sell or buy

such securities.

April 18, 1992
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Semiconductor Manufacturing

Is Korea Betting the Farm?

Dataquest believes that the Asia/Pacific region
will be the one bright spot in terms of semi-
conductor capital spending in 1992, The Korean
chaebols (conglomerates) will account for the
lion's share of that spending. Investment in
Korean fabs is expected to climb to U.S.$1.8 bil-
lion in 1992. Equipment companies will benefit
from the chaebols” spending spree, which will
largely target advanced DRAM lines. But over
the longer term, equipment opportunities in
Korea will depend on whether the chaebols win
or lose on their current investments.

These investments are big bets and raise ques-
tions about individual company strategies,
especially in light of profit losses last year in
their semiconductor operations and worldwide
DRAM capacity, which currently outstrips
demand. Even more puzzling is the timing of
these investments. The Western economies—the
major export markets for Korea—are in recession
and the Korean economy itself is suffering from
high inflation rates and spiraling capital costs.
Are the executives at these companies ling
or are they taking calculated business risks?

It is unlikely that the companies are shouldering
all the risk. Semiconductor technology is a cor-
nerstone of the Korean government’s industrial
policy. Consequently, these companies will
assuredly have access to cheap capital. So, in
terms of industrial policy, these investments
will certainly move Korea ahead in semiconduc-
tor technology faster than would market forces.

Though the Korean government may shield
these companies from high capital costs, the
government cannot shield them from interna-
tional market forces. Herein lies the big risk.

With excess worldwide DRAM capacity, the
short-term gamble for the Korean companies
rests on the strength and timing of the recovery
in the U.S. and European economies. If the
Western economies have a strong recovery over
the next several years, DRAM demand will
grow quickly and the Korean companies may
exit the recession with more market share than
they had prior to the recession. Toshiba pursued
a similar strategy in the 1985 recession with the
IMb and it was very successful. On the other

March 23, 1992
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hand, if the Western economies limp out of
recession and there is only moderaite growth in
DRAM demand, then these investiments are not
expected to pay off financially.

Over the longer term, there is a more fundamen-
tal problem for the chaebols. History has shown
that the health of a company’s semiconductor
operations cannot rest on merchant sales of
devices alone. A healthy semiconductor opera-
tion is increasingly dependent on captive opera-
tions using those devices. Yet, Korean electronic
products are losing their competitive edge. Wage
increases are driving up the price of Korean
electronic products whose still Iags high-
end Japanese and U.S. products. On the low
end, developing countries such as China and
Thailand with their much lower labor costs are
grabbing market share.

Dataquest Perspective

The success of the chaebols” current bets on the
semiconductor industry will not only rest on
how well they execute their device strategies
over the short term but also on how quickly
they can position their electronic products to
compete directly with Japan and the United
States. Vertical integration from device to end-
user applications will be key to Korea’s success.

By Mark FitzGerald

South Korea’s Capital Spending and
Fab Activities

The worldwide semiconductor industry is enter-
ing a period of slow growth because of overca-
pacity and uncertainty in the end markets. This
article presents an update of capital spending
trends in the South Korean semiconductor
industry. It also provides an analysis of each
company’s capacity and capabilities in 1992.

Capital Spending: Asia/Pacific Leads World
Growth

North American and European capital expendi-
ture has been hit the hardest during the current
wotldwide semiconductor market slowdown,
growing at 0 percent and 8 percent in 1991,
respecﬁvely Although Japanese

grew at an impressive 18 percent in 1991,
Dataquest expects Japanese ing to decline
by 9 percent in 1992. That leaves the Asia/
Pacific region as the fastest-expanding spender

SEMM-SVG-DP-9203
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in 1991 and 1992. The lion’s share (72 percent in
1992) of this spending will be by Korean semi-
conductor companies.

South Korea’s Semiconductor industry: 1992
Gutiook

After investigating each fab line planned or
under operation in 1992, we have determined
that the South Korean semiconductor industry
will spend about U.5.$1.8 billion in 1992. We
estimate that U.S.$1.5 billion will be spent on
equipment and facilities aimed at ding

expan
production primarily of 4Mb and 16Mb DRAMs.

The remaining U.5.$260 million will be spent on
enhancing equipment and facilities for R&D-

Updates to our South Korean semiconductor
manufacturing database are in Table 1. As evi-
denced by our recent survey, four 4Mb DRAM
lines and ten submicron lines will become oper-
ational in 1992.

In its drive for 16Mb DRAM production, Sam-
sung is adding an MOS 5 line, which will be a
0.5-micron, 8-inch wafer CMOS facility with a

monthly capacity of 10,000 wafers. Total capital
spending for Samsung this year will be about

U.S.$800 million.

Goldstar will discontinue 256K DRAM produc-
tion at its Woomyun MOS line, which is a
1.2-micron, 6-inch wafer CMOS with a

related production.

Tahle 1

South Korean Semiconductor Fabs

monthly capacity of 10,000 wafers. Goldstar is

Wafer Start
Est. Min. Wafer Capacity

Company Fab Name Process Linewidth Size (4 wks)) Main Products
Samsung Bip Line Bipolar 3 4 25,000 Analog
Samsung MOS Line CMOS MOS 2 5 20,000 Microcomponents,

Consumer ICs
Samsung MOS 1 CMOS MOS 15 4 35,000 64K DRAM
Samsung MOS 2 CMOS MOS 12 6 35,000 256K DRAM
Samsung MOS 3 CMOS MOS 0.8 6 35,000 IMb DRAM
Samsung MOS 4 CMOS MOS 0.6 6 30,000 4Mb DRAM
Samsung MOS 5 CMOS MOS 0.5 8 10,000 16Mb DRAM
Samsung Ré&D CMOS MOS 05 6 10,000 R&D
KEC Bip Line 1 Bipolar 25 4 20,000 Analog
KEC Bip Line 2 Bipolar 15 5 10,000  Custom
Hyundai Fab I-A CMOS MOS 12 5 15,000 EEPROM, PLD,

16K SRAM
Hyundai Fab I-B CMOS MOS 1 5 8,000 256K DRAM, SRAM
Hyundai Fab I CMOS MOS 08 6 25,000 1Mb DRAM, SRAM
Hyundai Fab mI-1 CMOS MOS 0.8 6 20,000 4Mb DRAM
Hyundai Fab HI-2 CMOSs MOS 0.6 6 20,000 4Mb DRAM
Hyundai R&D CMOS MOS 0.5 6 5,000 R&D
Goldstar Phase 1 CMOSs MOS 08 6 30,000 IMb, 4Mb DRAM
Goldstar Phase 2 CMOS MO 0.7 6 30,000 4Mb DRAM
Goldstar Gumi Bip Line Bip TTL 3 4 25,000 Linear, Packaging
Goldstar Gumi MOS Line CMOS MOS 15 5 15,000 SRAM, DRAM, ROM
Dongsung  Bip Line 1 Bipolar NA 4 NA Diode, Rectifier
Daewoo Bip Line Bipolar 3 4 9,000  Analog
Daewoo MOS Line CMOS MOS 1.7 4 9,000 Custom
NA = Not available
Source: Dataquest (March 1992)
SEMM-SVC-DP-8203 ©1992 Dataquest incorporatec March 23, 1982
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expected to spend about U.5.$450 million in
equipment upgrades and fab floor space expan-
sion and plans to have two 4Mb DRAM lines
ramped up in 1992 ’

Hyundai is making a U.5.$510 million invest-
ment to enhance its production. Hyundai also
plans to have two 4Mb DRAM lines ramped in
1992. Samsung will have only one 4Mb DRAM
line as it enters the 16Mb DRAM race.

Dataquest Perspective

As demonstrated by our survey results, South
Korean semiconductor companies seem to be
committed to vigorous participation in the
4Mb DRAM and 16Mb DRAM markets—des-
pite slowdowns in EBuropean, Japanese, and
North American markets. In response to the
slowdown in these major markets, Korean
semiconductor co will increasingly rely
on sales of their commodity products to the
Asija/Pacific market. Samsung is already the
No. 1 supplier to the region, and Hyundai and
Goldstar made large gains in market share
throughout the region in 1991.

However, the size of these investtments require

a worldwide market for profitability. We believe
that it is an open question whether today’s
slower-growth worldwide market conditions can
support South Korean suppliers’ current capacity
expansions. South Korean companies may find
themselves with abundant high-technology
capacity in an oversupplied market. If compa-
nies, countries, and regions continue to view
high-technology as a game that they cannot
afford to stay out of, then the following question
arises: Is there enough room at the global table
for everyome to play in this high-stakes, high-
technology game?

By George Burns, Daniel A. Heyler, and ]. H. Son

Company Analysis

Posco-Hiils: The Race for the Asian
Silicon Market

Posco-Hiils, the joint venture between Pohang
Iron and Steel, MEMC Electronic Materials, and
Samsung, is investing U.5.$110 million in a sili-
con wafer plant south of Seoul, Korea. Dataquest
believes that the investment marks a change in

March 23, 1952
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strategy for MEMC in its struggle for market
share with other major silicon vendors.

In addition, the Posco-Hiils joint venture signals
a fundamental change in the global silicon busi-
ness, which was first dominated by U.S. and
European companies through the 1970s. In the
1980s the Japanese companies rose to promi-
nence. For the 1990s the ascent of Asian compa-
nies is the theme most likely to dominate. As
the industrializing nations in Asia build their
semiconductor infrastructures, the region is
expected to win a larger share of the new
investment in silicon wafer production.

MEMC's Gamble
MEMC’s participation in Posco-Hiils is a
strategy to stay ahead of the Asia/Pacific silicon
curve. MEMC is transferring its leading-
edge eight- and six-inch wafer technology to the
joint venture. The technology transfer includes
crystal growing. The big risk for MEMC is that
it may lose control of the technology by transfer-
ring the process to a joint venture company in
which it has a minority position (see Table 1}. In
the worst-case scenario, MEMC could very well
end up putting a competitor into business if the
joint venture was to go sour.

MEMC in the mid-1980s was involved in a simi-

lar joint venture company in Korea called Korsil.

The joint venture was dissolved in 1989 and

most of the assets were acquired by Siltron

(formerly Lucky Advanced Materials). Little

technology was transferred to Korsil because

the joint venture was a slicing and polishing
tion. But the failure of Korsil points to

the potential downside of MEMC’s strategy.

On the other hand, the upsides for MEMC are
considerable. The Asia/Pacific silicon wafer

market is the fastest-growing wafer market in

Table 1
Equity Positions in Posco-Hills
Type of
Percentage Investment

MEMC Electronic Capital and

Materials 40  Technology
Pohang Iron and

Steel 40 Capital
Samsung Electronics 20 Capital
Source: Dataquest (March 1992)
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the world and Korea has by far the largest
demand within the It is unlikely that
Korea will relinquish its leadership in semi-
conductors anytime soon.

In addition, MEMC has a well-matched partner
in Pohang. From a business point of view,
Pohang is expected to bring valuable relations
critical in doing business throughout the Pacific
Rim. (Parenthetically, 35 percent of Pohang is
owned by the Korean government. The govern-
ment’s equity position is a key point, consider-
ing the Korean style of doing business at senior
levels.)

Pohang is also a source of highly educated and
motivated metallurgists. If the company’s rapid
ascent in steel is any kind of barometer, then the
joint venture could easily the current
MEMC technology further and faster than
MEMC could by itseif.

On its face, Samsung’s involvement in the joint
venture is as an end user. It is the user
of silicon in Korea. It is also one of MEMC's
Iargest customers, accounting for an estimated
13 percent of MEMC's 1991 sales. But from a
business point of view Samsung’s involvement
is probably more important in providing balance
to the joint venture. In fact, it is unlikely that
MEMC, after its experience with Korsil, would
have agreed to a joint venture where Pohang
held majority ownership.

Korean Semiconductor indusiry

Korean capital investment in front-end semicon-
ductor facilities will defy economic gravity in
1992. Though Dataquest is forecasting world-
wide capital ing to decrease 2 t in
1992, we believe that Asia/Pacific capital spend-
ing will buck the trend and increase 22 percent.
Korean companies will account for the lon’s
share of that spending, U.5.51.8 billion out of a
total U.5.$2.5 billion (see Figure 1). Within
Korea, the chaebols (conglomerates) Samsung,
Goldstar, and Hyundai will account for more
than 95 percent of the semiconductor capital
spending. The three top companies are investing
U.5.$1.76 billion in 1992 as they push ahead
with plans for advanced DRAM lines.

Samsung is adding an MOS 5 line that will be
a 0.5-micron, 8-inch CMOS fab with a monthly
capacity of 10,000 wafers. Goldstar and Hyundai
are late to the 4Mb DRAM game but are deter-
mined to get a piece of the action. Both compa-
nies will add two 4Mb DRAM lines. These

©1992 Dataquest Incorporad

Figure 1
1992 Asia/Pacific Semiconductor Capital Spending
Other Korean 2%
Other Asian
20% Samsung
31%
Goldstar Hyundai
18% 20%
Total = U.8.$2.5 Billion

Source; Dataguest (March 1992) GR2000013

investments will rapidly increase the demand
for silicon.

Because the semiconductor industry is a corner-
stone of the Korean goverﬁnent's mfdustrial

icy, Dataquest expects the of investment
glog:yw semiconductor techno! to remain
strong. Domestic silicon wafer production is not
only a natural extension of the government’s
vertically integrated semiconductor strategy but
also is especially critical in light of the country’s
mounting trade deficit. In 1991, Korea i
78 percent of its wafers, accounting for about
U.5.$140 million of its U.5.$9.5 billion trade
deficit.

The Korean Silicon Market

As a result of growth in domestic demand for
silicon, investment in silicon wafer plants has
increased rapidly in the last several years. In
addition to the Posco-Hiils investment, two

local companies are expanding their production.
Siltron is expanding its domestic crystal growing
capacity, and Oriental Electronic Metals, a newly
formed company, is also building a silicon wafer
plant for slicing and polishing. All three plants
will begin ing production (see Table 2)
within the next 12 months.

Local production will come online just in time

to take advantage of the next upturn in the sili-
con cycle. Dataquest forecasts the demand for

silicon in Korea to grow at an 11.3 percent

March 23, 1992
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compound annual rate from 1991 to 1996
(see Table 3). Though prime, test, and monitor
wafer demand showed only moderate growth in
1991 and is forecast to grow only 8.2 percent in
1992, we expect demand to pick up in 1993
because of stronger Western economies and a
ramping of new DRAM lines. All three of the
new plant expansions will be in place to take
advantage of this growth.

An important point to note is that Dataquest has
increased its estimate of the overall size of the
Korean silicon market based on information we
collected during a recent visit to South Korea.
Conversations with suppliers and users lead us
to believe that we underestimated the market by
35 million square inches (msi) in 1990. Table 3
shows the current adjusted totals for silicon con-
sumption from 1987 through 1991. These adjust-
ments mean that silicon consumption data for
the Asia/Pacific region were understated in

earlier publications. All future regional data will
reflect the new information. )

Domestic production of silicon will increase over
the next several years. We expect local produc-
tion to total 150 msi by 1996. Even so, we esti-

mate that Korea will still impo

hopes to grab

market and to

rt 125 msi to
meet local demand. Imports will still be required
because the current investments in capacity are
not expected to meet the growth in demand.
Also, device manufacturers will still second
source from vendors overseas in case domestic
production is interrupted.
SEH and Wacker are the two foreign-based ven-
dors that stand to lose the most because of
Posco-Hiils’ move. By installing leading-edge
crystal-pulling technology in Korea, MEMC

significant share of the Asian

SEH and Wacker, the other
market share leaders in the region, on the

Table 2
Kol:ean Siicon Wafer Production, by Plant {(Milions of Square inches)
Plant Capacity/Year 1988 1989 1990 1991 1992 1993 1994 1995 199
Siltron 60 msi/1991 32 29 31 32 33 43 45 50 50
Posco-Hiils 90 msi/1993 NA NA NA NA NA 16 27 45 59
Oriental 60 msi/1992 NA NA NA NA 5 26 36 41 41
Electronic
Metals
Total 32 29 31 32 38 86 108 136 150
NA = Not applicable
Source: Dataquest (March 1992)
Table 3
Korean Silicon Consumption (Milions of Square inches)
CAGR (%)
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1991-1996
Total 56 80 100 120 131 142 163 187 206 223 1.2
Prime, Test 83 77 95 116 126 137 157 180 199 216 1.3
and Monitor 264 239 217 89 82 151 146 102 8.7
Merchant Epi 27 33 42 44 47 49 58 68 74 73 9.4
Local
Production 32 29 31 32 38 8 108 136 150
Imports 50 72 92 102 112 m 125 122 125
Exports 1 1 3 3 8 46 51 51
Local
Consumption 80 100 120 131 142 163 187 206 223
Source: Dataquest (March 1992)
March 23, 1902 ©1992 Dataquest Incorporated SEMM-SVC-DP-0203
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defensive. The two domestic competitors—
Siltron and Oriental Electronic Metals—are not
currently focused on the high-end markets and
are not expected to compete directly with Posco-
Hils in the immediate future.

However, it is unlikely that SEH or Wacker

will abdicate market share without some spirited
defense. There probably will be additional
investment in Asian wafer lines as foreign com-
petitors move to secure a position in the Asia/
Pacific market. These potential investments may
not necessarily be made in Korea. Even now
there are rumors that China Steel—a Taiwan-
based company—has plans to enter the silicon
business in Taiwan.

Dataquest Perspective

The challenge for established silicon companies
is to win a piece of the Asian market. The days
when a silicon vendor could simply ship wafers
into these countries are waning. Future invest-
ment in world-class Asian plants will most cer-
tainly be necessary. The Posco-Hiils joint venture
marks the first of these investments.

Though Korea is the largest consumer of silicon
in the Asian market today, the really big oppor-
tunity over the long term is China. So, invest-
ments made today may prove to be more
strategic than tactical by paving the way for
participation in a much larger Asian market,

By Mark FitzGerald

Market Analysis

Semiconductor Equipment—The
High-Risk, High-Reward Metal CVD
Equipment Market

The worldwide metal chemical vapor deposition
(CVD) equipment market represents a high-
risk, high-reward market that will grow from
$83 million in 1990 to $247 million by 1995.
The risks from the equipment vendor viewpoint
include high process R&D investment, above-
average customer support costs because of the
challenging process field su; involved,
and stunted market growth because of alterna-
tive solutions such as poly phugs, planarized/
col]Jmated sputtered aluminum , and
tapered contact/via profiles that obvi-
ate the need for plugs. The rewards for the

@1992 Dataquest Incomoratsd

metal CVD equipment vendor include participa-
tion in a high-growth profitable market, a migra-
tion path to integrated metal CVD/PVD equip-
ment solutions, and the abilify to build up good
company core comy to address future
CVD markets. Table 1 shows the growth of the
major segments of the worldwide metal CVD
equipment market. Blanket tungsten CVD for
plugs and global interconnect applications is
rapidly becoming the largest segment of the
market, surpassing the traditional silane-based
tungsten silicide film market for polycide
gate/local interconnect applications. Dataquest
believes that the blanket tungsten CVD equip-
ment market stands poised at a crucial threshold
of transition from pilot line to full-scale produc-
tion at a mumber of global semiconductor com-~
panies. The blanket tungsten process technology
issues have largely been solved. Cost per wafer
and equipment performance issues are being
addressed currently. The associated tungsten
plug etchback equipment market will also grow
concwrrently in synergy with the blanket tung-
sten CVD market. The downside to the growth
of the blanket tungsten market lies in the ability
of PVD companies to offer cost-effective, reliable,
enhanced step-coverage barrier metal /sputtered
alumimun solutions. ,

Growth in the tungsten silicide film market

will be driven by the emergence of dichlorosi-
lane (DCS) high-temperature processes for
enhanced overage and low fluorine con-
tent in thin oxide dielectrics. Dataquest believes
that the DCS silicide equipment market is still
in its infancy with regard to process reproduci-
bility and equipment reliability issues. Unless a
production-worthy DCS silicide process emerges,
the tungsten silicide market will shrink dramati-
cally as DRAM companies design CVD silicides
out of local interconnect applications.

Growth in the selective tungsten CVD equip-
ment market will be driven by the market
success of companies in packaging together
reproducible in situ precleans and CVD
processes in cluster tools. Success in this high-
risk market segment will depend on the ability
of the equipment company to forge close cooper-
ative development efforts with large semicon-
ductor companies. Similarly, other long-term
metal CVD equipment markets such as CVD
titanium nitride and CVD copper will depend
upon early joint-development efforts with key
semiconductor partners.

March 23, 1992
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Table 1
Worldwide Metal CVD Equipment Market Forecast, by Fim Application (Millions of Dollars)
CAGR (%)
Calendar Year 1990 1991 1992 1993 1994 1995 1990-1995
Tungsten Silicide 36 37 38 39 4 42 34
Blanket Tungsten 30 36 53 73 100 114 30.8
Tungsten Plug Etchback 11 13 18 23 29 32 24.5
Selective Tungsten 4 6 7 11 15 22 40.0
Titanium Nitride 1 1 2 6 15 27 101.1
Aluminum 1 1 1 2 2 245
Copper 1 1 1 2 4 7 55.1
World Metal CVD Market 83 26 122 155 209 247 24.5
Source: Dataquest (Maxch 1992)
Figure 1
Worldwide Metal CVD Equipment Market, by Process Application
Millions of Dollars
160 % CAGR 247 Total
1990-1995
140 < Polycide gate/ —_ 145
1 20 < local interconnect 3.4%
100 O Contactivia plugs 32.4%
Global barrier/
80 N interoonner:ter 39.3% 122 Total
60 6
84 Tota|
40
36
20 11 § o
0 —N
1990 1992
Note: Tungsten etchback included in contactivia plug forecast.

Source: Dataquest {March 1992)

Dataquest Perspective

Figure 1 illustrates the worldwide metal CVD
equipment market segmented by process appli-
cations such as polycide gate/local interconnect,
contact/via plugs, and global barrier/intercon-
nect applications. Clearly, the contact/via plug
application market (including plug etchback)

G2000014

represents the largest market opportunity, grow-
ing from $36 million in 1990 to $145 million by
1995. Metal CVD equipment companies can plug
the short-term void left by PVD films in the
interconnect equipment. As in all technology
markets, timing is everything!

By Krishna Shankar

March 23, 1952 ©1992 Dataquest Incorporated SEMM-SVC-DP-9203
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News and Views

NEC Announces I-Line Intent for 64Mb
DRAM Production

The host of lithography alternatives for the
64Mb DRAM generation facing semiconductor
manufacturers include i-line with or without
phase shift masks, excimer/deep-UV, e-beam,
and X-ray lithography. NEC, the first company
to announce its lithography tool choice for vol-
ume production of 64Mb DRAMS, has opted to
go i-line without phase shift masks.

One key reason NEC chose i-line lithography is
because of the significant i the com-
pany already has with this technology. In addi-
tion, the choice of i-line tools will help the com-
pany reduce its lithography cap1ta1 expenditure,

compared with other alternatives. For example,
today’s advanced i-line steppers range in price
from $1.8 million to $2.5 million, compared with
excimer/deep-UV tools with a $3.5 million to
$4.0 million price tag.

Dataquest believes that the major factor behind
NEC’s decision to forgo excimer/deep-UV for
64Mb DRAM production is still the lack of
production-worthy resists. The interesting aspect

of the company’s choice to go i-line was its deci-

sion not to use phase shift masks. Dataquest
believes that the difficulty of phase shift mask
production and inspection coupled with the lack
of repair tools prompted NEC's decision. Both
Canon and Nikon recently announced new illu-
mination filtering es that allow them to
extend conventional i-line lithography down to
the 0.35-micron regime, which will allow semi-
conductor manufacturers to forgo the additional
costs and problems associated with phase shift
masks, at least for the 64Mb DRAM generation.

By Peggy Marie Wood

New Marketing Agreement for Advanced
Surface Topography Teol

Tencor Instruments and Park Scientific Instru-
ments recently announced a five-year agree-
ment under which they will introduce a
scanning force microscope (SFM) designed
specifically for use in a semiconductor manu-
facturing environment. The product will be
developed and manufactured by Park Scientific
and marketed exclusively by Tencor to the
worldwide semiconductor industry. Targeted

©1992 Dataquest Incomoratad

introduction for this new 200mum system is sum-
mer 1992.

Scanning force microscopy provides three-
dimensional imaging and measurement of sur-
face topography on an atomic scale. The SFM tech-
nique is based on the technology of scanning
tunneling microscopy, for which IBM Zurich
researchers were awarded the 1986 Nobel Prize
in Physics. Although scanning tunneling

is limited to conducting and semi-
conducting surfaces, SFM is also effective in
evaluation of surfaces of nonconducting materi-
als such as photoresist.

SFM produces images using a microfabricated
cantilever and tip placed in contact with, ora
few nanometers above, a surface. While the
cantilever and tip are translated across a sur-
face, a sensor detects deflections in the cantilever
as the tip rides over changes in surface topogra-
phy. SFM provides a nondestructive measure-
ment technique and in some special applica-
tions, technique can even resolve individual
atoms. Unlike optical metrology, reselution for a
scanning force microscope is not governed by
the wavelength of light but rather by the size of
the tip. Reasearch is currently under way in the
SFM field to fabricate smaller, sharper tips suit-
able for accurate measurements of critical fea-
tures on the wafer such as linewidth and side-
wall profiles. Such smaller and sharper tips are
essential before SFM can be extended to CD
measurement.

Dataquest believes that this marketing agree-
ment represents a sound strategy for both Tencor
and Park Scientific. Park Scientific is a relatively
small company focused on developing leading-
edge products for advanced R&D applications.
Tencor is a major player in the process control
equipment arena for the semiconductor industry
and has a well-established service and support
network in all major manufacturing regions of
the world. This new SFM provides Tencor with
an advanced system that is a logical exten-

sion of its current product offerings in wafer
profilometry. Dataquest believes that, with fur-
ther development in tip fabrication and charac-
terization, the SFM technique will be extended
to CD measurement applications. This agree-
ment with Park Scientific may eventually evolve
into a new market opportunity for Tencor in the
realin of advanced CD metrology.

By Peggy Marie Wood
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In Situ Chemical Generation at intel

Intel is developing in situ chemical generation
technology for pregate clean sequences. The typ-
ical pregate clean sequences involves four steps,
as follows:

m Piranha (sulfuric acid:hydrogen peroxide)
s Dilute hydrofluoric acid

m SC1 (ammonium hydroxide:hydrogen
peroxide:water)

m SC2 (hydrochloric acid:hydrogen perox-
ide:water)

Intel has found that the SC1 process introduces
metals contaminants even when semiconductor

Table 1
Impurity Levels of Chemical Solutions (Parts per Billion)

grade aqueous chemicals with a maximum metal
impurities level of 20 parts per billion is used.
As a result, Intel is evaluating replacing chemi-
cals used in SC1 and SC2 with in situ-generated
chemicals. SCI and SC2 mixtures are generated
by bubbling anhydrous hydrochloric acid and
ammonia gas into ultrapure water. Ozone gas

is used as a substitute for hydrogen peroxide.

The purity of the in situ-generated chemicals
surpasses commercially available semiconductor
chemicals (see Table 1). In addition, particle
counts for in situ-generated chemicals are sig-
nificantly lower (see Table 2).

By Muark FitzGerald

In Situ-
Commercially Available Generated
High-Purity Aqueous Chemicals
Chemicals 1st Sample After 1 Week
Ammonium Hydroxide 25.9 14.5 1.2
Hydrochloric Acid 318 8.4 5.3
Hydrogen Peroxide 7.96 NA NA
Ozonated Ultrapure Water* NA 0 NA
NA = Not applicable
*Ozone gas is used as a substitute for hydrogen peroxide.
Source: Intel Corporation
Table 2
Average Liquid Particle Gounts
Particle Size Ranges (Microns) 0.1-0.2 0.2-0.5 >0.5
In situ-generated NH,OH 250 24 8
Commercial aqueous NH OH 2,333 67 18
In situ-generated HC1 322 61 11
Commercial aqueous HCl 5,138 88 7
Source: Intel Corperation
March 23, 1992 ©1992 Dataguest Incorporatad SEMM-SVC-DP-203
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Inquiry Summary

Semiconductor Equipment, Manufactur-
ing, and Materials Inquiry Highlights
Dataquest’s response to specific questions from
clients frequently can be useful for other clients.
In this article we provide a response to one of

Q. What relationship, if any, exists between U.S.
semiconductor equipment vendors’ market share
and the market share of U.S. semiconductor
companies?

A. See Figure 1. From the period 1982 to 1990,
U.S. semiconductor equipment company market
share decreased from 61 percent of the world-
wide market to 36 percent. The worldwide
share of U.S. semiconductor companies (includ-
ing captives) also declined during this period,
from 57 percent of the worldwide market to

42 percent.

opposite: The market share of Japanese semicon-
ductor equipment companies during this
period from 27 percent of the worldwide market
to 51 percent. Japanese semiconductor compa-
nies also saw their share of the worldwide mar-
ket grow during this period from 31 percent to
45 percent.

There is a strong tendency on the part of U.S.
and Japanese semiconductor manufacturers to
buy equipment from semiconductor equipment
vendors that are a part of a locally developed
support infrastructure. However, we note that
this tendency does not necessarily lock out over-
seas vendors from either the Japanese or U.S.
semiconductor industry. For example, because
of advanced technology, excellent service, and
strong local support from Japanese companies,
U.S. semiconductor companies buy a significant
portion of their lithography equipment from
Japanese vendors; and, for the same reasons,
Japanese semiconductor companies buy a signi-
ficant portion of their CVD equipment from
U.S. equipment vendors.

The story for Japanese semiconductor companies p B
George Burns
and equipment vendors is almost the mirror 4
Figure 1
Semiconductor and Semiconductor Equipment Market Share
Market Share Percentage
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Source: Dataquest (March 1992)

SEMM-SVC-DP-9203

©1992 Dataquest Incorporated

G2000015

March 23, 1992




12 | | . Semiconductor Equipment, Manufacturing, and Materials

in Future lssues

Look for the following articles in future issues of
Dataquest Perspective:

® 1991 wafer fab equipment market, by region

x 1991 stepper market

» 1991 CVD market

» U.S. semiconductor gas market

- |
For More Information . . .

On the topics in this issue Peggy Marie Wood, St. Industry Analyst (408) 437-8631
About online access (408) 437-8576
About upcoming Dataquest conferences (408) 437-8245
About your subscription or other Dataquest publications (408) 437-8285
Via fax request (408) 437-0292

The content of thia report represents our interpretation and analysis of information generally available to the public or releazed by responsible individuals
in the subject companies, but is not guaranteed as to acouncy or completeness. It does not contain material mmmmmb;m@wmdm
Individual companies reported on and analyzed by Datequest riay be clients of this and/or other Dataquest services. This information is not famished in
conhection with a sale or offer to sell securities or in connection with the sclicitation of an offer to buy securities, This firm and it» parent and /or their
:?;uu,s&ockhddm , or members of their families may, from time to time, have a long or shert position in the securities tnentioned and may sell or buy
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Market Analysis U.S. Photoresist Market in 1992—

Semiconductor Materials: U.S. Photoresist Market in

1992—How Much Does a Dead Cat Bounce?

Volume shipments of optical resist in the United
States were down in 1991 on a year-to-year com-
parison. Shipments are expected to be flat in 1992.

By Mark FitzGerald

Page 1

Semiconductor Equipment: Sputtering Equipment

Market Forecast, by Film Application

The sputtered films market has high growth and is
technology intensive. By 1995, PVD films and CVD
metal films will converge toward an integrated

interconnect equipment market.
By Krishna Shankar

Market Update on Film Thickness Equipment

Page 4

This article examines the 1991 thin film measure-
ment equipment market and highlights several
technical challenges that face companies in this

segment.
By Peggy Marie Wood

Semiconductor Manufacturing

Page 7

A Response to the Growing Burden of R&D: Joint

Development

U.S. merchant and captive semiconductor R&D
spending is expected to increase 8 percent to
$4.4 billion in 1992. The growing financial burden
of increased R&D budgets is leading to joint
development and production efforts by inter-

nationally based semiconductor companies.
By George Burns

News and Views

Materials Notes
By Mark FitzGerald

Page 10

Page 12

How Much Does a Dead Gat Bounce?

Photoresist consumption in the United States
decreased on a unit basis in 1991 for the first
time since 1986. The prospects for 1992 are not
much brighter. Dataquest believes that volume
consumption of negative and positive resist will
grow a mere 3.3 percent in 1992 (see Table 1),
much lower than the double-digit growth the
resist industry experienced for most of the last
five years.

Dataquest estimates that 265,200 gallons of
positive resist were used in the United States in
1991 (see Table 2). Positive resist consumption
decreased 0.5 percent from 1990 levels. We had
forecast positive resist consumption to grow

2 percent in 1991; actual resist consumption fell
short of our forecast because the U.S. semicon-
ductor industry did not pick up in the second
half of 1991. In fact, the fourth quarter was the
weakest quarter of the year in terms of U.S.
wafer starts and resist consumption.

Negative resist consumption is much smaller
than is positive resist consumption, totaling
about 75,100 gallons in 1991 (see Table 3), a
decline of 3.7 percent from 1990. Negative resist
is largely used in less-critical applications such
as discrete devices and as a result is not
expected to grow.

Technological Trends

A bright spot is the forecast growth for i-line
resists; consumption is expected to grow three-
fold in 1992. Volumes for the period 1991 to
1996 are forecast to grow at a 66.8 percent com-
pound annual growth rate (CAGR). Leading-
edge devices will be the primary application,
especially the next generations of DRAM and
microprocessor devices.

Dataquest
mn?—:ﬂmclcmpomon
Dataquest is a registered trademark of A.C. Nielsen Company.
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Table 1

U.S. Optical Photoresist Consumption by Technology (Thousands of Gallons)

CAGR (%)
1990 1991 1992 1993 1994 1995 1996  1991-19%
U.S. Total 345 340 351 381 410 421 440 53
Percent Change (%) 80 -1.2 3.3 85 7.5 2.6 45
Type
Positive 267 265 277 304 337 351 372 7.0
Annual
Growth (%) 12.0 0.5 43 93 11.0 40 6.0
Negative 78 75 75 78 73 70 68 2.0
Annual
Growth (%) -3.7 3.7 -0.4 39 -6.0 -4.1 -3.1
Technology
G-line 341.8 334.1 3337 3495 373.0 370.2 369.6 2.0
Annual
Growth (%) 7.7 23 0.1 47 6.7 .7 0.2
IHine 21 51 16.3 304 35.6 483 . 66.0 66.7
Annual
Growth (%) 59.7 140.7 217.8 864 17.2 35.7 36.5
Deep-UV 0.7 11 1.4 1.5 1.6 21 40 29.3
Annual
Growth (%) 114.8 56.8 277 9.5 2.2 35.6 87.0
Source: Dataquest (March 1992)
A Al —
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Table 2 :
1991 U.S. Optical Photoresist Market (Positive Resist in Thousands of Gallons) "
Share of Sales
Company Gallons Volume (%) (M)
Merchant
Shipley 85.7 323 283
oCG 50.5 19.0 16.7
Hoechst (AZ Photoresist) 44.0 16.6 145
Tokyo Ohka 283 107 9.3
Dynachem 265 10.0 8.7
KTI Chemical 14.2 5.4 4.7
Sumitomo Kagaku 25 0.9 0.8
J.T. Baker 1.5 0.6 0.5
UCB-JSR 04 0.2 0.1
Mitsubishi Kasei 04 0.1 0.1
Captive
IBM 11.2 42 -
Total 265.2 100.0 83.7
Source: Dataquest (March 1992)
Table 3
1991 U.S. Opftical Photoresist Market (Negative Resist in Thousands of Galions)
Share of Sales
Company Gallons Volume (%) (M)
Merchant
OoCG 43.0 57.3 3.9
KTI Chemical 230 30.6 21
Dynachem 9.0 12.0 0.8
Tokyo Ohka 0.1 0.1 0
Total 75.1 100.0 6.8

Source: Dataquest (March 1992)

The largest U.S. end users of i-line resist in 1991
were IBM and Micron Technology. Dataquest
believes that DRAM manufacturers” 4Mb shrink
uses i-line resist for some critical layers and that
the 16Mb, which will reach production quanti-
tes in 1992, will use i-line resist almost exclu-
sively. In addition, Intel's next generation of
microprocessor, the 8486, will use i-line
technology.

The rapid growth of i-line resist volumes
assumes that mix-and-match strategies will not

SEMM-SVC-DP-9202
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be widely adopted by device makers. Mix-and-
match is a lithographic strategy where the less-
critical layers of a device employ g-line technol-
ogy and the more-critical layers use i-line or
another advanced technology. The primary bene-
fit of a mix-and~-match strategy is the need for
fewer advanced , which are selling for
more than $2 million each.

Deep-UV technology is assumed to have little
effect on the growth of the U.S. resist market
over the forecast period. SVG Lithography is

March 2, 1992
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working to commercialize the Micrascan tool,
which uses an excimer laser source. Dataquest
believes that even if SVG solves the technical
hurdles, the adoption of this fool, beyond its use
at IBM, will be delayed until device makers
move to 0.3-micron geometries. Devices with
this type of resolution will not begin to impact
the market for photoresist until the end of our
current forecast.

Moreover, the adoption of deep-UV technology
is hampered by the fact that that there is no
good positive resist commercially available
today. Positive deep-UV resist is required for
contact, trench, and via applications—negative
resist will not work. In general, resist vendors
have been cautious about aggressively investing
in advanced deep-UV resist technology because
they believed that their efforts would lose out to
phase shift technology or other strategies to
extend the life of i-line technology. Their caution
is probably well founded, considering how long
the industry has extended the life of g-line tech-
nology.

Market Share

Most companies’ resist shipments were flat to
down in 1991, reflecting the weak semiconductor
market. However, Tokyo Ohka (TOK) bucked
this trend largely because of its strong position
at Intel and the Sony fab in San Antonio, Texas.
Intel sales shot ahead last year because of its
microprocessor product line, and Sony began to
ramp up production in the San Antonio fab.

TOK'’s 1991 shipments into the United States
climbed 40 ent from a year earlier. Data-
quest estimates that TOK sold 28,300 gallons of
positive resist in 1991, giving it a market share
of 10.7 percent (see Table 2). The company’s
sales in the United States are reaching a level
such that the company can now justify local
production and has announced plans to build a
plant in the Portland, Oregon, area that will be
completed in 1993.

OCG Microelectronics (OCG), a joint venture
formed in 1991, dominated the negative resist
market share because the electronics operations
of the two companies forming the joint venture,
Olin Hunt and Ciba Geigy, had significant
positions in this market. On the other hand,

the formation of OCG had little effect on posi-
tive resist market share because Ciba Geigy was
such a small player in the U.S. positive resist

March 2, 1992
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market. As a result, OCG’s U.S. positive resist
market share reflects Olin Hunt’s previous share.

Finally, though Sumitomo is still a small vendor
in the U.S. market, Dataquest believes that
Sumitomo is a company to watch for two rea-
sons. First, it has a very successful i-line resist as
measured by its acceptance in the Japanese mar-
ket. Second, it is expected to benefit, probably
even more so than will TOK, as Japanese fab
lines locate in the United States.

Specifically, Sumitomo is expected to benefit

the most from the ramp up of NEC’s M-line in
Roseville, California, one of the largest merchant
fabs in the world. The M-line will run 10,000
wafer starts per month in 1992 and eventually
will increase to 30,000 by 1994. Consequently,
we expect Sumitomo’s resist market share to
grow very quickly over the next several years.

Dataquest Perspective

Although Dataquest expects slower growth over
the next five years for the U.S. photoresist mar-
ket, the challenges for vendors selling into this
marketplace are expected to escalate. Mounting
competitive pressures as Japanese vendors
scramble for business in an already crowded
market and shifts in resist technology ensure
that the next several years will be a dynamic
period for the U.S. resist industry.

By Mark FitzGerald

Sputtering Equipment Market Forecast,
by Film Application

The high-growth sputtering equipment market
will have a compound annual growth rate
(CAGR) of 10.1 percent from $359 million in
1990 to $581 million by 1995 (see Table 1). Much
of the growth will be driven by average selling
price (ASP) increases attributed to the increas-
ingly stringent requirements imposed on sputter-
ing chambers because of process trends such as
module isolation, staged ultrahigh-vacuum
requirements, damage-free preclean procedures,
and low particles. System ASPs will also
increase because of the integration of related
interconnect modules such as rapid thermal
processing (RTP) and metal chemical vapor
deposition (CVD). This article presents a forecast
for the sputtering equipment market by film
application and the trends underlying our
forecast.

SEMM-SVC-DP-9202
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Table 1
Worldwide Sputtering Equipment Market Forecast, by Film Application (Millions of Doliars}
CAGR (%)

Sputtered Film 1990 1991 1992 1993 1994 1995  1990-1995
Aluminum Alloys 244 262 243 272 327 372 8.8
Tiw 18 16 15 17 15 17 -1.1
TiN . 32 39 41 50 67 76 18.9
Titanium 43 51 52 63 82 93 16.7
MoSix 14 16 11 8 10 11 -4.7
Wsix 8 8 7 8 10 12 84
Worldwide Sputtering

Equipment Market Total 359 392 369 418 511 581 10.1
Source: Dataquest (March 1992)

Worldwide Revenue and Shipments Units
Forecast

The worldwide sputtering equipment market
comprises almost %0 t of the $435 million
1991 physical vapor deposition (PVD) market.
Evaporation equipment accounts for the remain-
ing 10 percent. Figure 1 shows the worldwide
revenue and shipments forecast for the sputter-
ing equipment market from 1990 to 1995. Even
though system unit shipments are expected to
remain relatively flat, increases in modules per
system and module ASPs will drive the growth
of the market. Worldwide sputtering process
module shipments will increase from about

1,500 modules in 1990 to 1,700 modules by 1995.

For example, the average number of modules
per system is expected to increase from four in
1990 (module ASP: $243,000) to five in 1995
{module ASP: $342,000). A typical configuration
today consists of a preheat/soft sputter-etch
module and process modules for titanium, TiN,
and aluminum sputtering. By 1995, the standard
configuration will extend to include metal CVD
chambers for CVD TiN, blanket/selective tung-
sten, plug etchback, and RTP anneal. In effect,
the standalone sputtering, RTF, metal CVD, and
plug etchback systems of today will converge
toward a complete hybrid systems solution for
multilevel interconnection.

Process reliability, reproducibility, cost-of-
ownership, cross-contamination, and integration
issues need to be completely resolved before
device manufacturers plunge into adoption of a
hybrid interconnect solution. Interconnect
integration offers the maximum leverage in
stimulating the migration toward cluster tools

SEMM-SVC-DP-9202
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from standalone systems. Interconnect processes
may fundamentally force the transition to mix-
and-match multivendor, open-architecture SEMI/
MESC cluster tools because of the twin factors
of equipment-vendor- specialization and
device manufacturers’ need for interconnect
customization. Dataquest believes that global,
multiproduct equipment companies may
eventually become one-stop systems integrators
offering a complete interconnect product and
service solution.

Sputtered Film Market Trends

Table 1 shows the detailed breakdown of the
sputtering equipment market info the main-
stream film applications. The forecast is based
on our understanding of current process tech-
nology trends and the relative adoption of
single-level, double-level, and triple-level metal
architectures by key semiconductor device
families such as memories, ASICs, and
microcomponents.

‘We believe that sputtered aluminum/silicon/
copper alloys will continue to be the global
interconnect material of choice through 1995.
Improvements in aluminum step-coverage

and electromigration reliability due to process
advances such as DC bias/heated substrate
sputtering, partial laser planarization, and
advanced source design will sustain the momen-
tum of the aluminum sputtering application
market. In addition, tungsten contact and via
plugs will relax the step coverage requirements
of sputtered aluminum for submicron g

aspect ratios. Dataquest also predicts that CVD
aluminum and CVD copper will not encroach
upon the sputtered aluminum market until 1996.

March 2, 1992
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Figure 1
Worldwide Sputtering Equipment Market Forecast
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Source: Dataquest (February 1992)

Sputtered aluminum will continue to be the
dominant portion of the PVD market, growing
at a CAGR of 8.8 percent from $244 million in
1990 to $372 million by 1995.

The sputtered TiW barrier film market will
remain flat between 1990 and 1995 because of
the conversion to the superior TiN barrier for
submicron processes. Also, the bipolar LSI mar-
ket, which traditionally has used the platinum
silicide/TiW Schottky barrier scheme, is shrink-
ing and being replaced by CMOS technology.

The sputtered TiN barrier film market will
experience the greatest growth: a CAGR of
18.9 percent from $32 million in 1990 to $76 mil-
lion in 1995. TiN films are the barrier of choice
in submicron CMOS processes because of their
superior barrier characteristics, high temperature
resistance, ease of patterning, and compatibility
with tungsten plug processes. TiN is also com-
monly used as a thin antireflective coating on
sputtered aluminum for interconnect patterning
. Beyond 1995, however, sputtered TiIN
may be replaced by CVD TiN because of the
superior step coverage of CVD TiN in high-
aspect ratio contacts and vias.

Sputtered titanium is used in a variety of appli-

cations such as barrier adhesion layer, source-
drain silicide straps, salicide local interconnect,

March 2, 1992
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and contact resistance promoter. All these
applications, however, use relatively thin films
ranging from 200 to 1,000 angstroms in thick-
ness. Hence the throughput and chamber
requirements are smaller for sputtered titanium
compared with the aluminum and TiN thickness
and throughput requirements. Dataquest expects
the sputtered titanium film equipment market
to grow at a CAGR of 16.7 percent from

$43 million in 1990 to $93 million by 1995.

Sputtered silicide films such as molybdenum
silicide (MoSix) and tungsten silicide (WSix) are
extensively used in IMb DRAM and 4Mb
DRAM applications for polycide gate, local
interconnect, and bitline contact applications.
Many DRAM companies have converted to CVD
tungsten silicide because of its superior step
coverage in local interconnect and bitline contact
applications. The advent of high-temperature
dichlorosilane-based CVD tungsten silicide (DCS
WSix), with its superior step coverage and low
fluorine contaminant content, is expected to
accelerate the conversion from sputtered silicides
to CVD silicides in 16Mb and 64Mb DRAM
applications. Hence the sputtered silicide film
market will grow principally because of capacity
expansion and replacement buys for IMb and
4Mb DRAM fabs.

SEMM-SVC-DP-9202
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Growth in the sputtered film application market
will continue to outpace the of the over-
all wafer fab equipment market between 1990
and 1995 because of factors such as increased
system ASPs, increased interconnect levels, and
increased use of multilayer barrier and
aluminum interconnect films. We expect sput-
tered aluminum to continue as the global inter-
connect material of choice through the 64Mb
DRAM generation. Sputtered titanium and TiN
films will be high-growth segments between
1990 and 1995 because of their design-ins at
multiple levels in submicron processes. Beyond
1995, we expect a convergence of the sputtered
films and metal CVD films markets as equip-
ment companies offer completely integrated
hybrid interconnect solutions.

By Krishna Shankar

Market Update on Film Thickness
Equipment

Semiconductor device structures are becoming
increasingly complex. In particulax, multilevel
metalization schemes for advanced logic and
ASIC devices are driving growth in the dielectric
and metal deposition equipment segments. One
of the process control equipment segments
directly impacted by the move to multilevel
metalization is film thickness equipment, which
is used to measure such films as photoresist,
oxide, nitride, polysilicon, and other dielechric
film combinations. This article examines the
1991 thin film measurement equipment market
and highlights several of the technical challenges
that face companies in this market segment.

Film Thickness Measurement Equipment

Film thickness measurements historically have
been divided into two ts: ellipsometers,
used primarily in off-line and lab/R&D appli-
cations, and spectrophotometers for use in the
uction environment. Ellipsometers measure
film thickness based on changes in the polariza-
tion of light due to the presence of thin films.
These tools are considered to be the de facto
reference for film thickness measurement
because of their high degree of measurement
accuracy and their ability to measure film thick-
ness and refractive index simultaneously. Histor-
ically, ellipsometers have not made the transition
to the production environment because of their
relatively large spot size and lack of automation.

SEMM-SVC-DP-8202
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Spectrophotometers, traditionally based on
microscope stations, measure the interference
patterns created by the reflections between the
top of a film and the film-substrate or film-fim
interface. These tools measure film thickness
under the conditions that the refractive index of
the film is known. Spectrophotometers have a
significantly smaller spot size, several microns,
in relation to the 50-micron spot size of a tradi-
tional ellipsometer. The smaller spot size is
necessary for measuring film thickness on pat-
terned wafers with device structures. In addition
to smaller spot size, spectrophotometers provide
a high degree of equipment automation. Many
product offerings today now include pattern
recognition to eliminate initial operator
alignment procedures.

In addition to semiconductor applications, film
thickness measurement equipment is used in
areas including thin film magnetic head manu-
facturing, multichip modules, and flat panels.
Our market estimates presented in this article
reflect film thickness measurement equipment
used only in the semiconductor wafer fab
production environment.

The 1991 Market in Review

Dataquest estimates that the 1991 worldwide
market for film thickness measurement equip-
ment for the production environment was

$39 million. This corresponds to approximately
285 systems reflecting an average selling price
of $137,000. The price range for filin thickness
measurement tools for the production environ-
ment ranges from just under $100,000 to almost
$300,000. In contrast, we estimate that the tradi-
tional (off-line and lab applications) market for
ellipsometers that same year was significantly
smaller—somewhere between $6 million and
$8 million worldwide. At an approximate
average selling price of $50,000, this 1991
market estimate for ellipsometers corresponds
to about 140 units. Although the ratio of
spectrophotometers to ellipsometers in 1991 is
approximately 2:1, Dataquest understands that
in some facilities this tool ratio can be as high
as 5:1 or 6:1, or even higher, in favor of

spectrophotometers.

Figure 1 shows the size of the regional markets
for the film thickness equipment market. As
with other categories of front-end

equipment, Japan represents the single largest
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Figure 1

1991 Film Thickness Equipment Regional Markets and Ownership (Millions of Dollars)

Asia/Pacific-ROW $3.5, 8%

Markets Total = $43 Million

Note: No off-line or lab/R&D ellipsometers are indluded.

Eurcpean Companies $2.1, 5%

North American Companies
$32.9
76%

Ownership Total = $43 million

Source: Dataquest (February 1992)

regional market, accounting for $18.9 million, or
44 percent, of the $39 million market in 1991.
However, as Figure 1 also illustrates, U.S.
companies dominate this market by supplying
76 percent of the world’s film thickness equip-
ment needs in 1991. This dominance by U.S.
companies is due to several factors: the histori-
cal strong role that Nanometrics has played in
the market since it began, the successful product
offerings of Prometrix and Tencor at the high
end of the product mix, and the entry of two
new companies offering film thickness
measurement systems for the production
environment.

Companies

Table 1 identifies the 1991 film thickness
measurement equipment company revenue
rankings. The top four players together
account for 80 percent of the market. New-
comers Rudolph Research and Thermawave
account for an additional 8 percent share,
and other companies including Canon, Leica,
Olympus, and Zeiss account for the remaining
12 percent share.

Rudolph Research is actually not a newcomer
to the film thickness market. Rudolph and
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Gaertner Scientific have been leaders in the
field of ellipsometers for many years. What

is new, however, is Rudolph’s decision to
develop and market an ellipsometer for

the uction environment to compete
head-to-head with s hotometers. At
SEMICON /West in May 1991, Rudolph
introduced its new FE IIl ellipsometer system.
This automated system has pattern recogni-
tion and a spot size about one-half that of
the traditional ellipsometers. The company has
done very well in its first year of shipping
systems for production applications. It is
interesting to note that at the same SEMICON
show, Leica announced its intention to pro-
vide an ellipsometer module to be used in
conjunction with its spectrophotometer system.

Thermawave was a new entrant to the film
thickness market in 1991 with its Opti-Probe
system. The company believes that its optical
technology is particularly well suited for
eliminating edge-effect errors in film thickness
measurement because its system utilizes a
beam with a small spot size from a coherent
light source in conjunction with the company’s
proprietary optical subsystem. Film thickness

SEMM-SVC-DP-9202
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Table 1
1991 Worldwide Film Thickness Measurement Equipment Company Rankings {Milions of Dollars)
Market
Company Revenue Share (%)
Prometrix 11.0 28
Nanometrics 95 24
Dainippon Screen 55 14
Tencor 5.3 14
Rudolph Research 27 7
Thermawave 03 1
Others 48 12
Total 39.1 100

Notes: Columns may not add to totals shown because of rounding. No off-line or lab/R&D ellipsometers are included.

Source: Dataquest (March 1992}

measurement is a new market for Therma-
wave. Prior to this new equij t offering,
the company has focused much of its attention
on developing advanced ion monitoring and
subsurface defect detection equipment based
on thermal wave measurement technology.

At the end of 1991, it was announced that
Thermawave would be acquired by Toray
Industries and Shimazu of Japan for an
estimated $70 million.

Technical Challenges

The increasingly complex device structures of
advanced semiconductors continue to provide
technical challenges for film thickness measure-
ment. Traditionally, film thickness equipment
was used to measure a single top layer, but
there is now a need to measure two and three
levels of films s:multaneously Today’s film
thickness equipment companies are developing
increasingly sophisticated software algorithms to
interpret the signals from thin multilayer film
stacks. Other key technical issues involve the
measurement of ultrathin films as well as film
combinations with proprietary stoichiometry.

One of the challenges that face film thickness
measurement is measuring a transparent film on
another transparent film. One of the innovative
approaches that film thickness measurement
companies have taken to deal with this problem
in measuring oxide on poly is to utilize UV
sources. Polysilicon is opaque in the UV range,
so this measurement procedure can be reduced
to a single-layer system rather than a double-
layer film.

SEMM-SVC-DP-9202
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Finally, one of the interesting issues facing

the film thickness measurement equipment
companies is how the adoption of integrated
deposition cluster tools will impact the use of
their equipment. The primary advantage of
cluster tool processing is the tools’ ability to
sequentially deposit a series of thin films
without having to return wafers to the ambient
environment between processing steps. Semicon-
ductor manufacturers, however, will want to be
able to monitor that the deposition process steps
are in control, and thus arises the potential need
for an in situ film thickness measurement sys-
tem. Film thickness measurement data would be
sent ahead via feed-forward controls to establish
etchback time in integrated CVD, PVD, and dry
etch cluster tools.

Dataquest Perspective

To manufacture the increasingly complex device
structures of advanced integrated circuits in the
1990s, film thickness measurement equipment
companies must continue to improve their
equipment performance and capability. This
presents a series of technical challenges.
Challenges, however, translate to opportunities
for companies with strong technical ability and
innovative technology. Dataquest believes that
the film thickness equipment market will keep
pace with or even exceed the overall growth of
the CVD and PVD market to reach a level of
approximately $65 million by 1995.

By Peggy Maric Wood
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Semiconductor Manufacturing

A Response to the Growing Burden of
R&D: Joint Development

Dataquest has just completed its analysis of U.S.
merchant and captive semiconductor company-
funded R&D spending. This article will high-
light results of that analysis and examine one
consequence of ever-growing R&D budgets: the
joint development project.

Survey Results

Semiconductor R&D spending for U.S. merchant
and captive semiconductor companies rose by
10 percent to $4.1 billion in 1991 (see Table 1).
We expect R&D spending to increase by 8 per-
cent in 1992 to $4.4 billion. This total includes
only company-funded spending and not R&D
funding from noncompany sources. Total R&D
spending for U.S. merchant and captive R&D
represented 14 percent of revenue in 1991 (see
Table 2). By way of comparison, U.S. merchant
and captive capital in the same year
was $4.8 billion and 17 percent of revenue. In
other words, R&D spending and capital spend-
ing together totaled 31 percent of U.S. merchant
and captive semiconductor revenue in 1991.

Of the merchant semiconductor companies’
company-funded expenditure, we estimate that
Intel’s $585 million was the most spent in 1991.
Dataquest estimates that Intel will increase this
amount to $720 million in 1992,

Sharing the Burden: Joint Development Projects

Expected growth in 1992 U.S. merchant and cap-
tive R&D spending will take place even though
the current economic climate is clouded by
uncertainty and patches of gloom. R&D spend-
ing will grow because it is investment in tomor-
row’s processes and products—investment
deferred only at a company’s peril. Indeed,
because R&D has been so central in the advance
of new technology and products, U.S, R&D
spending has increased every year since 1976.

As semiconductor technology has become ever
more complex and sophisticated, R&D spending
has grown in absolute terms and as a percentage
of total semiconductor revenue. For example, in
1980, the ratio of U.S. merchant R&D spending
to revenue was 8 percent; in 1990, it had grown
to 14 percent. (For a more compiete discussion
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Table 1
U.S. Semiconductor R&D Expenditure (Milions of Dollars)
1990 1991 1992
Merchant Companies
Advanced Micro
Devices 204 215 225
Altera 11 14 17
Analog Devices 73 81 81
California Micro
Devices ) 3 3 3
Chips & Technologies 49 58 45
Cypress 72 83
Harris 76 74 69
IDT 49 51
MP 13 10 11
Intel 465 585 720
LSI Logic 60 81 85
Linear Technology 9 1 14
Micron Technology 41 37 40
Motorola 330 370 420
National Semiconductor 251 200 200
Seeq ' 19 8 9
Siliconix 17 19 2
Texas Instruments 357 348 348
VLSI Technology 54 54 62
Xicor 20 23 18
Others 783 848 913
Total Merchant 2,920 3,159 3436
Percent Change 16 8 9
Total Captive 793 921 981
Percent Change 12 16 7
Total Merchant and
Captive 3,713 4,080 4417
Percent Change 15 10 8

Source: Dataquest (March 1992)

of the necessity of R&D for new products and
the increasing R&D “intensity” of the industry,
please see “Investing in Tomorrow: Steady
Growth for U.S. Semiconductor R&D,” in the
Semiconductor Equipment, Manufacturing, and
Materials Dataguest Perspective, Vol. 1, No. 1.)

As R&D budgets take an ever-increasing share
of the industry’s revenue, the industry has
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Table 2
U.S. Semiconductor R&D Expenditure
{Percentage of Revenue}
1990 1991
Merchant Companies
Advanced Micro Devices 19 18
Altera 14 13
Analog Devices 19 17
California Micro Devices 10 23
Chips & Technologies 19 33
Cypress 25 26
Harris 10 11
IDT 22 24
IMP 23 22
Intel 15 14
LSI Logic 10 12
Linear Technology 11 11
Micron Technology 14 8
Motorola 9 9
National Semiconductor 15 12
Seeq 19 17
Siliconix 14 15
Texas Instruments 14 13
VLSI Technology - 17 15
Xicor 28 32
Others 14 15
Total Merchant 14 14
Total Captive 17 17
Total Merchant and
Captive 14 14

Source: Dataquest (March 1992)

responded by searching for ways to lighten the
burden of R&D spending. One promising

method of easing the burden of R&D spending
is joint development of processes and products.

Typically, a joint development project involves
two companies agreeing to share financial and
technical resources in order to jointly develop
new processes or products. Recent examples of
joint development projects are shown in Table 3.

Dataquest Pesspective

Because R&D is so crucial to the semiconductor
industry, and at the same time so expensive, we
believe that joint R&D projects will gain in
popularity. These projects may not be confined
to just the efforts of two individual companies.
Consortia such as Sematech, JESSI, or Taiwan’s
submicron research project will also gain in
popularity as vehicles to develop advanced
processes. These consortia will involve govern-
ments, universities (for example, Tohoku Univer-
sity or Stanford University’s Center for
Integrated Systems), vendors to the industry,
and semiconductor companies.

A natural conse