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Ekecutive Summary

Purpose

Semiconductors,devices that enable computers and other products to
store and processinformation, are the foundation of the $660 billion
worldwide electronics industry. In responseto losing a significant share
of the semiconductor market to Japanesecompaniesin the 198Os,several US. semiconductor and computer manufacturers formed SEMATIXH
in 1987 to provide the U.S. semiconductor industry with the capability
for world manufacturing leadership. Relieving that participation in a
government-industry consortium furthering semiconductor manufacturing technology was in the nation’s economic and security interests,
the Congressappropriated $100 million for SEMATECH'Suse in each of the
past 3 fiscal years, matching funds provided by SEMATECH'S 14 member
companies.
The Chairman and Ranking Minority Member, HouseCommittee on Science,Space,and Technology, requested that GAO annually review
SEMATECH by assessingfederal oversight of the program, SEMATECH'S progressin meeting its objectives, SEMATECH’S
efforts to strengthen U.S. suppliers of semiconductor manufacturing equipment and materials, and
SEMATECH'S technology transfer program. A previous report focused on
the SEMATECH consortium’s start-up activities. This report specifically
examines the equipment and materials supplier sector by assessing(1)
the extent of and reasonsfor its decline and (2) SEMATECH'Sefforts to
strengthen it. As part of this review, GAO surveyed senior executives
from 31 of 142 companies affiliated with SEMI/SEMATECH, which represents equipment and materials suppliers participating in the SEMATECH
program.

Background

Semiconductorsare used in electronic products ranging from household
appliances and computers to telecommunications systems and weapons
systems. The performance of increasingly sophisticated electronic products is dependent on more powerful semiconductorsthat can store more
information and processit faster, which in turn are dependent upon
decreasingthe diameter of semiconductors’integrated circuits. This
miniaturization requires technological advancesin making increasingly
precise manufacturing equipment and purer materials, primarily chemicals and gases.While someU.S. semiconductor suppliers are large companies, most have annual salesof less than $20 million and produce
equipment and materials for only at most a few of the more than 100
steps involved in the highly exacting processof manufacturing
semiconductors.
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SEMATECHestablished an overall

objective of enabling U.S. semiconductor
manufacturers to achieve parity with their Japanesecounterparts by
the end of 1991 and regain world manufacturing leadership by the
middle of 1993. SEMATJXH recognizedthe importance of strengthening
U.S. semiconductor equipment and materials suppliers by elevating it to
be a secondoverall objective in the consortium’s latest operating plan.

Results in Brief

U.S. companies’ share of world semiconductor equipment salesdeclined
from 69 percent in 1983 to 61 percent in 1988, the latest year for which
comparable data were available. In contrast, Japanesecompanies’
market share increased from 26 percent in 1983 to about 40 percent in
1988. Similarly, U.S. companies*share of world semiconductor materials
salesdeclined from 26 percent in 1984 to 17 percent in 1988. According
to senior executives GAO surveyed from 31 equipment and materials sup
pliers, the high cost of capital, weak relationships between SEMATECH'S
14 member companiesand their suppliers, and other factors that led to
the decline of the U.S. semiconductor supplier basestill confront the
industry and seriously constrain any efforts to strengthen it.
In responseto the declining competitiveness of US. suppliers, SEMATECH
is trying to improve working relationships between semiconductor manufacturers and their US. suppliers by, among other things, providing
forums for companies’ technical managersto interact and developing
industrywide approachesfor estimating costs and ensuring quality.
SEMATEZH also has increasedthe percentageof its annual budget for
outside research from 20 percent to 60 percent, mainly for projects to
develop new, or to improve existing, equipment and materials.
TheeX~tiV~GAOS~eyedfrOm31
Supplier COmpanieSgenerally
sup
port the SEMATEXH program. However, executives from 16 of the companies were uncertain whether SEMATECHwill significantly strengthen the
U.S. supplier industry, in part becauseof SEMATECH'S limited available

resources,but, more basically, becauseof the need for a fundamental
change in the relationship between semiconductor manufacturers and
their suppliers. Many of the executives believe that each of SEMATECH'S
members must emulate SEMATECH’S
example by working more closely
with and supporting their suppliers in order to strengthen the broader
U.S. supplier base.In June 1990 SEMATECH’S
membersagreed to participate in a program intended to establish closer working relationships
with their key suppliers.
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Principal Findings
Decline of the U.S.
Semiconductor Equipment
and Materials Industry

In 1979 the nine largest semiconductor equipment suppliers in world
saleswere U.S. companies.By 1989 Japanesefirms had captured 4 of
the top 6 positions, while only 4 U.S. companieswere among the 10
largest suppliers. In particular, U.S. companies’ share of world salesfor
the critical industry segmentof lithography equipment, which is used to
transfer integrated circuit patterns onto semiconductors,declined from
71 percent in 1983 to 29 percent in 1988. Similarly, U.S. companies’
share of world sales for equipment that implants ions on semiconductor
wafers-another important segment-dropped from 77 percent in 1983
to 61 percent in 1988. Further, a 1989 survey by SEMATECH of its 14
member companies indicated that they are increasingly using Japanese
equipment in their most advanced fabricating facilities.
According to the executives GAO interviewed from 31 supplier companies, the problems that led to the competitive decline of U.S. suppliers
generally are in areas in which Japanesecompetitors have distinct
advantages.These problems include (1) the high cost of capital in the
United States; (2) poor relations between U.S. semiconductor manufacturers and their suppliers; and (3) a low level of investment by U.S. sup
pliers in plant and equipment and in research and development, which i:
at least partially attributable to the high cost of capital. Further,
according to the executives, the structure of the U.S. semiconductor
equipment industry, which is composedof a large number of small companies, increasestheir difficulty in generating the resourcesto develop
more technologically advanced equipment and in competing with larger
and financially stronger Japanesefii.

SEMATECH’s Efforts to
Strengthen U.S. Suppliers

SEMATECH increased its

efforts to assist U.S. semiconductor equipment
and materials suppliers in responseto their declining competitiveness.
For example, it (1) established a Department of Supplier Relations to
coordinate the consortium’s activities involving SEMI~~~ATECH suppliers
and (2) increased its planned funding for outside research in 1990 from
$84 million to an estimated $137 million, mainly for projects to improve
existing equipment and develop next-generation equipment. Becauseof
insufficient resourcesto addressthe equipment and materials industry’;
problems, SEMATECH has focused its efforts on four segmentsof the
industry, including the lithography equipment segment,on which it
believed it could have the greatest impact.
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Despite these efforts, however, the suppliers told GAO that a much
broader range of initiatives, in addition to SEMATECH'S program, is needed
to significantly strengthen U.S. suppliers. For example, executives from
21 of the 3 1 suppliers surveyed said their companies’ relationships with
U.S. semiconductor manufacturers typically are basedon short-term
considerations, and 3 noted that their Japanesecustomers provide
better feedback than their U.S. customers on how their equipment is
performing. Many of these executives believe SEMATEcH's ultimate successin strengthening the industry is contingent on the extent to which
its 14 member companiesestablish closer long-term relationships with
their U.S. suppliers. In particular, the executives cited the need for
SEMATECH'S members to involve U.S. suppliers in their planning process,
share technical performance data for equipment with their suppliers,
and assumesomeof the costs and risks associatedwith developing the
next generations of semiconductor fabrication equipment and materials.
Various economists and political scientists similarly have pointed out
that Japanesesuppliers have benefited from such close interactions
with their customer firms.
In June 1990 SEMATECH'S members endorsed a new partnering program
in which they intend to work more closely with their key U.S. suppliers,
in particular, by sharing (1) strategic goals and plans, (2) information
about the technical performance of their suppliers’ equipment, and (3)
someof the costs of suppliers’ product development work. This initiative, directed at one of the central needsthat suppliers’ executives highlighted for reasserting U.S. technological leadership, requires that
SEMAmH'S members changethe way they have traditionally conducted
businesswith their suppliers.

Matters for
Congressional
Consideration

BecauseSEMATECH'S members will play a critical role in determining
whether the US. semiconductor supplier basecan be revitalized, the
Congressmay wish to closely monitor the commitment of SEMATECH'S
members to developing closer long-term working relationships with their
suppliers and make further federal funding for SEMATECH contingent
upon the members’ following through with this commitment.

Agency Comments

GAO discussedthe

information in this report with officials of the Department of Defense,SEMATECH, and SEMI/SEMA~,
who agreedthat the facts
presented were accurate. However, at the Committee’s request, GAO did
not obtain official comments on a draft of this report.
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Chapter 1

Introduction

Semiconductors,devicesthat enable computers and other products to
processand store information, are the foundation of the electronics
industry, which had worldwide salesof about $660 billion in 1989 and is
projected to have salesin excessof $800 billion by 1993. In 1989 $270
billion worth of electronic products were sold in the United States, and
the U.S. electronics industry employed 2.6 million workers.
Until the early 198Os,the United States was the world leader in semiconductor production. However, U.S. companieshave since lost a significant portion of their market share in the production of semiconductors
and associatedmanufacturing equipment and materials to Japanese
companies,which began a major program in 1976 to establish a strong
semiconductor industry. (Seefig. 1.1.)
Figure 1.l : Worldwide Market Share for
Semlconducton
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In responseto the strong Japanesecompetition, several U.S. semiconductor and computer companies formed SEMATECH in 1987 as a research
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and development (RBU))consortium. Believing that participation in a government-industry consortium furthering semiconductor manufacturing
technology was in the nation’s economicand security interests, the Congress directed the Secretary of Defenseto make grants to SEMATECHfor
M and has appropriated $100 million annually in the past 3 fiscal
years, which matches contributions by SEMATECH’S 14 member
companies.

Importance of the
Semiconductor
Industry to the U.S.
Economy

The ability to produce the most advanced semiconductorshas enabled
US. companiesto be world leaders in computers, telecommunications
equipment, defenseweapons systems, and other sophisticated electronic
products. (Seefig. 1.2. for sectors of the economy that depend on semiconductor technology.) The performance of electronic products depends
on the ability of semiconductorsto processand store information. In
turn, the capability to manufacture more powerful semiconductors
dependson technological advancesin semiconductor manufacturing
equipment and materials.
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Figure 1.2: The Contribution of Semiconductors to the Economy
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In recent years several studies assessingthe decline of the semiconductor industry have highlighted the critical interrelationships among
the electronics industry, semiconductor manufacturers, and the suppliers of manufacturing equipment and materials. The studies have
pointed out that the erosion of the U.S. semiconductor equipment and
materials supplier basein turn reducesthe competitiveness of the U.S.
semiconductor industry and places U.S. electronics manufacturers at a
competitive disadvantage. For example, a report on the semiconductor
equipment and materials industry by the National Advisory Committee
on SemiconductorsLstated,
It is essential that companies develop state-of-the-art technology in order to remain
viable businesses. The continued success and health of the U.S. semiconductor and
electronic industries rely heavily on viable semiconductor materials and equipment
companies that can provide the most advanced equipment.

In addition, a report by the National Academy of Engineering2noted
that if technological leadership in one area is lost, it is difficult to recap
ture and stated,
. . the loss of leadership in critical fields may have a cumulative effect that not
only strips the United States of technological know-how in these areas but may seriously deplete the overall capability of the United States to compete in several
related fields.

Establishment of
SEMATECH

SEMATECH was incorporated

in Delaware in August 1987 as a not-forprofit RBU)
corporation. To implement its overall objective of providing
the U.S. semiconductor industry the capability for world leadership in
manufacturing, SEMATECH has developed a three-phased,S-year plan for
achieving parity with Japan by the end of 1991 and regaining world
leadership by the middle of 1993. SEMATECHelevated the importance of
strengthening U.S. suppliers of semiconductor equipment and materials
by making it a secondoverall objective in the consortium’s 1991 operating plan. The following companiesare members of SEMATEZH:
Advanced Micro Devices,Inc.
American Telephone and Telegraph Company
Digital Equipment Corporation
‘Preservingthe Vital Base:America’sSemiconductorMaterials and EZquipment
Industry, National
Advisory Committeeon Semiconductors(July 19!30).
2TheTechnoIogicaIDimensionsof International Competitiveness,National Academyof Engineering
wm
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Harris Corporation
Hewlett-Packard Company
Intel Corporation
International BusinessMachinesCorporation (IBM)
IS1 Logic Corporation
Micron Technology, Inc.
Motorola, Inc.
National Semiconductor Corporation
NCR Corporation
Rockwell International
Texas Instruments, Inc.
Each member company is represented on SEMATECH'S Board of Directors
and Executive Technical Advisory Board.
SEMI/SEMATECH, Inc., was formed

in September 1987 as an independent
organization of U.S. semiconductor equipment and materials suppliers to
link the suppliers and SEMATECH. SEMIISEMATECH, which had 142 member
companies as of January 30,1990, is located along with SEMATECHin
Austin, Texas.

Federal Participation
in SEMATECH

In December 1986 the Department of Defense’s(DOD) Deputy Under Secretary for Researchand Engineering requested that the DefenseScience
Board establish a task force to assessthe impact of trends in the semiconductor industry on DOD'S weapons acquisition programs. The task
force reported that for the 26 semiconductor products and processes
examined, Japanesecompaniesled in 12, U.S. companiesled in 6, and
relative parity existed in 8.3The report concluded that the erosion of
U.S. technological leadership in semiconductor manufacturing had
serious implications for the nation’s economy and would seriously
impair the nation’s defensecapabilities that rely upon technologically
superior weapons. The report recommendedthat action be taken to
retain a domestic strategic semiconductor base and maintain a strong
base of expertise in associatedtechnologies.
The National DefenseAuthorization Act for Fiscal Years 1988 and 1989
(P.L. 100-180) and the National DefenseAuthorization Act for Fiscal
Years 1990 and 1991 (P.L. 101-189)have authorized the Secretary of
Defenseto make grants to SEMATECHto defray its R&Dexpenses,provided
in part that available funds from federal, state, and local governments
3!3eeDefenseSemiconductorDependency(Feb. 1987).
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for any fiscal year may not exceed50 percent of the total cost of R&D
activities. In April 1988 the Secretary of Defensedelegated responsibility for overseeingSEMATEXH to the DefenseAdvanced Research
Projects Agency (DARPA), which approves the consortium’s annual operating plans. The Congresshas appropriated $100 million annually for
SEMATECH in fiscal years 1988 through 1990. DARPA'S grant funds are
matched by member companies’ contributions to the program.

Semiconductor
Manufacturing and
the Role of Equipment
and Materials
Suppliers

Semiconductors,or “chips,” regulate the flow of electricity in solid-state
electronic goods.(Seethe glossary for definitions of semiconductor manufacturing terminology.) Most of these devices are made from siliconessentially purified sand. When different individual components,such
as diodes and transistors, are joined together within a single semiconductor, the device is called an integrated circuit. Semiconductorsare
fabricated in a “clean room” manufacturing area that needsto be scrupulously clean. A single speck of dust can be enough to contaminate the
fabrication processand reduce the percentage(yield) of chips meeting
specifications.
According to a SEMATECHpamphlet describing the integrated circuit manufacturing process,fabricating the most complex semiconductorstoday
consists of more than 100 steps, during which hundreds of copies of an
integrated circuit are formed on a single silicon wafer, mainly through
chemical processes.Generally, the processinvolves creating 8 to 20 patterned layers on and into the substrate of the wafer, ultimately forming
the complete integrated circuit.
In the first stage of the fabrication process,a silicon wafer is heated and
exposedto ultrapure oxygen to form a silicon dioxide film of uniform
thickness on the surface of the wafer. Next, in the photolithographic
phase, a photoresist (light-sensitive film) is applied to the wafer, giving
it characteristics similar to photographic paper. A wafer stepper aligns
the wafer to a mask and then projects an intense light through the mask,
exposing the photoresist with the mask pattern. In the etching stage, the
exposedphotoresist is removed, and the wafer is baked in a furnace to
harden the remaining photoresist pattern. The wafer is then exposedto
a chemical solution so that the areas not covered by the hardened
photoresist are etched away. In the doping stage, atoms with one fewer
and one more electron than silicon are implanted in the areas exposed
by the etching processto alter the electrical characteristics of the
silicon. These processesare repeated several times before active semiconductors are formed.
Page 13
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In the dielectric deposition and metallization stage, the individual
devices are interconnected using a seriesof metal depositions and patterning steps, followed by the deposition and patterning of dielectric
films for insulation. After the last metal layer is patterned, a final dielectric layer is deposited to protect the circuit from damageand contamination. Openingsare etched in this film to allow accessto the top layer
of metal by electric probes and wire bonds. An automatic, computerdriven electric test system then checksthe functionality of each chip on
the wafer, rejecting any that fail the test. A diamond saw slices the
wafer into single chips, and the good chips are assembledinto a package
that provides contact leads for them.
In the industry’s beginning, semiconductor manufacturers designed and
developed their own manufacturing equipment and materials. However,
the demand for increasingly powerful semiconductorsrequired integrated circuits with more componentsand smaller geometries and consequently has led to more stringent manufacturing processes.Techniques,
equipment, and materials that were useful at larger geometries are no
longer sufficiently precise, requiring the development of new equipment
and processesfor manufacturing the next generation of semiconductors.
While someU.S. semiconductor equipment suppliers are large companies, most have annual salesof less than $20 million and produce equipment used in only at most a few steps in the fabrication process.In
many cases,engineersleft established companiesto form companies
that manufacture more sophisticated and specialized equipment. These
start-up companies have been the source of many of the industry’s technological innovations. However, manufacturing each new generation of
semiconductors requires more advanced and usually more expensive
equipment than manufacturing the previous generation did, which in
turn requires a greater investment ln R&Dby the equipment suppliers.

Objectives, Scope,and
Methodology

In a letter dated June 9,19@3,the Chairman and Ranking Minority
Member, HouseCommittee on Science,Space,and Technology, asked
that we annually assessSEMATECH'S activities for the duration that it
receives federal-funding. Specifically, the Committee asked us to
address 21 issuesregarding (1) federal oversight of the consortium; (2)
SEMATECH'S technological progress, including its objectives, milestones,
and accomplishments;(3) SEMATECH'S efforts to transfer technology; and
(4) the participation by suppliers of semiconductor manufacturing
equipment and materials in the consortium. Our first report in response
to this request examined the federal role, SEMATECH'S approach and
Page 14
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organization for achieving its overall objectives, and SEMATECH'S initial
technology transfer efforts.4
This report examines the U.S. semiconductor equipment and materials
industry by assessing(1) the extent of and reasonsfor its decline and
(2) SEMATECH'S efforts to strengthen its members.To perform this work,
we did the following:
. We reviewed recent reports on the semiconductor equipment and materials industry as well as trade publications.
. We assessedsemiconductor industry market trends by examining world
sales data from Dataquest, Inc., for semiconductors;VLSI Research,Inc.,
for semiconductor manufacturing equipment; and RoseAssociatesfor
semiconductor materials.
. We interviewed responsible SEMATECH and SEMI/SEUATECH officials and
reviewed pertinent documents.
. We surveyed senior executives of 31 of SEMI/SEMATECH'S member companies to obtain their views on the extent of and reasonsfor the US.
industry’s decline and the effectiveness of SEMATECH'Sresponse.
Appendix I lists the 31 semiconductor equipment and materials sup
pliers we surveyed, which comprised 22 percent of SEMIISEMATECH'S 142
member companies as of January 30,199O. We mainly selectedcompanies located in “Silicon Valley,” in northern California, and around
Boston, Massachusetts,becausesuppliers are clustered in these regions,
enabling us to meet with almost all of the suppliers’ executives. The sup
pliers we surveyed make equipment or materials for each of the product
lines defined by SEMI/SEMATEXH (seetable 1.1). Of the 31 suppliers, 8 had
1989 annual sales of less than $10 million; 13 had salesbetween $10.1
million and $100 million; and 10 had salesexceeding$100 million. Thirteen of the 31 companieshad received one or more SEMATJXH contracts to
improve existing or develop new equipment.

4FederalResearch:The SJDdATECH
Consortium’sStart-up Activities (GAO/RCED-90-37,Nov. 3,
1989).
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Table 1.l: Product Lines of the 31 SEMI/
SEMATECH Companies QAO Surveyed
Product line
Hot processing, ion implantation
Sputtering, chemical vapor deposition
Photolithography
Measurement. metroloav
Systems
Defects
Assembly, testing
Materials
Etchina
Other

Number of
comwnier
8
8
8

6
4
6
1

4
5
7

We discussedthe information in this report with officials
of DAIWA,
and SEMI~MATECH,
who agreedthat the facts presented are
accurate. However, at the Committee’s request, we did not obtain official comments on a draft of this report. Our review was conducted
between January and June 1990 in accordancewith generally accepted
government auditing standards.

SEMA~H,

P8ge 16

Chapter 2

The Declineof and ProblemsConfronting the
U.S. SemiconductorEquipment and
Materials Industry
During the 198Os,the competitive position of U.S. suppliers of semiconductor equipment and materials steadily declined. In particular, the
world market share of U.S. semiconductor manufacturing equipment
suppliers declined from 69 percent in 1983 to 61 percent in 1988. Similarly, the world market share of U.S. semiconductor materials suppliers
declined from 26 percent in 1984 to 17 percent in 1983 In contrast, Japanesesuppliers of semiconductor equipment and materials have steadily
increased their market share, and Japanesecompanieshave becomethe
technological leaders in two of the most critical equipment industry segments-those supplying equipment for lithography and ion implantation In addition, SEMATECH’S survey of its 14 membersindicated that
they are relying increasingly on Japaneseequipment for their most
advanced semiconductor fabricating facilities.
According to the senior executives of suppliers we surveyed, the major
factors that led to the decline of U.S. semiconductor equipment and
materials suppliers still confront the industry and seriously constrain
any efforts to strengthen it. Further, these problems are in areas in
which Japanesecompetitors appear to have distinct advantages,
including the availability and cost of capital, working relationships
between semiconductor manufacturers and their suppliers, the level of
investment in plant and equipment and in F&D,and the size and financial
strength of the suppliers.

Decline of U.S.
Suppliers

The July 1990 report of the National Advisory Committee on Semiconductors provided statistics highlighting the declining market share held
by U.S. suppliers of semiconductor equipment and materials. Market
share, the report noted, is a critical indicator of the long-term business
prospects of suppliers becauseof their need to reinvest a substantial
portion of their profits-on average,a new generation of equipment
must be produced every 3 years. The report concluded,
The semiconductor materials and equipment industry in this Nation is headed for
trouble. This equipment-and-materials sector of the U.S. semiconductor industry has
declined dramatically over the past decade and shows every sign of continuing its
decline, while the Japanese and, to a lesser extent, the European semiconductor
materials and equipment industries are growing.

Semiconductor Fabrication
Equipment

The National Advisory Committee on Semiconductorsstated that U.S.
suppliers’ share of the world market was in serious decline for three of
the six semiconductor fabrication equipment industry segments-those
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supplying equipment for lithography, ion implantation, and diffusion.
From 1983 to 1988, the latest year for which comparable data were
available, U.S. companies’ market share for lithography equipment
dropped from 71 percent to 29 percent; for ion implantation equipment,
from 77 percent to 61 percent; and for diffusion equipment, from 46
percent to 41 percent. (Seefig. 2.1.) Although U.S. companieshave
retained a relatively significant market share in the deposition, etching,
and metrology, equipment segments,SEMATECH'S 1991 strategic operating plan noted that Japanesecompanieshave captured large market
shares in supplying particular piecesof equipment in the segments.
Flaure 2.1: U.S. Semiconductor
Eiulpment Suppliers’ Market Share by
Segment in 1983 and 1999

00 PerodqpofNulutsh8N
70

I loo2
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Source: VLSI Research, Inc

Japanesesuppliers also have becomethe largest companiesln the semiconductor equipment industry (seetable 2.1). In 1979,9 of the top 10
semiconductor equipment suppliers in world saleswere U.S. companies.
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However, in 1989 only 4 U.S. companieswere ranked in the top 10,
while Japanesefirms captured 4 of the top 6 positions.
Table 2.1: Top 10 Semiconductor
Equipment Suppliers by Sales in 1979
and 1989

Dollars in millions

1979

1989

Company

Sales

Company

Sales

Fairchild Test Systems
Perkin-Elmer
ADolied Materials

$111.4
101.2

Tokyo Electron Ltd.’
Nikon’
ADDlied Materials
Advantesta
Canon=
General Signal
Varian
Hitachi0
Teradyne
ASM InternationaP

$633.9
582.2
523.3
396.8
383.6
353.7
335.0
210.0
199.9
186.8

GCA
Teradyne
Varian
Tektronix
Eaton
Kulicke & Soffa
Balzers, A.G.b

54.1
53.4
50.8
39.2
37.7
37.0

‘Japanese company
bEuropean company.
Source: VLSI Research, Inc.

Many U.S. semiconductor equipment suppliers are faced with a declining
market share and the need to reinvest at a high rate to remain technologically competitive. For example, Perkin-Elmer Corporation in recent
years lost leadership in photolithography equipment to Nikon Corporation and Canon, Inc. In response,Perkin-Elmer invested a reported $100
million to recapture the technological lead in photolithography. After
reportedly being the target of a takeover by Nikon, Perkin-Elmer sold
majority interest in its electronic beam technology division in March
1990 to a coalition of U.S. companies,including IBMand Dupont Company, and in its optical lithography division in May 1990 to the Silicon
Valley Group, Inc. As part of the sale of the optical lithography division,
in which the Silicon Valley Group obtained a 67percent interest, IBM
agreed to provide financial support to develop an advanced photolithography stepper and to make substantial purchasesof the stepper.
SEMATECH also awarded a joint development contract to the new company to support development of the new stepper.
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Semiconductor Fabrication
Materials

Fiaure 2.2: U.S. Semiconductor Materials
Suppliers’ Market Share by Segment in
1984 and 1988

Overall, U.S. materials suppliers’ market share declined from 26 percent
in 1984 to 17 percent in 1988, although US. materials suppliers have
remained strong in segmentsin which local or regional suppliers traditionally have provided the materials, such as bulk chemicals and gases.
(Seefig. 2.2.) The National Advisory Committee on Semiconductors
found that the U.S. suppliers’ share of the fabrication materials market
is declining rapidly, citing in particular a decline in the share of the most
profitable market segments.Similarly, SFMATECH’S 1991 operating plan
stated that of six materials segmentssurveyed, U.S. suppliers dominate
only in photoresists.

70 lwmtagad~shm
00

Source: Rose Associates

One reason for the loss of market share by U.S. semiconductor materials
suppliers is the acquisition of several U.S. suppliers by foreign companies in recent years. (Table 2.2 shows U.S. suppliers acquired by foreign
companies in 1989.) One of these suppliers-Monsanto Electronic
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Materials Corporation- was the last major U.S. manufacturer and seller
of silicon wafers. In April 1990 Hercules Corporation announcedan
agreement to sell its Semi-GasSystemssubsidiary to Nippon Sanso,a
Japanesecompany. Semi-Gas,which is the leading maker of gas containment systems for semiconductor fabrication facilities, helped develop
the gas distribution system for SEMATECH’Sfabrication facility and has a
Chief
joint development contract with the consortium. SEMATECH’S
Administrative Officer stated that as a result of the joint development
project (JDP), Semi-Gashas been able to improve the purity levels of its
gas containment system by tenfold, giving the company a world leadership position that is probably at least 2 years ahead of any other company’s technology in the world.
Table 2.2: U.S. Semiconductor Materials
Suppllws Acquired by Foreign
Companlea in 1999

Dollars in millions

U.S. company

Product

Foreign investor

Monsanto Electronic
Materials
Cincinnati
Semiconductor
Cominco Electronic
Materials
Matheson Gas Products
General Ceramic
Micro Mask
M~op;ls Research

Silicon wafers

Huels AG’

Epitaxy wafers

Osaka Titaniumb

Gallium arsenide
wafers, targets, wires
Specialty gases
Hermetic packages
Photomasks
Targets

Johnson MattheyP

Acqulsltion
price
$250
50

Nippon Sansob
Tokuyama Sodab
Hoyab
So@

40
30
35
25
50

Total acquisition price

9480

‘European company.
bJapanese company.
Source: Rose Associates.

Problems Confronting
U.S. Suppliers

According to senior executives we surveyed from 31 of the 142 suppliers participating in SEMI/SEMATECH, the problems that led to the competitive decline of the US. suppliers of semiconductor equipment and
materials are in areas where their Japanesecompetitors have distinct
advantages.Table 2.3 shows how the executives ranked each factor on a
scale of 1 to 10, with 10 indicating the greatest contribution to the U.S.
industry’s competitive decline.
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Table 2.3: Perceptions of Supplierr’
Executives About Factors Contributing to
the Decline of Their Industry

Ranking (Scale of

Facton
High cost of capital in the United States
Poor relations between U.S. semiconductor manufacturers and their
suppliers in comparison with relations between Japanese
manufacturers and their suppliers
Low levels of investment in plant and equipment by U.S.
semiconductor equipment and materials suppliers in comparison
with investment levels by Japanese suppliers
Structure of the U.S. semiconductor equipment and materials industry
(the industry is composed of a large number of small companies)
Cyclical changes in the semiconductor market
Low levels of expenditures on R&D by U.S. semiconductor equipment
and materials suppliers in comparison with levels by Japanese
suppliersa
Trade barriers imposed by Japan and other foreign countries
Unfair pricing strategies by foreign competitors

l-10)
7.9

7.4

5.9
5.8
5.6

5.4
5.1
4.2

%.S. semrconductor equrpment suppliers, on average, spend close to 16 percent of sales on R&D, In
comparison wrth the U.S. Industrial average of about 3 percent of sales.

Someof these factors are interrelated. For example, the high cost of cap
ital-ranked first-would account to someextent for the low levels of
investment in plant and equipment and in R&D. In addition, U.S. sup
pliers face difficulties selling to Japanesesemiconductor manufacturers,
which account for a significant portion of the world market for semiconductor equipment and materials, becauseU.S. suppliers (1) typically are
small and lack the financial resourcesto establish sales and service units
overseasand (2) face Japanesetrade and/or cultural barriers.
A September 1989 study by the CongressionalResearchService identified many of the issuesraised by suppliers’ executives in our survey.
Among the factors it identified as contributing to the increasing strength
of Japanesesuppliers were (1) the rapid expansion of the production
capacity of Japanesemanufacturers for certain advanced large-volume
semiconductors since the mid-1970s (2) the advantage of a growing
domestic market, (3) close working relationships between Japanese
semiconductor manufacturers and their suppliers, (4) direct support
from the Japanesegovernment through cooperative research in
microelectronics, (6) the availability and lower cost of capital in Japan,
and (6) greater diversity in the revenue base of Japanesesuppliers compared to that of their U.S. competitors.
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Senior executives from the 31 companieswe surveyed ranked the high
cost of capital in the United States as the most significant factor diminishing the competitiveness of U.S. suppliers. Executives from 26 companies stated that difficulties in obtaining capital have put either their
companiesor their industry segmentsat a competitive disadvantage.
Executives from two companiestold us that many in the U.S. financial
community have “written off” the U.S. semiconductor industry.
Another executive said that the major problem for small companiesis
not the lack of start-up capital; rather, the problem is finding investors
patient enough to enable small companiesto reinvest profits and grow
sufficiently so they can compete successfully in the international
market.

Cost and Availability of
Capital

Becauseof the high cost of capital in the United States, many US. sup
pliers-especially smaller companies-have difficulty raising sufficient
funds for neededR&D, which for suppliers to remain competitive, one
executive explained, may require expenditures of up to 16 percent of
the revenue from sales.The President of SEMI/SEMATECH told us that
many U.S. suppliers have turned to Japanesecompaniesfor investment
capital becauseof the lack of capital in the United States. SEMI/SEMATECH
data show that Japanesecompanieseither acquired or invested in 10
SEMI~XMATECH companiesbetween 1987 and May 1990.
Executives from the 31 SEMI~SEMATECHsuppliers rated ineffective
working relationships between semiconductor manufacturers and their
suppliers closely behind the cost of capital as the most significant factor
contributing to the declining competitiveness of U.S. suppliers. When
asked about the most significant problems suppliers face regarding their
relations with U.S. semiconductor manufacturers, executives from

Relations Between
Semiconductor
Manufacturers and Their
Suppliers
.
.
.
.
.

26 of the 31 suppliers stated that manufacturers provide little financial
support to their suppliers,
23 suppliers said that manufacturers do not involve their suppliers in
their planning,
21 suppliers mentioned that relationships are basedpurely on shortterm considerations,
21 suppliers noted that manufacturers do not share technical data on
the performance of equipment with suppliers, and
15 suppliers considered their relations with manufacturers too adversarial and competitive.
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The executives believe close relationships between U.S. semiconductor
manufacturers and their US. suppliers are critical becausesuppliers,
which currently must bear the high risks and high costs of developing
new generations of equipment and materials, need help from manufacturers. Executives from sevensuppliers particularly noted that to make
continuing improvements and innovations, they need data from semiconductor manufacturers about the performance of suppliers’ products
in a real manufacturing environment and the manufacturers’ future
needsfor equipment and materials. In comparison with US. semiconductor manufacturers, executives from three suppliers stated that Japanesemanufacturers provide better equipment performance data and
planning information, while executives from nine suppliers said Japanesemanufacturers typically are the first to purchase their most
advanced equipment.
These assertions are echoedby many economistsand political scientists,
who have pointed out that in the automotive industry, for example, Japaneseparts and materials suppliers have benefited from close interaction with Japanesecar manufacturers. In contrast to U.S. companies,
Japanesemanufacturers are believed to provide their suppliers more
technical assistanceand longer-term contracts. Someanalysts believe
that these close working relationships have been at least partially
responsible for Japan’s high rates of growth in productivity and of
product innovation in the automotive and other industries.

Access to the Japanese
Market

According to executives of 16 companies,to be competitive internationally, U.S. suppliers must sell in Japan, which represents a significant
portion of the world market for semiconductor manufacturing equip
ment and materials. Several executives noted that successin Japan
requires overcoming Japanesetrade and/or cultural barriers; providing
substantial resourcesto establish a salesnetwork in Japan; and offering
technologically superior products, which may be copied by competitors.
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In responseto the declining competitiveness of U.S. suppliers of semiconductor manufacturing equipment and materials, SEMATJXH has
devoted increased resourcesto strengthening the membersof SEMI/
SEMATECH. SEMATECH'S efforts include (1) spending more of its annual
budget on projects to improve and develop equipment and (2) working
to improve the working relationships between semiconductor manufacturers and their suppliers by providing forums for companies’ technical
managers to interact, encouraging semiconductor manufacturers to
establish long-term partnerships with their U.S. suppliers, and developing industrywide approachesfor estimating costs and ensuring
quality.
Senior executives from 28 of the 31 SEMI/SEMATECH suppliers we surveyed support SEMATECH'S efforts to addresstheir needs.However, executives of 16 of the 3 1 companieswere uncertain whether SEMAmH will
significantly strengthen the U.S. supplier industry, in part becauseof
limited available resources,but, more basically, becauseof the need for
a fundamental changein the relationship between semiconductor manufacturers and their suppliers. Many executives we interviewed believe
the successof SEMATECH'S initiatives is contingent on the extent that the
consortium’s 14 member companiesestablish closer long-term working
relationships with their U.S. suppliers. In particular, the executives
cited the need for SEMATECH'S membersto (1) involve U.S. suppliers in
their planning process,(2) share technical performance data for equip
ment with these suppliers, and (3) assumesome of the costs and risks
associatedwith developing the next generations of semiconductor
fabrication equipment and materials.
In June 1990 SEMATECH'S members agreedto participate in a new
Partnering for Total Quality program in which they intend to work more
closely with their key U.S. suppliers by sharing (1) strategic goals and
plans, (2) information about the technical performance of the suppliers’
equipment, (3) competitive analysis information, and (4) someof the
costs of suppliers’ product development work.

SEMATECH’s Efforts
to Strengthen the U.S.
Supplier Base

During the 3 years since its inception in 1987, SEMATECH
has given
increasing emphasis to assisting equipment and materials suppliers. For
instance, SEMATECH'S members agreed in April 1988 that 20 percent of
SEMATECH'S budget could be committed to outside projects, after initially
proposing to DARPA that more than 80 percent of the consortium’s R&D
activities would be performed in-house. SEMATECH currently plans to
spend about 60 percent of its budget on outside projects, particularly on
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contracts with SEMI/SEMATECH suppliers to improve existing equipment or develop the next generations of equipment. In addition, in July
1989 SEMATECHestablished a Department of Supplier Relations to coordinate ita programs involving SEMI~SEMATECHsuppliers, and its 1991 operating plan acknowledged the importance of strengthening U.S. suppliers
by elevating it as a secondoverall objective.

R&D

SEMATECH’s Equipment
Improvement and
Development Programs

During 1990 SEMATECH has increasedits planned funding of outside
RsED-particularly of projects to improve existing equipment and
develop next-generation equipment-from $84 million to $137 million.
Its 1991 operating plan established the following four major areas
(termed “thrust areas”) for its R&D program.

SEMATECH’s Thrust Areas for RID
Fumacom and
implantation

Man~~o~sflng

Etching

Furnaces

Modeling

Photoresists

Planarization

Implantation

Process integration

Tracks

Deposition

Lithography

Multikvel

Steppers

metals

Manufacturing
systems

Mask making
Metrology
X-ray

These thrust areas focus on equipment becauseSFMATECH has insufficient resourcesto address both the equipment and materials segmentsof
the industry and becauseSEMATECHbelieves, on the basis of information
provided by member companies and its competitive analysis group, that
it can have the greatest impact by strengthening key equipment
suppliers.
As of June 30,1990, SElMATECHhad awarded 22 JDP contracts to develop
next-generation semiconductor tools, equipment, and materials, and it
had awarded 13 equipment improvement program (EIP) contracts. (See
app. II.) SEMATECH'S goal is to contribute 30 percent of the total cost of
the JDPS and 10 percent of the total cost of the EIFS,with the participating supplier paying the remaining cost.
Two EIP contracts signed in 1990 involve the installation of equipment in
the fabrication facilities of five of SEMATECH'S members.As part of
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SEMATECH'S most expensive project, to

improve the performance and reliability of GCA’soptical stepper, 14 of the devices are being placed in the
facilities of four member companiesto generateequipment operation
data in diverse manufacturing environments. SEMATECHhas provided the
funds to purchase the steppers, and the four member companiesare providing facilities, personnel, and other resourcesneededto support the
project. Another member of SEMATECHalso has agreedto operate chemical vapor deposition equipment manufactured by Applied Materials,
Inc., in its fabrication facility as part of a separate EIP project.
SomeSEhu/SEMATEcH suppliers also are working on individual projects
with the National Institute of Standards and Technology, Sandia
National Laboratories, or Oak Ridge National Laboratory. In addition,
suppliers have accessto Sandia’s Semiconductor Equipment Technology
Center and SEMATECH'S 11 university-based centers of excellence.

Forums to Stimulate
Communication

SEMATECH fosters technical information exchangesamong its member
companies,SEMI~SEMATECHsuppliers, and national laboratory and univer-

sity researchersthrough several forums, including one-on-onemanagement meetings, semiannual meetings of suppliers’ representatives with
SEMATECH'S technical advisory boards, semiannual conferencesfor senior
executives (called “Presidents’ day” conferences),and reviews of its
centers of excellenceresearch program.
In SEMATECH'S one-onone managementmeetings, suppliers’ senior executives meet with senior SEMATECH and SEMI/SEMATECH officials to discuss
the suppliers’ products and strategic businessplans. SEMATIXH and SEMI/
SEMATECHofficials also provide information on their activities. As of
July 12, 1990, executives from 63 SEMVSEMATECHcompanieshad
attended one-on-onemanagementmeetings.
SEMATECH and SEMI/SEMATECH have established sevensupplier

technical
advisory boards to act as forums for suppliers’ representatives to
exchangetechnical information with membersof SEMATECH'Stechnical
advisory boards, who are senior technical managersfrom SEMATECH'S
member companies.Starting with the June 1990 meeting, SEMATECH
decided to (1) convenethe supplier boards in conjunction with the semiannual Presidents’ day conferencesto increase its member companies’
involvement in the Presidents’ day activities and (2) reduce the number
of supplier board meetings from four in 1989 to two in 1990 to easethe
burden on attendees.As of July 12,1990,229 SEMI~EMATECH company

Page 27

GAO/RCED90-236SFiMMRCH’s Enorts t.4~Strengthen U.S.Suppliera

Chapter 3

SEMATECH’s Eff~rt.a to Strengthen the U.S.
Semiconductor Equipment and
MatiriaIs Industry

representatives had participated in the supplier technical advisory
board meetings.
Presidents and other senior executives from SEMI~MATECH'S member
companies are invited to attend SEMATECH's semiannual Presidents’ day
conferences.While senior executives from SEMATE~H'S member companies are invited, several membersof SEMI/SEMAmH complained at the
December 1989 conferenceabout the absenceof representatives of
SEMATECH'S members. According to SEMATECH'S Vice President for Sup
plier Relations, the consortium has been working to increasemember
companies’ participation. Eighty SEMI/SEMATECH companiesparticipated
in the June 1990 conference,which included presentations on partnerships between semiconductor manufacturers and their suppliers and
technical workshops on SEMATECH'S activities.
Participation by SEMI/SEMATECH'S members in SEMATEcH's annual reviews
of the consortium’s 11 centers of excellenceis intended to increasethe
interaction between suppliers and university researchers.During the fall
of 1989, SEMATECH, SEMI/SEMATECH, and the Semiconductor ResearchCorporation-which managesSEMATECH'S centers of excellenceprogramsigned an agreement giving SEMI/SEMATECH'S members accessto the centers’ research. Representativesfrom 21 SEMI/SEMATEZH suppliers
attended the first joint review of the centers of excellenceprogram in
March 1990.

Initiatives to Improve
Relations Between
Manufacturers and Their
Suppliers

In July 1989 SEMATM=Hestablished a Department of Supplier Relations to
develop a comprehensivestrategy for improving relations between semiconductor manufacturers and their equipment and materials suppliers.
According to SEMATECH'S Vice President for Supplier Relations, SEMATECH
could not effectively develop a comprehensivestrategy to improve relations between manufacturers and suppliers prior to the department’s
creation becausethe various SEMATJXH
groups dealing with suppliers
were spread over a number of different departments.
In June 1990 SEMATECH’S member companiesapproved Partnering for
Total Quality guidelines for improving manufacturer-supplier relations.
The guidelines, which were developed by two task forces of managers
from SEMATECH members and SEMI/SEMATECH suppliers, highlight the elements necessaryfor long-term cooperative relationships and generally
call for semiconductor manufacturers to work more closely with their
key U.S. suppliers by (1) sharing strategic goals and plans; (2) giving
them greater accessto information about the long-term performance of
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their equipment in a fabrication facility, including the equipment’s reliability and any recurring problems; (3) providing them with competitive
analysis information; and (4) supporting their product development
work. Each of SEMATECH'S member companiesagreed to have a high-level
executive responsible for implementing the partnering guidelines.
According to SEMATECH'S Vice President for Supplier Relations,
SEMATECH'S Supplier Relations Action Council-which is composedof
senior purchasing executives from the consortium’s 14 members-will
periodically review each company’s progress in implementing the
partnering guidelines.
The guidelines also provide (1) standards that both manufacturers and
suppliers can use to continually improve the quality of products and services and (2) a total cost of ownership model for procuring equipment
and materials that includes factors in addition to the purchase price,
such as customer service, equipment failures, and factory yields. The
cost model is intended to reduce uncertainties that result from manufacturers’ emphasizing different factors in their procurement decisions.

Views of Senior
Executives of
Equipment and
Materials Suppliers on
SEMATECH’s
Initiatives

Executives from 28 of the 31 SEMIISEMATECH suppliers we surveyed generally support SEMATECH'S program and favor the expansion of one or
more of SEMATECH'S initiatives, However, while executives from 18 companies stated they have received good or excellent benefits by participating in SEMATECH, executives from 13 companies rated their benefits as
fair or poor. Of 13 suppliers that were receiving financial and technical
assistancefrom SEMATECHthrough one or more JDP and/or EIP contracts,
11 told us that they had received good or excellent benefits while 2
stated that they had received fair or poor benefits.
Executives from 16 of the 31 SEMI/SEMATECH suppliers either are uncertain whether SEMATECH'S programs will significantly strengthen the U.S.
semiconductor equipment and materials supplier baseor believe the programs will not significantly strengthen it. In particular, executives from
12 companies stated that the successof SENATECH'S efforts to strengthen
suppliers is contingent on the consortium’s 14 member companies’
taking a more active role in strengthening suppliers. Similarly, executives from seven companies stated that a much broader range of initiatives in addition to SFMATECH'S program will be neededto strengthen the
US. supplier basesignificantly. Executives from six companies stated
that SEMATECH'S initiatives will benefit only the suppliers that have a JDP
and/or an EIP contract with SEMATECH, without providing much assistance to other suppliers.
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Executives from 10 of the 13 companiesreceiving financial and technical assistancefrom SEMATECHthrough JDP or EIPcontracts stated that
SEMATECH'S initiatives would significantly strengthen their companies’
international competitiveness. Executives from the 13 companiescited
one or more of the following benefits from their JDP and/or EIP contracts:

Views on SEMATECH’s
External R&D Programs

. 11 cited increased financial resourcesfor R&D,
. 9 cited technical assistancefrom SEMATECH'Spersonnel,
8 cited exchangesof technical information between their companiesand
semiconductor manufacturers and/or other suppliers, and
2 cited contributions of researchersfrom SEMATECH'S centers of excellence and/or federal laboratories.
l

l

Executives from 9 of the 11 companiesthat have JDP contracts stated
that the projects have allowed their companiesto accelerateand/or
increase the scaleof their R&Dactivities. In one case, a JDP will enable
the company to introduce a new product sooner,giving the company an
important advantage over its foreign competitors. Similarly, executives
we interviewed from all six companieswith EIP contracts believe the
projects will result in additional salesof their products. Even companies
that do not have JDP and EIP contracts strongly support the programs.
Executives from 24 of the 31 companieswe surveyed believe the JDP and
EIP funding should be expanded, allowing more suppliers to participate,
if SEMATECH receives additional funding.
Thirteen of the 31 companieswe surveyed have worked with or contacted federal laboratories involved in SEMATECH'Sprogram. Executives
from 11 of these companiesstated that SE~MECH has improved their
accessto federal laboratories’ R&Dresults, and 2 executives cited specific
benefits. In one case,a company working closely with Sandia National
Laboratories obtained information for a total quality managementprogram that it then implemented in several divisions. In the secondcase,
the National Institute of Standards and Technology provided useful
technical assistancefor a company’s R&Dprogram.

Views on Initiatives to
Improve Relations
Between Manufacturers
and Suppliers

Executives from 22 of the 31 suppliers we interviewed believe
to improve relations between manufacturers and
their suppliers will succeedin improving their companies’ relations with
manufacturers, and executives from 26 companiessupport the expansion of these initiatives if SEMATECHreceivesadditional funding. In fact,
7 of 20 executives who stated that their companies’ relationships with

SEMATECH'S initiatives

Page 30

GAO/RtXD~239

S-

s Efforta to Strengthen U.S.Suppliers

chapter 3
SEMATECIf’s Aorta to Strengthen the U.S.
Semiconductor Equipment and
hfat.eriaI~ Industry

U.S. semiconductor manufacturers improved over the past year specifically credited SEMATECH'S initiatives for this improvement. One executive
mentioned that SEMATECH'S uniform quality guidelines and standard total
cost model will benefit many smaller suppliers that do not have the
resourcesnecessaryto develop their own programs. However, another
executive stated that SEMATECH'S initiatives to improve manufacturersupplier relations involve broad cultural changeswithin the semiconductor industry and will not be fully successfuluntil SEMATECH'S member
companiesmake more of a commitment to changing their relationships
with suppliers.

Views on the Foru.msfor
Communication

All of the executives we surveyed from the 31 SEMWEMATECH suppliers
have participated in one or more of SEMATECH'S forums to improve communication between semiconductor manufacturers and their suppliers.
In general, the executives found one-on-onemeetings with SEMI/
SEMATECH’S and SEMATJXH'S management,meetings with SEMATECH'S supplier technical advisory boards, and technical workshops and conferencesuseful for developing contacts with executives and technical
personnel from SEMATECH, other suppliers, and, to a lesser extent, manufacturers. According to one executive, prior to the existence of
SEMATECH, most contacts between suppliers and manufacturers involved
sales and marketing personnel, not high-ranking technical personnel.
Another executive stated that his company has used information from a
SEMATECH quality management workshop to develop a companywide
total quality program.
However, several suppliers complained that only a few managers from
semiconductor manufacturers attended the December1989 Presidents’
day conference,leading to changesand improved attendance at the June
1990 conference. In addition, several executives from small companies
believe that SEMATECH'S activities should be designedto facilitate participation by small companies.The executives explained that becausesmall
companies have only a few key personnel, they are less able to participate in SEMATECH'S activities, such as technical workshops held in
Austin, Texas.

Conclusions

SEMATECH is seeking to

strengthen US. suppliers of semiconductor equipment and materials by (1) providing financial assistanceto improve
existing equipment and develop next-generation tools, equipment, and
materials and (2) improving long-term working relationships between
semiconductor manufacturers and their suppliers. Five members have
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agreed to operate suppliers’ equipment in their fabrication facilities as
part of two ElPprojects.
Senior executives we surveyed from 31 SEMI/SEMATWH suppliers generally support SEMATECH'S efforts. However, executives from 16 of the
companieswere uncertain whether SEMATECHwill significantly
strengthen the U.S. supplier industry becausethe consortium’s efforts
are limited by available resources.According to the executives,
SEMATECH'S successis contingent on the extent to which the 14 member
companies will establish closer long-term working relationships with
their U.S. suppliers.
In June 1990 SEMATEXH'S members agreedto participate in a new
partnering program in which they intend to work more closely with
their key U.S. suppliers by sharing (1) strategic goals and plans, (2)
information about the technical performance of their equipment, (3)
competitive analysis information, and (4) someof the costs of suppliers’
product development work. This initiative, which is directed at one of
the central issuesthat suppliers’ executives highlighted for reasserting
U.S. technological leadership, requires that SEMATECH'Smembers change
the way they have traditionally conducted businesswith their suppliers.

Matters for
Congressional
Consideration

BecauseSEMATIXH'S members will play a critical role in determining
whether the U.S. semiconductor supplier base can be revitalized, the
Congressmay wish to closely monitor the commitment of SEMATECH'S
members to developing closer long-term working relationships with their
suppliers and make further federal funding for SEMATECHcontingent
upon the members’ following through with this commitment.
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Appendix I

SEMI/SEMATECHCompaniesGAO Surveyed

ComDanv

Location

ADE Corporation
AG Assocrates
AMRAY, Inc.
Applied Materials
Aoolied Science and Technoloav, Inc.
Asvst Technoloaies, Inc.
ATE0 Corporation
Bio-Rad Laboratories, Inc.
Brooks Automation
BTU Encrneennq Corporation
Eaton Corporation
GaSonics
GCA
General Sianal Corporatron
Genus Incorporated
Hampshrre Instruments, Inc.
KLA Instruments
Lam Research Corporation
Lucas Laboratones. Ltd.
Novellus Systems, Inc.
Olin Corporation
Optical Specialties, Inc.
ORASIS Corporation
Peak Systems, Inc.
Prometrix Corporation
Shipley Company
Silicon Valley Group, Inc.
Thesis Group, Inc.
Ultratech Stepper
Varian Associates
Wilson Oxvaen & SUDD~V Companv

Massachusetts
California
Massachusetts
California
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Massachusetts
California
Oregon
Massachusetts
Massachusetts
Massachusetts
Massachusetts
California
Massachusetts
California
California
Massachusetts
California
California
California
California
Rhode Island
California
California
California
California
Massachusetts
California
Texas
California
California
Texas
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SEMKTECH’sJoint Developmentand
Equipment Improvement ProjectsAwarded as
of June 30,199O
Table 11.1:Joint Development Project8
Supplier

Project

Advantage Production Technology
AMRAY, Inc.

Wafer cleaning system
High-resolution defect rmagrng and revrew
tool
Advanced plasma-etch technology
Advanced submicron reticle and mask
exbosure svstem
Deep ultraviolet resist technoloav
Low-temperature plasma etching
Advanced metal deposition system
Total systems approach to gas-related
requirements

Applied Scrence and Technology, Inc.
ATEQ Corporation
American Telephone & Telearaph Companv
Drytek
Eaton Semiconductor
Gas supplier team

Equipment Division

Union Carbide Industrial Gases, Inc.
Semi-Gas Systems
Wilson Oxygen and Supply Company
GCA
Hampshire instruments, Inc.
Hewlett-Packard Company
KLA Instruments
Lam Research Corporation
NCR Corporation
National Institute of Standards and
Technology
ORASIS Corporation
Orchid One
Silicon Vallev Group, Inc.
Silicon Valley Group Lithography Systems
University of Cinncinatr
Westech Svstems, Inc.
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Optical wafer stepper
X-ray optics
Test chips and other devices for
manufacturina demonstration
Svstem to detect wafer defects
Technology for chemical vapor deposition
Isolation process technology
Development of a metrology standard
Parametric response surface control
System to detect wafer defects
Advanced electron beam microscope
Advanced lithoaraphv processina svstems
Advanced lithography systems
Research on advanced plasma-etch
technology
Planarization equipment and processes
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Appendix Jl
SEMATECWsJoint Development and
Equipment Improvement Projects Awarded
M of June 30,193O

Table 11.2:Equipment Improvement
Projects

SuDdier

Proiect

AMRAY, Inc.
Anatel, Inc./Particle Measunng Systems, Inc.
Angstrom Measurements, Inc.

AMRAY 1830 scannina electron microscope
Point-of-use ultrapure water data
Scanline II scanning electron microscope
critical dimension measurement tool
Precision 5000 chemical vapor deposition
system

Applied Materials, Inc

Single wafer tungsten in Precision 5000
5500 cluster tool
Hydrofluoric reprocessor

Athens, Inc.

GCA
Genus Incorporated

Multielement analyzer
ALS 200 optical I-line stepper
Genus 8720 chemical vapor deposition
system for blanket and selective tungsten
films

Insvstems. Inc.
Lam Research Corporation
Silicon Valley Group, Inc.

Holoaraphic
defect detection
- .
Rainbow 4600 plasma metal etch svstem
Vertical furnace technoloav
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Appendix III

Major Contributors to This Report

Resources,
Community, and
Economic
Development Division,
Washington, D.C.

Lowell Mininger, Assistant Director
Richard Cheston,Assignment Manager

Dallas Regional Office

Joe D. Quicksall, Issue Area Manager
James P. Viola, Evaluator-in-Charge
Robert R. Summerhays, Staff Evaluator
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Glossary

Chemical Vapor Deposition A processin which insulating films and metals are deposited on a wafer
using gases,elevated temperatures, and reduced pressure to obtain a
chemical reaction.

Clean Room

A confined area in which the humidity, temperature, particulate matter,
and contamination are precisely controlled within specified parameters.
Federal Standard 209 defines the “class” of a clean room on the basis of
the maximum number of particles of 0.6 micron size or larger that may
exist in 1 cubic foot of air in the designated area.

Component

An individual electronic part, such as a transistor, diode, or capacitor,
that is fabricated in a metal-oxide semiconductor or bipolar process.

Deposition

An operation in which a film is placed on a wafer without a chemical
reaction with the underlying layer.

Dielectric

A material that doesnot conduct electricity, used as an insulating film in
integrated circuits.

Diffusion

A processin which desired impurities are introduced into the silicon by
baking the silicon wafers at high temperatures and pressuresin chemically altered atmospheres.Diffusion is a less precise alternative to ion
implantation.

Diode

A semiconductor component that allows electricity to flow only in one
direction.

Doping

A processthat deposits a chemical impurity onto a wafer surface to
change its electrical properties.

Epitaxy

A silicon crystal layer grown on top of a silicon wafer exhibiting the
samecrystal structure orientation as the substrate wafer with a dissimilar doping type and/or concentration (examples:p/p+, n/n+, n/p, and
n/n>.
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Etching

A processin which acid is used to remove previously defined portions of
the silicon oxide layer covering the wafer to exposethe silicon underneath. Removing the oxide layer permits introducing desired impurities
into the exposedsilicon through diffusion or ion implantation or the
deposition of aluminum paths for electrical interconnection of circuit
elements.

Gallium Arsenide

A compound semiconductor material that allows transistors and integrated circuits to operate much more rapidly than similar devicesmade
of silicon.

Integrated Circuit

A complete electronic circuit composedof interconnected diodes and
transistors and fabricated on a single semiconductor substrate, usually
silicon.

Ion Implantation

A processin which the silicon is bombarded with high-voltage ions in
order to implant them in specific locations and provide the appropriate
electronic characteristics.

Lithography

A processin which the desired circuit pattern is projected onto a
photoresist coating covering a silicon wafer. When developed,portions
of the resist can be selectively removed with a solvent, exposing parts of
the wafer for etching and diffusion.

Mask

A glass plate on which single integrated circuit layers are patterned.
Typical integrated circuit fabrication requires 10-16 layers.

Metal Deposition

The use of sputtering or chemical vapor deposition to deposit conductive
materials (i.e., aluminum, tungsten, or titanium) onto the wafer surface.

Metallization

A processin which a layer of metal, such as alumina, is placed on the
wafer to connect the transistors and diodes within an integrated circuit.
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Metal-Oxide
Semiconductor

One of two families of silicon transistors and integrated circuits (the
other is bipolar) that is simpler to fabricate and henceis often used in
manufacturing large, denseintegrated circuits.

Metrology

The scienceof measuring and/or the ability to apply sensorsand measurements to equipment and product.

Optical Lithography

The use of light waves to transfer integrated circuit patterns from a
mask to photoresists on the wafer.

Photoresist

A photosensitive liquid plastic fii applied to the surface of a wafer
during lithography for micropatterning. (Also called resist.)

Planarization

A processin which a flat layer of glassy material is deposited over the
lower layers of an integrated circuit. This step simultaneously creates a
flat surface for further processingand isolates the lower layers.

Plasma

Ionized gas used to remove resist, etch, and deposit various layers onto a
wafer.

Semiconductor

A material, typically silicon or germanium, that has four electrons in its
outer ring and is a poor conductor of electricity. The term has cometo
refer to all devicesmade of semiconducting material, including integrated circuits, transistors, and diodes.

Silicon

Oneof the most common elements found in nature; the basic material
used to make the majority of semiconductor wafers.

Solid-State Physics

The study of the properties, structure, or reactivity of solid materials,
especially relating to the arrangement or behavior of ions, molecules,
nucleons, electrons, and holes in the crystal of a substance,such as a
semiconductor, or to the effect of crystal imperfections on the propertie:
of a solid substance.
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Solid-State Products

Products utilizing the electric, magnetic, or photic properties of solid
materials, rather than electron tubes.

Sputtering

An operation in which a target material, such as gold or aluminum, is
bombarded with argon ions. The displaced molecules of the target material are then deposited on the wafer surface.

Stepper

A sophisticated piece of equipment used to transfer an integrated circuit
pattern from a mask onto a wafer.

Substrate

(1) The basic material upon which a device, circuit, or epitaxial layer is
built; a wafer; (2) photoresist substrate-the material on which a
photoresist coating is applied; (3) silicon substrate--the structure on
which silicon epi is grown by the processof epitaxy.

Transistor

A three-terminal semiconductor device used mainly to amplify or
switch.

Wafer

A thin disk, from 2 to 8 inches in diameter, cut from silicon or other
semiconductor material. The wafer is the base material on which integrated circuits are fabricated.

X-Ray Lithography

The use of x-rays to transfer integrated circuit patterns from masks to
resist-coated wafers.

(385500)
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