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Preface

The semiconductor industry, in the strictest
definition, comprises companies that produce
semiconductor devices for sale in the open market
or for internal consumption. A report on the
companies that produce the semiconductors would
give a picture of the industry, but not the complete
picture. The complete picture emerges when the
semiconductor industry is analyzed in the context
of the overall structure in which it exists. And that
is an interrelated structure that relies on customers,
depends on suppliers, and is subject to external
pressures from governments and worldwide eco-
nomic conditions.

With this interrelated industry structure in mind,
Semiconductor  Indusiry  Insights—Silicon 1o
Systems integrates data and concepts from several
Dataquest semiconductor services with regional
economic forecasts from OECD, D&B, and the US
DOC. Written in executive summary style, it is
intended to provide high-level, insightful analysis of
the recent history and near-term future of the
semiconductor industry for semiconductor users,
semiconductor producers, suppliers to the semi-
conductor industry, investors within the industry,
and interested parties who want to understand the
near-term future of this industry.

Semiconductor  Industry  Insights—Silicon (o
Systems was completed in July 1990, and the
forecasts and projections contained within this
report are based on information from several
sources published in late 1989 through July 1990,
as follows:

® Source

— Economic Qutlook
December 1989

(OECD), published

— US Economic Forecast (D&B), published
April 1990

— US Economic Outlook (DOC), published
January 1990

— Dataquest Electronic Egquipment Forecast,
published May 1990

— Dataquest Semiconductor Demand
Forecast, published June 1990
— Dataquest Semiconductor Production
Forecase, published June 1990
— Dataquest Semiconductor  Equipment
Forecast, published June 1990
About Dataquest
Datagquest is a worldwide market research

company, headquartered in San Jose, California
(Silicon Valley). Dataquest employs more than
700 people worldwide and operates market
research resources in Japan and other Pacific Rim
locations, Europe, and the United States. As a
subsidiary of The Dun & Bradstreet Corporation
(D& B), Dataquest has access to major economic
forecasting and business databases. In addition,
through its own worldwide research resources,
Dataquest has compiled the most comprehensive
integrated database in the world covering the
semiconductor industry and its suppliers and
customers.

Dataquest’s Database

The Dataquest database is created by research
involving ongoing c¢onversations with some
250 different companies worldwide, surveys,
examination of public business disclosures such as
annual reports from more than 200 other
companies, and data made available by D&B.

This database provides the underlying data and is
the basis for trend analysis and forecasting at an
extraordinarily detailed level for all companies
within the electronics industry. Dataquest provides
11 different client services in which the data,
analysis, and forecasts are presented in detailed
reports, newsletters, and on-line terminal access to
the data. These 11 client services are aimed at the
particular needs of specific participants within the
electronics industry; these services and their
relation to the infrastructure are illustrated in the
chart that follows.



2 Preface

Semiconductor  Industry  Insights—Silicon to the 1989 and 1990 time frame. More detailed
Systems draws from many of the Dataquest semi- information on individual subjects is available from
conductor industry services as well as other Dataquest through subscriptions to the appropriate
resources available to Dataquest and presents a service.

high-level picture of the semiconductor industry for

Figure i

Dataquest’s Semiconductor Industry Services

ASETS Asian Semiconductor and
SUIS Semiconductor User Electronics Technology SEMS Semiconductor
Information Service Service Equipment and

JSis  Japanese Semiconductor Materials Service
Industry Service

Egls  Eurcpean Semiconductor
Services Industry Service

Semiconductor
SIS Industry Service
Japanese Semiconductor
d3aM Application Markets
ESAM European Semiconductor
Application Markets

NASM North American Semicon-
G ductor Markets

SAM  Semiconductor Application

Markets
MilAeroMilAero Technology
Service
. 3 Semiconductor
Audience Semiconductor Semiconductor Equipment and
Buyers Producers Materials Producers

Source: Dataquest (August 1990)



CHAPTER 1

Introduction

With the first-half results of 1990, the semi-
conductor industry appears to be emerging from an
industry-wide recession that began in the third
quarter of 1989. In 1989, worldwide semicon-
ductor industry revenue was $57.2 billion. This
amount represents a modest 12 percent growth
over 1988 and a more than doubling of annual
revenue in just four years since the 1985 recession.

Continued strength of the semiconductor industry
in 1990, 1991, and beyond will depend on many
worldwide factors, which include the following:

® The continued growth of the economies of the
United States and its major trading partners

® The resulting capital spending—with its high
content of electronic equipment—in the major
industrialized regions of the world

® The continuing demand for semiconductors
from producers of electronic equipment within
each major industrialized region of the world

® The evolution of semiconductor manufacturing
technology

® A continuing flow of new semiconductor
products that enable innovative electronic
products to stimulate the economies of all
regions

Semiconductor  Industry  Insights—Silicon  to
Systems provides information and insights about
how these factors combine to form and influence
the industry infrastructure. These worldwide factors
extend beyond the boundaries of companies,
governments, and geographic regions. Implicit in
these factors is a complex buyer-seller chain in
which buyers create demand that pulls products
through the chain. This complex chain consists of
several tiers, beginning with the demand for
electronic equipment, continuing to semiconductor
devices, and ending with the demand for semi-
conductor equipment and materials. Demand for
various products flows through the buyer/seller

chain from one level to the next, producing a
cascading “waterfall of demand,” as shown in
Figure 1-1.

This waterfall of demand is so fundamental to
understanding the industry and the material
presented that we have organized this report to
follow the waterfall.

Figure 1-1
Waterfall of Demand

Demand for
Electronic
Equipment

GNP
(Regional)

Electronic
Equipment

man or
Manufacturers i 4t

= Semiconductor
B Devices

Semiconductor

Manufacturers Demand for

Manufacturing
Equipment

Semiconductor

quﬂ‘oment and
aterlals

Manufacturers

Source: Dataquest (August 1990)
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Chapter 1

Organization of this Report

Information, analysis, and insight are presented
within each level of the waterfall so that the reader
can understand the infrastructure as it relates to
him or her. The issues and economic influences are
quite different depending on the level within the
waterfall where one sits. The perspective also is
different based on whether one has an investor’s,
banker’s, buyer’s, or seller's point of view.
Figure 1-2 illustrates the different perspectives
within the electronics industry infrastructure.
Interest in various sections of the report and levels
of the waterfall will depend on the reader’s
individual perspective.

Additionally, investors, bankers, and other inte-
rested parties may be interested in all perspectives
of the industry.

Chapters Follow the Waterfall

As stated earlier, the purpose of this report is to
provide the reader with high-level, insightful
analysis of the recent history and near-term future
of the semiconductor industry.

Chapter 1 establishes the various reader per-
spectives and defines terminology.

Chapter 2 provides critical background information
leading to 1989 semiconductor industry conditions
and describes the industry infrastructure in terms of
the demand waterfall.

Figure 1-2

Reader Perspectives

GNP
(Reglonal}

Electronic
Equipment
Manufacturers

Semiconductor
Manufacturers

aterials
Manufacturers

Source: Dataquest (August 19%0)

Semiconductor
Eqﬂament and

Semiconductor “seller” perspective to electronic
equipment manufacturers.

Electronic equipment manufacturer “buyer” perspective
of the semiconductor suppliers.

@ Semiconductor equipment or materials “seller” perspective

of the semiconductor manufacturer.

Semlconductor manufacturer “buyer” ﬁerspectlve of
semiconductor equipment and material

suppliers.
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Chapter 3 provides a review of the issues and
trends that shaped the semiconductor industry in
1989 and a brief forecast of the worldwide and
regional economic conditions. The individual
regional economic conditions form the “head-
waters” of the waterfall of demand and thus
establish the demand and production levels of
electronic equipment within each region.

Chapter 4 develops the relationship between
regional economic factors and electronic equip-
ment demand and production. The chapter ends
with the worldwide forecast of semiconductor
purchases by electronic equipment manufacturers.

Chapters 5 and 6 identify regional demand and
production of semiconductor devices.

Chapter 7 presents the bottom levels of the
demand waterfall, which are the resulting demand
and production of semiconductor manufacturing
equipment and materials.

Chapter 8 provides a summary of key issues and
observations.

An investor or lender naturally will be interested in
both the economic overview and resulting
electronic equipment production forecast of
Chapters 2 and 3, as well as the chapter presenting
the perspective that matches his or her business
interest.

Terminology and Definitions

Throughout this report, the terms “market,”
“consumption,” “demand,” *“production,” “out-
put,” “sales,” and “revenue” have and will appear
frequently. In addition, various economic termi-
nology is used throughout. Precise definitions of
these terms are given in the following paragraphs.

The terms “market,” “consumption,” and
“demand” refer to the dollar value of products
purchased within the specified geographical region,
(e.g., North American and worldwide) regardless
of where the products were manufactured.

" o LY

The terms “production,” “output,” “sales,” and
“revenue” refer to the if-sold dollar value
of products manufactured within the specified
geographical region, regardless of where these
products are purchased (i.e., purchased within the
specified region or exported to another),

On the basis of the above definitions, assuming
constant levels of inventory, worldwide production
or sales equals worldwide demand or consumption.

The terms “real GNP" and “real GDP” refer to the
gross national product and the gross domestic
product of a country or major world region. The
GDP is the total market value of all goods and
services produced each year within the domestic
borders of a country. The GNP equals the GDP
plus the net of foreign investment income to
domestic residents less income earned in the
domestic market by foreign investors.

GNP/GDP also equals the sum of domestic demand
plus exports minus imports. The three components
of domestic demand are consumer spending,
private fixed investment, and government
spending.

The term “real” as applied to GNP, GDP, and
other expressions refers to the value in constant
prices prevailing in a reference year, which is 1982
for the US dollar. The term “nominal” as applied
to GNP/GDP refers to the value at today’s prices.

The terms “current account,” “external account,”
or “external balance” refer to the difference
between total exports and impons of goods and
services, usually for one year.

The terms “private fixed business investment” and
“private fixed nonresidential investment” both
refer to investment in capital goods or capital
spending by businesses and exclude residential
investment. The term “private fixed investment” is
the total of business capital spending and resi-
dential investment.

Dataquest Industry
Classifications

Semiconductor Consumer Application
Market Segments

Dataquest has categorized semiconductor con-
sumers into the following six end-market appli-
cation market segments:

® Data processing
® Communications
® Industrial

¢ Consumer

¢ Military

¢ Transportation
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Semiconductor Product
Classifications

Semiconductors are classified as either integrated
circuits (ICs) or discrete devices. Within these
classi- fications are further specific product
definitions, outlined as follows, and illustrated in
Figure 1-3:

® Discrete devices are further classified as tran-
sistors, diodes, thyristors, optoelectronics, or
other discrete devices.

® Integrated circuits are further classified into
functions such as memory, microcomponents,
logic, and analog.

All semiconductor devices are further classified by
various process technologies, shown as follows:

® Bipolar digital-TTL, ECL, and others
¢ MOS—NMOS, PMOS, CMOS, and BiCMOS

Figure 1-3

Semiconductor Product Classifications

Semiconductor Classifications

Discrete

I i 1
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CHAPTER 2

Critical Points in Understandmg the Semiconductor

Industry’s Future

Critical to understanding the future of the semi-
conductor industry is an awareness of the events
that have led the semiconductor industry to 1990
and knowledge of the electronics industry infra-
structure that supports the semiconductor industry,

Historical Perspective: Events
Leading to 1990

United States Launches the
Semiconductor Industry

The launch of the semiconductor industry occurred
when Bell Laboratories produced the first ger-
manium transistor on December 23, 1947. By
1952, a number of companies in the United States
were producing germanium devices commercially.

By the end of that decade, Texas Instruments (TT)
had begun commercial production of silicon tran-
sistors. By then, the market topped $100 million in
sales, primarily to the US Department of Defense
(DOD) and to electronics companies for the
manufacture of transistor radios.

Industry Expands to Worldwide
Infrastructure

In 1959, Fairchild Camera and Instrument devel-
oped the planar technology for making transistors,
which TI used in 1961 to produce the first ICs.
Thus, the first decade of dynamic growth of the
semiconductor industry was triggered.

Manufacturers worldwide began to integrate these
new ICs into a variety of electronic-based products,
and a worldwide chain of buyers and sellers to
take semiconductors to market was established.
Although the industry expanded to a worldwide
infrastructure, the United States remained the
dominant force in the infrastructure.

During the 1960s, semiconductor devices pro-
liferated with small- and medium-scale integration
(SSI, MSI). Logic families, such as the 7400 Series
from TI, provided building blocks for electronic
equipment and stimulated new electronic equip-
ment designs. The demand for semiconductor
memory began to rise in support of the logic
building .blocks. At the same time, major manu-
facturing technology advancements led to rapidly
increasing device reliability and productivity. By
the end of the decade, the industry was well on its
way toward $2 billion in annual worldwide sales.

United States’ Position in the
Infrastructure Begins to Erode

The 1970s was the decade of low-cost ele¢tronic
products. As the reliability and costs warranted,
many companies used ICs to build such products as
calculators, watches, or industrial, communi-
cations, and data processing equipment.

Early in the 1970s, US companies began to
assemble their electronic products overseas to
lower costs and expand their markets. European
and Japanese markets, in addition to North
American markets, became important to
US manufacturers.

By the mid-1970s, US manufacturers were moving
semiconductor production offshore to take advan-
tage of lower costs and to be closer to the elec-
tronic assembly operations that had moved there
earlier in the decade.

Metal-oxide semiconductor (MOS8} ICs were the
dominant products, and by the mid-1970s, large-
scale integrated {LSI} devices were proliferating
rapidly, further driving the low-cost electronic
product era. As a result, worldwide industry sales
were nearly $10 billion by 1979,

By the end of the 1970s, the semiconductot
business was a worldwide industry with competition
on an international scale. The emergence of very

2-1
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large-scale ICs (VLSIs) brought important new
products such as microprocessors, read-only
memoties (ROMSs), and erasable programmable
ROMs (EPROMs). The age of personal computers
and electronic games was born. That age was built
on a whole new notion of super-low-cost electronics
created by LSI and VLSI semiconductors. The low
cost made the items price-sensitive and ideal for
the low-cost structure of the offshore companies.

In fact, the offshore companies producing semi-
conductors for US industry were now proving to be
capable competitors in ail areas of manufacturing,
as well as suppliers of low-cost products to the
United States. Leadership of the semiconductor
infrastructure that the United States had helped
to create and had dominated now was being
threatened.

Japan and Asia/Pacific Countries Begin
to Dominate

Japanese electronic equipment producers seized
upon US innovations in the 1970s and, leveraging
their indigenous superior productivity, outproduced
their US counterparts. Over the last 15 years, the
very solution to the fundamental domestic com-
petitive weakness—to move electronic product
assembly offshore—has developed these offshore

cousnitries (Japan, South Korea, and Taiwan) into
fierce domestic and international competitors. In
the last half of the 1980s, these competitors gained
the dominant share of world markets at all levels of
the infrastructure that was built so impressively by
the United States such a short time ago. For an
example of Japanese dominance, see Figure 2-1.
The strengths of Japanese and Asian companies
are discussed further in Chapter 5.

US Electronics Industry Faces
a Critical Problem

As a result of losing their competitive edge,
US companies are losing worldwide market share
at all levels of the infrastructure; the loss now has
become self-perpetuating. As the domestic com-
panies lose share, they report declining growth
rates and profits. These unfavorable results limit
their access 1o investment capital, which limits the
research and development (R&D) investment
available to innovate the requisite new technologies
that would regain a leadership position. As this
process continues, the US semiconductor manu-
facturers face the following two-level problem:

#® First, the US market for semiconductor devices
is shrinking as a percentage of the worldwide
semiconductor market (see Chapter 5).

Figure 2-1
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® Second, the Japanese and Asia/Pacific
countries are gaining share of this shrinking
worldwide market at the expense of the
US producers’ share, while not allowing much
increase in US producers’ share of their
domestic markets.

This decline in competitiveness of the US elec-
tronics industry infrastructure is an issue of major
concern to Japan, Europe, and other US trading
partners for the following two reasons:

® The United States has been the primary source
of semiconductor and system innovation since
the beginning. Further competitive erosion
could stall out that innovation and attract
government and/or military interference in the
market and/or promulgate adverse trade
policies.

® Continued decline in the American electronics
industry infrastructure could result in a sig-
nificant recession of the US economy. Such a
recession could eclipse the forecast consump-
tion of a large volume of semiconductors and
end products produced by Japanese and Asian
manufacturers, leaving them with a severe drop
in available market and significant overcapacity.

To sum up the conditions leading to 1990, the
United States started the semiconductor industry,
developed it into a huge worldwide industry,
dominated it for several years, and now is at risk of
becoming a minor player in the worldwide
electronics market during the last decade of this
century.

Electronics Industry
Infrastructure: The Waterfall
of Demand

The electronic industry infrastructure, of which the
semiconductor industry is part, is made up of a
complex chain of buyers and sellers working
together to satisfy the worldwide demand for
electronic products. This complex chain consists of
several tiers, beginning with the demand for
electronic equipment, continuing to semiconductor
devices, and ending with the demand for
semiconductor equipment and materials. Demand
for various products flows through the buyer/seller

chain from one level to the next, producing the
cascading waterfall of demand shown in detail in
Figure 2-2.

Knowledge of the infrastructure gives insight into
how the various industry segments and the
economy interact, specifically the following:

® How the demand of one industry segment
affects the demand of the next industry segment

® How economic conditions affect the various
industry segments

e How technology flows upward from one
segment to the next and stimulates demand

Figure 2-2
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The Waterfall Headwaters:
Capital Spending

As the worldwide economic climate changes, so
does the worldwide demand for -electronic
equipment. The capital equipment spending sector
of each region’s economy has the largest influence
on a region’s demand for electronic products. This
concept is developed in Chapter 4. Consumer and
government spending have some impaci, but o a
much lesser degree. It is capital spending that
forms the headwaters in the waterfall of demand.

Capital Spending Drives
Electronic Equipment

Electronic equipment producers worldwide com-
pete for their share of each region's demand. An
equipment producer’s ability to compete success-
fully in its domestic region or to export successfully
to fulfill the demand of foreign regions depends
largely on the economic climate of its domestic
region. Economic factors such as exchange rates
against other regions’ currencies, relative interest
rates, availability within the region of investment
capital, and local labor costs determine the
productivity and hence the competitiveness of
producers located in a given region. The success of
domestic producers in gaining share of the home
region demand against importing competitors and
in supplying foreign regions' demand via export
determines the domestic producers’ level of elec-
tronic equipment production.

Electronic Equipment Drives
Semiconductor Demand

Electrenic equipment production drives semicon-
ductor demand. The supply to this demand can be
of semiconductors produced within a local region
or imported from other regions. The semicon-
ductor production levels, profits, and resulting
available investrnent capital of semiconductor
companies within a region depends on their share
of that region’s total demand and their ability to
export to fulfill demand from other regions. The
success of a regional semiconductor manufacturer
depends on many factors, but to a large extent,
domestic economic conditions and access to
foreign regions’ demand are the key factors.

Semiconductor Production Drives
Semiconductor Equipment

The resulting capital spending by regional semi-
conductor manufacturers creates the regional
available market for the semiconductor equipment
industry. Thus demand—driven by the worldwide
economic climate and regional economic factors—
begins with capital spending and flows down the
waterfall until it reaches semiconductor equipment
and materials establishing the waterfall of demand.

Technology Flows Upstream

In addition to demand flowing down the waterfall,
technology flows upstream, as indicated in
Figure 2-2. Technology provides the impetus for
new products.

Manufacturing technology created by the
semiconductor equipment manufacturers enables
lower cost, lower power, and greater speeds in
semiconductor devices. Competition in the semi-
conductor industry is based in part on manu-
facturing technology. Competitive attributes such as
cost, size, and speed of a semiconductor device is
dependent on several manufacturing factors, as
follows:

® Yield—how many good devices can be produced
in one manufacturing run—affects the costs.

® Integration—how many units of logic and/or
memory can be contained in one device—affects
both the size and speed of the device.

¢ Quality and turnaround time-—-additional factors
that depend on manufacturing technology—
affect every aspect of competitiveness.

Fundamentally, advances in manufacturing tech-
nology create the environment and the tools for
continuing advances in semiconductor manufac-
turing. The productivity and competitiveness of any
semiconductor manufacturer is critically dependent
on access to state-of-the-art manufacturing equip-
ment, which can come only from an economically
and technically strong semiconductor manu-
facturing equipment industry.

Semiconductor manufacturers combined system
design with manufacturing technology and pro-
duced semiconductor devices that have greater
functionality at lower cost and with better
reliability—for example, 32-bit microprocessors,
application-specific 1Cs (ASICs), and 4Mb
dynamic random-access memories (DRAMs).
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New semiconductor devices allow the creation of
new electronic equipment that has new functions,
higher performance, and lower cost, and is
physically smaller and more portable.

Creative new end systems open new end markets
and stimulate end-product demand, thereby stimu-
lating the economy.

Semiconductor Equipment
Forms the Base

Figure 2-3 presents the woridwide forecast of
electronics equipment production, the semicon-
ductor production required to meet this equipment
demand, and the capital spending required of the
semiconductor producers to meet this semi-
conductor demand. Few may realize that 1989
resulted in worldwide electronic equipment pro-
duction of $653.1 billion, which generated demand
for more than $57.2 billion of semiconductor
devices, resulting in $18.0 billion spent on semi-
conductor capital equipment. In other words, the
$50.5 billion semiconductor equipment industry is
the foundation of the $653.1 billion electronic
equipment industry.

Summary
The following points are critical for developing an

understanding of the semiconductor industry’s
future:

® US semiconductor manufacturers are at risk of
exiting the stage in a play in which they
designed, produced, and acted in the lead role.

# The US economy is dependent on its electronics
industry.

— The electronics industry is dependent on the
semiconductor industry.

— The semiconductor industry is dependent on
the semiconductor equipment industry for
necessary manufacturing technology.

® The worldwide economy is dependent on the
worldwide electronics industry to produce new
products to stimulate the worldwide economy.

— The US electronics industry depends on
both the US and worldwide econormies.

— The worldwide electronics industry is depen-
dent on the global economy,

These observations are developed and discussed in
succeeding chapters, beginning with global eco-
nomic conditions and continuing through the
production of semiconductor equipment and
materials,
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Figure 2-3
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General Industry Climate 1989—The Year in Review

1989-1990: Off of the Escalator
and into the Trough

After realizing a growth rate of 33.0 percent in
1988, the semiconductor industry in 1989 posted
positive growth rates in the first two quarters and
then slumped into a recession in the third quarter
(see Figure 3-1). Although industry growth rates
for the third and fourth quarters of 1989 were
negative on a quarter-to-quarter basis, only the
fourth quarter posted a negative growth rate when
compared with the fourth quarter of 1988. As a
result, the industry posted a respectable 10.9 per-
cent growth rate for 1989. First quarter 1990 was
the last of three consecutive quarters of negative
growth. Positive growth is expected on a quarter-

te-quarter basis throughout the rest of 19990, but
Dataquest estimates that the industry will realize a
growth rate of negative 0.7 percent for 1990.
Several factors influenced the performance of the
semiconductor industry in 1989 and early 1990,
including the following:

® Declines in real GNP growth rates
¢ Declines in consumer spending growth
® Declines in capital spending growth

® Declining growth rates for electronic equipment
demand

The following paragraphs describe these factors
and their effects on the semiconductor industry.

Figure 3-1

Quarterly Semiconductor Industry Growth Rates
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Economic Growth Eases

According to the International Monetary Fund, the
real GNP growth rate for industrialized countries
fell from 4.4 percent in 1988 to 3.5 percent in
1989. During that same period, consumer spending
growth fell from 3.7 percent to 2.8 percent, and
capital spending growth fell from 7.9 percent to
5.6 percent. Because the demand for semicon-
ductors is a derived demand, driven by the demand
for electronic equipment, declines in capital and
consumer spending growth often translate to
declining demand growth for semiconductors.

The folowing paragraphs briefly look at the
economic performance of the four major industrial
regions of the world.

US Economic Performance

Table 3-1 shows the actual and forecast GNP
growth rates for selected countries from 1988 to
1991. Holding dollars constant, the US GNP
growth rate was 3.0 percent in 1989, down from
the 4.4 percent rate posted in 1988, On a quarterly
basis, the GNP growth level fell from 3.7 percent in
the first quarter to 2.5 percent in the second
quarter. In the third quarter, the growth rate
rebounded up to 3.0 percent. Finally, in the fourth
quarter, a growth rate of only 1.1 percent was
realized. GNP growth was 2.1 and 3.4 percent,
respectively, for the first two quarters of 1990.
According to economists at The Dun & Bradstreet

Corporation, GNP growth is expected to be
2.6 percent in the third quarter of 1990 and
3.9 percent in the fourth quarter. D&B forecasts a
3.0 percent growth rate in GNP for the year.

Japanese Economic Performance

In 1989, real GNP rose 4.8 percent in Japan.
Although lower than 5.8 percent growth in 1988,
1989 growth still was very respectable. The
Japanese economy slowed because of weaker
consumer spending, which was partly due te the
imposition of a new sales tax and a deterioration of
the Japanese trade surplus. Growth in business
investment continued at a strong pace, expanding
17.7 percent in 1989, up from 15.5 percent in
1988. Business investment growth is expected to
fall to approximately 10.0 percent in 1990, In
addition, real GNP growth is expected to fall to
4.0 percent in 1990.

Eurcpean Economic Performance

Taken as a whole, the four major European
countries {France, ltaly, the United Kingdom, and
West Germany) experienced a real GNP growth
rate of 3.4 percent in 1989, down from 3.8 percent
in 1988. Of these four countries, only West
Germany realized an increase in real GNP growth,
from 3.6 percent in 1988 to 4.0 percent in 1989,
In 1990, real GNP growth is expected to fall
further to 2.8 percent.

Table 3-1

Annual and Forecast GNP Growth for Selected Nations
1988-1990
(Percent Change from Previous Year)

1988 1989 1990 1991

Country GNP GNP GNP GNP
United States 4.4% 3.0% 2.5% 3.4%
Japan 5.8% 4.8% 4.0% 3.9%
France 3.83% 3.7% 3.2% 3.4%
West Germany 3.6% 4.0% 4.0% 3.5%
United Kingdom 4.6% 2.3% 1.5% 2.5%
South Korea 11.3% 6.1% 5.5% 6.5%
Taiwan 7.3% 7.4% 6.5% 7.0%
Singapore 11.2% 9.2% 7.5% 7.0%
Hong Kong 7.3% 3.5% 4.0% 3.5%

Source: The Dun & Bradstreet Corporation
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Asian Economic Performance

As in the other regions of the world, real GNP
growth in Asia fell in 1989 from its 1988 levels. In
South Korea, real GNP growth fell from
11.3 percent in 1988 to 6.1 percent in 1989.
Taiwan experienced higher GNP pgrowth, rising
from 7.3 percent in 1988 to 7.4 percent in 1989.
In Singapore, the double-digit GNP growth rate of
11.2 percent in 1988 gave way to a growth rate of
9.2 percent in 1989. Finally, in Hong Kong, the
1989 GNP growth rate of 3.5 percent was less than
one-half of the 7.3 percent recorded in 1988. GNP
growth rates throughout the region are expected to
decline once again in 1990.

Electronic Equipment Slowdown

Monthly data from the US Department of
Commerce (DOC) shows that bookings and
shipments rates of change for the computers and
office equipment, and electronic instruments
segments generally declined through 1989 when
measured on a 12/12 basis. The rate of change of
growth in computers and office equipment
shipments declined for 12 consecutive months,
beginning in January 1989 with a 12/12 growth rate

of nearly 11.0 percent, before bottoming out in
December 1989 at 2.8 percent (see Figure 3-2). At
the same time, 12/12 bookings showed continuous
decline from 11.1 percent in December 1988 to
1.9 percent in August 1989. More disturbing than
the mere declines is the fact that computer and
office equipment orders, on an annualized basis,
have fallen from a growth rate of approximately
10.0 percent in January 1989 to only 4.0 percent in
March 1990.

1989 Forecast and Outcome

In a February 1989 newsletter entitled "Worldwide
Semiconductor Outlook: First Quarter 1989,”
Dataquest forecast modest growth in the semi-
conductor industry for the first two quarters of
1989 followed by three negative quarters beginning
in the third quarter of 1989, as memory prices fell
and the US economy softened slightly. In reality,
the worldwide semiconductor market grew 1.4 and
2.7 percent, respectively, in the first two quarters
of 1989. As we predicted, the third and fourth
quarters showed negative growth, declining 3.7 and
1.9 percent, respectively, on a worldwide basis.
The overall, worldwide year-to-year growth rate
was 10.9 percent in 1989.

Figure 3-2
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Figure 3-3

Semiconductor Production Growth by Region—1989
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Performance of the North American and European
markets mirrored that of the worldwide market.
Both regions showed positive, albeit moderate,
growth in the first half of 1989, followed by two
quarters of nepative growth in the second half of
the year. The Japan and Asia/Rest of World
(ROW) regions differed slightly in their perform-
ance. In each of these regions, the first quarter was
one of negative growth, followed by a positive
second quarter, and negative growth in the third
and fourth quarters. All four major regions
experienced at least moderate growth for the year,
however, as is depicted in Figure 3-3.

1989 US Book-to-Bill Analysis

As expected, the US semiconductor book-to-bill
ratio generally followed the industry trend of slow
first-half growth followed by negative second-half
growth (see Figure 3-4). Beginning with a ratio
of 1.02 in January 1989, the book-to-bill ratio
remained above parity until June, when it fell to
0.98. The ratio climbed above parity again in
December, and has remained above 1.0 since that
time. As stated previously, US electronic equip-
ment sales growth slowed throughout 1939. When
combined with tighter inventory controls, the result
was a decline in semiconductor orders in the
second half of 1989.

Europe

Agla/ROW Total Marke

US semiconductor billings for the first half of 1989
increased 20.3 percent over the same period in
1988. During the second half of the year, low
inventory levels, particularly in non-DRAM pro-
ducts, caused an increase in spot purchases, which
increased “turns” business. The effect of increased
“turns” business is usually more intense competi-
tion and price pressure, which only makes market
declines more severe. DRAM price declines also
coniributed to the decline in the US market.

Despite the declining book-to-bill ratic, monthly
billings showed positive year-to-year growth for
each month in 1989. In fact, only the fourth
quarter of 1989 showed negative growth on a
year-to-year basis.

Product Summaries

Analog ICs

The year 1989 was a tough one for many analog
suppliers. More than a tough year, it was a historic
year in which analog IC segments experienced a
significant downturn while many of the digital
segments had a softer landing. This effect was the
opposite of past trends where the stability of the
analog IC market had made it more insulated from
market deterioration than the more volatile digital
IC market.
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Figure 3-4

US Semiconductor Book-to-Bill Ratio
1989-1990
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During 1989, unit sales of analog ICs increased
while average selling prices (ASPs) declined,
leading to a very weak revenue growth for the year.
A significant ASP decline in commodity linears
(largely op amps and voltage regulators) starting in
mid-1988 flattened revenue growth in 1989 despite
the fact that unit growth continued through 1983
and 1989. Consumer-specific IC consumption
declined as the consumer market for VCRs,
camcorders, CD players, and other entertainment
products softened. Because consumer products
represent 40 percent of analog IC sales, the
softness of the consumer market impacted the
analog IC market significantly.

Dataguest has observed digital signal processing
(DSP) entering into more mixed-signal products,
replacing analog signal processing. One product
segment that showed significant growth in 1989 was
that of delta sigma ADC converters. Several new
deita sigma converters were introduced in 1939,
many for microprocessor (MPU)-based and digital/
audio applications. The growth of this market is
driven by growth in digital/audio systems, which
also has driven substantial unit growth in digital-
to-analog converter {DAC) markets. Palette DACs

and digital audio DACs were two of the more
noticeable winners in the 1988 market. In 1989, an
avalanche of competitive products brought down
ASPs, severely impacting the data converter
segment.

The year was marked by a wend toward mixed-
signal ICs. This trend is driven by continuing
growth in digital products, which need mixed-signal
ICs to simplify complex interfaces. Perhaps the
biggest disappointment of 1989 was the fact that
mixed-signal ASICs did not live up to the tre-
mendous media attention and marketing hype. The
revenue still is relatively small, profits are non-
existent, and tool and test issues cloud future
growth. Companies that have experimented with
mixed-signal ASICs have not fared well. Dataguest
has identified a trend among original equipment
manufacturers (OEMs) away from ASICs toward
application specific-standard products (ASSPs). As
mixed-signal ICs gain popularity, these more
complex ICs, with increased analog integration, will
reverse the general trend toward sagging ASPs,
providing increased analog revenue growth and
bringing unit growth more into line with revenue.
Despite this upward pressure on selling prices,
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Pataquest expects commodity linear op amps,
regulators, and interface ICs to continue their
downward trend.

ASICs

In 1989, the ASIC market grew 10.9 percent,
slightly below the growth rate of 12.0 percent
posted for the toial semiconductor market. Gate
arrays dominated the wmarket, growing from
40.0 percent of the 1988 ASIC market to
42.0 percent in 1989. The next largest 1989 ASIC
market was full-custom ICs with 31.0 percent,
followed by cell-based 1Cs (CBICs) with
18.0 percent and programmable logic devices
(PLDs) with 9.0 percent.

Gate arrays offer many advantages over full-cusiom
ICs and CBICs. Key gate array advantages include
quicker time to market, lower risk, and lower
design cost. In 1989, gate arrays won the design-
win battle over CBICs. However, 1989 gate array
pricing was cutthroat as suppliers battled for market
share. The aggressive pricing was true even in
submicron geometries. In the past, Dataquest
observed price premiums for next-generation parts;
this no longer seems to hold true. Because of
disappearing price premiums, profits in the gate
array market were very slim despite a 16.0 percent
revenue growth. Through gate arrays, ASIC silicon
has become a commeodity item, and ASIC tools are
becoming commodity items. The only way suppliers
are able to differentiate themselves is through their
libraries of application-specific building blocks. In
the future, the companies with strong applications
experience are the ones that will be profitable.

The use of CBICs has been limited by the
dominance of gate arrays to high-volume, very high
performance, or special functions such as mixed-
signal applications. However, in the development
of standard products, the CBIC is replacing the
full-custom IC as the accepted design methodology.

Simple PLDs (GAL- and PAL-type devices) are no
longer outperforming the market; they are now
growing with the market. As the popularity of
bipolar PLDs wane, the rapidly growing CMOS
PLD market is becoming quite crowded. The
market for complex PLDs (e.g., FPGAs) is showing
tremendous growth and is expected to nearly
double in 1990. The growth of this market is
equivalent to that of the MOS gate array market at
a similar stage in the product life cycle. This

market remains wide open, because no standards
have been developed yet.

Memory Products

In 1989, the memory market continued to
dominate the worldwide semiconductor market.
Despite tumbling DRAM prices, the MOS memory
market grew an astonishing 45 percent in 1989.
Were it not for the strength of the memory market,
in particular the inflated DRAM prices in the first
half of the year, the slowdown the industry
experienced in late 1989 and early 1990¢ could
have been much worse.

Perhaps the biggest story of 1989 was the DRAM
shortage and subsequent oversupply situation. At
the beginning of 1989, a series supply shortage
existed for 256K and 1Mb DRAMs. First-tier
Japanese DRAM manufacturers reaped high profits
with their strategy of managing supply to control
prices. As the year continued, however, the supply
shortage transformed into ah pversupply situation.
As demand slowed and South Korean and
US manufacturers brought new products on-line,
supply was able to meet demand in the third
quarter before resulting in an oversupply of
DRAMS. As a result of this situation, DRAM prices
fell dramatically from their earlier levels. Volume
prices for 1Mb DRAMSs, for example, fell from
approximately $18 in the first quarier to the $7 to
$8 range by vear's end. One of the more significant
developments that arose in the DRAM market
during 1989 as a fallout of the shortage was
Samsung’s growth as a DRAM supplier. Samsung
was able to take advantage of the supply
management tactics of the larger vendors and the
market slowdown to become the number three
supplier in the DRAM market. Another fallout of
the DRAM shortage was the formation of
U.8. Memories, a consortium formed to provide
the United States with a domestic source of
DRAMSs. A full review of the rise and fall of U.§,
Memories is provided in the section entitled “Key
Industry Events and Issues.” In 1989, the memory
market proved itself to be a very volatile market,
one that can quickly change from a shortage to an
oversupply situation,

During 1989, we saw the early introduction of the
4Mb DRAM. This introduction marked the
emergence of 0.8-micron CMOS line geometries
into full-production lines. Hitachi and Toshiba
were the unquestioned early leaders in the
praduction of 4Mb DRAMS.
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In slow SRAMSs, we observed significant price
degradation following a three-month lag behind
DRAMSs. This pricing relationship is due to the
close ties between SRAMs and DRAMs from a
manufacturing standpoint. As the oversupply
situation developed in the DRAM market, manu-
facturers shifted capacity toward other devices
including slow SRAMs, PSRAMs, nonvolatile
memories, and ASICs. Both types of SRAMs are
tied to DRAM capacity, although slow SRAMs are
more closely tied. Therefore, although we saw price
erosion in the fast SRAM market, it was not as
severe as that in the slow SRAM arena.

The markets for specialty memories became quite
crowded in 1989, In the market for SRAM-based
deep first-in, first-out (FIFO) products, for
instance, the number of suppliers grew to 18,
servicing a market that totaled only $70 million. In
the same way, the number of suppliers to the
dual-port SRAM market grew to 9--quite a few for
an $18 million market. As a result, Dataquest
observed significant price erosion in these markets.

In 1989, BiCMOS memories also continued to
grow. The three market leaders were Hitachi,
National Semiconductor, and Fujitsu. Most of the
main users of BiCMOS memory are suppliers of
supercomputers and large mainframes that use
BiCMOS SRAMs as main memory or large
secondary caches. Unfortunately, 1989 also saw
the death of Saratoga Semiconductor, a US sup-
plier of BICMOS memories.

Microcomponents

In 1989, the worldwide market for microcoms-
ponent products slightly outperformed the total
semiconductor market with a growth rate of
approximately 13 percent. The year was highlighted
by several significant product trends.

The major battle lines in the reduced-instiruction-
set computing (RISC)-based market have formed
around four camps: Intel’s 80860, MIPS
Computer Systerns’ R3000, Motorola’s 88008, and
Sun’s SPARC architecture. Both Sun and MIPS
were busy licensing their architectures to eager
semiconductor vendors. Toshiba announced an
agreement to team up with Sun Microsystems to
develop low-cost, higher-performance computers
using the SPARC architecture and SunOS UNIX
operating system. LSI Logic, which teamed up with
Sun to develop the SPARCstation 1 single-board

RISC system, announced in early 1990 that it is
producing a SPARC chip set that will facilitate the
production of SPARC-compatible workstations. In
1989, MIPS Computer Systems anncunced
long-term agreements with both NEC and Siemens
to license its RISC microprocessors for manu-
facturing, marketing, and support worldwide.
Currently, the major battle for dominance is
between SPARC and MIPS architectures. With a
total of 12 vendors (6 embracing each archi-
tecture), the competition for RISC sockets has
become very intense.

Perhaps the major driving force in the microcom-
ponent industry in 1989 was the realization that
PC-related products can offer significant volumes
and revenue. This fact was most visible in the
market for PC chip sets. During the past two years,
the PC logic chip set market has been the
fastest-growing segment of the microcomponent
market. Worldwide, there were only 6 PC logic
chip set vendors in 1987. In 1990, there are more
than 30. Dataquest believes that the rapid increase
in new entrants and capacity has carried this
market to the point of saturation. We expect this
saturation to lead to apggressive price competition,
causing vendors 1o look for penetration of these
products into new applications and markets. We
believe that this rapid market saturation is bound to
be repeated in each of the PC peripheral chip set
markets—logic, graphics, communications, mass
storage, modem, and fax—as established chip set
and semiconductor companies follow one another
into these obvious product-line extensions. At the
same time, the apparently low barriers to entry
invite many new participants. The graphics chip set
market already is showing signs of saturation,
marked by severe pricing pressure.

Another PC-related market that has exhibited
increased competition and drawn increased media
attention is the floating-point coprocessor market.
Traditionally, Intel, Motorola, and Weitek have
dominated the market for floating-point units
(FPUs). For potential entrants to the compatible
coprocessor market, the current low level of
penetration into available sockets, combined with
artificially high prices and margins, is an attractive
inducement to entry. Until recently, no vendors
have offered parts that are plug-compatible with
Motorola or Intel devices. Weitek has achieved
success in the high-end c¢oprocessor market, but
has not offered plug compatibility to the Intel
architecture. In 1989, two start-ups, Cyrix Cor-
poration and Integrated Information Technology
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(IIT), introduced devices that are plug-compatible
with Intel's 80XB87 products. As these start-ups
begin to challenge Intel’s dominance in this
market, we have witnessed increased marketing
hype and price cutting by Intel in an effort to
protect its market share.

Many manufacturers, including Intel and most
RISC vendors, have entered the 32-bit embedded
contrel market. In general, the embedded control
market is easier to compete in than that of
reprogrammable processors, which often require
name recoghition and binary compatibility with
existing products. The key to competition in the
embedded control market is the cost effectiveness
of the part, which includes price, space taken up
on the board, the number of required peripherals,
and the required software. As is true with many
other products, however, there is a significant lag
period between the introduction of a product
(32-bit processors in this case) and the availability
of sockets and large sales volumes. Unfortunately,
vendors in the 1989 and 1990 market for 32-bit
embedded control are caught in this lag period. At
this time, only a limited number of available
sockets exist, and revenue is very low. Dataquest
believes that this situation will change, but probably
not until 1991. In April 1989, Motorola introduced
the industry’s first 32-bit microcontroller (MCU).
Motorola is the company to watch as the 32-bit
embedded control market heats up.

Key Industry Events and Issues

U.S. Memories

On Wednesday, June 23, 1989, a new company
called U.S. Memories announced its intention to
become the fifth US-owned, noncaptive supplier of
DRAMS. The company was to be a jointly owned
venture funded initially by seven major US
electronics and semiconducior companies. The
companies contributing seed money to the start-up
were AMD, DEC, Hewlett-Packard, IBM, Intel,
LSI Logic, and Nationai Semiconductor.

The new company was headed by Sanford Kane,
who resigned from his position as vice president of
technology at 1BM to become the president and
CEQ of U.S. Memories. The new entity hoped to
meet its $1 billion funding requirement and select a
site by the end of 1989. The company stated a goal
of building a wafer fabrication facility that will
begin full-volume production of 4Mb DRAMs by

the first half of 1991. However, between U.S.
Memories and its vision of high-volume, leading-
edge DRAM manufacturing in the early 1990s
existed a number of hurdles. These hurdles
included successfully addressing potential antitnyst
barriers, convincing other systems and components
companies that they have a vested interest in
participating in the new venture, and overcoming a
late start in the 4Mb DRAM market, particularly in
relation to Japanese competitors.

Indeed, the antitrust issue was raised and was a
source of preat controversy in Washington D.C.
One of the a priori conditions of U.5. Memories’
formation was the modification of the Sherman
Antitrust Act of 1890 so that US companies can
more easily form manufacturing consortia.
Although existing legislation allows consortia to
engage in R&D activities and provides immunity
from antitrust damages for export-only consortia,
these measures do not address the issues raised by
U.S. Memories. A number of bills under con-
sideration in the House of Representatives would
apply some measure of antitrust immunity to
manufacturing consortia.

In the end, the funding, site selection, and antitrust
obstacles became moot issues. On January 15,
1990, Sanford Kane announced the dissolution of
the consortium. Mr. Kane explained that U.S.
Memories was a strategic approach that could have
worked, but with the exception of solid support
from IBM and DEC, there was inadequate
response from the rest of the computer industry.

In forming U.S. Memories, Kane successfully
mastered the challenges of producing a business
plan, obtaining an agreement with IBM 1o license
its 4Mb DRAM design and process technology,
narrowing down the selection of a plant site, and
obtaining a favorable opinion regarding antitrust
issues. But in the end, he could not convince
enough DRAM wusers to cumulatively invest
$500 million and guarantee to purchase at least
50 percent of USM's DRAM output. Even on its
deathbed, USM made one final effort with a
revised plan wherein the total equity investment
required from the participating computer
manufacturers was scaled down to $150 million.
However, the purchase guarantees rose from
50 percent of USM’s output to 75 to 80 percent of
the output, and an additional $200 million of
equity was to be raised from external institutional
investors. This plan was submitted to 11 interested
companies—the 7 original investors, and 4 others:
ATE&T, Compagq Computer, NCR, and Tandem
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Computers. At a meeting on January 10, the
revised proposal could not garner sufficient
support, so the decision was made not to continue
with U.S, Memories.

The speakers at the January 15 press conference
said that the impetus for the formation of a U.S.
Memories came from an “urgent request” from the
AEA and SIA that the domestic computer industry
wanted an indigenous company that could supply
40 percent of its DRAM requirements within a
reasonable time. USM’s mission was, simply put, to
provide a domestic source for an assured, stable
supply of DRAMSs while also offering an attractive
return on investment. The computer companies’
cry for a domestic supply of DRAMSs was driven by
the difficulties experienced from 1987 through the
first half of 1989 when 1Mb DRAMSs were scarce
and expensive. However, by the time USM’s
funding effort had gained momentum, the bottom
had dropped out of the 1Mb DRAM market, and
the industry was flooded with parts. The passion for
a domestic DRAM supplier had waned, and the
computer manufacturers had forgotten about lasi
year's problems.

Dataquest is aware of other ongoing efforts to
establish a sizable US-based memory capability.
Approaches such as that taken by Texas Instru-
ments with its vendor alliances may also serve as a
more workable model. We believe that a series of
alliances between memory consumers and major
US-based memory producers that are willing to
make significant investment will occur in the 1990s,
albeit in more focused relationships.

SEMATECH

In August 1987, SEMATECH announced its
incorporation. The SEMATECH mission statement
is both concise and powerful: “To provide the US
semiconductor industry the domestic capability for
world leadership in manufacturing.” SEMATECH
defines its role in fulfilling its mission in terms of
“the three Ds and a T": Define, Develop, Demon-
strate, and Transfer, which are described as
follows:

e Defining and coordinating programs—Along
with the collective resources of its member
companies, SEMATECH analysts perform
competitive analysis aimed at identifying critical
manufacturing technologies required to reach
the consortium’s goal of worldwide manu-
facturing leadership for the US industry.
SEMATECH further defines its role as

“prioritizing resources for maximum impact.”
This impact would come through programs that
address “show stoppers” (critical tools and
materials to which the United States is in
danger of losing access), “key enablers” (tools
and methods that would give member
companies the largest advantage in the shortest
time), and “high-risk/high-return manufacturing
approaches.”

® Developing world-competitive manufacturing
capability—From its definition of programs,
SEMATECH creates equipment specifications,
selects suppliers with which it contracts for the
delivery of equipment based on its specifica-
tions, shares in the development work of its
SEMI/SEMATECH companies, and sets stan-
dards for manufacturing equipment integration.

® Demonstrate capability—SEMATECH’s Austin,
Texas, fab is charged with providing engineering
characterization and manufacturing proof for
the equipment and materials developed under
its direction. The consortium’s means of
providing “proof of manufacturability” are
based on its “manufacturing demonstration
vehicles” (MDVs), the 4Mb DRAM and 64K
fast SRAM processes provided by 1IBM and
ATE&T, respectively.

¢ Technology transfer-—The final and most critical
ingredient to SEMATECH's success rests in its
ability to document its projects and to develop
training programs that successfully transfer the
derived technology benefits to its member
companies. Essential to successful technology
transfer is the participation in SEMATECH
from the member companies.

As the preceding explanation of the SEMATECH
philosophy makes clear, SEMATECH does not see
itself so much as the originator of manufacturing
technology R&D but rather as the coordinator and
facilitator of such efforts by an existing US
semiconductor equipment and materizis vendor
base. Where the rubber meets the road in the
SEMATECH program is through the allocation of
the consortium’s $200 million-a-year budget to this
vendor base in the form of contract awards.
Currently, most of these contracts either are Joint
Development Projects (JDPg) aimed at the
development of new manufacturing techniques,

- materials and equipment, or Equipment Improve-

ment Programs (EIPs) aimed at the improvement
of existing tools.
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Up to the beginning of 1989, the largest portion
of the SEMATECH budget was devoted 1o
the construction of facilities and the purchase
of capital equipment. With its c¢lean room
constructed and the majority of its permanent
employees and member-company assignees in
place, SEMATECH's gathering of momentum has
been obvious through 1989. Less than 1§ months
after the selection of its Austin, Texas, site,
SEMATECH announced the first run of functional
64K SRAM silicon in March 1989, thus
establishing its initial baseline process as outlined in
its Phase I poals. The increased funding that
became available for joint development and
equipment improvement programs at the start of
last year is clearly reflected in the pace of
SEMATECH contract awards observed by
Dataquest since the first contracts were awarded in
May 1989,

An indication of SEMATECH's contract pricrities
can be found in its 1989 Operating Plan. Based on
its 1989 goals, SEMATECH identified the
following release schedule for external develop-
ment contracts:

® First quarter: e-beam mask making system,
I-line resists, planarization technology

¢ Second quarter: deposition systems, DUV
steppers and resists

® Third quarter: lithography cluster
¢ Fourth quarter: inspection systems

Viewed against these priorities, Table 3-2 provides
a chronological look at SEMATECH's contract
awards from May 1989 to April 1990. The number
of contracts since fall 1989 should probably serve
as a good indicator of future SEMATECH contract
activity, because in its 1990 Operating Plan,
SEMATECH stated that “Labor, operating, and
facilities costs will have reached steady-state by the
end of FY 1989 (SEMATECH’s fiscal year begins
In October). At present, between 35 and
40 percent of the total SEMATECH budget is
dedicated to development contracts.

Litigation

In 1989, a number of lawsuits were filed as semi-
conductor manufacturers attermnpted to protect their
intellectual property. It has become obvious that
intellectual property, marked by patents, is a very

valuable asset in today’s semiconductor market.
The two most prominent court cases of 1989
involved lawsuits filed by Intel and Motorola
against NEC and Hitachi, respectively.

After a legal battle that lasted nearly five years,
Intel's suit against NEC for infringing on Intel’s
copyright claim to its 8088/86 microcode was
resolved in 1989, In February 1989, Judge William
Gray decided that although Intel had a wvalid
copyright claim to its microcode, it forfeited its
copyright to a lack of diligence in monitoring the
affixing of copyright notices. The big decision,
however, was that NEC was held to be innocent of
copying Intel's microcode in its V-Series micro-
processors. By December 4, 1989, all outstanding
issues in the litigation had been resolved. As part of
the settlement, NEC’s claims for unfair competi-
tion, which were to come before the court in
January 1990, have been dismissed. Further details
of the settlement were not disclosed.

In January 1989, Motorola filed a lawsuit against
Hitachi charging patent infringement and unfair
competition that Motorola claimed began after it
granted Hitachi a patent license for certain devices
in 1986. Motorola’s position was that Hitachi’s new
H& microcontroller series infringed on at least four
Motorola patents. Approximately one week after
Motorola’s charges, Hitachi responded by filing a
patent infringement suit against Motorola. Hitachi
alleged infringement of one of its patents by
Motorola’s 68HCI1 8-bit microcontroller and
countered that not only did its H8 not infringe on
any Motorola patent, but that the device was
covered by a patent license. In June, Hitachi filed
an amendment to its pending lawsuit against
Motorola to include allegations of patent infringe-
ment by Moterola’s 68030 microprocessor.

On March 29, 1990, in a US district court in
Austin, Texas, Federal Judge Lucius Bunton
decided that Hitachi's H8 microcontroller was not
licensed under the parties’ 1986 Patent License
Apgreement; consequently, Hitachi committed
patent infringement on three of Motorola’s patents.
Hitachi, therefore, was ordered to cease selling the
H8 for the life of the affected patents and to
compensate Motorola in the amcunt of
$1.9 million. The judge also ruled, however, that
Motorola infringed on an Hitachi patent and
therefore was barred from marketing or selling its
68030 microprocessor for the duration of the
patent; Motorola thus was required to pay Hitachi
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Table 3-2

SEMATECH External Development Contracts
May 1989 to April 1990

Contract Contract Program Technology
Date Partner Type Focus
May 1989 ATEQ JDP Submicron reticle and mask exposure
system
May 1989 GCA EIP I-line steppers
May 1989 GCA JDP Optical wafer stepper
May 1989 HP JDP Test chips
May 1989 Westech Systems JDP Global planarization processes
May 1989 SemiGas Systems JDP Ultrapure gas management systems
May 1989 Union Carbide JDP Ultrapure gas management systems
May 1989 Wilson Oxygen JDP Ultrapure gas management systems
July 1989 Eaton JDP Sputtering cluster tool
August 1989 NCR JDP Advanced isolation
August 1989 Nat'l. Inst. of Standards
and Tech. JDP Metrology standards
Sept 1989 Sandia Nat'l. Lab TAA Establishment of Semiconductor
Equipment Technology Center (SETEC)
Nov. 1989 Lam Research EIP Metal etch systems
Dec. 1989 Texas State Tech. Inst./ TAA Manufacturing specialist training
Center for Occupational program
Research and Development
Dec. 1989 Silicon Valley Group JDP Advanced photoresist processing
Dec. 1989 KLA JDP Wafer defect detection
Dec. 1989 ORASIS JDP Wafer defect detection
Dec. 1989 Oak Ridge Nat'l. Lab TAA plasma etch technology
Jan. 1990 Angstrom Measurements EIP Critical dimension measurement systems
Jan. 1990 Lam Research JDP Electron cyclotron resonance (ECR) CVD
Jan. 1990 University of Cincinnati JDP Plasma etch technology
Jan. 1990 ASTeX JDP Plasma eich technology
Feb. 1990 lIon Implant Services/Genus TAA High-energy implantation technology
Mar. 1990 Hampshire JDP Soft X-ray lithography
Mar. 1990 Drytek JDP Low-temperature plasma etch
April 1990 Applied EIP Dielectric CVD
JDP—1Joint Development Project
EIP—Equipment [mprovement Project
TaA—Technical Assistance Agreement
Source: Dataquest {Augusi 1999)
$500,000 in damages. Following the decision, the equally significant as semiconductor vendors

judge quickly granted Motorola’s request for a stay
of the injunction on the 68030. At this point, both
parties have the option of appealing the decision or
negotiating a settlement.

A number of other lawsuits were filed in the
industry in 1989 and eurly 1990. Although none of
these cases has received the media attention that
was given to the aforementioned cases, they are

struggle o protect their intellectual property and
market share. In May 1989, AMD charged that
two patents recently issued to Brooktree Corpora-
tion for digital-to-analog converter functions are
not inventions within the meaning of US patent
laws. AMD’s effort to invalidate the Brooktree
patents is the latest development in a litigation
process that has continued since 1988, The dispute
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concerns color palette ICs produced by the two
companies. Brooktree claims that AMD’s devices
infringe on its mask works, but was denied a
restraining order against AMD following a hearing
in November 1988,

In October, National Semiconductor announced
that a patent infringement suit filed in 1985 against
Linear Technology had been settled. The suit
claimed that Linear had infringed on ten Nationai
patents, all related to analog products. Under the
terms of the settlement, Linear has agreed to pay
$3 million in return for irrevocable licenses,
releases, and a comprehensive ten-year binding
arbitration agreement. The case had just gone to
trial in March 1989 when an opportunity arose to
settle the case on mutually acceptable terms.

5GS-Thomson began 1990 with two new lawsuits
against Dallas Semiconductor and Hyundai. In
January, 8GS-Thomson announced that it had filed
a patent infringement suit against Dallas Semicon-
ductor. At issue is the alleged infringement of
SGS-Thomson’s patents pertaining to battery-
backed memory devices. License discussions
between the two companies had recently broken
down. In February, SGS-Thomson brought suit

against Hyundai for patent infringement against
SGS8-Thomson's patents on DRAMs and SRAMs.
The company had iried unsuccessfully for 18
months to conclude a licensing agreement that
would provide compensation for Hyundai’'s use of
SGS-Thomson's intellectual property.

Two other suits have been filed by Intel as the
company tries to protect its market share in the
floating-point coprocessor market. In February
1989, Intel filed suit against ULSI System
Technology for developing products that substitute
for Intel's 80387 math coprocessor through the
“theft and misuse of Intel’s proprietary infor-
mation” pertaining to the 80386 microprocessor,
the B0387 coprocessor, and Intel’s 180860 64-bit
microprocessor. Also, in April 1990, Intel filed a
complaint against AMD, claiming that AMD has
infringed on microcode copyrights on the Intel
80287 math coprocessor. Intel’s action followed a
notice by AMD stating that they have incorporated
the Intel microcode into a coprocessor that AMD
plans to announce soon.

A list of notable 1989 and 1990 lawsuits appears in
Table 3-3.

Table 3-3
Litigation: 1989-199%0

Plaintiff Defendant Date Filed Subject Resolved?
Intel NEC 1984 MPU code Yes
National Linear Tech. 1985 Analog patents Yes
International Rectifier Siliconix 7/86 Patents: MOSFETs Yes
Motorola Hitachi 1/89 Patent: MCUs No
Hitachi Motorola 1/89 Patent: MCUs Nec
Gazelle AMD 1/89 Patent fraud: PLDs No
Intel ULSI System Technology 2/89 Coprocessors Yes
AMD Brooktree 5/90 DAC patents No
Atmel AMD 1/90 Patent: circuitry No
SEEQ
Chips Elite Microelectronics 1/90 Trade secrets, No
breach of contract
SGS-Thomson Dallas Semiconductor 1/90 Patent: battery- No
backed memories
$GS-Thomson Hyundai 3/90 Patent: memories No
AMD Samsung Patent: PLDs Yes
Intel AMD 4/90 Coprocessor code No

Source: Dataguest [August 1990)
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International Trade

The subject of international trade continued to be a
hot topic in 1989. The Omnibus Trade Act and the
US-Japan Semiconductor Trade Arrangement of
1986 served as the basis for most discussion
surrounding international trade. Super 301 is a
provision of the 1988 Omnibus Trade Act passed
by the US Congress. According to this provision,
the US Trade Representative (USTR) must identify
“priority countries” and “priority practices” that
inhibit US trade in world markets and then take
actions against those countries and practices. Many
observers, including the SIA, speculated that Japan
would be placed on the list of Super 301 offenders
for its practices in the semiconductor industry. On
May 25, 1989, USTR Carla Hills put an end to
speculation about Japan’s inclusion on the “Super
301" list for semiconductor trade practices.
Although Japan will be investigated under US$ trade
law for committing “priority practices” (i.e., trade
barrier erection} in connection with telecommuni-
cations satellites and supercomputers, semiconduc-
tors will not be a subject of the USTR’s investi-
gative focus.

The main focus of the relationship between the
United States and Japan relates to the US-Japan
Semiconductor Trade arrangement. To date, much
of the furor over the implementation of the
Arrangement has centered on the issue of
measuring market access—and this issue has in turn
centered on the interpretation of the now infamous
“side letter,” dated September 1, 1986, between
Ambassador Matsunaga of Japan and Ambassador
Yeutter of the United States. One particularly
controversial section of the letter reads:

*The Government of Japan recognizes the
US semiconductor industry’s expectation
that semiconductor sales in Japan of
foreign capital-affiliated companies will
grow to at least slightly above 20 percent of
the Japanese market in five years. The
Government of Japan considers that this
can be realized and welcomes its realiza-
tion. The attainment of such an expec-
tation depends on competitive factors, the
sales efforts of the foreign capital-affiliated
companies, the purchasing efforts of the
semiconductor users in Japan, and the
efforts of both Governments.”

The attainment of 20 percent market share by
1991 has become the de facto measure of Japan’s

success in opening its markets. In April 1989,
Japan’s Ministry of International Trade and
Industry (MITI) introduced an 11-point, step-by-
step plan to solve the US complaint of closed
markets. MITI's 11-point plan includes the
following provisions:

e MITI will encourage major semiconductor
users, including Electronic Industry Association
of Japan (EIAJI) users’ commiitee members and
Japan Auto Parts Indusiries Association
(JAPIAS) members, to adopt market access
plans.

® MITI will encourage expansion of efforts to
design-in foreign semiconductors.

® MITI will encourage Japanese manufacturers of
consumer electronics to do joint developments
with foreign semiconductor suppliers, the
objective of which is to increase the foreign
semiconductor content in consumer electronics.

e MITI will encourage ISDN equipment makers
to aim programs at design-ins of foreign
semiconductors.

The success of MITI's efforts thus far is
questionable. Andrew Procassini, president of the
Semiconductor Industry Associate (SIA), has
praised the five largest Japanese semiconductor
consumers for increasing their purchases of
semiconductors to 17 percent of total supply from
foreign suppliers, Dataquest notes that the other
Japanese c¢ompanies procure only about 7 to
8 percent of their semiconductor needs from
foreign sources. US and Japan-based market share
estimates tend to diverge greatly. In April 1990, the
International Semiconductor Cooperation Center
(INSEC) announced that a survey conducted to
identify the progress of the Japanese market access
for foreign-made ICs indicated that the average
purchase of foreign-made ICs by 53 users that
responded was 12.9 percent. However, Dataquest
estimates that foreign ICs accounted for only
10.0 percent of Japanese IC consumption in 1989,

Despite these conflicting claims, we have observed
significant effert on the part of some Japanese
manufacturers to increase the market share of
foreign-made ICs in Japan. In addressing US$S
criticism regarding the inaccessibility of its
marketplace, Japan is directing much of its efforts
toward responding to this issue through the vehicle
of alliances so that greater market access can be
achieved via these measures. In March 1989,
AT&T and NEC announced an agreement whereby
AT&T will obtain a license to design, manufacture,
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and market NEC’s gate array products. Under this
agreement, NEC and other Japanese companies
will be able to boost their purchases of foreign
semiconductors. In another recent agreement,
Kobe Steel and TT announced the establishment of
a joint venture in Japan to manufacture VLSI ICs
and ASICs, which will be sold through TI. In
addition, a number of other strategic alliances were
formed between US and Japanese companies in
1989. For more details, refer to the subsection
entitled “Alliances.”

Although most discussion of trade was dominated
by US/Japan topics, several developments in
Europe also made headlines. In March 1989,
the European Economic Community (EEC)
announced that it planned to increase the duty rate
paid by foreign manufacturers of 256K DRAMSs
from 10 to 14 percent. The EEC explained that
because NEC and Siemens are now producing
significant guantities of 256K DRAMs in Europe,
the EEC is justified in raising the import duty to the
full 14 percent. In February 1990, after months of
speculation, the EC announced that an agreement
had been reached between itself and the
11 Japanese vendors that sell into Europe. Under
the terms of the agreement, a price floor was
established for all densities of DRAMS; suppliers
cannot legally sell below this floor without facing
dumping charges. Although the reference price is
not publicly known, it is based on cost, a capital
and R&D expenditure allowance, a selling, general,
and administrative (SG&A) expense margin and a
profit margin of 9.5 percent.

Another European issue that remained at the
forefront of international discussions is the
scheduled 1992 unification of Europe, with the
dropping of inter-Europe trade barriers. Realizing
the immense size of a unified European market,
many large Japanese and US semiconductor
manufacturers continued to invest heavily in
European manufacturing facilities in 1989 in order
to avoid import duties by producing semicon-
ductors locally.

Alliances

In 1989 and early 1990, a number of strategic
alliances were formed between US and Japanese
companies. Some of these alliances involved
start-ups looking to Japanese vendors for manu-
facturing capacity for their new products. For
example, VIA Technologies has teamed up
with Fujitsu to jointly develop chip sets for

Sun-compatible workstations. Ramiron signed a
joint development agreement with Seiko-Epson
under which Seiko-Epson will provide Ramtron
with manufacturing capacity for ferroelectric
memory praducts developed jointly with Ramtron.
In November, Vitesse signed an agreement with
Fujitsu whereby Fujitsu will second-source GaAs
ASICs developed by Vitesse. In January 1990,
Actel signed a manufacturing agreement with
Matsushita that allows Matsushita t¢ manufacture
ASIC products for Actel. In February, Echelon
formed an alliance with Motorola and Toshiba
whereby the two companies will manufacture and
distribute semiconductors developed by Echelon.
Also in February, Kubota, a Japanese machinery
manufacturer, signed an agreement with C-Cube
Microsystems to codevelop image-processing 1Cs.

In addition to these alliances between start-ups and
Japanese suppliers, several alliances occurred
between major US and Japanese semiconductor
manufacturers. In May 1989, Motorola agreed to
second-source Toshiba’s new 74BC BiCMOS logic
family. In July, Hitachi and Texas Instruments
agreed to mutually second-source each other's
SRAMSs. In August, HP licensed its RISC-based
Precision Architecture along with its advanced
submicron CMOS process technology to Samsung.
In January 1990, NMB Semiconductor signed an
agreement with Intel whereby NMBS will manu-
facture DRAMSs for sale by Intel. In March, AT&T
and NEC announced an agreement under which
AT&T will be licensed to design, manufacture, and
market NEC’s gate array products. In return, NEC
will receive AT&T’s sophisticated CAD tools for
ASICs. The relationship also called for AT&T to
provide manufacturing support for NEC’s 4-bit
microcontrollers.

In recent years, there has been an observable trend
among Japanese steel and heavy industry com-
panies toward diversification into the electronics
industry. In 1985, Kawasaki Steel formed Nihon
Semiconductor, a joint venture with LSI Logic
Corporation. In the past year, we have seen two
new alliances between Japanese heavy industry
companies and US semiconductor companies.
One, which was mentioned earlier, is the alliance
between Kubota and C-Cube to jointly develop
image compression ICs. In March 1990, Kobe
Steel of Japan announced a joint venture with
Texas Instruments to manufacture VLSI ICs and
ASICs. Table 3-4 provides a list of alliances in
1989 and early 1990.
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Tabte 3-4
Alliances: 1989-1990
Company 1 Company 2 Date ProductType
Samsung NCR January 1989 ASICs, SRAMs Cross-license
AT&T Intel January 1989 Communication ICs  Product & technology
exchange
Logic Devices AT&T January 1989 SRAMs Foundry
Tl Acer February 1989 DRAMs Joint manufacturing
Fujitsu VIA Technologies March 1989 Chip sets Joint development
Intel IBM March 1989 DVl Joint development
ACC Micro. Motorola April 1989 Chip sets Second-soutce
Ramtron Seiko-Epson April 1989 Ferroelectric Joint development
memory
Sanyo Mosaid April 1989 DRAMSs Joint development
Toshiba Siemens May 1989 ASICs Second-source
AMD Lattice May 1989 PLDs Cross-license
Motorola Toshiba May 1989 BiCMOS logic Second-source
Simtek Plessey July 1989 EPROMs Licensing
Hitachi Goldstar July 1989 DRAMSs Licensing
Hitachi TI July 1989 SRAMs Joint supply
AMD ICT July 1989 EPROMs Joint development
HP Samsung August 1989 RISC Licensing
AT&T Paradigm August 1989 SRAMSs Joint development
SEEQ Philips-Signetics October 1989 Flash, EEPROM Foundry, licensing
Fujitsu Vitesse November 1989 GaAs ASICs Second-source
AT&T Xilinx December 1989  ASICs Manufacturing
Toshiba Int’l. Rectifier December 1989 MOSFETs Licensing
Samsung Intergraph December 1989  Clipper MPUs Licensing
Intel VLSI January 1990 Chip sets Remarketing
National Acer January 1990 Micros Joint development
Intel NMB January 1990 DRAMs Marketing
Siemens IBM January 1990 DRAMs Joint development
Actel Matsushita January 1990 ASICs Manufacturing,
marketing
IBM Siemens February 1990 DRAMs Joint development
AT&T Mitsubishi February 199¢ SRAMs Manufacturing,
marketing, technology
sharing
Echelon Motorola February 1990 LON ICs Manufacturing
Toshiba
C-Cube Kubota February 1990 Image compression  Joint development
AT&T NEC March 1990 ASICs, MCUs Manufacturing,
marketing
§GS-Thomson  Siemens March 1990 MCUs Second-source
5GS-Thomson  Oki March 1990 DRAMs Joint manufacturing
TI Kobe Steel March 1990 ASICs Joint venture
LSl Hyundai, Metaflow March 1990 SPARCs Joint development
Actel HP April 1990 ASICs Joint development
AMD Vitesse May 1990 GaAs Joint development
communication ICs
Intel TSMC May 1990 DRAMSs Manufacturing

Source: Dataquest (Augus 1990)
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Mergers and Acquisitions

A significant amount of merger and acquisition
activity occurred in 1989, An increase in such
activity often occurs in periods of industry slow-
downs and following periods of extensive start-up
activity. Historically, Dataquest has identified a
period of consolidation, acquisition, and a shake-
out of start-ups following each peak of start-up
activity. Although the number of start-ups has
recently been declining, the number of mergers,
acquisitions, and closures has increased in the last
two years. In 1989, four start-ups were acquired by
larger companies. Silicon Systems was acquired by
TDK; Inmos, the British memory and micro-
processor manufacturer, was acquired by
SGS-Thomsen; Mietec, a Belgian ASIC supplier,
was acquired by Alcatel; and Krysalis, a ferro-
electric memory start-up, was acquired by National
Semiconductor. In addition, LSI Logic merged two
of its recent acquisitions, G-2 and Video Seven, to
form Headland Technology, a subsidiary of LSI
that manufactures PC logic and graphic chip sets.

In addition to these acquisitions of start-ups, a
number of other significant acquisitions occurred in
1989 and early 19906. A number of these
acquisitions also involved start-ups, as these small

company from its parent, Exxon, with funding from
Warburg, Pincus Capital Company. Also in June,
Atmel, a nonvolatile memory start-up, purchased
Honeywel’'s Solid State Electronics division in
Colorado Springs, Colorado. Included in the pur-
chase were three wafer fabs plus related assembly,
testing, and engineering facilities. General Electric
Microelectronics was acquired by Harris in July. In
January 1990, Atmel acquired Westinghouse's
Chesapeake ASIC design group. In February,
Vitelic acquired Elcap Electronics Limited, one of
Hong Kong's pioneers in wafer fabrication. In
doing so, Vitelic, a start-up memory manufacturer,
acquired a 69,000-square-foot wafer fab, which the
company will upgrade to a 35-inch submicron
production facility.

A list of 1989 and 1990 acquisitions of semicon-
ductor companies is found in Table 3-35.

Semiconductor Megatrends
in the 1990s

The following list contains Dataquest’s predictions
for semiconductor megatrends in the 1990s:

® Economic power will displace military power.

companies attempted to gain manufacturing capa- # Closeness to the customer will be an imperative.
city and diversify their product lines. In April 1989, & Electronics will pervade all aspects of society.
the ASEA Brown Boveri Power Semiconductor h ical obsol 1l
Division was acquired by IXYS, a start-up discrete ® Technological obsolescences will increase.
semiconductor manufacturer. In June, the manage- * Consolidation and retrenchment will become
ment and employees of Zilog purchased the the norm.

Table 3-5

Mergers and Acquisitions: 1989-19%0

Acquired Company Acquired By Date Product Area

Inmos 8GS-Thomson March 1989 Transputers, SRAMs,
DSP, graphics

G-2 Video Seven* April 1989 Chip sets

Silicon Systems TDK April 1989 ASICs

ABB Power Semi. IXYS April 1989 Discretes

Zilog Employees June 1989 Microcomponents

Honeywell Atmel June 1989 NV memory

GE Micro Harris July 1989 ASICs

Krysalis National October 1989 NV memory

Mietec Alcatel November 1989 Telecom chips

Chesapeake Group Atmel January 19%0 ASICs

Elcap Electronics Vitelic February 1990 Memory

*Mow Headland
Source: Dataquest {August 1990)
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¢ Southeast Asia's growth will lead the decade.
® The industry’s capital intensity will grow.

® Partnerships will become standard business
practice.

& Software will be the Kking of the '90s.

® Japan will have peaked in growth and the
United States will have bottomed owt.

Economic Power Will
Displace Military Power

We believe that economic power will displace
military power as the basis for worldwide
dominance. Countries will shift their focus away
from military spending and concentrate on
strategies to create economic might. Electronic and
information transfer industries will be viewed as
essential to establishing economic power. Global
trade policies will become the new battleground as
entities throughout the world seek to protect or
enhance their individual economic strengths.
Companies that cannot compete on a global basis
will realize growth rates and financial returns that
are substantially less than industry averages.

Closeness with Customers
Will Be an Imperative

Region-based manufacturing should become an
imperative of the next decade, as will an entirely
new level of service. Driven by trade laws, local
content requirements, and the new strategy of
establishing factories close to the point of
consumption, partnerships such as the Acer/Texas
Instruments consortium to produce DRAMS for the
Taiwanese market will become commonplace. This
fact will held true for the manufacture of electronic
equipment as well as components. Japanese com-
panies already have begun to establish substantial
manufacturing capabilities in the United States,
and both US and Japanese companies are moving
en masse into Europe with IC production factories.
Product and price differentiation will be difficult;
hence, service will become a new and powerful
marketing tool.

Electronics Will Pervade
All Aspects of Society

Electronics will become ubiquitous—a commen
denominator throughout all levels of society.

Consumer electronics (with emphasis on personal
use) that are perceived to enhance one’s life or
offer opportunities for saving time will be key
drivers during the early portion of the next decade.
We see widespread consumption of ISDN-driven
products, personal cellular telephones, home fax
machines, home copiers and laser printers, and
home automation products, as well as personal
entertainment systems. This bodes well for analog
products as well as for mixed-signal and
conventional digital devices. We do not see HDTV
as having significant impact on either consumers or
IC producers until very late in the decade.

Technological Obsolescences
Will Increase

We predict that technological obsolescences will
occur at an even faster rate during the *90s than in
the ’'80s. Product life cycles, despite increasing
product complexity, will be shorter than in the past
decade. Innovation, driven by astounding leaps in
software technology and the information transfer
industry, will place immense pressures on product
survivability. Developing a product that can capture
market leadership long enough to recover the
investment cost of development will become a key
challenge.

Consolidation and Retrenchment
Will Become the Norm

The European, US, and Japanese semiconductor
industries are expected to reach full maturation in
the 1990s. Annual growth rates will more closely
follow those of traditional mature industries such as
automobiles. Substantial consolidation will take
place in the US semiconductor industry, resulting
in only a few, very large US semiconductor
producers by the end of the decade. Niche market
players will become increasingly rare, finding that
their markets of choice are too small to allow for
annual research and development investments that
are commensurate with industry averages. A
shakeout will occur among the Japanese device
producers as a result of too many participants
entering the IC market from nontraditional
sourcessuch as the Japanese steel, chemical, and
heavy industry companies. The majority of the -
retrenchments will come from ASIC entities that
lack substantial vertical integration capabilities.
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Southeast Asian Growth
Will Lead the Decade

Southeast Asia will be the region exhibiting the
greatest growth and the largest number of new IC
ventures. Dataquest predicts that Thailand will
become the fifth tiger. Virtually all of the newly
industrialized countries (NICs) will adopt the
strategy that an indigenous semiconductor industry
is essential to the development of a modern
economy. The proliferation of ASIC design tools
will enhance this region’'s goal of becoming
independent of both Japan and the United States
for the supply of complex ICs. India will become
an important electronic equipment consumer and
semiconductor device producer. The Eastern Bloc
and Soviet countries will become significant
electronic equipment consumers toward the end of
the decade as they realize the necessity of
establishing economic rather than military power.
China will be neither a significant consumer nor
producer of semiconductors. Despite current
rhetoric that China’s modernization program still is
top priority, the impact of the June 1989 events in
Beijing will most likely continue well into the next
decade.

The Industry’s Capital Intensity
wWill Grow

Dataquest foresees that the capital intensity of the
industry will grow. Companies no longer will be
able to use DRAMs as their sole process drivers.
DRAM technology will pace lithography and
three-dimensional events (trench capacitors);
however, ASIC technology will set the cadence for
multiple ievels of interconnections, deposited films,
and packaging developments. Consequently, broad
market participants will have to make signhificant
investments in both DRAM and ASIC tech-
nologies. Wafer fabrication facilities will become
product-focused rather than process-focused.
Operations will be built principally for the lifetime
of one specific product (e.g., factories for 16Mb,
64Mb, and 256Mb products), with possible later-
stage revamping for less demanding technologies,
This scenario favors commodity memory producers
over ASIC and analog producers for the greatest
leverage of waler fabrication capital investment.

Partnerships Will Become
Standard Business Practice

Partnerships and technology transfer are likely to
become key strategies in the next decade. The

stagpering cost of technology will be only a portion
of the problem to be solved. As product lifetimes
decrease, the time to market for products will
become predominant. Even a minor setback in
product development could translate to missing an
entire product cycle, recovery from which may be
impossible. Partners not only will share the cost of
the technology but also the task of getting the
product to market in time to minimize the risk of
lost opportunity. The NICs will look to the
established countries for technology. This know-
how will be exchanged for local market access and
assistance in establishing regional manufacturing
capability. Companies that lack partnering skills or
cannot leverage their technology will suffer against
their more adept global competitors.

Software Will Be the King of the '90s

As software standards become pervasive, hardware
will become a commodity item. We predict that the
Silicon Walley will realize an era of venture
capitai-backed software start-up companies that will
rival the IC company start-up era of the *70s.

Japan Will Have Peaked in Growth; the
United States Will Have Bottomed Qut

Dataquest anticipates that Japan’s amazing growth
rate will peak very early in the decade. As the
Japanese accept their position as the most wealthy
people on earth, they will begin to enjoy the fruits
of their efforts and lessen their obsession with
economic survival., The younger Japanese genera-
tion, having never known the hardships of their
elders, will be unwilling to make the same sacrifices
of unquestioned long work hours, blind devotion to
corporate goals, and lack of personal identity. This
phenomenon is not unique to the Japanese, but
rather a continuing enactment of the drama that
has occurred in every highly successful emerging
nation including Ming China, the Ottoman Empire,
the countries of Western Europe, Great Britain,
and the United States. The United States has
bottomed out in its descent and now is finally
addressing the decline in global competitiveness,
deteriorating industries, poor product quality, the
drug problem, and the seeming inability to create
products that its citizens will buy, We believe that
by the end of the century, Japan and the United
States will be virtually at parity; however, Japan still
will be slightly in the lead. Both nations will have
shouldered many of the world's problems and will
unite in their mutual anxiety over the ever-growing
economic strength of Southeast Asia.
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Electronic Equipment Segment of the Economy

Introduction

The steadily growing electronic equipment segment
of the global economy is a major contributor to
worldwide economic growth. Dataquest estimates
that 1988 worldwide electronic equipment sales
accounted for nearly 8 percent of OECD members’
output of goods and services. In 1989, that
amounted to $653 billion out of $10¢ trillion,
measured in current US dollars. [llustrative of this
growth and contribution is the fact that electronic
equipment progressed from less than 3 percent of
the OECD output in the mid-1970s to just shy of
5 percent in 1984 to nearly 8 percent in 1988.

Chapter 3 developed the headwaters of the
waterfall of demand and established that the global
economy has been expanding vigorously since

1987. The major force behind this recent
worldwide economic expansion has been spending
related to private, fixed, nonresidential investments
(capital spending by businesses), as shown in
Figure 4-1,

Although worldwide consumer spending has
declined considerably as an economic driving force
from its 1985 historic levels of more than § percent
annual growth, it has been on the rise in some
regions during the past twe years. This increase has
occurred in countries that have enjoyed recent
buoyant economic growth—Japan, Asian NICs, the
United Kingdom, and West Germany. Although
Japanese and Asia/ROW consumer spending has
been less than that of the United Kingdom or West
Germany, it has not been an insignificant con-
tributor tc worldwide electronic equipment growth,
as shown in Figure 4-1.

Figure 4-1

Worldwide Electronic Equipment Demand
versus Capital and Consumer Spending
1989-1991 Annual Growth

Percent Change from Previous Year

114 M Electronic Equipment Demand
@ Capital Spending
9 X Consumer Spending
'?&
-—
5 -
3x 3¢ ,
1 T
1989 1990 1991

Source: Dalaquest (Auguost 1990)
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Because the electronic equipment industry sells
products in all three economic sectors—private
business, consumer, and government—the industry
has been able to take advantage of the growth in
consumer and capital spending. It therefore has
enjoyed moderate growth worldwide over the last
two years. Dataquest estimates that annual growth
for electronic equipment exceeded 16 percent in
1988, whereas 1989 growth was substantial buc
slower—approximately 6 percent (see Figure 4-1).

This chapter takes the first step down the waterfall
of demand. In the process, it develops the
following three important topics:

® Demand for electronic equipment—This in-
cludes a discussion of worldwide and regional
economic demand drivers.

® Production of electronic equipment—Key
regional economic and competitive issues
discussed in Chapter 3 are used to relate
worldwide demand to worldwide and regional
forecasts of electronic equipment production.

® Procurement of semiconductor devices—
Regional electronic equipment production
forecasts are used to generate regional forecasts
of semiconductor expenditures for 1989 and
1990. This is addressed as a strategic issue
within the section entitled *Electronic Equip-
ment Production.”

Electronic Equipment Demand

This section on e¢lectronic equipment demand
provides the following information:

® Background for electronic equipment demand

& Electronic equipment demand forecast for 1990
and 1991

® Strategic issues regarding the electronic equip-
ment demand forecast
Background

The background information for electronic equip-
ment demand explores the following areas:

¢ Equipment market segments—What is included
in the electronic equipment market?

e Market segment growth—What is driving equip-
ment market growth?

® Sources of demand—Who buys -electronic
equipment?

® Regional equipment demand—Where is elec-
tronic equipment purchased?

Equipment Market Segments

Dataquest segments the electronics industry into six
major application markets, defined as follows:

¢ Data processing
e Consumer

® Industrial

¢ Communications
& Military

& Transportation

Data Processing

Data processing comprises all equipment that
functions as information processors, including all
personal computers, regardless of price or the
environment in which they are used. About
10 percent of this segment’s equipment is assumed
to be purchased by the consumer sector of the
economy. The balance (90 percent) is purchased
by the private business and government sectors.

Consumer

The consumer segment comprises equipment that is
used primarily in the home for personal use, such
as audic and video equipment and household
appliances. All equipment in this segment is
purchased by the consumer sector of the economy.

Industrial

The industrial segment consists of all manufac-
tiring-related equipment, inc¢luding scientific,
medical, and dedicated systems. It is assumed that
all equipment in this segment is purchased by the
capital spending sector of the economy.

Communications

Most of the communications segment is made up of
telecommunications equipment, which Dataquest
classifies as customer-premises and public tele-
communications equipment, and all other com-
munications equipment, such as radio transmission,
studio, and broadcast equipment. All of the equip-
ment in this sector is assumed to be purchased by
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either the capital spending or
purchasing sectors of the economy.

government

Military

Military equipment is primarily defense-oriented
electronic equipment and thus does not include all
electronic equipment procured by the government.
In order to avoid double-counting, equipment that
belongs in an already defined application market
segment is not included here. All equipment in this
segment is purchased by the government (defense)
spending sector of the economy.

Transportation

Transportation consists mainly of automotive and
light-truck electronics. All equipment in this
segment is assumed to be purchased by the
consumer sector of the economy.

Market Segment Growth

The worldwide electronics industry production
growth by application market is illustrated in Figure
4-2. Growth was driven primarily by the data

processing and consumer markets, Figure 4-3
shows that although production share of these two
segments grew onlyt slightly from 54.0 percent to
54.5 percent from 1987 to 1989, these two market
segments still represent a majority of worldwide
equipment production and semiconductor demand.
At the same time, production share of the
industrial market has grown from 14.2 to
15.8 percent over that same period, while the
production share for the military segment has
dropped from 13.7 percent to 11.6 percent.

Major growth products within the data processing
and consumer markets have been personal com-
puters, workstations, storage peripherals, terminals,
personal printers, VCRs, and compact disc players.
These growth products have the following common
attributes:

e High semiconductor content
® High unit volume
® Large market (All of these products are used by

individuals and thus are assured of a large total
available market.)

Figure 4-2

Worldwide Electronic Equipment Market Growth
by Application Market Segment—1987-1989

Billions of Dollars
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Source: Dataquest (August 1990)
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Figure 4-3
* Worldwide Electronic Equipment Production Share
by Application Market Segment—1987 and 1989
Comml.ljrgf:g%ons Communic?gloan;

Industrial Arary Industrial

14.2% . 15.8%
Transportation Transportation
5.1% 5.3%

Consumer

Data
Processing
33.9%

1987
Total = $525.3 Billion

Source: Dalaquest (August 1990)

Demand Sources

The growth in worldwide demand for electronic
equipment is determined by the growth in world-
wide spending from the following three major
economic sectors:

& Private, fixed, nonresidential investments
(otherwise known as capital spending)

e Consumer spending
® Government spending

It is important to note that, in terms of demand
growth, individual market segment growth is a
function of the growth of the economic sectors in
which major purchases occur. For example, the
data processing, industrial, and communications
segments are purchased mostly by the capital
spending sector and represent nearly 60 percent of
total equipment demand. The consumer and
transportation segments are purchased mostly by
the consumer sector and represent approximately
30 percent of total demand. All of the military
segment is purchased by public sector and
represents 10 percent of the total equipment
demand. Supply issues, on the other hand, tend to
be more global in nature. The growth of the
equipment demand as a whole therefore is
determined by the growth rates of the individual

Consumer
18.8%

Data
Processing
35.7%

1989
Total = $653.1 Billion

economic sectors weighted by the relative size of
each sector, as well as supply-side issues such as
price and technology.

Additionaily, it is important to note that small
percentage changes in sector spending can have a
big impact on equipment demand due to the size of
the consumer spending sector. Any change in
capital spending has a direct and significant impact
on equipment demand, particulatly in the data
processing, communications, or industrial segments
(see Figure 4-4). Furthermore, as Figure 4-5
shows, consumer and transportation segments are
tied to the consumer spending sector. The con-
sumer spending sector has been flat and is forecast
to continue the same pattern, but the consumer
equipment and transportation segments have
experienced dynamic growth swings resulting from
relatively small changes in consumer spending.

As a historical example of how economic sector
spending influences electronic equipment demand,
consider the 1985 and 1986 near-recession in the
United States. Through 1983 and 1984, the
US economy was enjoying a consumer-driven
shopping spree. This spree stimulated North
American capital spending, as companies in all
segments of the economy scrambled to increase
capacity and productivity to participate in the
boom. The high value of the dollar drove import
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prices well below those of domestic products,
and Japan, the Asia/ROW countries, and West
Germany were the major benefactors from all this

spending. Figure 4-6 illustrates actual and forecast
worldwide and regional consumer spending growth
rates for the 1986 to 1991 period.

Figure 4-4

Worldwide Electronic Equipment Demand and Capital Spending
by Application Market—1989-1991

Percent Change from Previous Year
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Source: Dataquest (August 1990)
Figure 4-5
Worldwide Electronic Equipment Demand
by Application Market—1989-1991
Percent Change from Previous Year
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Figure 4-6
Actual and Forecast Worldwide and Regional Consumer Spending—1986-1991
Percent Change from Previous Year
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By 1985, the strength of the dollar had all but
choked US exports. Rapidly rising interest rates
that were due to the high demand for funds to
finance all the deficit spending stalled capital
spending growth as well.

However, from 1986 through mid-1989, North
American equipment demand was buoyant, aided
by increasing growth rates of North American
capital spending (see Figure 4-7). Growth in
electronic equipment demand is expected to be
moderate through 1991, as the worldwide economy
remains relatively soft. US capital spending fell
3.3 percent in 1986 before rebounding 3.9 percent
in 1987 and 8.4 percent in 1988, which is shown in
Figure 4-7.

Regional Equipment Demand

The regional equipment demand forecasts provided
are based on the following assumptions:

® Individual market segment growth is a function
of the economic sector in which the major
purchases occur.

e Small changes in sector spending can have a
large impact on equipment demand.

1989 1990 1991

® Regional annual growth rates of electronic
equipment demand are determined by the
weighted average of the annual growth rates of
consumer and capital spending within each
region.

e Each region's share of electronic equipment
demand is approximately equal to its share of
worldwide capital spending.

Over the past five years, the share of electronic
equipment demand has shifted from the United
States and Europe to Japan and the Asia/ROW
nations. The fundamental reasons for this shift in
regional demand are as follows:

® Japan and the Asian NICs were the major
suppliers to the US import shopping spree from
the 1983 through 1985 period. As a result, at
different times throughout the period, they all
experienced heavy capital spending growth to
expand production capacity, productivity, and
competitiveness. This resulted in increased
demand for electronic equipment (data
processing, industrial automation, and com-
munications). Figure 4-7 shows that Japanese
capital spending remained strong through the
1985 downturn in the United States, as did that
of the Asia/ROW region.
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Figure 4-7

Worldwide and Regional Capital Spending—1986-1991

Percent Change from Previous Year
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e Since 1987, as the benefits of this Japanese and
Asian expansion have been realized in terms of
increased disposable incomes, consumer
spending in these countries has surged (see
Figure 4-7).

Electronic Equipment Demand
Forecast—1990 and 1991

Forecasts by economists at The Dun & Bradstreet
Corporation suggest a considerable slowing of
worldwide capital spending through 1991. As
shown in Figure 4-8, capital spending is forecast to
slow from nearly 9 percent in 1989 to approxi-
mately 5 percent in 1991.

The impact that this slowdown is expected to have
is that growth in demand for electronic equipment
will also drop slightly, from 5.7 percent in 1989 to
5.6 percent in 1990, followed by an increase in the
growth rate to 7.3 percent.

The 1989 through 1991 worldwide demand fore-
cast by application market is given in Figure 4-9,
This is based on Dataquest’s forecast, which is
shown in comparison to the OECD worldwide
capital and consumer spending forecast in
Figures 4-6 and 4-7.

1988 1880 1991

Two Strategic Issues Regarding the
Demand Forecast

What Is the Regional Economic Impact on
Electronic Equipment?

North America. The annual growth of the real
US GNP (adjusted for inflation) is expected to
increase during the second half of 1990, reaching
an annualized rate of 4.0 percent by the fourth
quarter. The first quarter of 1991 is expected to
show slower growth in GNP at 3.8 percent. The
GNP growth rate is forecast to decline throughout
1991, reaching a rate of 2.8 percent by the fourth
quarter. For the year 1991, US GNP growth is
expected to be 3.4 percent. The capital spending
forecast follows GNP growth closely. A strong
second half of 1990 is expected to lift growth rates
of capital spending over those of 1989. Growth in
capital spending in 1990 is expected to be at
4.0 percent, up from 3.5 percent in 1989. In 1991,
despite a slight decline in growth throughout the
year, capital spending is expected to grow at
7.1 percent. As a result, the growth of North
American demand for electronic equipment is
expected to increase modestly beginning in the
second half of 1990 and continuing through 1991.
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Figure 4-8

Worldwide Electronic Equipment Demand and Consumer and Capital Spending
Annual Growth—1989-1991

Percent Change from Previous Year
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Figure 4-9

Worldwide Electronic Equipment Demand Share Estimate and Forecast
by Application Market Share—1989 and 1991
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Europe. The European electronic equipment
demand is forecast to grow at a decreasing annual
rate through 1991. Again, this is a result of the
forecast slowing of real GNP/GDP growth and its
amplified impact on capital spending throughout
Europe. The European countries will avoid feeling
the full slowdown that is affecting the United
States, largely because of the widespread capital
spending by both European and Pacific Rim
couniries in preparation for the EEC market
consolidation in 1992.

Japan and Asia/ROW. Because the capital and
consumer spending growth of Japan and the Asian
NICs is not expected to fall as sharply as that of the
North American and European regions, the
electronic equipment demand compound annual
growth rate (CAGR) in these regions remains
higher than in that of the other regions. The
continued investment by Japanese electronics
companies in offshore production will continue to
stimulate demand growth in the Asian NICs. The
demand share for electronic equipment therefore
will continue to shift toward Asia and Japan.

What Are the Major Demand Drivers?

The application market forecast to show the highest
growth still is data processing, followed by the
communications and industrial segments. This is a
result of the continued expansion and moderniza-
tion in the Asian NICs and Japan. Modernization
and productivity improvement in process in Europe
also will contribute to the growth of these segments.

The slower growth of the consumer and trans-
portation segments reflects the forecast decline in
consumer spending within the regions with the
largest populations—North America and Eurcpe.

The US fiscal restraint evident in the 1989 and
1990 federal defense spending budget has caused
the slower growth forecast in the military segment.,

Electronic Products—Largest Demand Drivers.
Within those market segments showing the most
demand growth, the specific products that are
driving this growth are shown in Table 4-1.
Table 4-2 shows those end products forecast to
show the steepest decline.

What are the Factors Affecting the
Supply Side?

Although a portion of market growth can be
explained by changing preferences and spending
patterns, still more of the growth is explained by
supply-side factors.

Three major factors affecting the supply of
electronic equipment are technology, cost of goods
sold, and production costs. As technology improves
and costs of raw materials and production decline,
manufacturers become willing to supply a greater
number of finished goods at the same selling price.
In economic terms, this translates into a rightward
shift in the market supply curve, which leads to a
lower market price and a larger quantity of goods
sold.

Table 4-1

Growing North American Application Markets—1989-1993
{(Millions of Dollars)

CAGR
1989 1990 1993 1989-1993

Optical Disk Drives 120 222 1,360 83.5%
3- to 4-Inch Rigid Disk Drives 2,990 4,209 7,195 24.5%
Workstations 5,398 7,160 13,222 25.1%
LANs 3,774 4,959 7,857 20.1%
Voice Messaging Systems 675 825 926 8.2%
Total 12,957 17,375 30,560 23.9%

Source: Dataquest (August 19903
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Table 4-2
Declining North American Application Markets—1989.1993
(Millions of Dollars)
CAGR

1989 1990 1993 1959-1993
5.25-Inch Flexible Disk Drives 3,192 3,146 2,608 (4.9%)
Alphanumeric Display Terminals 1,668 1,220 442 (283.0%)
Modems 1,237 1,139 795 (10.5%)
Line Printers 1,614 1,561 1,354 (4.3%)
Electronic Typewriters 935 849 575 (11.4%)
Total 8,646 7,915 5,774 (9.6%)

Source: Dataquest (August 1990)

Electronic Equipment Production

Electronic equipment production directly deter-
mines the demand for semiconductors. The success
and growth of electronic equipment producers
within a piven region determines the size and
growth of the total available market for semi-
conductors within that region.

The success and growth of electronic equipment
producers depends to a large degree on their
producis. However, the economic conditions of the
region—labor costs, interest and currency exchange
rates, and the availability of patient investment
capital—play a large role as well. These factors
determine productivity and hence competitiveness,
thus influencing a company’s ability to compete for
worldwide demand for its products.

This chapter takes the next step down the demand
waterfall shown in Figure 4-10 and relates the
worldwide and regional demand for electronic
equipment discussed above to the production of
electronic equipment and hence to the demand for
semiconductors.

Background

Electronic equipment producers build end products
by assembling printed circuit boards containing
semiconductors, other electromechanical or
mechanical devices, and a power supply into a
package or container. The manufacturing steps are
as follows:

® Fabrication of the individual subassemblies, PC
boards, and packaging

& Asgsembly of all these pieces

® Test and verification that the product works and
meets specifications

These manufacturing steps frequently involve the
need for labor with good manual skills. Low-cost
production translates to low-cost but highly skilled
labor and considerable automation of much of the
fabrication and testing portions of the process.

During the 1970s, emerging semiconductor tech-~
nology enabled more and more functionality in
smaller and smaller physical packages, and
electronic products generally became more of a
commodity. Successful producers required very
large production volumes to be truly competitive.

Meanwhile, early in the 1970s, Japan began to
execute a multiphased strategy to accomplish a
national objective: to become a world-class
producer of consumer, communications, and data
processing equipment. The execution of this was
truly national in scope and involved teamwork
between the government, sources of patient capital,
and many individual business entities.

The strategy itself embodied the following four
steps:

¢ License the technology or manufacturing rights
10 a key product

& Leverage Japan's manufacturing and quality
assurance ingenuity and highly favorable
economic climate, especially the low-cost,
dedicated, and skilled labor force, to manu-
facture the product very cheaply in high volume
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Figure 4-10

Waterfall of Demand

GNP

{Regional)

Source: Dataquest (August 1990)

& Capture market share in the United States and
Europe {and thus generate demand appropriate
to the low-cost production volume) through
agpressive pricing

® Gain dominance and ownership of the product
by adding market-driven proprietary enhance-
ments as experience is accumulated

In response, during the 1970s, US electronics
manufacturers began to move their production
offshore to Taiwan and other Asian countries
whose low-cost, highly skilled labor force and
favorable economies ensured competitiveness with
Japan,

In many of these countries, companies have
evolved that have honed these manufacturing skills
to a fine edge because of the huge production
volumes they have tun through their factories for
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US companies. These companies have e¢ither
learned or licensed the requisite product tech-
nologies to develop their own products and by now,
have leveraged their high-volume production
capabilities into formidable competition for their
original US customers.

Japan became the premier producer of consumer
electronics in the early 1980s to the extent that the
United States is all but out of that business now.
RCA is an example of an early electronics
innovator that no longer is a participant. South
Korea became the offshore production site for
Japan when Japanese costs rose; now South Korea
is the premier producer of consumer electronics.
From 1983 through 1985, Taiwan became the
offshore production site for numerous US PC
clones and add-in boards; now Taiwan is a serious
worldwide competitor in all aspects of the PC
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market. Similar examples exist for computer
peripherals, such as disks, printers, terminals, and
modems.

Where Is Electronic Equipment
Produced Today?

North America is still the dominant producer of
data processing, communications, and industrial
electronic products, but the trend clearly indicates
significant erosion of North American suppliers.
When any electronic product, such as computers,
communications devices, or industrial products,
reach the commodity volume level, the US econ-
omy and business climate are not in a good position
to compete on an international scale with Japan
and the Asian NICs. Therefore, more and more
electronic equipment production—particularly high-
volume production—will be done in Japan and the
Asian NIC regions.

Although this trend has been going on since the
1970s, it accelerated between 1985 and 1986 when
the US worldwide production share fell from its
1984 level of 48 percent to 44 percent in 1986,
The dramatic shift in power from U$ suppliers to
Japanese and Pacific Rim suppliers began with the
1984 boom market in the United States; it is
continuing today. The following three major events
occurred during the 1984 through 1989 period:

® The 1985 near-recession

® The application of commodity supply rules by
Japanese and Asian suppliers

® US suppliers weakened and reduced

In order to understand where the production is
today and appreciate where it will be tomorrow, a
review of the 1984 through the 1988 events
follows.

1984—A Year of Excessive Demand

All sectors of the US economy were engaged in
vigorous buying in 1984; it was a very good year.
Capital spending was up 17.7 percent over 1983,
Consumner spending was up 4.4 percent, and gov-
ernment spending was up more than 4.5 percent,
Demand for all types of products was very high;
electronic equipment was nc exception. Armong
electronic products, demand was especially strong
for personal computers, work group and small
departmental computers, manufacturing systems,
and communications systems. Consumer products

such as TVs, VCRs, and home appliances were also
in high demand.

Also by 1983 and 1984, a crowd of new North
American companies emerged, manufacturing
communications equipment, personal computers,
PC peripherals, and related products. Many
producers of such equipment from Japan, Taiwan,
and South Korea also were entering the US market
during this period.

During 1984, the beneficiaries of the buying spree
were both domestic equipment producers and
foreign importers. The extremely high dollar plus
the indigenous superior productivity of Japanese
and Asia/ROW economies made their products
very competitive in the United States.

US Equipment Producers Flourish

In spite of their inferior competitiveness, US equip-
ment suppliers still did well because of the very
high demand and the “newness” of many of the
data processing and communications products.
This was especially true of the PC product segment
that was experiencing extraordinary demand. Many
domestic producers were successfully gaining share
of this “hypermarket.” US producers of PCs, small
microprocessor-based sysiems, peripherals, and a
variety of communications products experienced
growth in 1984 ranging from 70 percent for PCs to
20 percent for communications equipment.

Market research forecasts during 1984 were
extremely bullish for PCs and communications
products. Many US companies geared up for
expanded production, and because DRAMs and
some microprocessors were in  short supply,
ordered agpressively.

The Bubble Bursts

The situation was ripe for a fall. This plunge started
in early 1985 when US capital spending growth fell
off to only 6.7 percent in 1985 (and plummeted to
a negative 4.5 percent growth in 1986). A sharp
decline in demand for electronic equipment during
1985 and 1986 resuited.

US Loses Numerous Equipment Producers

When US demand fell off, US equipment
producers were unable to compensate for the
reduced domestic demand by increasing their
exports. They found themselves fundamentally
unable to compete with Japanese and Asia/Pacific
producers. The sharp reduction in US equipment



Chapter 4

Electronic Equipment Segment of the Economy 4-13

demand also put severe competitive pressure from
Japanese and Asian producers on US equipment
producers in the US market. (See Chapter 2 for a
review of how Japanese and Asia/Pacific suppliers
excelled by applying the basic rules of marketing
commodity products.)

Many US suppliers, unable to meet competitive
pressure in a declining market, went out of
business, were acquired by larger suppliers, or were
acquired by Japanese, Asian, or European
companies. The net result was that by the end of
1986, there were significantly fewer US electronic
equipment producers, and the foreign producers
were all that much stronger.

Thus, because of their fundamental superior
competitiveness, the Japanese and Asia/ROW
producers were less affected by the US equipment
demand decline. Not only were they effectively
able to balance the reduced US demand with sales
to other markets, but they also increased their
share of the declining US market.

By mid-1987, the US dollar, interest rates, and
prices had fallen to the extent that the United
States was extremely competitive. At that time, the
United States commenced an export effort that has

stimulated the US economy in concert with all
other regional economies. Worldwide capital
spending and equipment demand surged. The
result was the extraordinary recovery of electronic
equipment production from 1985's low point
through mid-1989. Since that time, equipment
production growth has slowed as the growth of
worldwide capital spending slowed.

During this dynamic recovery period leading up to
1989, the replacement by foreign suppliers of the
equipment producers shaken out by the 1985
recession and the offshore move by many US pro-
ducers contributed to a continuing but more
gradual shift in electronic equipment production to
Japan and the Asia/ROW countries.

Figure 4-11 illustrates this production shift from
North America to Japan and the Asian NICs. The
North American share of electronic equipment
production declined from 43.4 percent in 1987 to
41.2 percent in 1989, while Japanese and
Asia/ROW share climbed to 36.0 percent in 1989.
Taken separately, the production share for the
Asia/ROW region increased from 5.4 percent in
1987 to 8.2 percent in 1989. European share of
worldwide electronic production dropped from
23.6 percent in 1984 to 22.8 percent in 1989.

Figure 4-11

Regional Shares of Worldwide Electronics Production—1987 and 1989
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Electronic Equipment Production
Forecast—1990 and 1991

The 1990 and 1991 Dataquest forecast for
electronic equipment production is presented in
Figures 4-12 through 4-17,

Three Strategic Issues Regarding
Equipment Production

What Regional Production Shifts Will Occur
During the Forecast Period?

North America. Dataquest forecasts that North
American production will increase 5.8 percent in
1990 tec $285 billion, down slightly from the
6.0 percent growth of 1989, The negative impact
of the capital spending forecast is not expected to
be as dramatic for production as for demand
because of continued exports to Europe of com-
puter, industrial, and communications products.

Dataquest predicts reasonable growth for the 1989
to 1991 period in each of the six application
market segments, except military and consumer,
with CAGRs in excess of 6.5 percent in each of the
four remaining segments (see Table 4-3). PCs and
workstations will drive the data processing segment
growth: local area networks (LANSs) are expected
to drive the communications segment. The US
LAN market alone is forecast to grow apptoxi-
mately 33 percent to about $5.5 billion in 1990.

Europe. The 1992 effect is the preparation by
European, Japanese, South Korean, and some
US companies for the single European market of
1992. Real GNP growth in the EEC is expected to
fall from 3.6 percent in 1989 to 2.9 percent in
199G and finally 2.8 percent in 1991. Data
processing, communications, and consumer prod-
uct manufacturing will strengthen as companies,
both foreign and domestic, build production
facilities within the EEC. Only the data processing
and transportation market segments will maintain
double-digit growth rates throughout the period.

Japan. The Japanese economy continues to
achieve strong growth rates. These rates are,
however, expected to decline slightly over the next

two years. After a real GNP growth rate of
4.8 percent in 1989, the growth rates are expected
to decline to 4.5 percent and 4.3 percent in 1990
and 1991, respectively. Recently, we have seen a
devaluation of the yen. The likely effect of this
relatively weaker yen is higher exports and lower
imports. Japanese electronic equipment production
is not forecast to grow as rapidly as strong domestic
demand. As Japan continues to contract equipment
production to other Asian countries, it is expected
that its share of worldwide production will fall
slightly.

Asia/ROW. Asia/ROW  electronic  production
should be the fastest-growing of all four major
regions through the forecast period, partly because
Japan and the United States have been shifting
production to this region. This growth also is driven
by consumer products, PC clones, and related
products. Asia/ROW consumer production is
forecast to increase 13.9 percent in 1990; data
processing should increase 14.2 percent. The
Asia/ROW telecommunications segment is growing
rapidly, but to date it is still a relatively small share
of total production.

The consumer product segment is expected to
undergo such dramatic growth because of the huge
potential demand from regions just beginning to
open their markets to consumer product imports.
Vast markets such as China and Thailand represent
massive potential to Asia/ROW producers as well as
to Japan-based companies that have built produc-
tion facilities in this region.

What Will Each Region Spend
on Semiconductors?

Table 4-4 shows the semiconductor demand and
forecast by region. The worldwide projections for
semiconductor demand (expenditures), also shown
in Table 4-4, are expected to grow throughout
1990, although 1990 is forecast to be a year of
negative growth compared with 1989. Qverall 1990
semiconductor demand is expected to decline by
1 percent in 1990, followed by a growth rate of
17 percent in 1991. The merchant market is
expected to reach $60.9 billion in 1990 and to
grow to $65.6 billion in 1991.
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Figure 4-12

Regional Shares of Worldwide Electronic Equipment Production—1989-1991
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Figure 4-13
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Figure 4-14
Growth Trends for Application Segments—North America
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Figure 4-15
Growth Trends for Application Segments—Japan
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Figure 4-16

Growth Trends for Application Segments—Europe
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Figure 4-17

Electronic Equipment Growth Trends—Asia/ROW
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Table 4-3
North American Electronic Equipment Production
History and Forecast—1989-1991
(Millions of Dollars)
CAGR
Segment 1989 1990 1991 1989-1991
Data Processing
Computers 74,757 80,892 88,073 8.5%
Data Storage Subsystems 17,998 19,736 20,254 6.1%
Data Terminals 2,584 2,081 1,712 (18.6%)
Input/Qutput 11,336 12,281 13,287 8.2%
Dedicated Systems 5,324 5,333 5,481 1.5%
Subtotal 108,941 116,997 125,098 7.2%
Communications
Premises Telecom Equipment 12,517 13,866 15,102 9.8%
Public Telecommunications 7.175 7,590 8,019 5.7%
Mobile Communications 6,418 6,748 7,083 5.1%
Broadcast and Studio 2,145 2,315 2,465 7.2%
Other 1,660 1,720 1,790 3.8%
Subtotal 29,915 32,239 34,459 7.3%
Industrial
Security/Energy Management 2,506 2,639 2,822 6.1%
Manufacturing Systems 16,286 16,965 18,538 6.7%
Instrumentation 8,122 8,436 9,142 6.1%
Medical Equipment 6,117 6,485 6,896 6.2%
Civil Aerospace 8.149 9,411 10,807 15.2%
Other 5,719 6,053 6,537 6.9%
Subtotal 46,899 49,989 54,742 8.0%
Consumer
Audio 285 292 299 2.4%
Video 5,749 5,864 6,014 2.3%
Personal Electronics 239 240 241 0.4%
Appliances 13,147 13,512 13,918 2.9%
Other 1,037 1,078 1,126 4.2%
Subiotal 20,457 20,986 21,598 2.8%
Military 51,727 52,918 54,263 2.4%
Transportation 11,292 11,828 12,897 6.9%
Total 269,231 284,957 303,968 6.3%

Source: Dataquest (August 1990)
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Worldwide Semiconductor Consumption and Consumption Share by Region—1989-1991

Table 4-4

(Billions of Dollars and Percent Share)

Demand ($B)

Demand Share (%)

Region 1989 1990 1991 1989 1990 1991
North America 17.9 17.2 19.9 31.4% 30.8% 30.3%
Europe 9.8 9.7 11.4 16.9 17.4 17.4
Japan 23.0 22.4 26.1 40.7 40,0 39.8
Asia/ROW 6.5 6.6 8.2 11.0 11.8 12.5

Total 57.2 56.0 65.6 100.0% 100.0% 100.0%

Source: Dataguest {August 1930)
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Semiconductor Demand

In 1989, more than 857 billion worth of
semiconductor products were consumed world-
wide. This demand constituted 12 percent annual
growth.

The growth in 1989 followed three years of
sustained growth after the 1985 recession, in which
merchant demand was only $24 billion. After
doubling in the three years between 1985 and 1988
and realizing a 33 percent rate of growth in 1988,
the market slowed to only a 12 percent growth rate
in 1989.

Although semiconductor demand and production
represent the next step down the waterfall of
demand (see Figure 5-1), this chapter focuses only
on semiconductor demand; Chapter 6 focuses on
semiconductor production. This chapter describes
the underlying forces that drove semiconductor
demand and sustained the extraordinary growth
from 1986 to 1989; it also provides the forecast for
1990 and 1991. The chapter contains the following
three sections:

® Background—The underlying forces of demand
are addressed as follows:

— Reasons for sustained growth—What has
caused the sustained growth in demand over
the last three years?

— Semiconductor producers—Who is satisfying
the demand?

— Demand sources—Where is the demand
being generated?

¢ Equipment market segments
¢ Semiconductor products

* Geographical regions

@ Demand forecast—1990 through 1991 world-

wide and regional demand forecast by product
type and electronic end-application market,
including the economic and end-product
demand drivers

® Strategic issues—Key issues relating to the

semiconductor demand
Figure 5-1
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Background

Reasons for Sustained Growth—
1985 through 1989

Primarily, semiconductor demand growth is a
function of equipment production growth. It is
assumed that on a worldwide basis, equipment
production equals equipment demand, and equip-
ment demand growth is driven by capital spending
growth. Figure 5-2 shows the historical correlation
between the annual growth of worldwide capital
spending, electronic equipment production, and
semiconductor consumption for the period from
1970 through 1989. Examination of Figure 5-2
suggests that one contributor to the sustained
growth of electronic equipment production was the
growth in worldwide capital spending during 1987
and 1988.

The resulting if-sold values of worldwide electronic
equipment production and the corresponding
semiconductor consumption from 1986 through
1989 are shown in Table 5-1 along with their
respective CAGRs. As the table shows, electronic
equipment production has increased more than

40.0 percent from its 1986 level, to more than
$653 billion in 1989, a 1986 through 1989 CAGR
of approximately 12.0 percent. Semiconductor
consumption, including captive consumption
(defined herein), has doubled its 1986 recession
level for a CAGR of 21.5 percent to more than
$54 billion in the same period.

Secondarily, the sustained growth in semiconductor
demand is from increased semiconductor perva-
siveness—particularly in those equipment market
(application) segments that represent the highest
electronic equipment volume and most rapid
growth. Table 5-1 shows that the semiconductor
demand value was 7.3 percent of the electronic
equipment value in 1986, which increased to more
than 8.5 percent by 1988.

Semiconductor Producers

Because semiconductor manufacturers supply their
products to electronic equipment producers, within
any region, the level of demand for semiconductor
products is created by the level of electronic
equipment production. More than 200 companies
throughout the world supply their products to
electronic equipment producers. These companies

Figure 5-2

Worldwide Capital Spending, Electronic Equipment Production,
and Semiconductor Demand Growth Rates—1970-1989
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Table 5-1

Worldwide Electronic Equipment and Semiconductor Demand—1986-1989

CAGR
1986 1987 1988 1989 1986-1989
Electronic Equipment Production $460.4 $525.3 $618.1 $653.1 12.4%
Semiconductor Demand $ 337 $ 41.5 $ 54.5 $60.5 21.5%
Pervasiveness 7.3% 7.9% 8.8% 9.3%

Mote: Includes caplive supplicrs
Source: Dataguest (August 1990)

can be characterized into one of the following three
broad classifications:

¢ Independent manufacturer
® Division (of a larger corporation) manufacturer
¢ Captive manufacturer

The first two of these classifications, both of which
are merchant suppliers, compete in the worldwide
merchant market to supply semiconductor products
to manufacturers of electronic equipment world-
wide. The third classification—captive—supplies
products only for internal consumption to satisfy its
own electronic equipment production require-
ments. These three types of manufacturing
companies will be discussed in more detail in
Chapter 6. It is important to note that the
distinction between merchant and captive suppliers
is more prevalent in the United States than in
Japan, where most semiconductor production is
integrated into a larger electronics company.

Semiconductor Demand Sources

Semiconductor demand can be viewed in the
following three ways:

# Demand generated by the individual equipment
market application segments

¢ Demand generated for semiconductor product
types

® Demand generated within a geographic region

Equipment Market Segments

Because electronic equipment production creates
semiconductor demand, the volume and growth of

semiconductor demand by electronic equipment
application markets is fundamental to wunder-
standing sources of demand growth. The appli-
cation market segments of electronic equipment
production, as defined in Chapter 4, are as follows:

¢ Data processing
® (Communications
® Industrial

& Consumer

& Military

® Transportation

Within the electronic equipment market, the
highest growth markets were identified in Chapter 4
to be the data processing, communications, and
consumer segments. Figure 5-3 depicts the
worldwide electronic equipment market, and
Figure 5-4 depicts the resulting semiconductor
consumption by electronic equipment market
segments for 1987 through 1989. Not surprisingly,
the segments with the highest demand and demand
growth were the data processing, consumer, and
communications segments, and these were also the
highest-volume and highest-growth segments of
semiconductor demand.

In Figure 5-4, it can be seen that more than
two-thirds of the 1989 worldwide semiconductor
consumption ($56 billion) has been by producers
of data processing, consumer, o communications
products. Consumption of semiconductors by these
producers has experienced a CAGR of more than
26 percent from 1987 through 1989.
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Figure 5-3

Worldwide Electronic Equipment Market Growth
by Application Market Segment—1987-1989
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Figure 5-4
Worldwide Semiconductor Demand by Market Segment—1987-1989
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Semiconductor Products ICs, and optoelectronic devices. Dataquest classi-
fies these products into the following major

In response to semiconductor demand, the semi-
conductor industry supplies billions of semicon-
ductor devices to electronic equipment producers e Discrete and optoelectronic devices
worldwide. These devices consist of many different

types of products, including diodes, transistors, ® Integrated circuits

categories:
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Discrete Devices. The term “discrete” refers to a
packaged semiconductor device that has a single
function, meaning that one or several functioning
circuits are in the package. Dataquest divides the
discrete market into seven separate categories:
small signal and power transistors; small signal,
power, and zener diodes; thyristors; and other
discretes. Optoelectronic devices include light-
emitting diodes (LEDs), photodiodes, solar cells,
lasers, optocouplers, and phototransistors.

ICs. An integrafed circuit is a single chip that
contains more than one active device. For
example, it may have a number of transistors,
diodes, resistors, or capacitors as part of an
electronic circuit. Integrated circuits vary widely by
function. They can perform digital or linear
electronic functions and may be based on a
number of basic technologies, such as bipolar or
MOS.

Dataquest further classifies ICs into memory,
microcomponents, logic, and analog. These cate-
gories are described in the following paragraphs
with some examples of commercially available
product types.

Memory ICs. Memory ICs are designed for the
storage and retrieval of binary information.
Read/write memory, generally referred to as
random-access memory (RAM), allows storage and
retrieval of information created by the user. When
such information is retained only as long as power
is supplied to the device, the memory device is
referred to as “volatile.” Examples of volatile
memory products are as follows:

® Dynamic RAM (DRAM)
¢ Static RAM (SRAM)
® Hierarchical RAM (HRAM)

Examples of nonvolatile memory products, which
do not lose information when power is removed,
are the following:

¢ Read-only memory (ROM)
® Programmable read-only memory (PROM)
# FErasable PROM (EPROM)

® Electrically erasable PROM (EEPROM)

Microcomponents. Microcomponents are further
categorized into microprocessors, microcontrollers,
and microperipherals, as follows:

¢ Microprocessor (MPU)—A microprocessor can
be a single chip or a collection of chips that
function together as the central processing unit
(CPU) of a system.

® Microcontroller (MCU)—A microcontroller is
an IC c¢ontaining a CPU, memory, and input/
output (I/0) capability; it can perform all the
basic functions of a computer without the
additional ICs.

® Microperipheral (MPR)—Microperipherals are
support devices for microprocessors or micro-
controllers. They either interface external
equipment or provide system support. Examples
are as follows:

— Disk-drive controllers

— PC logic chip sets

— Graphics controllers

— Bus controllers

~ Serial and parallel 1/Q controllers

Logic Devices. Logic may be visualized as the
“glue” that swrrounds the IC devices discussed
previously. They handle digital signals in a variety
of ways: routing, multiplexing, demultiplexing,
encoding/decoding, counting, and comparing.
Logic devices also are used to implement /O
interfaces. They are divided into two categories—
standard and ASIC—shown as follows:

® Standard logic—Standard logic ICs are readily
available off the shelf from a number of
suppliers. They come in predefined logical
functions in a variety of arrangements.
Examples of standard logic types are as follows:

— Bipolar
» Transistor-transistor logic (TTL)
+ Emitter-coupled logic (ECL)

— Metal-oxide semiconductor (MOS)

® ASICs—ASICs are integrated circuits designed
or adapted by the user for a specific application
or set of logical funciions. Examples of ASIC
types are as follows:

— Programmable logic devices (PLDs)

— QGate arrays
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-~ Cell-based design

— Full-custom design

Semiconductor Demand by Product—
1988 through 19389

The worldwide semiconductor demand and
demand growth by product category are shown in
Table 5-2. The major category with the highest
growth from 1988 to 1989 is that of optoelectronic
devices, with a growth rate of 20.6 percent, The
table alse shows that the market for discrete
products declined 0.7 percent between 1988 and
1989. ICs, which represent more than 80 percent
of total product consumption, posted a growth rate
of 14.3 percent during the same period. Table 5-2
includes consumption of products manufactured by
merchant market suppliers. If a manufacturer
supplies the merchant market and captive pro-
ducers, the consumption of its entire production is
included. Manufacturers that exclusively supply
captive producers are not included in these
consumption figures.

Within the IC category, both the largest-volume
and the highest-growth area was MOS digital

products, with a growth rate of 22.4 percent. MOS
digital products represent more than one-half
(57.7 percent) of total semiconductor consump-
tion. Within this category, MOS memories showed
a prowth rate of 39.9 percent, whereas MOS
microcomponents and logic experienced a growth
rate of 14.8 percent and 3.8 percent, respectively.
MOS memories represent nearly 29.0 percent of
total semiconductor consumption, whereas micro-
components and logic devices together represent
almost 30.0 percent.

Table 5-3 lists the top ten semiconductor products
in terms of annual growth in 1989 over 1988,
These ten products had an aggregate annual growth
of 28.0 percent in 1989 over 1988, The remaining
products grew only 3.3 percent over 1988.

The electronic equipment products driving the
demand for these highest-growth semiconductor
products are PCs, small-scale computers, technical
workstations, graphics workstations, personal
peripherals such as disks and small laser printers,
and LANs that tie all of these desktop systems
together.

Table 5-2

Worldwide Semiconductor Consumption—1988-1989
(Millions of Dollars)

Growth

1933 1989 1988-1989
Total Semiconductor $50,859 $57,213 12.5%
Total IC $41,068 $46,924 14.3%
Bipolar Digital $ 5,200 $ 4,510 (13.3%)
Memory 689 540 (21.6%)
Logic 4,511 3,970 {(12.0%)
MOS Digital $26,988 533,024 22.4%
Memory 11,692 16,361 39.9%
Micro 7.144 8,202 14.8%
Logic 8,152 8,461 3.8%
Analog $ 8,880 $ 9,390 5.7%
Total Discrete 3 7,612 $ 7.662 (0.7%)
Total Optoelectronic $ 2,179 $ 2,627 20.6%

Note: Columns may not add to totals shown because of ronnding.
Source: Dataquest (August 1990)
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Table 5-3

Top Ten Demand Growth Semiconductor
Products
1989 over 1988

Product Annual Growth

MOS ASIC—PLD 53%
MOS8 DRAM Memory 46%
MOS Specialty Memory 41%
MOS SRAM Memory 29%
MOS ASIC—Gate Arrays 20%
MOS ASIC—CBIC 17%
MOS8 Microperipherals 15%
MOS Microcontrollers 14%
Bipolar ASIC—=CBIC 14%
Bipolar ASIC—Gate Array 13%

Aggregate Annual Growth 28%
All Other Products 3.3%

Noke: Excludes captive demand
Source: Dataguest (August 1990)

The demand for MOS DRAM memories, fast
32-bit microprocessors, ASICs, and other MOS
microcomponents grew so rapidly during late 1987
and early 1988 that a serious supply shortage
existed. Although this supply shortage eased in
1989, these products still are in great demand and
their growth continued in 1989. The 1990 and
1991 demand forecast for these products appears
in the subsection entitled “Semiconductor Demand
Forecast—1990 and 1991.”

The shortage of DRAMs and SRAMs and the
associated price inflation of these devices has had a
substantial impact on both the magnitude of the
overall semiconductor demand growth and the role
that MOS digital products have in the semi-
conductor industry. DRAMs make up so much of
the semiconductor sales volume that variations in
their price can inflate or deflate the overall industry
sales volume, causing disiorted views of growth or
decline.

MOS Memory

The “Swing Vote” in the Semiconductor
Industry

DRAMs make up s¢ much of the semiconductor
sales volume that they have become the “swing

vote” in determining the health of the industry. In
fact, DRAM prices can have a monumental impact
on the overall industry sales volume and result in
skewed growth or decline numbers.

During 1984, the Japanese production capacity for
MOS memory expanded voraciously as the
perceived PC boom appeared to be creating a huge
demand for 64K DRAMs. When the bubble burst
in 1985, the Japanese producers continued their
high-volume production, and the supply far
exceeded the demand. The 256K part alsc was
coming onstream at that time, and the Japanese
producers were anxious to push this more
profitable part. Triggered by rapid price slashing,
first by Micron in the United States and then by
various Japanese suppliers, the price of both 64K
and 256K devices plummeted during 1985
and 1986.

Faced with severe wunprofitability, the major
remaining US DRAM producers, with the excep-
tion of Micron and T1, withdrew from the market.
The US producers, through the SIA, succeeded in
gaining US government support for their accusation
that the Japanese were “dumping” 64K devices
(i-e., selling them at prices well below cost).

This resulted in the US-Japan Semiconductor
Trade Arrangement of 1986, which required that
Japan not participate in the practice of dumping
and that Japan’s MITI manage the Japanese
production to balance supply with demand to force
the DRAM prices o stabilize 50 that US producers
could compete. It is interesting to note that when
the DRAM prices were stabilized by raising prices,
the effect was to generate huge additional profits
for Japanese producers to reinvest in  new
technology. The other major element of the
agreement was that Japan would actively assist the
US producers in obtaining at least a 20 percent
share of its market for semiconductors.

The results of this agreement are questionable, at
best. MITI reduced production of DRAMSs through
most of 1987, and demand recovered as US and
global economies heated up; by mid-1987, demand
far exceeded supply and the prices of DRAMs and
SRAMs were uncharacteristically high. Early in
1990, we witnessed a number of agreements
between large Japanese and American semicon-
ductor suppliers, aimed at increasing market share
for US vendors in Japan.

Perhaps the best result of this agreement was the
development of long-term buyer-seller agreements
and dialogue that were designed to prevent the
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recurrence of the 1984 disaster. The objective of
this new procurement-supply process was to supply
and adhere to long-term forecasts on both sides of
the table, thus stabilizing both the buyers’ inventory
control and the vendors' production scheduling.

As the PC boom of late 1987 and 1988 moderated
in early 1989 and MITI advised higher production
levels, the supply of MOS memories balanced
demand within the first two quarters of 1989. At
that time, a considerable decline in memory prices
occurred, which amplified the perceived decline in
semiconductor demand through 1989 and 19%0
just as the inflated pricing of DRAMS in 1987 and
1988 inflated the extraordinary growth during that
pertiod.

Semiconductor Demand by Region—
1988 through 1989

The worldwide semiconductor demand by region
for merchant sales only is shown in Table 5-4. This
table illustrates that the combined demand from
the Japanese and Asia/ROW regions was
$29.5 billion in 1989, or 51.6 percent of the 1989
total demand. The North American demand was
more than $17.9 billion or 31.4 percent of the
total. The 1985 figures are quite different.
In 1985—only four years earlier—Japan and
Asia/ROW  represented $11.0 billion, or only
38.0 percent of the $29.0 billion total, whereas the
North American demand was $13.0 billion for a
45.0 percent share.

Although the North American region has declined
somewhat since 1985 as a consumer of electronic

equipment relative to Japan and the Asia/ROW
countries, its share of electronic production has
fallen much further, as indicated by the decline in
semiconductor demand share from 45.0 percent to
31.4 percent. This sharp decline in North
America's share of semiconductor consumption is
discussed further in the subsection entitled “What
Caused the Regional Shift in Worldwide Semi-
conductor Demand from 1985 through 1989?”

Semiconductor Demand
Forecast—1990 and 1991

The worldwide economic outlook developed in
Chapter 3 highlighted a deceleration of growth of
real GNP/GDP starting in mid-1989 and continuing
through 1990. Beyond 1990, a healthy recovery
period is forecast. The impact of this deceleration
in capital spending, electronic equipment produc-
tion, and semiconductor demand growth worldwide
is shown in Fipure 5-5. The specific impact of
capital spending on worldwide equipment produc-
tion by application market was discussed in
Chapter 4 and is reviewed in Figure 5-6.

Alfter experiencing a growth rate of 5.7 percent in
1989, electronic equipment production growth is
expected to be slightly slower in 1990, at
5.6 percent. In 1990, Dataquest expects a stronger
growth rate of 7.3 percent. Figure 5-§ also fore-
casts the resulting worldwide demand for semicon-
ductors to decline 0.7 percent in 1990 after a
10.9 percent growth rate in 1989 and to rebound
to grow 17.1 percent in 1991,

Table 5-4

Regional Semiconductor Consumption—1988-1989
(Millions of Dollars)

Percent
Share Growth

Region 1988 1989 1989 1988-1989
North America $15,844 $17,937 31.4% 13.2%
Japan 20,772 22,997 40.2 10.7%
Europe 8,491 9,755 17.0 14.9%
Asia/ROW 5,752 6,524 11.4 13.4%

Total $50,859 $57,213 100.0% 12.5%
Annual Growth 33.0% 12.5%

Wate: Excludes captive demand
Source: Dataquest (August 195%0)
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Figure 5-5

Estimated Changes in Economic, Electronic Equipment Production,
and Semiconductor Consumption Growth—1989-1991
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Worldwide Semiconductor Demand
Forecast by Product—1990 and 1991

Table 5-5 presents the worldwide demand estimate
and forecast by semiconductor product. The total
demand CAGR for 1989 through 1991 is
8.0 percent. Total MOS digital ICs are forecast to
grow at a CAGR of 9.0 percent from 1989 to 1991,
driven by growth in logic, memory, and microcom-
ponent products. In addition, analog IC products
are expected to have a CAGR of 9.7 percent for
that period. Bipolar memory is forecast to decline
steadily through the period as it is replaced by
BiCMOS memory for high-performance applica-
tions. In general, Table 5-5 shows significant
growth across all product areas except bipolar
digital ICs from 1989 to 1991 as the industry
recovers from twa slow growth years. Dataquest
expects a 16.5 percent growth rate for the total
semiconductor market in 1991.

Worldwide Semiconductor Demand
Forecast by Region—1990 and 1991

Table 5-6 presents the 1990 and 1991 forecast
and 1989 actual numbers by region. Not surpris-
ingly, the Asia/ROW region is forecast to enjoy the
highest growth, with a CAGR of 14.8 percent;
Europe should enjoy the next highest growth, with
a 13.1 percent CAGR. Japan is forecast to have a
CAGR of 5.3 percent, barely behind the North
American region’s estimated 6.0 percent. Also

notice that the Asia/ROW region is expected to
enjoy a 23.1 percent growth rate in 1991,

North American Demand Forecast—
1990 and 1991

After a slow first half, the semiconductor market in
1990 is expected to show significant growth by
year's end, with 4.9 percent and 5.4 percent
increases in demand for the third and fourth
quarters, respectively. On the whole, Dataquest
anticipates a negative 3.1 percent growth rate in
1990, Demand growth will decline to 2.4 percent in
the first quarter of 1991, followed by strong
5.2 percent growth in the second quarter.
Continued strong growth is expected in the second
half of 1991, yielding a 16.2 percent growth rate
for the year.

Table 5-7 presents the North American forecast by
semiconductor product for 1990 and 1991, along
with the actual 1989 numbers. The total North
American semiconductor market is expected to
grow 16.4 percent in 1990, with a CAGR of
6.0 percent for the period 1989 1o 1991. In
addition, the total IC market is forecast to grow
17.7 percent in 1990, with a CAGR of 6.2 percent
for the 1989 wo 1991 period. The dominant
influence is, of course, MOS memory, which will
drive a 19.7 percent growth in the MOS digital
category from 1990 to 1991, After a 5.7 percent
decline from 1989 to 1990, the addition of the
1991 growth yields a CAGR of only 6.3 percent for

Table 5-5

Worldwide Semiconductor Consumption by Product—1989-1991
(Millions of Dollars)

Growth CAGR
1989 1990 1991 1990/1991 1989-1991

Total Semiconductor $57,213 $57,265 566,720 16.5% 8.0%
Total IC $46,924 $46,543 $54,966 18.1% 8.2%
Bipolar Digital 4,510 4,135 4,427 7.1% (9.2%)
MOQOS Digital 33,024 32,549 39,235 20.5% 9.0%
Analog 9,390 9,859 11,304 14.7% 9.7%

Total Discrete
plus Optoelectronic $10,289 $10,722 $11,754 9.6% 6.9%

Note: Excludes captive consumption
Spurce: Dataquest (August 1990)
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Table 5-6
Regional Semiconductor Consumption—1989-1991
{Millions of Dollars)
Percent Percent
Share Share Growth CAGR
Region 1989 1990 1991 1989 1991 1990/1991 1989-1991
North America $17,937 $17,312 $20,154 31.4% 30.2% 16.4% 6.0%
Japan 22,997 22,287 25,498 40.2 38.2 14.4% 5.3%
Europe 9,755 10,678 12,469 17.0 18.7 16.8% 13.1%
Asia/ROW 6,524 6,988 8,599 11.4 12.9 23.1% 14.8%
Total $57,213 357,265 $66,720 100.0% 100.0% 16.5% 8.0%
Annual Growth 12.5% 0.1% 16.5%
Note: Excludes captive consumption
Source: Dataquest (August 1990)
Table 5-7
North American Semiconductor Consumption—1989-1991
(Millions of Dollars)
Growth CAGR
1989 1990 1991 1990/1991 1989-1991
Total Semiconductor $17,937 $17,312 320,154 16.4% 6.0%
Total IC $15,909 $15.,225 $17,927 17.7% 6.2%
Bipolar Digital 1,701 1,567 1,651 5.4% (1.5%)
MOS Digital 11,682 11,021 13,190 19.7% 6.4%
Analog 2,526 2,637 3,086 17.0% 10.5%
Total Discrete
plus Optoelectronic $2,028 $£2,087 $2,227 6.7% 4 8%

Note: Excludes captive consumplion
Source: Dataquest (August 1990)

the 1989 to 1991 period. Also showing substantial
demand growth is the market for analog ICs.
Demand is expected to grow 17.0 percent in 1991,
with a CAGR of 10.5 percent from 1989 to 1991,
As is the case in the worldwide market, the
demand for bipolar digital ICs shows a general
decline throughout the period,

Four Strategic Issues

What Are the Semiconductor Demand
Drivers?

The driving force behind the 1990 and 1991
demand forecast (shown in Table 5-5) is MOS
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memory, particularly DRAMs and SRAMs. DRAM
prices have dropped significantly since the first half
of 1989, especially for 1Mb devices, but they
appear to be stabilizing. Thus, DRAM demand
growth in dollar terms is forecast at negative
32.0 percent for 1990 and at positive 28.0 percemt
for 1991 when measured on a year-to-year basis.
Unit growth is forecast at a negative 5.7 percent for
1990.

This forecast is very dependent on DRAM pricing
assumptions because, as mentioned earlier,
DRAMs make up such a large portion of the
product mix. This dependency and the underlying
pricing assumptions are discussed in the following
paragraphs.

Products within the data processing segment—PCs,
technical workstations, graphics workstations, and
medium-scale business computers—are driving
much of the DRAM/SRAM demand. New appli-
cations for MOS memories are emerging that
include digital copiers, digital fax machines, digital
YCRs, and extended-definition TV (EDTV).

The outlook for microcomponents and MOS logic
is significantly different. Because the PC industry is
expected to have slower growth during 1990 than
in 1989, microprocessor growth should be corre-
spondingly slower, at 6.4 percent in 1990, down
from 14.5 percent in 1989 and 14.6 percent in
1991. MOS logic growth is forecast at 8.5 percent
in 1990 and 20.5 percent in 1991,

Optoelectronic and discrete devices, primarily used
in communications and consumer electronic
products, are forecast to have moderate growth.
Optoelectronic growth is expected to be 4.0 per-
cent growth in 199¢ and 16.1 percent in 1991,
Discrete devices are projected to experience a
2.8 percent growth in 1990 and an 11.0 percent
growth in 1991,

What Caused the Regional Shift in
Worldwide Semiconductor Demand from
1984 through 1989?

The regional demand for semiconductors has
changed dramatically over the last four years. A
summary of key points follows:

e In 1984, Japan and the Asia/ROW countries
represented $11 billion, or only 38 percent of
the $29 billicn total, whereas North American
demand in 1984 was $13 billion for a
45 percent share.

¢ The 1984 North American demand for
electronic equipment constituted 44 percent of
the worldwide equipment demand, while Japan
and Asia/ROW’s share was only 21 percent. By
1989, the North American equipment demand
fell o 40 percent, and the Japanese and
Asja/ROW share climbed to 27 percent.

® The North American share of electronic
production fell much further, as indicated by
the decline in semiconductor demand share
from 45 percent to 31 percent.

There are three primary causes for this dramatic
shift. First, North American equipment producers
moved offshore. By 1984, most of the consumer
electronics producers had moved their production
to Asian sites where the low cost of labor was more
favorable to high productivity and competitiveness.
Many data processing, communications, and
industrial equipment suppliers either had done the
same or were having subassemblies manufactured
offshore for final assembly and test in North
America. This ongoing shift of US equipment
production to more favorable economic climates is
one obvious cause of the observed shift in
semiconductor demand (see Chapters 2 and 4 for
further information}.

Second, a shakeout occurred among US suppliers.
In 1985, a 15.6 percent decline took place in
worldwide semiconductor demand, and a precipi-
tous 28.0 percent decline occurred in US demand.
Much of the observed shift in regional semicon-
ductor demand occurred in this 1985 and 1986
recession period, which suggests an additional
cause for the observed shift.

To find the additional cause requires digging
deeper into the events surrounding 1984 through
1986. Chapter 4 identified 1984 as a boom year,
particularly for relatively new producers of PCs and
related equipment and communications eguipment
producers. Excessive demand accounted for the
apparent success of many of these producers. But
when the demand fell off in 1985, their
fundamental lack of competitiveness could not
withstand the onslaught of Japanese and Asia/ROW
competitors in a declining market. As a result,
many of these new US equipment producers fell by
the wayside rather suddenly during 1985 and 1986.

Any slack in the supply from this shakeout of new
US equipment producers was filled quickly by their
Asia/ROW and Japanese counterparts. The former
US demand for semiconductors suddenly shifted to
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Asia and Japan as the “victor’s” equipment sales
filled the void.

The third primary cause for this dramatic shift in
derand share to Japan has been the change in the
exchange rate caused by the devaluation of the
dollar beginning in 1986. Indexed against the 1984
exchange rate of 237 yen/dollar, the volume in yen
of the worldwide semiconductor demand increased
only 33 percent from its 1985 level. The Japanese
share has increased far less than otherwise
observed in terms of current dollars,

As a result of these circumstances, the Asia/ROW
region experienced the highest demand CAGR
from 1986 to 1989, followed by Japan, Europe,
and the United States. Thus, the extraordinary
sustained growth in semiconductor demand from
1985 to 1989 was by and large enjoyed in Japan
and the Asia/ROW countries, aithough all regions
experienced healthy growth during the period.

What Is the Impact of Regional

Economic Conditions on Semiconductor
Demand for 1990 and 1991?

The following paragraphs summarize Chapter 3's
detailed forecasts of each region's economic
climate and Chapter 4’s analysis of the impacts of
these forecasts on each region's electronic equip-
ment demand and production and relates them to
the regional forecast of semiconductor demand
given in Table 5-6. For more detailed information,
please refer to the appropriate chapter.

North America

The US economy grew 3.0 percent in terms of real
GNP in 1989. The real capital spending growth in
1989 was nearly 4.1 percent over 1988 and is
forecast to increase slightly less than 4.3 and 4.4
percent for 1989 and 1990, respectively. North
American electronic equipment production grew
6.0 percent in 1989. However, because of the
slowing of capital spending and reduced competi-
tiveness in export markets, electronic equipment
production growth in the United States is projected
at 5.8 percent in 1990 before rebounding to
6.4 percent in 1991,

This estimate assumes that the exchange-rate-
derived competitiveness of US equipment pro-
ducers continues to eaable them to at least hold
their existing market share of export markets in
Europe. As the US dollar rises, US electronic

exports become less competitive in foreign mar-
kets. As 1990 unfolds, US interest rates, labor
costs, and inflationary pressures suggest that US
fundamental competitiveness will be challenged
during the expected period of reduced worldwide
marKet for electronic equipment.

If the US$ dollar rises very much above
160 yen/dollar and 2 deutsche marks/dollar in
1990, the impact of this effective price increase in
Europe and Asia, coupled with higher domestic
costs, could invalidate the forecast level of export
and thus reduce the actual equipment production
to be less than what was forecast.

From Dataquest’s estimates of the North American
growth of electronic equipment production by
application segment, the data processing and com-
munications segments should realize the highest
growth over the forecast period, led by PCs and
related peripherals, high-performance graphics
workstations, and LANs. Growth of the data
processing equipment segment is [orecast at
7.5 percent for 1990; growth of communications is
projected at 7.8 percent.

As expected from the data presented in the
previous paragraphs, the North American semi-
conductor demand's highest segments are data
processing, communications, and industrial.
However, by far the most influential end product in
the North American semiconductor demand fore-
cast is the personal computer.

That the production of PCs is critical to the health
of US semiconductor demand is easily appre-
ciated when one considers that PCs alone account
for more than 11.0 percent of North American
semiconductor consumption. Dataquest’s North
American semiconductor demand forecast is based
on the forecast that the unit quantity of PCs
produced in the United States will decline to
8.5 percent growth in 1990 from 1989’s
14.3 percent growth rate. Dataquest expects
growth of PC unit shipments to increase, posting a
growth rate of 9.3 percent in 1991.

Japan

The Japanese economy is strong but slowing, with a
1989 annual growth of 4.8 percent, down from a
rate of 5.7 percent in 1988. This growth is
expected to decline slightly over the forecast period
to 4.5 percent in 1990 and 4.3 percent in 1991.
This estimate assumes some decrease in Japanese
exports and a continued healthy growth in imports.
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The Japanese domestic electronic production
growth rate therefore is expected to climb to
1.4 percent in 1990 after a 0.3 percemt decline in
1989, followed by 4.9 percent growth in 1991.

The Japanese marketing strategy is to focus its sales
of consumer products on its still-buoyant domestic
demand while aiming sales of computers, com-
munications, and industrial equipment to export
markets.

The requisite export level to sustain the forecast
GNP growth assumes that the Japanese economy
will continue to sustain historic productivity levels.
Japanese competitiveness as an exporter and even
as a domestic supplier will be challenged because of
the strong yen and increasing costs within Japan.
However, many Japanese producers have moved
portions of their equipment production offshore to
Thailand, Malaysia, and Singapore to reduce costs
and assure competitiveness both domestically and
worldwide.

Despite challenges 10 Japanese competitiveness, the
primary growth segment of equipment production
will be data processing, which is forecast 1o grow
4.3 percent in dollar terms in 1990 before
increasing to 7.2 percent growth in 1991, New
applications such as EDTYV, point-of-sale (PCS)
terminals (required by Japanese retailers to handle
the new sales tax), and various high-performance
consumer products are expected to provide growth
in the near fugure.

The forecast decline in Japan’s electronic
production growth rates is the result of the
following:

¢ The shifting of a portion of Japan's equipment
production to the Asia/ROW and European
regions

¢ The reduction of export levels due to the strong
yen and the need to balance Japan’s trade
surplus

® The slowing of demand from the United States
and Europe as a result of the forecast global
economic “soft landing” in 1990

Japanese semiconductor demand will decline
2 percent in 1990, before experiencing a 16 per-
cent growth in 1991 (see Table 5-6). The reduced
1990 growth in dollar terms is the direct result of
declining DRAM prices and reduced electronic

equipment growth, resulting from Japanese elec-
tronic manufacturing shifts to Asia and Europe.

Eurcpe

The GNP/GDP of the OECD European countries
enjoyed moderate 3.5 percent growth in 1989 but
is forecast to decrease to 2.8 percent in 1990 and
2.7 percent by 1991. Annual capital spending
growth will fall to 5.2 percent in 1990 and decrease
slightly to 5.1 percent by 1991. Preparations for the
unified 1992 European market will sustain a higher
level of electronic equipment demand than would
otherwise be expected under the global economic
slowdown expected through the forecast period.
During the next four years, the European market
offers some unique opportunities and challenges.
Many local and multinational companies, including
those from the United States, Japan, and the
Asia/ROW region, are building production facilities
in Europe to take advantage of Europe 1992,
These facilities will purchase semiconductors locally
to receive favorable tax treatment, so additional
semiconductor production capacity is building up in
Europe as well. Because of this 1992 effect, some
additional electronic equipment production and the
resultant semiconductor consumption will shift
into Europe from the other regions during 1990
and 1991,

PCs were the driving force for European semi-
conductor demand growth, particularly in MOS
microcomponents, memory, and bipolar digital
logic. PC production accounts for more than
50.0 percent of Europe’s DRAM consumption.
Order rates from European PC manufacturers have
been low since the middle of 1989 and have
continued into the first half of 1990. Despite this
decline in IC demand from PC vendors, Europe is
forecast to increase semiconductor consumption by
9.5 percent in dollar terms in 1990 {due mainly to
exchange rate fluctuations) and to sustain a
16.8 percent growth in 1991.

Asia/ROW

The Asia/ROW countries are forecast to experi-
ence a slight decline in real GNP/GDP growth from
their historic double-digit growth levels to the 4.5 to
7.5 percent range during 1990 and 1991. Both
consumer and capital spending are forecast to
remain robust as these economies continue their
course of rapid expansion through export. Because
North America constitutes a large portion of their
export market (40.0 percent), some slowing in
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exports is expected in 1990, but this could be offset
by increased exports to China, Thailand, and other
developing countries.

As mentioned previously, the Asia/ROW region
also is the beneficiary of much of the Japanese
consumer egquipment producers’ move offshore to
sustain competitiveness. A portion of its equipment
production growth forecast reflects this shift in
* production from Japan.

The primary drivers of semiconductor demand in
the Asia/ROW region are PC and consumer
product production. Recent softness in North
American and European PC demand caused
semiconductor demand to slow in 1989 and early
1990. Considerable consumer product production
growth is forecast over the next two years, as the
domestic matkets of China and Thailand begin to
open up.

Thus, Asia/ROW semiconductor demand is fore-
cast to decline from the 8.9 percent growth rate in
1989 to a 6.1 percent growth rate in 1990 before
realizing 24.9 percent growth in 1991,

What Are Price and Availability for
Critical Devices?

The key semiconductor devices to be under
pressure for price and availability appear to be
memory-related: DRAMs and SRAMs. Some
concern will exist about price and availability of
high-performance 32-bit microprocessors, but with
the expected slowdown in the computer industry, it
will not be too strong.

Single-source manufacturers of 32-bit MPUs incur
large R&D expenses while developing these prod-
ucts and then must pay huge fab costs to produce

the chips, Consequently, suppliers of 32-bit MPUs
fiercely resist abrupt price declines during the
growth stage of the product life cycle (unlike the
reality of the semiconductor memory business).
Instead, once volume production starts, 32-bit
MPU suppliers fight to hold prices relatively high
for several gquarters or more—at least until a
significant portion of new product costs have been
recaptured. Product pricing can drop somewhat
quickly during the mature stage before stabilizing.

Suppliers of 32-bit MPUs are ramping up output
and cutting prices of 20-MHz and 25-MHz
products during 1990. Prices for mature 16-MHz
products have been more stable. Dataquest expects
pricing to edge down for Motorola’s 68020
products during 1991. We expect pricing for the
68030 to move sharply at the end of 1990 and the
beginning of 1991. In contrast, users of Intel’s
80386 products can expect a rather flat product
price profile in 1991,

As 1989 progressed, lower orders from equipment
producers caused a decline in both unit quantity
and ASP growth. Dataguest expects IMb DRAM
pricing to move downward throughout 1990,
although at a slower rate than in late 1989 and the
first half of 1990. We anticipate the 4:1 unit/price
crossover to 4Mb DRAMs from 1Mb parts to occur
in North America during the first quarter of 1991.
At that time, Dataquest forecasts that the price of
4Mbx1 devices will be $24.10 and that of the
1Mbx1 will be slightly less than $6.00. The recent
cutbacks in 1Mb DRAM production capacity cloud
the 1991 DRAM outlook. Even so, most recent
surveys indicate that several large and dependable
suppliers of 1Mb DRAMSs plan to reduce prices
throughout the forecast period, reaching a price of
slightly less than $4.95 by the fourth quarter
of 1991.
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Semiconductor Production

In 1989, more than 3$57 billion worth of
semiconductor products were manufactured world-
wide. The semiconducter industry supplies billions
of individual semiconductor devices to satisfy
semiconductor demand generated by worldwide
electronic equipment producers. These devices
consist of many different types of semiconductor
products including diodes, transistors, ICs, and
optoelectronic devices.

More than 200 companies throughout the world
produce semiconductor devices. These companies
range in size, products, and marketing strategies
from giant multinational corporations engaged in
volume production of commodity ICs to much
smaller companies addressing specialized market
niches.

Despite their diversity, semiconductor companies
share a common purpose: the miniaturization of
electronic devices through the use of semicon-
ductor materials. The technology behind this
industry involves elements of physics, chemistry,
and electronic theory that are at the cutting edge of
their respective disciplines.

This chapter describes the underlying forces that
influence semiconductor production. The chapter
is organized into the following three sections:

e Background—The underlying forces of produc-
tion are addressed as follows:

— What are the key characteristics of semicon-
ductor manufacturing?

¢ Two-stage process

+ Cost and investrnent structure

* High-cost wafer fabs

» Offshore shift of back-end process

* Demand for
driver

high-volume technology

— Who manufactures semiconductors?

— Where are semiconductors manufactured?

& Production forecast—1989 and 1990 worldwide
and regional production forecast by region and
location of company headquarters

® Strategic issues--Key issues and opportunities

relating to the semiconductor production
forecast
Background

Key Characteristics of Semiconductor
Manufacturing

In general, semiconductors are manufactured in
two major stages:

¢ The front-end (wafer fabrication) process

¢ The back-end (device assembly and test)
process

The Front-End or Wafer Fabrication Process

The front-end process is a complex sequence
involving hundreds of individual process steps that
transform bare silicon wafers to fully fabricated
wafers made up of multiple integrated circuits. For
example, a state-of-the-art 1Mb DRAM process
can have as many as 200 to 300 process steps with
15 or more mask layers.

During the semiconductor manufacturing process,
the bare silicon wafer is processed through a
repetitive sequence of thin film deposition, photo-
lithographic patterning, and etching steps. A series
of masks containing the circuit design information
are used to transfer the IC pattern into silicon. The
fabrication process is carried out in an extremely
clean environment to eliminate defects that would
otherwise render the IC nonfunctional. The final
IC consists of thousands of transistor devices that
are connected together in a specilied pattern to
perform the desired electrical function. Each
processed wafer contains multipte rows of identical
IC chips that also are known as die. The wafer can
now be diced into individual chips and packaged.

6-1
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The Back-End or Test-and-Assembly Process

The first part of the back-end process consists of
electrically testing the finished wafers to check all
the chips for adherence to the circuit functional
specifications. The bad chips are dotted with ink
and will be rejected from subsequent assembly
processing. Next, the wafer is diced and the good
chips are separated and assembled in ceramic or
plastic packages for connection to the outside
board-level circuits. The finished integrated circuit
package finally is tested again to check for func-
tional performance before being shipped to the
customer.

Equipment and supplies (materials) necessary for
semiconductor production are categorized as
fron-end and back-end equipment and materials.
(For further information about semiconductor
manufacturing equipment and materials, see
Chapter 7.)

Cost and Investment Structure

The manufacturing cost and investment structure
for the semiconductor manufacturing process can
be characterized as follows:

® Massive capital investment in wafer fab (front
end) capacity

# Considerable labor cost for test and assembly
(back-end process)

® Materials costs associated with the procurement
of the raw silicon wafers and packages

Manufacturing costs are determined by the variable
or per-unit cost in terms of materials and labor
cost, and the amortization of the fixed capital
investment. The biggest impact is that of the
amortization. Thus, true profitability and return on
investrnent are critically dependent on the effi-
ciency of the process, or how many devices can be
produced for a given fixed investment cost.

Another way of saying this is the profit and return
on investment (ROI) of a semiconductor producer
is most dependent on the yield from the manu-
facturing process. (Yield is the number of saleable
devices expressed as a percentage of the total
devices produced.) Obviously, the higher the yield,
the higher the efficiency, and therefore the higher
the profit and ROI.

Manufacturers continually seek to improve yields.
Many techniques are used, but such improvements

most often are the result of new manufacturing
technology. The semiconductor equipment sup-
pliers provide the new technology and therefore are
critical contributors to the success of semi-
conductor producers.

High-Cost Wafer Fabs

Because of the high cost of wafer fabs, the
semiconductor manufacturing industry is under-
going structural change. In the past, semiconductor
producers typically performed all or most of the
production steps themselves. Today, however,
some newer companies are separating the device
desipn function from the device fabrication
process. Such companies add value through inno-
vative design and customer service as opposed to
improved manufacturing.

Among companies that possess manufacturing
capabilities, marked differences exist in the
number of support functions they integrate into the
fab process. Such support functions include
fabrication of the packaging in which the devices
are assembled, growing and preparing the raw
silicon wafers, manufacturing the masks used in the
photolithographic process, and other related func-
tions. Larger and older companies such as IBM or
TI tend to be more integrated. Smaller and newer
companies tend not to perform as many of these
functions. Intel, for example, purchases masks,
wafers, and packages.

Recently, there has been a proliferation of
companies offering semiconductor manufacturing
services. These include device design, mask-
making, wafer fabrication (wafer foundries),
assembly and packaging, and testing services.
These companies make it possible to design,
manufacture, and market semiconductors without
the huge investment in manufacturing equipment,
CAD/CAM equipment, or engineering manpower.
They serve the needs of other semiconductor
manufacturers and semiconductor users alike,

Another reason for the structural changes
described previously is the projected increase in
wafer fab productivity. Dataquest estimates that by
the year 2000, the if-sold value potential of a
modern wafer fab facility will be as high as
$670 million. This would seem to limit such invest-
ments 1o only the top few billion-dollar companies
and encourage “foundry-for-hire” agreements
among many other companies.
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Offshore Shift of Back-End Process

Japanese semiconductor producers leveraged their
economy’s superior productivity characteristics—
low interest rates, patient capital, and low-cost,
highly skilled labor—and developed a competitive
edge on US producers. In response, US semi-
conductor producers transplanted labor-intensive
assembly operations offshore to Asia/ROW
countries. Today, it is not unusual for wafers to be
fabricated in one country, devices assembled in a
gecond, and final testing and shipping to occur in a
third. This moebility within the manufacturing
process is made possible by the small size and low
weight-per-dollar value of semiconductor devices.

This search for the lowest-cost allocation of
production resources has led increasingly more
companies to invest in overseas assembly plants.
This trend is expected to continue, although it
eventually may be slowed by increased automation
of the assembly process.

Demand for High-Volume Technology Driver

Dataquest’s  Semiconductor Equipment and
Materials Service (SEMS) estimates that because
of their huge production volumes, particularly in
MOS DRAMs, Japanese producers have as much
as a 70 percent cost advantage over US pro-
ducers. This advantage has the following two
primary sources:

® Japan frequently has brought new products
through the development process into the
market ahead of the United States. This allows
Japanese manufacturers to move down the
learning curve and to charge lower prices than
US suppliers once the latter enter the market.
The only way the United States can catch up is
to produce significantly higher volumes.

¢ Most important is that Japanese producers have
a decided advantage over their competition in
manufacturing yields. At the heart of the yields
issue is the need for leading-edge, high-volume
products that can serve as technology drivers
that improve yields for all products. Since the
early 1980s, MOS DRAMSs have served this
function for semiconductor producers. The
United States lost most of its DRAM market
share to the Japanese by 1986. Since then,
Japan has exploited its massive DRAM produc-
tion techunology for superior yields and the
resultant cost advantages in many other
products.

Who Manufactures Semiconductors?

More than 200 semiconductor manufacturers exist
throughout the major geographical regions. These
companies can be classified as follows:

¢ [Independent manufacturers
& Divisions of major corporations
® Captive manufacturers

The first two of these classifications compete in the
worldwide merchant market to supply semicon-
ductor products to electronic equipment producers
worldwide. Captive manufacturers supply products
only for internal consumption to satisfy a
company's own electronic equipment production
requirements. It is important to note that the
merchant and captive supplier classifications are
more of a US notion than a Japanese one. In
Japan, most semiconductor production is inte-
grated within larger electronics companies.

As mentioned previously, the search for the lowest
manufacturing cost has forced producers to
become international in scope, at least in manu-
facturing. The high capital investment required is
creating a restructuring of the type of services and
products offered as well.

Independent Manufacturers. Most manufac-
turing (about 70 percent in the United States) is
performed by independent manufacturers, Semi-
conductor manufacturing and sales constitute the
major part of their businesses. Their survival
depends on their performance in the semicon-
ductor industry. They have no guaranteed markets
or financing. In general, they are aggressive,
competitive, and innovative in bringing new tech-
nologies to market. Companies in this category
include Advanced Micro Devices (AMD), Intel,
Motorola, National Semiconductor, and TIL.

Divisions of Major Corporations. Many major
corporations in the United States, Japan, and
Europe have divisions that produce semicon-
ductors. These divisions are distinct from captive
producers because they actively sell their devices
on the open market (merchant market}. Most, but
not all, of these companies market at least a small
portion of their output to their parent companies.
All benefit from the financial resources of the
parent, which is a distinct advantage considering
the huge capital requirement that characterizes
sermiconductor production.
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In some cases, these companies alse have the
advantage of a small sheltered market (to the
parent) for some of their products. On the other
hand, they can suffer from parental managernent
decisions that are not in their best interests or that
fail to reflect an understanding of semiconductor
business issues.

In Japan, these companies are referred to as
integrated. The Japanese companies have skillfully
combined the financial strength of the parent
company, the integration of device design with
end-product design to maximize end-product per-
formance and competitiveness, and the cost
benefits of volume-production devices for the
merchant market. In Japan, both the integrated
semiconductor producer and the parent equipment
manufacturer win.

Worldwide examples of semiconductor divisions of
major corporations include AT&T, Harris, Hitachi,
NCR, Nippon Electric (NEC), Philips, Rockwell,
Siemens, Toshiba, and Westinghouse.

Captive Manufacturers. Companies that main-
tain semiconductor manufacturing facilities for
production of devices solely for their own use are
referred to as captive manufacturers. As semicon-
ductors become more important to major equip-
ment manufacturing companies, these companies
are Tealizing the value of captive facilities that allow
device design to be integrated with final system
design, thus maximizing the leverage of the under-
lying silicon.

Many of these captive facilities provide services
and unique devices that are not available in the
merchant market. That is, they define device
requirements based on final system requirements,
then design and make what they cannot buy.
Captive  manufacturers  fulfil semiconductor
demand that is not available to the other suppliers
to the merchant market.

Examples of captive manufacturers are General
Motors, Hewlett-Packard, IBM, and Unisys.

Top Ten Worldwide Semiconductor
Manufacturers

Table 6-1 shows the overall ranking of the top
ten worldwide semiconductor producers by total

1989 revenue. Figure 6-1 shows the revenue
growth from the top ten companies from 1987
through 1989. Several items are noteworthy,
including the following:

® The number one producer—NEC—has in-

creased its revenue by nearly 50 percent since
1987,

¢ Of the top three producers, Toshiba has
experienced the highest growth rate since 1987,
at 62.8 percent, and has firmly established itself
in the number two position.

® None of the US companies in the top ten
recorded 1989 growth rates that exceeded the
industry average of 12 percent. Motorola was
the highest at 9 percent, followed by Intel and
TI with growth rvates of 3 and 2 percent,
respectively. In addition, both TI and Intel
slipped one place in the market share rankings,
to sixth and eighth, respectively. By contrast,
each Japanese manufacturer in the top ten, with
the exception of Matsushita, experienced
growth rates of at least 10 percent.

& Mitsubishi recorded the highest growth rate,

72.9 percent, of any company in the top ten
from 1987 to 1989. In doing so, the company
moved from number nine to number seven in
two years.

¢ Two companies in the top ten, Matsushita and
Philips, experienced negative growth in 1989,

Another important industry characteristic that is
shown in Table 6-1 is that of market concentration,
which is illustrated in Figure 6-2. This figure shows
that the top 10 companies garnered 55.2 percent
market share; the top 25 accounted for more than
80.0 percent of the market. The remaining com-
panies (ranked 26 through 136) accounted for only
18.5 percent of the market.

Company Market Shares by Product Category

The products driving growth in 1989 were MOS
DRAMSs and SRAMs, MOS microcomponents, and
MOS ASICs. Tables 6-2 through 6-8 rank the top
ten producers in the following major semiconductor
product classifications: total integrated circuit, total
bipolar digital, total MOS digital, MOS memory,
analog ICs, discretes, and optoelectronics.
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The Japanese Example:

The Advantage of Integrated Producers over Independent Producers

Japan's mostly integrated semiconductor pro-
ducers’ rapid rise to dominance over the United
States’ mostly independent semiconductor pro-
ducers provides empirical evidence that the
Japanese model works best. The Japanese
model, however, was very much influenced by
the IBM company model, and the IBM model
included integrated semiconductor production.

As mentioned in Chapter 5, Japan’s national
objective was to develop its electronic equipment
production to a world-class level. Data pro-
cessing, consumer, and communications were
the chosen market segments. As a strategy,
Japan licensed product technologies and manu-
facturing rights, then leveraged its superior
economic competitiveness and manufacturing
acumen to pain foreigh market share through
aggressive pricing,

In 1975, the goal of this strategy became
dominance over US semiconductor producers.
This entailed the cooperative efforts of the
MITI, sources of patient capital, and a variety of
large electronic equipment producers that were
chosen to participate in the development of the
Japanese semiconductor industry as integrated
producers.

The semiconductor strategy of the Japanese
integrated producers was not dissimilar to their
equipment strategy and is outlined as follows:

® (apitalize on the innovations of the inde-
pendent US producers by obtaining licenses
to the technology and/or manufacturing rights
as a second source

® Focus on MOS DRAMs as the necessary
technology driver

® Advance the technology through simplifica-
tion, thereby reducing manufacturing costs
and increasing quality and reliability. In so
doing, leapfrog US independent producers
and bring 64K DRAMSs to the market ahead
of them

# Exploit the advantages provided by Japan’s
more competitive economic climate and
its sheltered environment provided by MITI's

protection of the Japanese market, the huge
financial resources of the parent companies,
and the patience of investment capital, by
increasing foreign market share through ag-
gressive pricing

This was devastating 10 US independent DRAM
suppliers. In 1975, 15 US manufacturers sup-
plied nearly all of the worldwide market; by
1986, all but 2 had been shaken out of the
marKet. The remaining 2 retained less than a
25 percent share of the entire memory market
by 1987. This happened because the Japanese
producers won large shares of the 16K DRAM
market through aggressive pricing and superior
quality from 1978 through 1980 and were first to
market with 64K devices in 1980. In 1982, they
announced sampling of the 256K MOS DRAM,
and subsequently all but the aforementioned
2 US producers withdrew from DRAM
production from 1982 through 1985.

Can US Standalone Semiconductor
Producers Survive?

We have presented empirical proof that inte-
grated semiconductor producers have inherent
advantages over independent producers. Inde-
pendents, of course, can argue that only in their
environment can the innovations and new
products that advance the industry be created
and developed, and they may be right. However,
at this point, the question is becoming academic
and is being replaced with another much more
important one: Does the standalone semicon-
ductor producer concept of the United States—a
product of the entrepreneurial spirit that is the
backbone of the free enterprise system—have
long-term viability in view of the superior
financial resources, government support, and
current market shares of the Japanese integrated
producers?

The challenge for the United States is how to
quickly devise ways to match the superior
resources of the Japanese integrated producers
while operating within the boundaries of the free
enterprise system.
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Table 6-1
Top Ten Worldwide Semiconductor
Manufacturers for 1989
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 NEC 4,543 5,015 10%
2 2 Toshiba 4,395 4,930 12%
3 3 Hitachi 3,506 3,974 13%
4 4 Motorola 3,035 3,319 9%
5 6 Fujitsu 2,607 2,963 14%
6 5 Texas Instruments 2,741 2,787 2%
7 8 Mitsubishi 2,312 2,579 12%
8 7 Intel 2,350 2,430 3%
9 9 Matsushita 1,883 1,882 0
10 10 Philips 1,738 1,716 (1%)
North American Companies 18,586 19,978 7%
Japanese Companies 15,942 29,809 15%
European Companies 4,917 5,443 11%
Asia/ROW Companies 1,414 1,983 40%
Total World Companies 50,859 57,213 12%

Source: Dataquest {August 1990)

In the MOS digital category (see Table 6-4), the
remarkable growth experienced by Samsung,
moving from 11th to 9th in the ranking is due to
the ramping up of its DRAM production. In MOS
memory, Sharp and Intel exchanged rankings, with
Sharp moving from 10 to 8, due to Sharp’s
participation in the DRAM market and Intel’s Jack
of participation.

In general, companies that are strong in MOS
memory continued to dominate the market.
Figure 6-3 shows the pecentage of revenue
attributed to MOS memory for the top five
worldwide semiconductor suppliers.

VWhere Are Semiconductors Produced?

The United States was the semiconductor inno-
vator, and it concentrated on building a dominant
industry infrastructure within the country during
the early years of industry development. In 1974,
the United States controlled an estimated 62 per-
cent of the total world semiconductor market and
more than 75 percent of the worldwide IC segment.
Including the market represented by US captive

producers, the total semiconductor market figure
was more than 80 percent.

Through the highly focused efforts of the Japanese
integrated producers, initially on DRAMSs and
subsequently on most other products, the situation
looked substantially different by 1990. Figure 6-3
shows that in 1989, the Japan-based companies
accounted for more than 52 percent of the total
semiconductor market; the share of US-based
companies had fallen to 35 percent of the
merchant market.

Europe-based companies” share of the world mar-
ket also declined, from 17.0 percent in 1974 to less
than 10.0 percent in 1989, while the share of
companies based in Asia/ROW countries captured
a 3.5 percent market share in 1989, up from zero
in 1980,

Table 6-9 compares the market share of companies
based in the United States by major product
category in 1980 and 1987. Table 6-10 shows the
impact of 1989 growth on these figures and reflects
the increasing presence of the Asia/ROW
companies in the MOS digital category as the US
producers’ share continued to decline.
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Figure 6-1
Worldwide Semiconductor Market Share
Top 10 Companies—1987-1989
(Billions of Dollars)
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Table 6-11 shows the regional semiconductor
demand as developed in Chapter 5 and the share
of each region’s demand supplied by regional
company base for 1988 through 1989. As
Table 6-11 shows, the US companies’ share of the
total US demand declined from 70 percent in 1988
to 65 percent in 1989. The Japanese companies’
share of US consumption increased from 21 to
26 percent in the same period, while the
Asia/ROW countries maintained their 3 percent
share.

However, US companies’ share of the Japanese
market remained relatively constant at approxi-
mately 9 percent in 1988 and 1989, while the
Japanese companies’ share of the Japanese market
remained a dominant 90 percent. Japanese and
Asia/ROW countries increased their penetration of
the European market considerably, from 19 per-
cent in 1988 to 22 percent in 1989.

While North American companies’ market share in
the Asia/ROW region held at 32 percent between
1988 and 1989, the Asia/ROW region increased its
market share in their own region. At the same
time, Japanese market share fell from 45 percent
in 1988 to 41 percent in 1989.

Why the Shift to the Pacific Rim?

Of the numerous reasons for the increased market
share of Japanese and Asian producers over the
past ten years, the primary one is Japan’s focused
strategy embodied in its aggressive penetration of
the DRAM market, as mentioned previously.
Second is the US companies' transfer of large
portions of their manufacturing operations to
foreign plants. The accompanying technology
transfers have then enabled foreign producers to
advance these technologies rapidly, thereby
diminishing US technical superiority.
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Figure 6-2

1989 Worldwide Semiconductor Market Share
Concentration of Revenue
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Table 6-2

1989 Worldwide Semiconductor Market Share Ranking
Total Integrated Circuit
(Millions of Dollars)

1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 NEC 3,884 4,321 11%

2 2 Toshiba 3,3163 3,774 14%

3 3 Hitachi 2,729 3,218 18%

4 5 Fujitsu 2,420 2,738 13%

5 4 Texas Instruments 2,637 2,691 2%

6 7 Motorola 2,259 2,519 12%

7 6 Intel 2,350 2,430 3%

8 8 Mitsubishi 1,975 2,185 11%

9 9 National Semiconductor 1,375 1,548 (2%)
10 11 Philips 1,281 1,250 (2%}

North American Companies 15,990 17,400 9%
Japanese Companies 20,375 23,800 17%
European Companies 3,429 3,915 14%
Asia/ROW Companies 1,274 1,809 42%

Total World Companies 41,068 46,924 14%

Source: Dataquest (August 19%0)
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Table 6-3
1989 Worldwide Semiconductor Market Share Ranking
Total Bipolar Digital
(Millions of Dollars)
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 Texas Instruments 940 671 (29%)
2 4 Fujitsu 653 617 (6%)
5 5 Hitachi 501 479 {4%)
4 3 Advanced Micro Devices 536 474 (12%)
3 2 National Semiconductor 550 458 (17%)
6 6 Motorola 435 369 (15%)
7 7 Philips 413 306 (26%)
8 8 NEC 292 302 3%
9 10 Mitsubishi 127 125 (2%)
10 9 Plessey 94 122 30%
North American Companies 2,761 2,221 (20%)
Japanese Companies 1,791 1,755 {2%)
European Companies 598 502 (16%)
Asia/ROW Companies 50 32 (36%)
Total World Companies 5,200 4,510 (13%)
Scurce: Dataguest (August 1990)
Table 6-4
1989 Worldwide Semiconductor Market Share Ranking
Total MOS Digital
{Millions of Dollars)

1989 1938 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 NEC 3,123 3,604 15%

2 2 Toshiba 2,639 3,100 17%

3 3 Intel 2,328 2,420 4%

4 4 Hitachi 1,885 2,407 28%

5 5 Fujitsu 1,616 1,958 21%

6 7 Motorola 1,399 1,705 22%

7 6 Mitsubishi 1,453 1,676 15%

8 8 Texas Instruments 1,271 1,603 26%

9 11 Samsung 765 1,066 39%
10 10 Oki 841 1,028 22%
North American Companies 9,754 11,277 16%
Japanese Companies 14,494 18,006 24%
Eurcpean Companies 1,684 2,135 27%
Asia/ROW Companies 1,056 1,606 52%

Total World Companies 26,988 33,024 22%

Seurce: Dataquest {August 1990)
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Table 6-5
1989 Worldwide Semiconductor Market Share Ranking
MOS Memory
{Millions of Dollars)
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 2 Toshiba 1,516 1,918 27%
2 1 NEC 1,490 1,739 17%
3 4 Hitachi 1,114 1,534 8%
4 3 Fujitsu 1,067 1,265 19%
5 5 Mitsubishi 966 1,161 20%
6 6 Texas Instruments 834 1,095 31%
7 7 Samsung 650 935 44%
8 10 Sharp 344 476 38%
9 9 Oki 353 473 34%
10 8 Intel 392 433 10%
North American Companies 2,836 3,688 30%
Japanese Companies 7,597 10,558 39%
European Companies 464 786 69%
Asia/ROW Companies 795 1,329 67%
Totai World Companies 11,692 16,361 40%
Source: Dataquest {August 1990)
Table 6-6
1989 Worldwide Semiconductor Market Share Ranking
Total Analog Integrated Circuits
(Millions of Dollars)
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 Toshiba 569 572 1%
2 2 National Semiconductor 540 558 3%
3 3 Sanyo 471 530 13%
4 5 Philips 466 522 12%
5 7 Motocrola 425 445 5%
6 6 Texas Inscruments 426 417 (2%)
7 4 NEC 469 415 (12%)
8 11 8GS-Thomson 352 493 12%
9 9 Mitsubishi 395 384 (3%)
10 8 Matsushita 423 376 (11%)
North American Companies 3,475 3,902 12%
Japanese Companies 4,090 4,039 (1%)
European Companies 1,147 1,278 11%
Asia/ROW Companies 168 171 2%
Total World Companies 8,880 9,390 6%

Source: Dataquest {August 1990)
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Table 6-7
1989 Worldwide Semiconductor Market Share Ranking
Discrete
{Millions of Dollars)
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 Toshiba 864 848 (2%)
2 2 Motorola 752 715 3%
3 3 Hitachi 707 690 (2%)
4 4 NEC 571 574 1%
5 5 Philips 432 442 2%
6 7 Mitsubishi 310 364 17%
7 5 Matsushita 37 332 (12%)
8 8 Rohm 287 301 5%
9 9 Fuji Electric 279 287 3%
10 10 SGS-Thomson 254 282 11%
North American Companies 2,171 2,120 (2%)
Japanese Companies 4,056 4,091 1%
European Companies 1,250 1,284 3%
Asia/ROW Companies 135 167 24%
Total World Companies 7,612 7,662 1%
Source: Dataquest (August i990)
Table 6-8
1989 Worldwide Semiconductor Market Share Ranking
Optoelecironic
{Millions of Dollars)
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 Sharp 285 328 15%
2 3 Toshiba 215 308 43%
3 5 Matsushita 178 306 72%
4 2 Sony 217 249 15%
5 4 Hewlett-Packard 213 213 0
6 12 Sanyo 62 160 158%
7 9 NEC 88 120 36%
8 7 Fujitsu 105 1i6 10%
9 8 Siemens 100 115 15%
10 6 Rohm 109 96 (12%)
North American Companies 425 458 8%
Japanese Companies 1,511 1,918 27%
European Companies 238 244 3%
Asia/ROW Companies 5 7 40%
Total World Companies 2,179 2,627 21%

Source: Dataquest (August 1990)
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Figure 6-3

Worldwide Semiconductor Market Shares by Company Base
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Table 6-9
US Producers’ Market Share—1980 and 1987

1980 1987 Percent Change
Total Semiconductors 57.2% 39.0% (18.2%)
Total Integrated Circuits 62.7% 42.0% (20.7%)
Total Bipolar Digital 75.5% 55.0% (20.5%)
Total MOS Digital 62.3% 41.0% (21.3%)
MOS Memory . 73.7% 28.0% (45.7%)
Total Analog 46.5% 39.0% (7.5%)
Total Discrete 43.5% 31.0% (12.5%)

Source: Dataquest (August 1990)

With the maturation of the industry as reflected by
high-volume commodity products, the United
States has not had a sufficiently productive eco-
nomic environment to manufacture commaodity
semiconductors competitively. Many difficulties
also are associated with satisfying the short-term
perspective of the US investment community. The
constant need to provide a quick return makes it
hard for independent US producers to match the
manufacturing resources and expertise of Japanese
producers that have integrated relationships with
large, diversified, and muitinational parent com-

panies that allow more favorable economies of
scale, lower profit margins, and ready access to
more patient capital.

Another basic problem for US chip producers is
the rapidly declining US demand for semicon-
ductors (see Chapter 5). This decline, combined
with the considerable increase in demand from the
Pacific Rim and Japan, is forcing US producers to
depend less on domestic consumption of their
products and turn toward more effective pene~
tration of these regions.
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Table 6-10
US Producers’ Market Share—1987 and 1989

1987 1989 Percent Change
Total Semiconductors 39.0% 34.9% (4.1%)
Total Integrated Circuits 42.0% 37.1% (4.9%)
Total Bipolar Digital 55.0% 49.2% (5.8%)
Total MOS Digital 41.0% 34.1% (6.9%)
MOS Memory 28.0% 22.5% (5.5%)
Total Analog 39.0% 42.6% 2.6%
Total Discrete 31.0% 27.7% (3.3%)
Source: Dataguest
Table 6-11

Worldwide Semiconductor Consumption by Region and
Regional Company Share of Production—1988-1989
(Millions of Dollars)

Market Share

1988 1989 1988 1989
Regional Consumption
North America
North American Companies 11,146 11,715 70% 65%
Japanese Companies 3,277 4,574 21 26
European Companies 1,006 1,025 6 6
Asia/ROW Companies 415 623 3 3
Total North American
Market 15,844 17,937 100% 100%
Japan
North American Companies 1,965 2,162 9% 9%
Japanese Companies 18,640 20,628 20 20
European Companies 115 130 1 1
Asia/ROW Companies 62 77 0 0
Total Japanese Market 20,772 22,997 100% 100%
Europe
North American Companies 3,664 4,032 43% 41%
Japanese Companies 1,466 1,924 17 20
European Companies 3,196 3,562 38 37
Asia/ROW Companies 165 237 2 2
Total European Miarket 8,491 9,755 100% 100%

{Continued)
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Table 6-11 (Continued)

Worldwide Semiconductor Consumption by Region and
Regional Company Share of Production—1988-198%
{Millions of Dollars)

Market Share

1988 1989 1988 1989
Asia/ROW
North American Companies 1,811 2,069 32% 32%
Japanese Companies 2,569 2,683 45 41
European Companies 600 726 10 11
Asia/ROW Companies 772 1,046 13 16
Total Asia/ROW Market 5,752 6,524 100% 100%
Worldwide Production
North American Companies 18,586 19,978 37% 35%
Japanese Companies 25,942 29,809 51 52
European Companies 4,917 5,443 9 10
Asia/ROW Companies 1,414 1,983 3 3
Total Worldwide Market 50,859 57,213 100% 100%
Annual Growth Rate 31.9% 12.5%

Notga: Some columns may not add to totals shown becauze of rounding.

Merchant saler only
Source: Dataquest (Sugust 1990}

To the extent that historic barriers 10 penetrating
these regional markets militate against successful
US competition in these regions, US producers and
the US government need to cooperate more closely
to level the playing field. However, this need must
be balanced against the adverse aspects of
protectionist legislation. In striking this balance,
care must also be taken not to blame an unlevel
field for lost market share that is more the result
of fundamental noncompetitiveness than trade
barriers.

Semiconductor Production
Forecast—1990 and 1991

Regional Companies’ Semiconductor
Forecast—1990 and 1991

The 1990 and 1991 forecast for semiconductor
production by regional company base is shown in
Table 6-12. This forecast includes captive pro-
duction. Dataquest forecasts that the demand

slowdown discussed in Chapter 5 will cause total
production—including captives—to  decline by
0.5 percent in 1990, but rebound to grow
16.9 percent in 1991,

Table 6-12 shows the stabilization of North
American companies’ share of worldwide merchant
and captive production. After slowly eroding
throughout the 1980s, indications now show that
this erosion is slowing. Between 1989 and 1991,
US producers have a forecast CAGR of 7.3 per-
cent. Their share of total production during the
period 1989 through 1991 will remain the same at
approximately 39 percent.

On the other hand, Japanese companies' share of
total production is projected to decline from
47.8 percent in 1989 to 44.§ percent in 1991,
Most of this decline can be attributed to price
erosion in MOS memories. For the same reason,
Japanese companies’ total output is forecast at a
CAGR of only 4.3 percent through the forecast
period.
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Table 6-12

Worldwide Semiconductor Production Forecast
Regional Company Share—1989-1991
(Millions of Dollars)

Production Share CAGR
1989 1990 1991 1989 1991 1989-1991
Worldwide Production

North American Companies 24,044 23.586 27,707 39.8% 39.4% 7.3%
Japanese Companies 28,930 28,093 31,489 47.8 44.8 4.3%
European Companies 5,468 5,868 7,199 9.0 10.2 14.7%
Asia/ROW Companies 2,038 2,613 3,952 3.4 5.6 39.3%
Total Worldwide Market ' 60,480 60,160 70,347  100.0%  100.0% 100.0%

Annual Growth Rate 10.9% (0.5%) 16.9%

Note: Includes captive production
Source: Daraquest {(August 1990)

Regional Production Regardless of
Manufacturers’ Home Base—1989
through 1992

The production forecast of companies head-
quartered in each of the four regions was given in
the previous subsection. However, it also has been
indicated that many companies are moving their
production facilities to other regions to avoid trade
barriers, achieve lowest assembly cost, and get
closer to the demand. Examples of this are the fab
facilities owned by US and Japanese companies
being built in Asian countries such as Singapore
and Thailand, and Japanese facilities being built in
Europe and the United States.

Therefore, the true semiconductor production
within a given region is the total production within
the borders of the region, regardless of the home
base of the producer. It is this production level that
establishes the capital spending within a region and
thus establishes the total regional available market
for semiconductor manufacwuring equipment and
materials.

Figure 6-4 shows Dataquest’s estimate of such
regional semiconductor production from 1989
through 1991, Table 6-13 compares the 1984
regional production share with the 1991 production
share forecast. The table shows that despite the
increase of Japanese and European fabs in North
America, the region’s share of worldwide semicon-
ductor production will fall to approximately
35 percent in 1991, much less than the

49.8 percent share enjoyed in 1984, and signifi-
cantly less than the 45.0 percent of total
production from within Japan’s borders.

Four Strategic Issues Regarding
the Semiconductor Production
Forecast

Impact of Regional Imbalances

Table 6-14 compares the total semiconductor
demand (including that of captives) by region with
the regional production regardless of regional
company base (including captives) for 1986, 1989,
and 1991. As the table indicates, the difference
between production and demand is net exports.
The following conclusions can be drawn from the
table:

® As a result of preparations for 1992, Europe is
substantially increasing its ratio of production to
demand, so European producers’ share of the
European demand is expected to increase from
63.9 percent in 1989 to 80.8 percent in 1991,

¢ Japan is reversing the historical trend of
increasing its ratic of Japanese production to
Japanese demand. This ratio peaked in 1989 at
127 percent and should decline to 120 percent
by 1990. This again is attributed mostly to MOS
memory price declines, but is also because of
the increasing share of the European demand
being supplied by European companies.
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® Asia/ROW companies’ share of their own

market is forecast to increase from 29.7 percent
in 1986 to 52.1 percent by 1990.

The major export opportunities for the US
companies are the Asian ROW and European
markets. The combined demand is forecast to

critical that US producers increase their share
of both markets for their forecast level of
production to be realized. It is also critical that
the exchange rate of the dollar against the yen
and deutsche mark remain at or below today’s
levels (less than 160 yen/dollar and 2 deutsche

more than double between 1990 and 1993. It is marks/dollar)

Figure 6-4
Worldwide Semiconductor Production by Region
Regardless of Producers’ Home Region

Percent of Total Market
70

M Japanese Companios
@ North American Companies
g0 A Eyropean Companles
X Asla/ROW Companies

20

104 i &k N —_— 7
0= 2= % % i |
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Source: Dataguest (August 1990)

Table 6-13
Worldwide Semiconductor Production
by Region
1984 1991
North America 49.8% 35.1%
Japan 38.3 45.0
Europe/ROW 11.9 19.9
Total 100.0% 100.0%

Source: Dataquest (August 1990)
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Table 6-14
Regional Imbalances in Electronic Equipment
Demand and Production—1986, 1989, 1991
1986
Demand Net Exports Produclion Raltio of
Miltions of Millions of Milllons of Produciion
Region Dollars Percent Dollars Dollars Percent to Demand
North America 13,171 39.0% 1,285 14.456 42.9% 109.8%
Europe 5,992 17.8 (2,161) 3,831 11.4 63.9%
Japan 12,018 5.6 2,668 14,686 43.5 122.2%
Asia/ROW 2,548 7.6 (1,792) 756 2.2 29.7%
33,729 100.0% L] 33,729 100.0%
1989
MNorth America 20,973 34.7% 780 21,758 36.0% 103.7%
Eurepe 10,105 16.7 (3,313) 6,792 11.2 67.2%
Japan 23.134 38.3 6,253 29,387 48.6 127.0%
Asia/ROW 6,263 10.3 (3,720) 2,543 4.2 40.6%
60,480 100.0% ] 60,480 100.0%
1991
North America 23,785 33.8% 887 24,672 35.1% i03.7%
Burope 12,042 17.1 (2,307 9,735 13.8 80.8%
Japan 26,318 37.4 5,346 31,664 45.0 120.3%
Asia/ROW 8,202 11.7 (3,926) 4,276 6.1 52.1%
70,347 100.0% 0 70,347 100.0%

Note: Includes capiive production
Source: Dataquest (August 1990)

Opportunities for Semiconductor
Producers

Based on the patterns of electronic equipment
demand (and therefore, that of semiconductor
product categories) outlined in Chapters 4 and 3,
the following are the most interesting new product
opportunities for the next few years:

® ASICs

® Specialty memories and ferroelectric RAMs
(FERRAMSs)

® Intelligent power devices

¢ Microcomponents

ASICs

Although still relatively small today, the ASIC
market is forecast by Dataquest to grow at a CAGR
of nearly 19 percent through 1993, at which time it
should reach sales of more than $15 billion. This

forecast is based on the projected growth of the
data processing and communications equipment
segments, in which most ASICs are used.

Six years ago, the ASIC market was dominated by
US producers. Even so, of the top five ASIC
suppliers in 1983, Fujitsu ranked as the leader,
with slightly more than $100 million in sales,
capturing slightly less than one-third of the total
market. In 1989, however, three Japanese com-
panies, Fujitsu, NEC, and Toshiba, with Fujitsu
remaining the market leader, ranked in the top
five, with LSI Logic and AMD positioned at third
and fifth, respectively, rounding out the top five.

A large part of Japanese ASIC production is
consumed by the supplier's parent company and
therefore is not available to independent pro-
ducers. However, the volume and experience
gained through the resulting volume production for
internal consumption will propel these companies
into merchant market dominance.
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Much debate occurs as to the relative merits of
ASICs as a technology driver versus those of the
traditional DRAMSs. Dataquest believes that
DRAMSs remain the best vehicle for advancing the
absolute limits of line geometry. Memory produc-
tion provides the best “test pattern” for ensuring
the highest levels of productivity and reliability
in fab equipment. This relationship between
memories, process manufacturability, and fab
equipment is paramount in the development of new
semiconductor technologies.

FERRAMSs and Specialty Memories

Niche memory markets, such as those for
FERRAMs or other specialty memories, are
providing opportunities for small (o medium-size
companies. These markets are small, highly
specialized, and require less capital investment to
penetrate than their huge MOS DRAM/SRAM
cournterparts.

FERRAMs. FERRAMs are memory devices
made from ferroelectric materiai that essentially
merges the benefits of volatile and nonvolatile
memory. Ferroelectric material allows the stored
information to remain in storage when the power is
removed. In volume production, such devices
could be less expensive and faster than EEPROMs;
their success could displace EEPROM demand.

Dataquest estimates that between 1992 and 1993,
FERRAMSs will have the potential to capture more
than 50 percent of the demand for EEPROMs and
therefore constitute a nearly $400 million market.

Specialty Memories. Specialty memories are a
specific product category within the general mem-
ory segment that Dataquest defines as dual-port
RAM, FIFO SRAM, and some other small-volume
memory devices. The aggregate market for these
memories—more than $103 million in 1989—is
forecast to exceed $145 million in 1990 and
$238 million by 1992. This growth represents a
1989 through 1992 CAGR of 32.2 percent, which
is higher than that for the MOS memory segment
as a whole—12.1 percent. Although these markets
do not offer the tremendous sales volumes that
more traditional memory products enjoy, they do
offer significant niche market opportunities for the
start-up semiconductor cempany.

Intelligent Power Devices

Intelligent power devices have been among the
fastest-growing segments of the analog product
category and have been produced mostly by
US companies. Dataquest forecasts that the
US benefits from this high-growth area may be
short-lived, however, as the dominant consumers
of analog and smart power devices increasingly are
becoming consumer equipment producers. Because
this equipment segment is dominated by Asia/ROW
and Japanese equipment producers, Japanese
companies that heretofore have stayed away from
such analog products should be in a good position
to enter this market successfully. Dataquest also
notes that US analog producers have as of this date
been markedly unsuccessful in selling to Japanese
consumer electronics producers.

Microcomponents

The leadership in microprocessors, microperiph-
erals, and microcontrollers always has belonged to
the United States. However, at the low end of both
the microcontroller and microprocessor segments,
the Japanese producers are making strong inroads.
For instance, the 8-bit microcontroller market,
now dominated by the United States, is expected to
fall to Japanese producers because of their exper-
tise in CMOS volume manufacturing and their
ability to develop a broad portfolio of specialized
products.

In the 16- and 32-bit microprocessor arena, the
United States is expected to remain dominant at
the high-performance end of the spectrum.
However, as the trend toward RISC architecture
accelerates, opportunity presents itself for the
Japanese to gain entry and position with a unique
design.

The strongest semiconductor market position that
the United States can claim is in this high-end,
32-bit MPU segment. It is critical to the US
semiconductor and equipment industries that the
United States retain its leadership in such pro-
prietary developments, along with the associated
peripheral and support devices.

Capital Spending and Access to
Capital Funds

The battle for market share of the total semicon-
ductor demand between regional companies has
more importance than receiving a greater share of
total revenue in any given year. For US companies
that must operate in the highly unforgiving financial



Chapter 6

Semiconductor Production 6-19

environment of the US investment community,
market share is the fountainhead of reinvestment.
Ultimately, access to investment capital to fund
research and development and capital equipment
for improving yields or expanding capacity is the
lifeblood of long-term survival. Unforwinately,
access to requisite investment capital depends more
on stellar short-term profit performance in the eyes
of the US investment community than on
positioning for long-term growth and viability. A
key question regarding the future of the US
semiconductor industry is whether or not it can
obtain the funds to keep up with Japanese capital
spending. In dollar terms, the US companies have
not kept up with the Japanese companies since the
early 1980s. In yen terms, however, Japanese
spending actually is at parity with the spending of
US companies.

The Dataquest forecast for regional capital
spending by region is shown in Table 6-15. The
expected Japanese spending levels exceed those of
the United States (in dollars) by almost 50 percent
through the forecast period. Thus, Japanese
companies had a larger 1989 base of semicon-
ductor production capacity than US companies,
and they are adding to that base at a faster pace.

Expenditure by the worldwide semiconductor pro-
ducers on semiconductor equipment is represented

by the capital spending forecast in Table 6-15. This
becomes the total available market for the semi-
conductor manufacturing equipment producers.
This demand and corresponding supply of semi-
conductor manufacturing equipment is the subject
of the next chapter.

Avoidance of Government Intervention in
Free Trade

The semiconductor production forecast assumes
that the dollar exchange rates remain favorable for
US exports of both electronic equipment and
semiconductor devices. It further assumes that
natural market forces will remain in effect and that
historical trade barriers to Taiwanese, South
Korean, and other Asian markets will be lowered.
A critical assumption is that of a more favorable
balance of trade between the United States and
Japan. The ocbjectives of the US-Japan Semicon-
ductor Trade Arrangement of 1986—20 percent
penetration of the Japanese market by US semi-
conductor producers—probably will take several
years at its present rate to reach 20 percent share
in Japan. In any case, more positive efforts to open
the Japanese market must come forth to avoid
US government intervention and the associated
disruption of the natural market forces upon which
the forecast is based.

Table 6-15

Worldwide Semiconductor Production
Regional Capital Spending—1988-19%0
(Millions of Dollars)

Market Share CAGR
1988 1989 1990 1988 1990 1988-1990
Worldwide Capital Spending
US Companies $3,339 $ 3,605 $ 3,677 35.8% 35.7% 4.9%
Japanese Companies 4,587 5,183 4,820 49.2 46.8 2.5%
European Companies 926 1,065 1,139 9.9 11.1 10.9%
ROW Companies 468 655 5.0 6.4 18.3%
Total Worldwide Spending $9,320 $10,398 310,291 100.0% 100.0% 5.1%
Annual Growth Rate 51.9% 11.6% (1.0%)
Capital Spending as Percent
of Total Production 17.2% 17.5% 17.0%

Note: Includes captive production
Source:; Dataquest {August 1990)
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Semiconductor Equipment and Materials

Preceding chapters have discussed the electronics
industry infrastructure in terms of a waterfall of
demand. The waterfall starts with the demand for
electronic equipment, continues with the demand
for semiconductor devices, and ends with the
demand for semiconductor equipment and
materials (see Figure 7-1).

Semiconductor equipment manufacturers and
semiconductor materials suppliers are positioned at
the bottom tier of the waterfall, as they are the
suppliers to the semiconductor manufacturers and
the origin of the upstream flow of technology.

This upstream flow of technology creates the
higher-performance and lower-cost semiconductor
devices that result in superior electronic products.
In fact, world leadership in the $653 billion elec-
tronic equipment industry requires world leadership
in the $54 billion(merchant and captive) semi-
conductor industry, which in turn depends on
world leadership in the relatively small $6 billion
front-end equipment market. It is estimated that
semiconductor materials represented approximately
a 85 billion market in 1989; so together, equipment
and materials accounted for over $11 billion.

As the preceding chapters have stated, dependency
on the source of technology that drives advancing
functionality and lower-cost electronic products is
so great that regional dominance of specific com-
ponents of this relatively small industry virtually
guarantees regional dominance of the upper tiers of
the electronics industry infrastructure.

This chapter is organized into the following
subsections:

® Background
— Discussion of the underlying forces that have
created demand for semiconductor equip-

ment and materials

e Key semiconductor materials

® Semiconductor equipment
— Semiconductor equipment product overview

— Sources of semiconductor

demand

equipment
— Semiconductor equipment demand history

and forecast

— Strategic issues facing the semiconductor
equipment industry

Figure 7-1
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Background—Semiconductor
Equipment and Materials

Although semiconductor equipment and materials
are grouped together in this subsection for dis-
cussion, it is important to note that semiconductor
equipment demand reflects the capital spending
budget of the semiconductor producer, while
demand for materials is derived from manufac-
turing cost. Worldwide and regional demand for
equipment thus is determined by the worldwide
and regional needs for producers to either imple-
ment new technology or expand capacity. As a
capital expense, such demand often is modulated
by the producers’ access to invesiment capital or
the cost of such capital. Regional materials demand
is more a function of pure semiconductor produc-
tion levels within each region. In spite of the
different budgets, expenditure, or demand for both
equipment and materials within any given region,
both depend on and contribute to the success and
growth of the semiconductor producers within that
region and worldwide.

As Chapter 6 pointed out, the success and growth
of semiconductor producers within a region
depends on the relative competitiveness of these
producers and their corresponding ability to
capture share of domestic semiconductor demand
as well as that of other regions.

Key Semiconductor Materials

A variety of materials are used throughoui the
various processing steps of front-end wafer fab-
rication. These materials include wafer substrates
such as silicon and gallium arsenide wafers, photo-
resist and its corresponding ancillary products, bulk
and specialty gases, wet chemicals such as sulfuric
acid and hydrogen peroxide, deionized water,
metal-source targets for sputtering applications,
dielectric coatings such as spin-on glass and
polyimides, and liquid and solid dopant sources.
This part of our discussion will focus briefly on the
products, suppliers, and factors that characterize
the markets of three of the key materials used in
the manufacture of semiconductor devices: silicon
wafers, photoresist, and semiconductor gases.

Silicon

Silicon is the second most abundant element in the
earth’s crust. It occurs in the form of oxides, or
silicates such as silica (sand). In the 1950s, silicon

was considered to be one of several materials with
semiconductor potential. With the development of
planar processing in 1960, polysilicon price reduc-
tions, and inexpensive plastic silicon transistor
packaging, silicon superseded germanium in the
market and today is the dominant substrate used in
semiconductor device manufacture. As such, it is
an excellent indicator of the level of manufac-
turing activity within a given wafer fabrication
environment.

Products

Silicon wafers are thin slices of single-crystal silicon
cut from a cylindrical ingot and then polished. The
growth of a single-crystal ingot from polycrystalline
silicon is controlled to produce wafers with a
well-defined diameter, typically 3 1o 8 inches.

A second category of silicon wafers is epitaxial
wafers. Epitaxial processing produces a layer of
single-crystal material that has the same crystalio-
graphic orientation as the underlying wafer sub-
strate. It is possible to design the epitaxial layer to
meet well-defined chemical, physical, and electrical
specifications.

Dataquest estimates that the world merchant silicon
and epitaxial wafer market was $2.3 billion
in 1989.

Silicon Suppliers

Companies that produce silicon and epitaxial
wafers are defined either as merchant silicon
companies or captive silicon producers,

Merchant Silicon Companies. The vast majority
of silicon consumed today is provided by merchant
silicon suppliers. It is interesting to note that all
major merchant silicon companies in the world
today have large corporate parents. This provides a
cash flow buffer against downturns in the business
cycle, as well as a source of funding for new
facilities and capacity expansions. In today's
competitive business environment, it is unclear
whether or not a standalone entrepreneurial silicon
operation could compete and survive against the
major silicon suppliers with their extensive financial
backing from corporate parents.

Captive Silicon Producers. Silicon alse is pro-
duced to a lesser extent by both merchant and
captive semiconductor manufacturers. These semi-
conductor manufacturers are referred to collec-
tively as captive silicon producers because they



Chapter 7

Semiconducior Equipment and Maierials 7=

grow single-crystal silicon to produce wafers for
their own internal consumption.

Semiconductor manufacturers with captive silicon
production tend to be established, vertically inte-
grated companies. In the early years of the
semiconductor industry, the high cost of silicon
provided sufficient economic justification for some
semiconductor manufacturers to develop this
internal capability. Today, however, high-quality,
low-cost silicon wafers are readily available from a
number of merchant silicon companies. Never-
theless, one benefit of retaining captive silicon
production activities is that a semiconductor
company can manufacture wafers with custom and
proprietary specifications. In addition, captive
silicon producers in the United States can ship
silicon material to their facilities in Japan and
Europe, thereby aveiding those regions' relatively
higher wafer costs resulting from currency
appreciation over the last several years.

Factors that Characterize the
Silicon Wafer Industry

Two significant factors characterize the silicon
wafer industry of the last several years. These
factors are wafer pricing pressures and industry
consolidation.

Wafer Pricing Pressures. Dataquest believes that
wafer pricing pressure has been one of the major
factors that has affected profitability in the silicon
industry during the last several years. Historically,
as large wafer products mature, prices decrease
because silicon wafer companies move down the
learning curve of wafer manufacturing. Pricing has
been an important competitive issue as well.

During the downturn of the business cycle between
1985 and 1987, however, there were additional
pressures from cost-conscious semiconductor
manufacturers for lower prices. At the same time,
increasing device complexity led to demands for
tighter wafer specifications. This, in turn, meant
that silicon companies have had to perform more
analytical tests to ensure wafer quality. More
analytical testing and product qualification mean
higher costs 1o the silicon companies, and, with the
continted downward pricing pressures, silicon
companies have been forced to accept smaller
margins on their products.

During the healthy market environment of 1988,
merchant silicon companies experienced some

relief from the downward pricing pressures of
previous years. This trend has allowed some silicon
companies to return to profitability after several
years of losses. Dataquest believes that a favorable
and stable wafer pricing environment is essential in
order to avoid severe profitability problems in the
silicon wafer industry in the future.

Industry Consolidation. A series of eight acqui-
sitions of merchant silicon and epitaxial wafer
companies has occurred since 1985 (see
Table 7-1}. In the majority of these acquisitions,
the new corporate parent was already active in the
silicon wafer industry prior to its acquisition of its
new silicon company. These acquisitions illustrate
the dynamics of consolidation in a maturing
industry.

As seen in Table 7-1, seven of the eight acqui-
sitions consisted of US silicon companies being
acquired by Japanese or West German corpo-
rations. The two most recent acquisitions, in
particular, had a significant impact on the world-
wide market share of US-based silicon suppliers by
reducing their share to less than 1 percent of the
worldwide merchant silicon market. This situation
has raised several important concerns. With the
United States’ loss of all control over the produc-
tion of merchant silicon wafers, are its semicon-
ductor manufacturers at a disadvantage in the
development of next-generation integrated circuits?
Will silicon operations under foreign ownership be
fully responsive to the needs of US semiconductor
manufacturers?

Clearly, other countries already have decided that
silicon is a crucial strategic material. Most of the
new entrants in the merchant silicon wafer market
over the last several years have come from outside
the United States—notably from Japan, Europe,
and the Pacific Rim. In these countries, the
short-term rigors of the silicon wafer market are
endured as part of a long-term strategy for survival
in the electronics industry.

Photoresist

Photoresist is a light-sensitive, polymer-based
material applied to wafers during semiconductor
fabrication to transfer the circuit pattern from a
mask to the underlying substrate. Photoresist is
applied to the wafer at every mask level during the
fabrication process; the number of mask levels
correlates with device complexity.
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Table 7-1

Recent Acquisitions in the Silicon Wafer Industry

Acquisition
Announced Company Acquired By
1990 Union Carbide Polysilicon (US) Komatsu Electronic Metals (Japan)
1989 IBM Silicon Wafer Huels/MEMC (West Germany
Qperation (US)
1988 Mensanto Electronic . Huels AG (West Germany)
Materials Company (US)
1988 Cincinnati Milacron (US) Osaka Titanium Co. (Japan)
1987 Dynamit Nobel Silicon (Italy) Huels AG (West Germany)
1986 US Semiconductor (US) Osaka Titanium Ce. (Japan)
1986 Siltec Corporation (US) Mitsubishi Metal (Japan)
1985 NBK Corporation (US) Kawasaki Steel (Japan)

Source: Datagquest (August 1990)

Products

Resists used in semiconductor device fabrication
typically are classified into four different categories
that reflect the sensitivity of the resist to a given
type of light or radiation. The four categories are
optical, deep-UV, e-beam, and X-ray resists.

Resists are characterized as positive- or negative-
working materials. The basic difference between a
positive and a negative resist depends on the
material’s response to light or radiation. A positive
resist leaves behind an image on the wafer that
matches the pattern on a mask, while a negative
resist leaves behind an image that is the reverse of
the mask pattern.

In addition to the resist material itself, there is an
associated class of chemicals known as resist
ancillary products. These include developers,
rinses, dyes, strippers, thinners, adhesion pro-
moters, and etchants. The developers, in par-
ticular, are closely designed to complement a given
resist formulation in order to optimize resist
performance.

Almost all resist materials used in semiconductor
device fabrication today are optical photoresists.
Dataquest estimates that the 1989 world market for
optical photoresist was approximately $265 million.

Photoresist Suppliers

Typically, photoresist companies are part of larger
chemical or electronic materials corporations. Four
major companies dominate the world’s optical
photoresist market today: One is Japan-based, two

are US-based, and one is Europe-based. The major
Japanese photoresist supplier historically has
focused on its home market of Japan. In contrast,
the two major US suppliers and the major
European photoresist company have a well-
established presence in all three of the major
processing regions of the world: Japan, the United
States, and Europe. This has been achieved
through overseas photoresist operations (including
manufacturing plants) and joint ventures.

Export Market Strategies. Dataquest has
observed that when Japanese semiconductor manu-
facturers set up new fab facilities outside of Japan,
often these new fabs are designed to duplicate an
existing line in Japan. These include not only
products and process technology, but also fab-
rication equipment and semiconductor materials.
This strategy allows the semiconductor manufac-
turer to bring the new fab line up to speed in a very
short period of time.

This practice has particular significance for
Japanese photoresist suppliers, which historically
have had only minimal participation in export
markets such as the United States or Europe.
Because photoresist is such a complex chemical
system, Dataquest believes that it will be a high
priority with Japanese semiconductor manufac-
turers to use the same resist for their new fab
facilities outside of Japan as in their current fabs in
Japan. Therefore, Japanese resist companies now
have a well-defined avenue to expand their export
market opportunities.
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 Factors that Characterize the
Photoresist Industry

Several factors and issues characterize today’s
photoresist industry, including the following:

#® Photoresist is closely tied to lithography, the
technology driver for manufacturing higher-
density integrated circuits.

— As semiconductor manufacturers continue to
push the limits of submicron processing, it is
clear that the lithography process must be
considered as a single system. This system
includes the device process technology, the
lithography equipment, lenses, and sources,
as well as the photoresist material itself.

— Dataquest believes that joint development
and exchange programs between semicon-
ductor companies, equipment vendors, and
photoresist manufacturers will be essential in
the development of advanced submicron
processes.

® One of the major issues facing semiconductor
manufacturers today is to determine what
strategy will be adopted for 0.5-micron device
processing expected in production in the
mid-1990s.

— Currently, several lithography alternatives
exist including g-line steppers, i-line
steppers, excimer laser steppers, step-and-
scan lithography, or X-ray lithography. Right
now, however, there is no clear consensus of
opinion.

— For photoresist manufacturers, this also is a
key issue because few companies have
sufficient R&D funds to develop new resist
formulations for all lithographic alternatives.
Photoresist companies today are faced with
deciding where to focus their R&D efforts,
ever mindful that different regional semicon-
ductor manufacturers may well pursue
different lithography strategies.

® Photoresist is perceived by the customer to be a
technology-driven product because the mate-
rial’s performance is closely tied to lithography
processing.

— Therefore, photoresist suppliers have not
experienced the same level of downward
pricing pressure as in other e¢lectronic
material categories.

— Pricing—for optical positive resist, in
particular—has remained fairly stable or
experienced a modest increase as new resist
formulations are developed for the proces-
sing of smaller line geometries.

Semiconductor Gases

Products

Semiconductor gases generally are divided into two
product categories: bulk and specialty gases.

Bulk Gases. The bulk semiconductor gases are
nitrogen, oxygen, hydrogen, and argon. The
“bulk” designation typically refers to a discrete
delivery of a large volume of gas by truck transport.
These gases typically are delivered as cryogenic
liquids because of the efficiency of transportation
and storage prior 1o the vaporization stage at the
semiconductor manufacturer’s facility. In addition
to cryogenic liquid delivery, nitrogen gas also is
provided through direct pipeline delivery, as well as
at customer on-site nitrogen-generation plants.

Specialty Gases. A large number of pgases (more
than 35) are classified as semiconductor specialty
gases. For that reason, a further segmentation of
this category is necessary and is based on the
chemical reactivity and functionality of the various
specialty gases. Dataguest segments the specialty
gas market into six categories: silicon-precursor
gases, dopants, etchant gases, reactant gases,
atmospheric/purge cylinder gases, and others.
Specialty gases are used in comparatively smaller
volumes than bulk gases; thus, they are delivered in
high-pressure cylinders,

Dataquest estimates that the 1989 world market for
semiconductor bulk and specialty gases was
approximately $705 million.

Semiconductor Gas Suppliers

Several factors will dictate the success of a gas
company supplying the semiconductor industry.
These include an extensive distribution network,
some level of primary manufacturing capability,
and a sirong service organization.

Five companies and their associated operations
dominate the world’s semiconductor gas industry
today. These major suppliers of semiconductor
gases have a pood-to-strong presence in the four
major semiconductor production regions of the
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world: Japan, the United States, Europe, and the
Pacific Rim. This presence is achieved through
Overseas operations, equity investment positions in
foreign gas companies, or technical/marketing
agreements.

For the major gas suppliers, the semiconductor gas
market represents only a small portion of a
company's total gas business activities. Some of the
nonsemiconductor gas applications that represent
far larger market opportunities include nitrogen for
frozen food processing, oxygen for steel processing,
and hydrogen for fuel cells in the rocket and
aerospace industries. However, the semiconductor
industry represents probably the most rigorous
demands on gas suppliers with regard to providing
high-purity materials and delivery systems.
Therefore, success in the semiconductor gas
industry promotes a gas supplier’s presence at the
cutting edge of gas technology.

Factors that Characterize the
Semiconductor Gas Indusiry

Several unique factors characterize the semicon-
ductor gas market, including the following:

® The specialty gas companies are unique when
compared with other electronic materials com-
panies that sell products to the semiconductor
industry. What makes this market different is
that no one specialty gas company has primary
manufacturing capability for all of the specialty
gases that it provides to the industry. Thus, a
specialty gas company typically must buy some
of its products from a competitor.

® Nitrogen is consumed by the semiconductor
industry in substantially larger volumes than any
other gas and accounts for approximately
80 percent of semiconductor bulk gas sales.
While bulk and specialty gas usage typically
tracks with semiconductor device production
levels and the consumption of silicon walers,
nitrogen also is used to maintain the integrity of
processing equipment whether wafers are being
processed or not. This means that the nitrogen
market, unlike other electronic materials, is
very stable even during the times of low
production associated with downturns in the
semiconductor business cycle.

# The semiconductor bulk gas industry is charac-
terized by long-term contracts between vendor
and customer because of the support equipment

required at the customer’s site for the on-site
storage of bulk pases. Typically, one bulk gas
supplier supports each fab facility, and that
company often will receive the initial gas
contract before construction even begins on a
new fab. In contrast, the specialty gas industry is
characterized by short-term contracts and an
ongoing competitive market environment.
Multiple specialty gas vendors per fab is the
norm rather than the exception.

Background—Semiconductor
Equipment

Initially, in the 1950s and 1960s, because there was
no commercial source for semiconductor equip-
ment, such equipment was built for internal use by
semiconductor producers such as AT&T, IBM,
Motorola, and Texas Instruments. In the late
1960s and 1970s, merchant semiconductor equip-
ment manufacturers began to provide equipment to
world semiconductor producers. In the beginning,
most of the companies were of US origin, with the
Japanese and European equipment manufacturers
following somewhat later. Major semiconductor
companies began to depend on merchant semi-
conductor equipment suppliers, and equipment
that was internally supplied by semiconductor
producers began to decline. Thus, the merchant
semiconductor equipment industry is approximately
20 years old, and it is interesting to note that
several of the world's major equipment manu-
facturers celebrated their 20-year anniversaries
in 1988.

The demand for semiconductor equipment in
Japan was fueled by the rise of the Japanese
semiconductor industry in the early 1970s, and this
demand was met by two sources. The first was the
rise of the indigenous Japanese equipment indus-
try, and the second was the transfer of equipment
technology to Japan from the United States.
US equipment manufacturers, in an effort 1o
penetrate the fast-growing Japanese equipment
market, provided Japanese equipment manufac-
turers access to US-developed technology. By the
late 19705 and early 1980s, Japanese equipment
companies emerged as merchant suppliers, pro-
viding crucial technologies for new VLSI devices
manufactured by the fast-growing Japanese semi-
conductor companies. In 1989, Japanese wafer fab
equipment companies shared five of the top ten
places in the ranking of worldwide wafer fab
equipment suppliers. In terms of world market
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share for wafer fab equipment, Japanese equip-
ment companies have taken the lead in total
market share over US equipment suppliers. In
certain equipment categories (for instance,
lithography) Japanese equipment makers clearly
dominate the world market.

Semiconductor Manufacturing
Equipment—Product Overview

The equipment used for the production of
semiconductor devices is divided into two major
segments: wafer fabrication (front end) equipment
and assembly and test (back end) equipment.

Wafer fab equipment is the very sophisticated
capital equipment used to manufacture IC devices
on the silicon wafer. Front-end, or wafer fab,
equipment includes those crucial technologies
required for manufacturing critical VLSI devices
such as 4Mb and 16Mb DRAMSs, 32-bit and larger
microprocessors, and advanced logic devices.

IC manufacture, or the wafer fabrication process,
takes place in a special ultraclean facility called the
fab or clean room. Bare silicon wafers are the input
material 10 the wafer fab; finished silicon wafers are
the output of the fab. In many cases, each wafer
contains hundreds of manufactured ICs.

The finished wafer then is sent to the assembly and
test facility, where the wafer is cut up into
individual ICs. The good ICs are separated from
the bad; the good ICs are then assembled and
packaged and each packaged IC tested. Generally,
the wafer fabrication facility and the assembly and
test facility are separate; in many cases, the latter
facility may be located in another country.

Technical advances in wafer fab equipment directly
affect advances in manufacturing ICs. This means
that more sophisticated 1Cs with more functionality
or higher speeds or both can be manufactured. As
more sophisticated ICs become available, more
advanced electronic equipment becomes available,
forging a direct link between wafer fab equipment
and advanced computers and telecommunications
equipment. Thus, technology leadership in the
relatively small $5.9 billion worldwide wafer fab
equipment market is the gateway to leadership in
the $653 billion worldwide electronic equipment
market. In addition, the semiconductor company
that uses the latest wafer fab equipment will have a
competitive advantage in the IC market.

As more sophisticated ICs are manufactured, more
sophisticated assembly and test equipment must be
developed; in conjunction with the advances in
equipment, advances must be made in semi-
conductor materials as well. However, the driving
force in semiconductor manufacturing is wafer
fabequipment, or the ability to manufacture the
advanced IC itself. This is the area that tends to
drive advances in materials as well as in assembly
and test equipment. For this reason, the remainder
of this chapter will focus on wafer fab equipment.
This is not 1o minimize the strategic importance of
semiconductor materials and assembly and test
equipment, but rather to recognize that technology
leadership in wafer fab equipment is more closely
linked with leadership in the huge electronic
equipment market,

Of the total amount of capital spending by the
world's semiconductor manufacturers, approxi-
mately 80 percent is spent on front-end and
back-end equipment; of this amount, 60 percent is
spent on wafer fab equipment. Thus, wafer fab
equipment represents approximately 50 percent of
the spending by the world’s semiconductor pro-
ducers and reached almost $6 billion in 1989,

Wafer fabrication equipment is divided into
11 major categories, 8 of which are briefly
described in the following paragraphs. This
equipment is used to perform the approximately
400 steps required to make an advanced IC. In its
simplest description, the IC wafer fabrication
process can be divided into three basic operations:
thin films are deposited on the silicon wafer, the
deposited [fiims are patterned, and the film
characteristics are altered.

Lithography

If wafer fab equipment is the driving area for IC
production, lithography is the wvery heart and
core of advanced IC manufacturing technology.
Lithography is the engine that drives all other
technologies used in IC manufacturing. It is the
critical patterning technology for VLSI devices
because it is the technology enabler for fine-line
geometries, The term fine-line geometry refers to
the minimum geometries of semiconductor devices.
The finer the geometry, the more transistors the 1C
designer can put on a chip or the more func-
tionality the chip has. For instance, a 1IMb DRAM,
which has more than 1 million transistors on the
chip, is fabricated with minimum feature sizes of
approximately 1.2 micron (the diameter of a
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human hair is 100.0 microns}. Advances in
lithography tools now allow 0.8-micron feature
sizes to be produced on the chip. With this finer
feature size, 4Mb DRAMSs contzining more than
4 million transistors can be produced. Currendy,
advanced lithography tools can pattern lines as
small as the 0.5-micron feature sizes required for
16Mb DRAMSs. Finer geometries also mean that
faster chips can be produced, which are essential
for building ever-faster computers.

Lithography equipment includes contact and
proximity aligners, scanning projection aligners,
steppers (reduction and 1:1), e-beam systems,
X-ray aligners, and the recently announced
step-and-scan aligner, each of which is described
briefly as follows:

® Contact/proximity aligners—the industry’s first
lithography tocls, which reach back to the very
beginnings of the semiconductor industry—have
declined. Today, they are a $20 million niche
market. This product is not likely to play a
major role in the future lithography market.

& Scanning projection aligners superseded
contact/proximity aligners to become the
dominant lithography tool for many years.
However, this tool is limited in its ability to
patiern fine features, and it eventually gave way
to steppers.

— Projection aligners reached their peak in
1984 and 1985 and have since declined to a
$94 million market in 1989, representing
only 6.5 percent of the total world litho-
graphy market of $1,453 million.

— More than 3,000 of these aligners are in the
field, and this base of aligners will ¢continue
to grow slowly 1o provide additional capacity
in existing fabs. However, the newer
advanced fabs are not being outfitted with
scanning projection alignerss,

® Steppers, because of their inherent ability to
pattern finer features than scanning projection
aligners, have become the dominant and state-
of-art lithography tool.

— In 1989, steppers accounted for $1,191 mil-
lion, or 82 percent, of the total lithography
market. Steppers probably will continue to
dominate the lithography market for several
years.

- uToday. all advanced ICs are fabricated using
steppers, and production-worthy steppers
in the most advanced f{abs can pattern
0.7-micron features. Advanced excimer
laser steppers that can pattern 0.35-micron
features are under development,

— Steppers have a solid technology grasp on
the lithography market, but it could be
weakened by the recent advent of the step-
and-scan aligner.

® The potential of the step-and-scan aligner,
which was recently introduced to the market-
place, is still uncertain.

— If successful, step-and-scan systems could
compete with steppers and erode their
market share.

— This aligner is a hybrid system that combines
the best of both scanning projection tech-
nology and stepper technology. It currently
appears to be the most advanced aligner on
the market, but because it is a new system,
field experience is not yet available,

— This aligner can pattern 0.5-micron features
with a wafer throughput that excels steppers,
and it is the dark horse in the lithography
race.

® E-beam lithography systems have two niche
applications.

— E-beam is the technology used by the world-
wide maskmaking industry to produce the
masks and reticles required by semicon-
ductor manufacturers for their projection
aligners and steppers.

— E-beam also is used to “direct write” a wafer
in special instances, such as quick-turn IC
prototyping and small quantity ASIC
devices.

— Together, these two niche markets
accounted for $143 million of the 1989
lithography market. However, because of its
very low productivity and high cost per
wafer, e-beam is not likely 10 be a main-
stream lithography technology, although it
can pattern finer geometries than steppers.
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¢ The world semiconductor manufacturers have
essentially ignored X-ray aligners (the 1989
market was $5 million} in spite of the numerous
advantages of X-ray aligners over conventional
optical aligners such as steppers.

— The semiconductor industry is very slow to
accept new technologies, and because the
stepper manufacturers continue to make
advances in stepper technology. the market
window for X-ray aligners continues to be
pushed out.

= Currently, there are X-ray aligners on the
market that can pattern 0.5-micron features
and less. These aligners are standalone
systems and resemble conventional steppers;
it is uncertain just how much less than
0.5-micron they can be used in a production
environment.

- However, considerable worldwide develop-
ment is under way on another type of X-ray
technology called synchrotron orbital
radiation (SOR) that will have a production
limit of approximately 0.2 micron.

¢ The Japanese are making very heavy
investments in this technology.

* In addition, IBM already has invested
$500 million in SOR and expects to
spend $1 billion by the time the system is
fully developed.

In summary, steppers are the dominant tool today
and will continue to be the dominant tool until the
industry reaches 0.5-micron feature sizes, probably
by the mid-1990s. At that point there are several
competing technologies, and currently it is not clear
which technology will be dominant. The dominant
technology may very well continue to be steprers,
but we must wait for further developments before
reaching more secure predictive ground.

Automatic Photoresist Processing
Equipment

Automatic photoresist processing equipment, or
track eguipment as it is commeonly known, is used
to apply and process the photoresist film that is
temporarily applied to the wafer to allow patterning
of the wafers by the lithography equipment. The
main technical objectives of track systems are to
deposit the thin photoresist coatings prior to the
patterning process that takes place in the lithog-

raphy tool and to develop the photoresist after
patterning.

Track equipment includes wafer clean/bake, walfer
prime, coat/bake, develop/bake, and photoresist
stabilization equipment. Track equipment is used in
the lithography cell of the wafer fab and actually
can be considered part of the lithography process.
Because of this, the demand for track systems is
closely tied to lithography demand and has about
the same compound annual growth rate (CAGR).
In 1989, the demand for track equipment reached
$325 million,

Etch and Clean

This segment includes wet process, dry etch, dry
strip, and ion milling equipment. Wet processing,
so-called because ultrapure water and liquid
chemicals are used in the process, is used
throughout the wafer fab for the cleaning and wet
etching of wafers. Wet processing goes back to the
early days of the semiconductor industry, Etching,
along with lithography and track equipment, is
another of the equipment technologies that is part
of patterning thin {films on the wafer.

Wet etching is used for patterning relatively large
features on the waler, while dry etching, the newer
technology, is used almost exclusively in the
fabrication of advanced devices that require fine-
feature patterning. As advances in lithography
equipment allow finer features to be patterned on
the wafer, concomitant advances in dry-etch
equipment need 1o be made to fully implement the
fine-pattern features on the wafer.

Dry-strip equipment is used to remove the
photoresist films that are temporarily applied to the
wafer to allow patterning. The total etch-and-clean
market was $1,066 million, of which $306 million
was for wet-process equipment, $636 million was
for dry-etch equipment, and $116 million was for
dry-strip equipment.

Deposition

Deposition includes several technologies that are
used to deposit thin films on the wafer. The three
major technologies included in this category are
chemical vapor deposition (CVD), physical vapor
deposition (PVD), and epitaxy. Epitaxy technology
includes silicon epitaxy, metalorganic CVD, and
molecular beam epitaxy equipment. Once these
films are deposited by any of three major
techniques, they are patterned with the aid of the
lithography, track, and etch equipment previously
described.
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CVD equipment generally is used to deposit
insulator films on the wafer, while PVD is used to
deposit the aluminum films that are required to
wire-up, or connect, all of the transistors on a chip
(more than 4 million transistors are used, for
example, in the case of 4Mb DRAMs). Collec-
tively, CVD and FVD equipment is used to
fabricate the interconnect portion of the chip. As
with advances in lithography, advances in CVD and
PVD equipment need to be made in order to keep
up with current technologies. When new advanced
steppers are introduced that have ever-smaller
fine-pattern capability, it sets off a new round of
development in CVD and PVD equipment (as well
as in other front-end equipment); CVD and PVD
manufacturers then must struggle to keep pace. For
instance, the equipment and technology required to
interconnect the more than 4 million transistors of
a 4Mb DRAM are vastly more sophisticated (and
costly) than was required for the 65,000 transistors
of a 64K DRAM of a few years ago. In the past,
the portion of chip fabrication cost that was
attributed to chip interconnection was small. With
advanced chips that have several levels of inter-
connection on the chip, the cost of interconnection
can be 50 percent or more of the entire waler
fabrication cost.

In 1989, the total deposition market was
$1,145 million; CVD accounted for $580 million
of this market, PVD for $377 million, and total
epitaxy for the remaining $18%9 million. There is
currently a tremendcus amount of activity in both
the CVD and PVD technology areas as new
equipment is being introduced to fabricate the most
advanced ICs.

In PVYD equipment, attention is being directed
toward integrated processing systems that will be
able to handle several process steps in cne piece of
equipment instead of having to move the wafer 1o
several pieces of equipment to accomplish the same
number of process steps. Generally, as advance
chips need to be manufactured, the semiconductor
industry will move to more integrated manu-
facturing. This eliminates human handling of the
wafers, decreases contamination, and increases
yields.

We said previously that lithography essentially
drives the other technologies used in the fabri-
cation of a wafer. Although lithography tools are
well on the path to fine-line patterning, work still

needs to be done in the deposition of thin films,
either by CVD or PVD.

Diffusion Furnaces

Diflusion furnace equipment includes both
herizontal and vertical tube furnaces. These
high-temperature furnaces are used to incorporate
precise quantities of impurities, or dopants, into the
deposited films on the wafer in order to control the
electrical properties and, hence, the performance
of the IC. Other applications include the growing of
oxide [ilms, the deposition of insulator Flms, and
annealing.

Horizontal tube furnaces, the workhorses of the
industry since their inception, have been losing
ground to other technologies such as ion
implantation and CVD equipment. For advanced
devices, ion implantation now is the preferred
method of introducing impurities into the wafer,
and CVD is the preferred technology for film
depesition. Although the number of harizontal
furnaces has declined substantially since the
technology’s peak a few years ago, ASPs have risen
to the extent that horizontal furnace sales reached
a record $327 million in 1989,

Vertical furnaces are an emerging technology.
Vertical furnaces have several advantages over
horizontal furnaces, particularly for advanced
devices, and they are being rapidly accepted in
Japan. Some advantages include lower power con-
sumption, smaller space requirements, easiet
automation, and excellent technical performance,
In the past, only horizontal furnaces were used in
the fab, but Japan expects vertical furnaces to be
the dominate furnace technology of the future. In
other regions of the world, vertical furnaces have
been given a lukewarm reception. Vertical diffu-
sion furnace sales were $90 million in 1989.

Rapid Thermal Processing

Rapid thermal processing (RTP) is a high-
temperature technology that was expected to sup-
plant the annealing process of diffusion furnaces.
However, this equipment has not found its way into
the production mainstream of the wafer fab for this
application because anneals done on diffusion
furnaces are superior to RTP anneals. RTP is
beginning to find opportunities in other applications
in the wafer fab, such as in the thin-film area, but
these are still emerging. In 1989, the RTP market
amounted to $28 million.
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Ion Implantation

In the past, introduction of impurities into the thin
films on the IC was done in diffusion furnaces, but
diffusion furnaces are inadequate for advanced
devices that have fine features. lon implanters
provide a much more precise control of the
amount, location, and depth of the impurity into
the thin film. Implanters are classified as medium
current or high current, depending on the amount
of impurity that can be incorporated quickly into
the film. High-voltage implanters also can incor-
porate impurities to a greater depth in the film than
can either medium- or high-current implanters. It is
interesting to note that implanters are essentially
linear accelerators and have their roots in that
technology. In 1989, the total world market for
implanters was $468 million.

Diffusion furnaces, rapid thermal processing
equipment, and ion implanters all are used in the
wafer fabrication process essentially to modify the
thin films that were deposited and patterned by the
other equipment technologies described previously.

Critical Dimension/Wafer Inspection

Critical dimension (CD) and wafer inspection
equipment are two types of process control
equipment. Process control equipment is used to
verify the wafer fabrication process rather than
contribute to the acwal fabrication of the IC. CD
equipment is used to measure the features on the
wafer to ensure that the patterning process is
indeed doing what it is supposed to do. Wafer
inspection equipment is used to check for defects
on the wafer. Both CD and wafer inspection
equipment have a tremendously wide variance in
price, depending on the level and sophistication of
operator automation. Systems may range from
$50,000 for a low-end manual system to
$1.2 million for a fully automated advanced
system.

CD and wafer inspection equipment technology
also is driven by advances in lithography. As finer
and finer features are fabricated on the IC, it
becomes necessary 10 measure smaller and smaller
features with greater accuracy and precision. Also,
as feature sizes get smaller, it becomes necessary to
check for ever-smaller defects, and to identify new
types of defects. In 1989, the combined markets
for CD and wafer inspection equipment totaled
$187 million,

Sources of Semiconductor
Equipment Demand

The two fundamental sources of demand for
semiconductor production equipment are as
follows:

® Semiconductor producers purchase advanced
equipment to increase competitiveness by de-
creasing manufacturing cost through advanced
manufacturing technology.

¢ Semiconductor producers purchase equipment
to expand production capacity.

‘Advanced Manufacturing Technology

Increases Competitiveness

The primary driving force for new semiconductor
equipment for the next two to three years will be
the need for advanced manufacturing technology.
As mentioned previously and discussed fully in
Chapter 6, the success and growth of semicon-
ductor producers within a given region depend
ultimately on their relative competitiveness. This
competitiveness is determined by regional eco-
nomic factors such as cost of labor, cost of capital,
and availability of patient capital, but it ultimately is
reduced to relative product gquality and manu-
facturing costs.

Thus, relative competitiveness depends on the
following:

e Efficiency—Higher yields provide lower cost per
device.

® Fast wurnaround—The earlier a producer gets to
market and moves down the learning curve, the
more costs become lower and remain lower
than those of competitors that enter the market
later.

¢ Higher quality and reliability—The quality and
reliability of devices are more important to the
device user than the absolute price.

Semiconductor equipment demand based on
upgrading competitiveness through manufacturing
technology therefore is driven by these factors. Key
manufacturing technologies that contribute to these
factors are those that contribute to smaller feature
sizes, higher productivity, and reduced contami-
nation. Smaller feature sizes provide increased
functions per die, higher speeds, and increased die
per wafer. Higher productivity translates into more
ICs manufactured per time period, and reduced
contamination contributes to higher vields, or more
good die per manufacturing run.
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Another key manufacturing parameter is trn-
around, or cycle time, which is the length of time it
takes to fabricate a wafer. A producer with shorter
cycle times than its competitor moves down the
learning curve faster because it is able to correct
the IC fabrication process when necessary in a
shorter interval of time. As the producer moves
down the learning curve, its manufacturing costs
decline with a concomitant competitive advantage.
Therefore, the key technology demand drivers for
manufacturing equipment are all related to the
front-end process. Table 7-2 shows the worldwide
wafer fab market for 1989 by equipment segment.

Table 7-2

1989 Worldwide Wafer Fab
Equipment Demand
{Millions of Dollars)

Equipment Demand
Lithography
Contact/proximity 20
Projection aligners 94
Steppers 1,191
Direct-write e-bearn 70
Maskmaking e-beam/laser 73
X-ray 5
Total Lithography 1,453
Automatic Photoresist Processing
Equipment 325
Etch and Clean
Wet process 306
Dry strip 116
Dry etch 636
Ton milling 9
Total Etch and Clean 1,066
Deposition
Chemical vapor deposition 580
Physical vapor deposition 3T
Silicon epitaxy 72
Metalorganic CVD 44
Molecular beam epitaxy 73
Total Deposition 1,145
Diffusion 327
Rapid Thermal Processing 28
jon Implantation 468
CD/Wafer Inspection 187
Other Process Control 485
Factory Automation 195
Other Wafer Fab Equipment 206
Total Wafer Fab Equipment 5,887

Nate: Columns do not add to totals shown because of rounding.
s Dalaq (August 1990)

Capacity Utilization Drives
Capacity Expansion

The second driving force behind equipment
demand is the requirement to increase production
capacity. As regional producers realize success and
growth through superior relalive competiliveness,
they use up existing production capacity and must
invest in capacity expansion. Therelore, not only
does the semiconductor equipment supplier
contribute 10 the prowth and success ol the
semiconductor producer by improving competi-
tiveness, the producer’s success fuels the growth
and success of the supplier as well.

Figure 7-2 presents regional capacity utilization by
regional company base for North America, Europe,
and Japan. Table 7-3 compares historical world-
wide merchant semiconductor production with
worldwide capital spending and wafer fab equip-
ment demand.

In a time of rapidly expanding demand for
semiconductors, the demand for equipment surges.
This is illustrated by the boom period of 1983 and
1984, as producers in all regions eagerly expanded
capacity in response to the buoyant PC-driven
semiconductor demand forecast. This resulted in a
capacity utilization and equipment demand peak in
1984, The subsequent collapse of semiconductor
demand in the following two years resulted in a
severe downturn of equipment demand as capacity
utilization plummeted.

The strong recovery of semiconducior demand
from 1987 through the presemt has generated
higher demand for production equipment,
Table 7-3 shows that the worldwide demand for
semiconductor front-end equipment has increased
20 percent in 1989 over 1988. However, as the
next paragraphs will show, most of this growth in
equipment demand in the 1987 through 1989
period was for competitiveness improvement rather
than capacity expansion, because only how are
utilization rates beginning to exceed those of
the boom years. Table 7-3 also illustrates that
49 percent of the total capital spending by
semiconductor manufacturers is spent on wafer
fab equipment. Dataquest estimates that the
balance of the spending goes to purchase back-end
equipment (31 percent) and property and facilities
(20 percent).
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Table 7-3

Worldwide Electronic Equipment and Semiconductor Consumption

1988-1989
(Includes Captive Suppliers)
1988 1989

Electronic Equipment Production $618.1 $653.1
Semiconductor Production § 54.5 $ 59.9
Capital Spending ($B) $ 10.0 $ 12.2
Capital Spending Annual Growth 56.8% 21.4%
% of Production 18.3% 20.2%
Front-End Equipment Demand ($B) $ 4.9 $§ 59
% of Capital Spending 49.0% 48.4%
Annual Growth of

Equipment Demand 58.2% 20.3%

Source: Dataguest {August 1990)

Percent

Estimated Regional Semiconductor Capacity Utilization

Figure 7-2

1989-1991
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75

B North America
® Japan
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Regional Demand History
1984 to 1989

Figure 7-3 illustrates the regional capital spending
of merchant and captive producers regardless of
nationality. This represents the regional total
available market for goods purchased from such
capital expenditure.

Figure 7-4 compares the capital spending in just
Japan and North America for the period
1989-1991. In 1984 and 1985, spending in Japan
was significantly higher than in North America.
However, in 1986 and 1987, capital spending in
Japan was slightly less than capital spending in
North America. In 1988, the Japanese market for
capital equipment underwent a strong comeback

Figure 7-3

Worldwide Capital Spending Forecast
Regardless of Company Regional Base
1989-1991

Billions of Dollars

North America Europe
Japan 1 rROW

1989

Source: Dataguest (August 1990)

1991

Figure 7-4

Estimated Regional Semiconductor Capital Spending
1989-1991

Billions of Dollars
8-

North America
Japan

Source: Dataquest (August 1990)
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and spending in Japan again exceeded that in
North America. In 1989, this capital spending gap
widened. The capital spending forecast expects
capital spending in Japan to continue to exceed
capital spending in North America.

Semiconductor Equipment
Demand Forecast 1990 to 1991

The equipment demand forecast by segment is
shown in Table 7-4. The market reached an
all-time high in 1989 with total sales of
$5,887 million, which represented a growth of
20.4 percent over 1988. The market is expected to
slow down, however, and 1990 sales are projected
to be $5,714 million, for a negative growth of
approximately 3.0 percent. We expect 1991 sales
will be up at $6,832 million. The overall CAGR for
the total equipment market is forecast to be
7.7 percent from 1989 to 1991,

Capital spending as a percentage of production is
shown in Figure 7-5. Capital spending as a
percentage of production exceeded 30 percent in
Japan in 1984 and in 1985, compared with 23 and
21 percent for capital spending in North America.
However, in 1986 and 1987, the ratio of capital
spending to production in Japan fell below the ratio
of capital spending to production in North
America. In 1988, the ratio of capital spending to
production was greater in Japan than in North
America; this relationship continued in 1989. The
forecast for this ratio is for it to continue to be
higher in Japan than in North America.

The largest equipment segment is that of lithog-
raphy, followed by deposition and etch and clean.
Recently, deposition has been the most rapidly
growing segment; however, lithography equipment
growth is expected to lead the way through 1991.
Deposition is forecast to have a 6.7 percent CAGR
from 1989 through 1991. Lithography is expected
to have only a 10.2 percent CAGR during the same
time frame.

The regional capital spending forecast is shown in
Table 7-5. Capital spending is forecast to decline
by 2 percent in 1990 and grow at a rate of
26 percent in 1991. Most of the predicted decline

may be attributed to Japanese producers as their
capacity utilization falls off somewhat due to the
forecast decline in semiconductor production (see
Chapter 6). Dataquest forecasts a healthy increase
in demand for semiconductor equipment beyond
1990 as device production is forecast to expand
vigorously in all regions.

The regional demand for equipment during the
forecast period follows the semiconductor produc-
tion and capital spending pattern forecast in
Chapter 6 (see Table 7-4). We expect the
Asia/ROW and European regions to show the most
capital spending growth with 1989 to0 1991 CAGRs
of 12.2 percent and 18.5 percent, respectively.
Capital spending for US and Japanese companies is
much greater but is forecast to grow more slowly
due to the forecast production slowdowns in these
two regions. The forecast for capital spending by
region of production, regardless of company origin,
is shown in Figure 7-6.

In terms of dollars, the spending levels within
Japan by Japanese and American producers will
exceed spending levels in North America by
substantial margins. In 1990, our forecast calls for
capital spending in Japan to be 135 percent of
capital spending in North America. By 1991,
spending in Japan will be 149 percent of capital
spending in Europe.

Strategic Issues Regarding the
Equipment Demand Forecast

Impact of Regional Economy on the
Forecast

The regicnal economic forecasts were provided in
Chapter 3 and related to semiconductor production
in Chapter 6. The fundamental economic impact
on equipment demand is that which modulates
semiconductor production and therefore demand
for equipment that upgrades competitiveness or
expands capacity. The relaxation of economic
growth forecast worldwide, particularly in the
United States, probably will moderate demand and
production of semiconductors in 1990, especially in
Japan, causing a predicted negative demand growth
for equipment that year.
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Table 7-4
Worldwide Wafer Fab Equipment
Forecast
(Millions of Dollars)
CAGR
1989 1990 1991 1989-1991
Lithography
Contact/proximity 20 20 22 4.9%
Projection aligners 94 20 122 13.9%
Steppers 1,191 1,225 1,450 10.3%
Direct-write e-beam 70 72 80 6.9%
Maskmaking e-beam/laser 73 74 86 8.5%
X-ray 5 4 6 9.5%
Total Lithography 1,453 1,485 1,766 10.2%
Automatic Photoresist Processing
Equipment 325 330 390 9.5%
Etch and Clean
Wet process 306 293 350 6.9%
Dry strip 116 110 130 5.9%
Dry etch 636 620 732 7.3%
Ton milling 9 10 12 15.5%
Total Etch and Clean 1,066 1,033 1,224 7.2%
Deposition
Chemical vapor deposition 580 560 675 7.2%
Physical vapor deposition 377 360 432 7.0%
Silicon epitaxy 72 46 61 (8.0%)
Metalorganic CVD 44 45 50 6.6%
Molecular beam epitaxy 73 75 85 7.9%
Total Deposition 1,145 1,086 1,303 6.7%
Diffusion 327 300 375 7.1%
Rapid Thermal Processing 28 26 34 10.2%
Ton Implantation 468 417 509 4.3%
CD/Wafer Inspection 187 195 238 12.8%
Other Process Control 485 470 553 6.8%
Factory Automation 195 170 204 2.3%
Other Wafer Fab Equipment 206 202 236 7.0%
Total Wafer Fab Equipment 5,887 5,714 6,832 7.7%

Mete: Columns may not add to totals shown because of rounding

Source: Dataquest {Auguat 1990)
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Figure 7-5

Semiconductor Capital Spending
as a Percent of Semiconductor Sales

Percent
24
B US Companies
22 ® Japanese Companies
20-

124

10 .
1987 1888 1989

Source: Dataquest (August 1990)

Table 7-5

Regional Capital Spending
1989-1991
(Includes Captive Production Capital Spending)

Share CAGR
1989 1990 1991 1989 1991 1988-199%0
Worldwide Capital Spending
Us 3,822 3,759 4,465 31.2% 29.5% 8.1%
Japanese 5,368 5,089 6,635 43.8 43.9 i1.1%
European 1,201 1,273 1,686 9.8 11.2 18.5%
ROW 1,854 1,877 2,333 15.2 15.4 12.2%
Total Worldwide

Spending 12,245 11,998 15,119 100.0% 100.0% 11.1%

Annual Growth Rate 21.4% (2.0%) 26.0%

Source: Dataguest {August 1990)
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Figure 7-6

Worldwide Capital Spending by Region
Regardless of Regional Company Base
1987-1989

Billions of Dollars
6

North America Europe
51 Japan ] row
4
34
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ol [wn

1987
Source: Dataquest (August 1990)

What Are the Demand Drivers for
Semiconductor Production Equipment?

Analysis of new fab capacity from Dataquest’s fab
database reveals that almost 90 percent of the new
fab capacity in 1992 will be submicron.

The majority of equipment demand is forecast to
be for upgrading manufacturing technology, which
equates to fine-line geometries (sub-1.5-micron),
particularly the 0.7- to 0.5-micron, 200mm wafer
fab capability required for 1Mb DRAMs and
beyond. Therefore, equipment segments that con-
tribute to such fab capabilities will be in higher
demand.

Regional Demand/Production Imbalances

The major suppliers of semiconductor production
equipment are identified in Table 7-6. As discussed
in the previous paragraphs, the regional base of
these suppliers has shifted substantially over the
period from 1980 to 1990. In 1989, the Japanese
took the lead in worldwide market share for all
wafer fab equipment for the first time in history,
capturing 46 percent of the market compared
with the United States’ 40 percent. However, the

1988 . 1989

situation is worse for US suppliers than it appears
for two reasons. First, the Japanese are becoming
increasingly dominant in their own market for
equipment. Their share of the 1989 Japanese
market for wafer fab equipment was 74 percent, up

Table 7-6

1989 Top 10 Wafer Fab Equipment Suppliers
(Millions of Dollars)

Rank Company Revenue
1 Nikon 681
2 Applied Materials 438
3 Tokyo Electron, Ltd. 293
4 Canon ' 252
5 General Signal 186
6 Hitachi 165
7 Varian 165
8 ASM Lithography 141
9 Anelva 140

10 Silicon Valley Group 127

Source: Dataguest (August 1990}



Chapter 7

Semiconductor Equipment and Materlals

7-19

from 67 percent in 1982. Correspondingly, the
US share of the Japanese market in 1989 was
16.2 percent, down from more than 30 percent in
1982. Joint venture companies held 7.9 percent of
the market. Second, in the technically critical
lithography segment of advanced stepper equip-
ment, Japanese suppliers achieved 76.6 percent of
the worldwide market while the US suppliers’ share
fell to 12.4 percent. This is a technology that was
innovated in the United States and at one point was
wholly owned by US companies. This also is a
technology that is critical to submicron device
geometries.

The concentration of market share among the top
companies that supply the semiconductor equip-
ment demand is shown in Table 7-7. The top

10 companies hold more than 52.0 percent of the
market, and the top 20 control more than
71.0 percent, Furthermore, Table 7-8 illustrates
the relative sizes of the wafer fab equipment
suppliers. The top 15 companies (11.6 percent of
all suppliers} are the only suppliers with revenue in
excess of $100 million. The 82.2 percent of the
companies, which total 106, have revenue below
$50 million. In fact, less than 25.0 percent of the
companies account for more than 80.0 percent of
wafer fab equipment sales.

Many of these small companies are in niche
markets and have opportunities for success and
growth. However, the large companies have a firm
lock on the bulk of the market. Three of the top
five companies are Japanese.

Table 7-7

Worldwide Revenue of Ranked Companies in Key Equipment Areas
(Millions of Dollars)

Companies 1989 Percentage of Subtotal
by Rank Revenue ($M) Fab Equipment
1-10 32,587 52.1%
11-20 974 19.6
21-30 505 10.2
31-129 904 18.2
Subtotal Wafer
Fab Equipment $4,970 100.0%
Total Market $5,887

Note: Columns may not add te totals shown becavse of rounding,
Source: Dataquest (August 1990}

Table 7-8

1988 Revenue Breakdown of Wafer Fab Equipment Companies
(Millions of Dollars)

Number Percent Cumulative

of Companies of Companies Percent
0to $5 39 30.2% 30.2%
$5 10 $10 22 17.1 47.3%
$10 o $25 34 26.4 73.6%
$25 to 350 11 8.5 82.2%
$50 to $100 8 6.2 88.4%
$100 to $200 11 8.5 96.9%
$200+ 4 3.1 100.0%

129 100.0%

Note: Columns may not add to totals shown because of rounding
Source: Datagquest (August 1990)
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Access to Capital

Concern exists that the ability for small companies
to access sufficient investment capital through the
US financial community is so limited that the most
successful and strategically positioned companies
become targets for acquisition by larger Japanese or
European companies. Such acquisitions set up
situations where innovative and creaiive entrepre-
neurs build a company around key new tech-
nologies only to stall out through failure of the
financial community to respond appropriately to
the strategic significance of the venture,

This situation allows foreign investors with more
strategic vision and more patient capital to *cherry-
pick”™ Keystone technologies for themselves with
litile of the entrepreneurial risk. By this means, the
independent, free-enterprise system of the United
States could become a low-cost “breeding ground”

for critical manufacturing technologies with which
the Japanese maintain their superior competi-
tiveness.

Continuation of these conditions all but guarantees
further erosion of key new semiconductor manu-
facwaring technologies to Japanese equipment
suppliers, adding to the staggering regional im-
balances that already exist. In the long term, such
conditions gradually will eliminate the independent
semiconductor producer within the United States.
Except for a few specialty areas such as 32-bit
microprocessors and the recent SEMATECH effort
where the United States has recognized the
problem and protected its long-term interests, this
loss of domestic semiconductor suppliers would,
over time, eliminate the United States as the
dominant force in computers, communications,
and industrial electronic equipment.
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Executive Summary and Conclusions

This chapter presents a summary of the key points
from the preceding chapters.

Overview

® In 1989, worldwide merchant semiconductor
industry revenue totaled $57.2 billion. This
represents a modest 12 percent growth over
1988 and a more than doubling of annual
revenue in just four years since the 1985
recession.

® The semiconductor industry is part of the
electronics industry, the infrastructure, which is
made up of a complex chain of buyers and
sellers working together to satisfy worldwide
demand for electronic products. This chain
consists of several tiers beginning with the
demand for electronic equipment, continuing to
semiconductor devices, and ending with the
demand for semiconductor equipment and
materials. Demand for various products flows
through the buyer/seller chain from one level to
the next, producing a cascading “waterfall of
demand.”

& Success of the $653.1 billion electronic equip-
ment industry and the $57.2 billion semicon-
ductor industry is dependent on the $18.0 bil-
lion semiconductor equipment industry.

Key Economic Points

e Electronic equipment represents nearly 7 per-
cent of the OECD members’ output of goods
and services. This amounts to $653 billion out
of $10 trillion, measured in US dollars.

e Of the three economic sectors—private business,
government, and consumer—demand for semi-
conductor devices is most influenced by private
business. Within private business, semicon-
ductor demand is influenced most by capital
spending.

® Since 1987, the global economy has been

expanding vigorously due primarily to capital
spending by businesses.

Worldwide economic growth is forecast to slow
over the next two years.

Semiconductor Demand Summary

® The following three electronic equipment

segments are the major contributors to semi-
conductor growth:

— Data processing
— Consumer equipment
— Communications

Major growth products have been personal
computers, worksiations, storage peripherals
terminals, personal printers, VCRs, and com-
pact disc players.

As Japanese and Asian economies surge, they
are consuming larger percentages of worldwide
electronic equipment; in 1989, they equaled the
European economy in size.

Electronic equipment growth products have the
following common attributes:

-- High semiconductor content
— High unit volume

— Large market (all of these products are
utilized by individuals and thus are ensured
of a large total available market)

Semiconductor demand is dependent on the
following:

— Equipment production growth worldwide

— Semiconductor pervasiveness has grown
from 7.3 percent in 1986 to 9.3 percent in
1989. Semiconductor pervasiveness is mea-
sured as the dollar content of semicon-
ductors as a percentage of the dollar value of
the finished equipment.
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& North America still is the dominant producer of

data processing, communications, and industrial
electronic products, but a clear trend has
emerged that indicates significant erosion in
market share for North American suppliers.

After a decline in the first quarter of the year,
worldwide semiconductor demand is forecast to
grow through the second half of 1990 as the
demand for electronic equipment increases.
Worldwide merchant semiconductor demand
growth for 1990 is forecast to be a negative
0.7 percent before growing 17.0 percent in
1991. The merchant market is expected to
reach $58.2 billion in 1989 and decline to
$57.9 billion in 1990.

Semiconductor Production
Summary

With more than 200 companies throughout the
world preducing semiconductor devices, the
Japanese have four out of the top five com-
panies, The top five semiconductor producers
are NEC, Toshiba, Hitachi, Motorola, and
Fujitsu, in that order.

Japanese and Asia/Pacific countries have be-
come the dominant forces in the semiconductor
industry,

The demand for semiconductors has shifted
dramatically over the last four years as indicated
in the following sentences:

— In 1984, the Japanese and Asia/ROW
regions represented $11 billion or only
38 percent of the 329 billion total, while
North America’s share was $13 billion, or
45 percent.

— As the North American share of electronic
production declined, the semiconductor
demand market share fell from 45.0 percent
in 1984 to 34.9 percent in 1989,

Semiconductor product oppoertunities for the
next few years are in the following areas:

— ASICs
— Specialty memories—FERRAMs
— Intelligent power systems

— Microcomponents

MOS memory revenue has become a significant
factor in measuring the health of the industry.
The price of DRAMSs can inflate or deflate the
overall industry sales volume, causing a
distorted view of growth or decline.

DRAM business is forecast to decline by
32 percent in 1990 and increase by 28 percent
in 1991, This DRAM decline will contribute to
a slowdown in the overall semiconductor
industry in 1990,

In 1989, MOS memory revenue composed
29 percent of the total merchant semiconductor
revenue of $57.2 billion.

Japanese and Korean producers have 73 per-
cent of the merchant MOS memory market.

MOS memory and microcomponents were the
growth areas in 1989,

The standalone semiconductor industry as it
exists in the United States is threatened by the
integrated industry as it exists in Japan. The
critical question for US merchant suppliers is:
Can US suppliers remain independent and
survive?

Another key question regarding the future of
the US semiconductor industry is: Can US
suppliers obtain the necessary funds to keep up
with Japanese investments?

Semiconductor Equipment and
Materials Summary

We expect semiconductor equipment demand
in 1989 and 1990 to be driven by the need for
new technology as fab lines come on-line with
line geometries of less than 1.5 micron.

Of all semiconductor materials, only two, silicon

~ and photoresist, have strategic significance.

Demand for semiconductor equipment is driven
by the following:

— Additional capacity—Producers need to

expand capacity.

— New technology—Producers need to increase
competitiveness through new manufacturing
technology.
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® Manufacturing technology focus is on fab lines
that have less than 1.5-micron geometries.

United States—Summary

Statements
¢ By 1992, aimost 60 percent of the square inches

of silicon consumed will have line geometries of @ The US electronics and semiconductor indus-

less than 1.5 micron.

The key technology demand drivers for manu-
facturing equipment is in the front-end (wafer
fab) process—related equipment that will do the
following:

— Produce fine-line geometries and provide
more functions per die

— Process larger wafers and yield more die per
wafer

— Minimize contamination and improve yields
(track systems)

X-ray lithography may well be the next critical
technology in the pursuit of submicron
geometries. Japan recognizes this and is making
significant investments.

Capital spending within semiconductor pro-
ducers is forecast to grow at an annual rate of
11.6 percent in 1989 and decline slightly in
1990, followed by a healthy demand beyond
1990 as device production expands in all
regions. The bulk of the decline in 1989 is
forecast to be from Japanese producers as their
capacity utilization falls off.

The top ten companies (10 percent of all
suppliers) are the only suppliers with revenue in
excess of $100 million. Sixty companies have
annual revenue below 350 million.

Adequate capital is not available within the
United States to fund new semiconductor equip-
ment technologies, which leaves an opening for
foreign investors to cherry-pick the best tech-
nologies. This will cause further elimination of
US-based independent suppliers and further
weakening of the US semiconductor industry.

tries are facing critical problems, described as
follows:

— First, the US market for semiconductors is
shrinking as a percentage of the worldwide
market because of the ercsion of market
share by US electronics companies.

— Second, Japanese and Asian semiconductor
companies continue to gain share within the
United States, while US semiconductor
producers are not gaining share in Japan or
other Asian countries.

The three primary causes for the dramatic shift
in the balance of economic power between the
United States and Japan are shown as follows:

— Many North American equipment producers
moved offshore.

— A shakeout of US suppliers occurred,

— The ¢hange in the exchange rate caused by
the devaluation of the dollar beginning in
1986 caused an inflated view of the Japanese
market share.

The United States now is at risk of becoming a
minor player in worldwide electronics market
during the last decade of the century.

Because nearly one-half of the world GNP is
contributed by the United States, the continued
health of the world economy depends on the
health of the United States.

The US economy is projected to have slower
growth beginning in late 1990 and lasting
through 1991.
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Directory of Semiconductor Suppliers

ACC Microelectronics

3333 Bowers Avenue, Suite 215
Santa Clara, CA 95054
408/980-0622

Actel Corporation

955 E. Arquez Avenue
Sunnyvale, CA 94086
408/839-1010

Acumos, Inc.

1531 Industrial Road
San Carlos, CA 94070
415/591-1488

Adaptec, Inc.

691 S. Milpitas Boulevard
Milpitas, CA 95035
408/945-8600

Advanced Hardware Architectures
P.O. Box 9669

Moscow, ID 84843
208/883-8000

Advanced Linear Devices, Inc.
1180 F. Mariloma Way
Sunnyvale, CA 94086
408/720-8737

Advanced Micro Devices, Inc.
901 Thompson Place

P.O. Box 3453

Sunnyvale, CA 94088
408/732-2400

Advanced Microelectronic Products, Inc.
North American Headquarters

1887 O’Toole Avenue, Suite C-111

San Jose, CA 95131

408/727-8880

Advanced Power Technology, Inc.
405 8.W. Columbia Street

Bend, OR 97702

503/382-8082

Altera Corporation

2610 Orchard Parkway
San Jose, CA 95134-2020
408/984-2800

ANADIGICS, Inc.
35 Technology Drive
Box 4915

Warren, NJ 07060
201/668-5000

Applied Micro Circuits Corporation
6195 Lusk Boulevard

San Diego, CA 92121
619/450-9333

Analog Devices, Incorporated
One Technology Way

P.O. Box 9106

Norwood, MA 02062-9106
617/461-3612

Asahi Kasei Microsystems Co., Ltd.
Imperial Tower 1-1

Uchisaiwai-cho 1-chome
Chiyoda-ku, Tokyo, JP

ASEA AB Head Office
§-721 83 Vasteras

Sweden
46 21 10 00 00

ASEA Brown Boveri
Box 520, 8-175 26
Jarfalla, Sweden
010 46 758 24500

A-1
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Aspen Semiconductors
58 Daggett Drive

San Jose, CA 95134
408/432-7050

AT&T Microelectronics
555 Union Boulevard
Allentown, PA 18103-9989
1-800-372-2447

Atmel Corporation
2125 O’Nel Drive
San Jose, CA 95131
408/441-0311

Austek Microsystems Pty. Ltd.
Technology Park, Adelaide
South Australia 5095, Australia
8/260-0155

Austria MikroSysteme International
Schloss Permstatten

8141 Unterpremastatten

Austria

010 43 31363666271

Bipolar Integrated Technology
1050 Northwest Compton Drive
Beaverton, OR 97006
503/629-5490

BKC International Electronics
6 Lake Street

P.O. Box 1436

Lawrence, MA 01841
508/681-0392

Brooktree Corporation
9950 Barnes Canyon Road
San Diego, CA 92121
619/452-7580

Burr-Brown Corporation

6730 South Tucson Boulevard
Tucson, AZ 85706
602/746-1111

California Micro Devices Corporation

215 Topaz Street
Milpitas, CA 95035-5430
408/263-3214

Calmos Systems, Inc.
20 Edgewater Street
Kanata, Ontario, Canada, K2L 1V8

Calogic Corporation
237 Whitney Place
Fremont, CA 94539
415/656-2900

Catalyst Semiconductor, Inc.
2231 Calle De Luna

Santa Ctara, CA 95054
408/748-7700

Celeritek, Inec.

617 River Qaks Parkway
San Jose, CA 95134
408/433-0335

Chartered Semiconductor Pte. Ltd.
3-lim Teck Kim Read

STC Building 10-02

Singapore 0208

Cherry Semiconductor Corporation
2000 South County Trail

East Greenwich, RI 02818
401/885-3600

Chips & Technologies, Inc.
3050 Zanker Road

San Jose, CA 95134
408/434-0600

Cirrus Logic, Inc,

1463 Centre Pointe Dr.
Milpitas, CA 95035
408/945-8300

Comlinear Corporation
4800 Wheaton Drive
Fort Collins, CO 803525
303/226-0500

Cree Research Inc.
2810 Meridian Parkway
Durham, NC 27713
919/361-5709

Crystal Semiconductor Corporation
4210 South Industrial Road

P.O. Box 17847

Austin, TX 78760

512/445-7222
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Custom Arrays Corporation
525 Del Rey Avenue
Sunnyvale, CA 94086
408/749-1166

Cypress Semiconductor Corporation
3901 North First Street

San Jose, Ca 95134-1599
408/943-2600

Daewoo Telecommunications Co., Ltd.
541 Namdaemun-ro 5-ga

Chung-gu, Seoul, Korea

02-771-35

Dallas Semiconductor Corporation
4350 Beltwood Parkway South
Dallas, TX 75224

214/450-0400

The DSP Group, Inc.

1900 Powell Street, Suite 120
Emeryville, CA 94608
415/655-7311

Edsun Laboratories
564 Main Street
Waltham, MA 021154
617/647-9300

Elantec, Inc.

1996 Tarcb Court
Milpitas, CA 95035
408/945-1323

Electronic Technology Corporation
ISU Research Park

2501 North Loop Drive

Ames, IA 50010-8284
515/293-7000

Ericsson

Telefonaktiebolaget LM Ericsson
$-126 25 Stockholm, Sweden
46 8 719 0000

Ericsson Components AB
IC Division

Isafjordsgaton 10-16, Kista
8-164 81 Stockholm
Sweden

010 46 8 757 4354

Electronics Research and Service Organization

(ERSO)

195-4-540, SEC. 4, Chung Hsing Road
Chu Tung, Hsin Chu

Taiwan

035-966100

European Silicon Structures
Industriestrasse 17

8034 Germering

West Germany

089/8 49 39 0

Exar Corporation
Corporate Headquarters
2222 Qume Drive

P.O. Box 49007

San Jose, CA 95161-9007
408/434-6400

EXEL Microelectronics Inc.
2150 Commerce Drive

San Jose, CA 95131
408/432-0500

Fagor Electrotecnica, 8. Coop.
P.O. Box 33

20500 Mondragon

Guipuzcoa, Spain

010 34 43 79 1011

Fuji Electric Co., Ltd.

Head Office

12-1 Yurakucho 1-chome, Chiyoda-ku
Tokyo 100 Japan

03-211-7111

Fuji Electric Co., Ltd.
Matsumoto Factory

2666 Tsukama

Matsumoto City, Prefecture 390
Japan

0263 25-7111
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Fujitsu Limited

6-1, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
03-216-3211

Gazelle Microcircuits, Inc.
2300 Owen Street

Santa Clara, CA 95054
408/982-0900

General Electric Company
3135 Easton Turnpike
Fairfield, CT 06531
518/438-6500

GE Solid State
Route 202
Somerville, NJ 08876
201/685-6426

General Instrument Corporation
767 Fifth Avenue

New York, NY 10153
212/207-6200

General Instrument

Power Semiconductor Division
600 West John Street
Hicksville, NY 11802
516/933-3000

GigaBit Logic, Inc.

1908 QOak Terrace Lane
Newbury Park. CA 91320
805/499-0610

Goldstar Semiconductor, Ltd.
20, Yoido-dong,
Youngdungpo-gu

Seoul 150-603, Korea

02 787-1114

Gould Inc.

10 Gould Center

Rolling Meadows, IL 60008
312/640-4000

Gould Semiconductor Division
3800 Homestead Road

Santa Clara, CA 95051
408/246-0330

GTE Corporation
One Stamford Forum
Stamford, CT 06904
203/965-2000

GTE Microcircuits
2000 W. 14th Street
Tempe, AZ 85281
602/921-6526

Harris Corporation

1025 W. NASA Boulevard
Melbourne, FL 32919
407/727-9100

Harris Semiconductor Sector
1301 Woody Burke Road
Melbourne, FL 32919
407/724-7000

Headland Technologies, Inc.
46335 Landing Parkway
Fremont, CA 94538
415/623-7857

Hecht-Nielson Neurocomputer Corporation

5501 Oberlin Dr.
San Diego, CA 92121
619/546-8877

Hewlett-Packard Company
3000 Hanover Street

Palo Alto, CA 94304
415/857-1501

Hitachi, Lid.

6, Kanda-Surugadai 4-chome,
Chiyoda-ku

Tokyo, 101-10

Japan

Holt Integrated Circuits, Inc.
9351 Jeronimo Road

Irvine, CA 92718
714/859-8800

Honeywell, Inc.
General Offices
Honeywell Plaza

P.O. Box 524
Minneapolis, MN 55408
612/870-5200
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Honeywell Solid State Electronics Division
1150 East Cheyenne Mountain Boulevard
Colorado Springs, CO 80906
303/576-3300

Hualon Micro-Electronics Corporation
9th Floor, #61, Chung Shan N.

Road Sec. 2

Taipei, Taiwan, R.Q.C.

Hughes Aircraft Company
Corporate Offices

P.O. Box 1042

El Segundo, CA 90245

Hughes Microelectronics Products Division
300 Superior Avenue

Newport Beach, CA 92663

714/548-0671

Hyundai Electronics Industries Co., Lid.
Semiconductor Operations

66, Tucksun-dong, Chongro-gu

Seoul, Korea

02 733-5555

IC Sensors, Inc.

1701 McCarthy Boulevard
Milpitas, CA 95035
408/432-1800

International Microelectronic Products
2830 North First Street

San Jose, CA 95134

408/432-9100

International Microcircuits Incorporated
3350 Scott Boulevard

Building 37

Santa Clara, CA 95054

408/727-2280

Inmos International, Plc.
Worldwide Headquarters

1000 Aztec West, Almondsbury
Bristol BS12 48Q

United Kingdom

011 44 454 616616

Inova Microelectronics Corporation
2220 Martin Avenue

Santa Clara, CA 95054
408/980-0730

Integrated CMOS Systems Inc.
440 Oakmead Parkway
Sunnyvale, CA 94086
408/735-1550

Integrated Device Technology, Inc.
3236 Scott Boulevard

P.O. Box 58015

Santa Clara, CA 95052-8015
408/727-6116

Integrated Information Technology, Inc.
2540 Mission Boulevard

Santa Clara, CA 95054

408/727-1885

Intel Corporation

3065 Bowers Avenue

Santa Clara, CA 95052-8131
408/987-8080

Intergraph Advanced Processor Division
2400 Geng Road

Palo Alto, CA 94303

415/494-8800

International CMOS Technology, Inc.
2125 Lundy Avenue

San Jose, CA 95131

408/434-0678

International Microelectronic Products
2830 North First Street

San Jose, CA 95134

408/432-9100

International Rectifier Corporation
233 Kansas Street

El Segundo, CA 90245
213/772-2000

Isocom Limited

Prospect Way

Park View Industrial Est.
Brenda Road

Hartlepool, Cleveland, England
0429/221-431
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ISSI

680 Almanor Avenue
Sunnyvale, CA 94086
408/733-4774

ITT Corporation

320 Park Avenue
New York, NY 10022
212/752-6000

ITT Semiconductors
500 Broadway
Lawrence, MA 01841
617/688-1881

IXYS Corporation
2355 Zanker Road
San Jose, CA 95131
408/435-1900

Korea Electronics Co., Ltd.
45 Namdaemun-ro 4-ga
Jung-gu, Seoul 100-094
Korea

02-757-5700

Lattice Semiconductor Corporation

555 N.E. Moore Court
Hillsboro, OR 97124
503/681-0118

Level One Communications Inc.

105 Lake Forest Way
Folsom, CA 95630
916/985-3670

Linear Integrated Systems Inc.
47853 Warm Springs Boulevard
Fremont, CA 94539
415/659-1015

Linear Technology Corporation
1630 McCarthy Boulevard
Milpitas, CA 95035-7487
408/432-1900

Logic Devices Inc.
628 E. Evelyn Avenue
Sunnyvale, CA 94086
408/720-8630

LSI Logic Corporation
1551 McCarthy Boulevard
Milpitas, CA 95035
408/433-8000

Marconi Electronic Devices Ltd.
Lincoln Industrial Park
Doddington Road

Lincoln

LNé6 3LF

United Kingdom

0522 500500

Matra-Harris Systems Semiconducteurs
38 Boulevard Paul Cezanne, BP 309
78054 Saint Quentin Yvelines, Cedex
France

010 33130607000

Matsushita Electric Industrial Co., Ltd.
1006 Kadoma, Kadoma City

Osaka 571

Japan

06-908-1121

Matsushita Electronics Corporation
1-1, Saiwai-cho, Takatsuki City
Osaka 569

Japan

0726-82-5521

Maxim Integrated Products, Inc.
120 San Gabriel Drive
Sunnyvale, CA 94086
408/737-7600

Micre Linear Corporation
2092 Concourse Drive
San Jose, CA 95131
408/433-5200

Micro Power Systems, Incorporated
3100 Alfred Street

Santa Clara, CA 95054
408/727-5350

Microchip Technology Inc.
2355 West Chandler Boulevard
Chandler, AZ 85224-6199
602/963-7373
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Micron Technology, Inc.
2805 East Columbia Road
Boise, ID 83706
208/283-4000

Microwave Technology, Inc.
4268 Solar Way

Fremont, CA 94538
415/651-6700

Mietec N.V.
Westerring 15
B-9700 Qudenaarde
Belgium
055-33-2211

Mitel Corporation
350 Legget Drive
P.O. Box 13089
Kanata, Ontario
Canada K2K 1X3
613/592-2122

Mitel Semiconductor
360 Legget Drive
P.O. Box 13320
Kanata, Ontario
Canada K2K 1X5
613/592-5630

Mitsubishi Electric Corporation

Mitsubishi Denki Bldg., 2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo, 100

Japan

(03) 218-2111

Mitsubishi Electric Corporation Semiconductor
Kita-Itami Works

4-1, Mizuhara Itami-City

Hoyga Prefecture

Japan

6640727-82-5131

Modular Semiconductor, Inc.
138 Kifer Court

Sunnyvale, CA 94086
408/733-5000

MOSel

914 W. Maude Avenue
Sunnyvale, CA 94080
408/733-4556

MOSPEC Semiconductor Corporation
76 Chung Shan Rd, Hsin Shin
Tainan, Taiwan R.O.C.

Motorola, Inc.
Corporate Offices
Motorola Center

1303 E. Algonquin Road
Schaumberg, IL 60196
312/397-5000

Motorola, Inc.
Semiconductor Products
3501 Ed Bluestein Boulevard
Austin, TX 78721
512/928-6000

Multichip Technology
58 Daggett Drive

San Jose, CA 95134
408/432-7000

National Semiconductor Corporation
2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090
408/721-5000

nCHIP, Inc.

1971 North Capitol Avenue
San Jose, CA 95132
408/945-9991

NCR Corporation

Corporate Headquarters

1700 South Patterson Boulevard
Dayton, OH 45479
513/445-5000

NEC Corporation
33-1, Shiba 5-chome
Minato-ku

Tokyo 108

Japan

(03) 454-1111
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NEC

Tamagawa Works
1753 Shimonumabe
Kawasaki-city
Kanagawa 211
Japan

044-433-1111

New Japan Radio Co., Ltd.
Mitsuya Toranomon Bldg.

1-22-14, Toranomon Minato-ku, Tokyo 105

Japan
(03) 502-2331

NMB Semiconductor Co., Lid.
1580 Yamamoto

Tateyama-shi

Chiba 294

Japan

0470-23-3121

NMB Semiconductor Corporation
9730 Independence Avenue
Chatsworth, CA 91311
818/341-3355

NS&I Logic, Inc.

259 Cedar Hill Road
Marlboro, MA 01752
508/430-0717

NovaSensor

1055 Mission Cowurt
Fremont, CA 94539
415/490-9100

Qak Technology, Inc.
139 Kifer Court
Sunnyvale, CA 94086
408/737-0888

Qki Electric Industry Company, Ltd.
7-12, Toranomon 1-chome, Minato-ku
Tokyo 105

Japan

(03) 501-3111

Oki

Hachioji Works

550-1, Higashiasaka-cho
Hachioji-city, Tokyo 664
Japan

(0426) 62-1111

Orbit Semiconductor, Inc.
1230 Bordeaux Drive
Sunnyvale, CA 94086
408/744-1800

Pacific Monolithics, Inc.
245 Santa Ana Court
Sunnyvale, CA 94086
408/732-8000

Paradigm Technology
71 Vista Montana
San Jose, CA 95134
408/954-0500

N.V. Philips Gloeilampenfabrieken
Groenewoudseweg 1

5621 Ba Eindhoven

The Netherlands

N.V. Philips BV

Components Divison, Building BA
MD Eindhoven

The Netherlands

010 31 40 723074

Performance Semiconductor Corporation
610 East Weddell Drive

Sunnyvale, CA 94089

408/734-8200

Plessey Semiconductors Ltd.
Cheney Manor, Swindon,
Wiltshire SN2 2QW

United Kingdom

(0793) 518000

Plus Logic

1255 Parkmoor Avenue
San Jose, CA 95126
408/293-7587

PLX Technology Corporation
625 Clyde Avenue

Mountain View, CA 94043
415/960-0448
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Power Integrations, Inc.
411 Clyde Avenue
Mountain View, CA 94043
418/960-3572

Powerex, Inc.

Hillis Street
Youngwood, PA 15697
412/925-4393

Precision Monolithics Inc.
1500 Space Park Dr.

P.O. Box 58020

Santa Clara, CA 95052-8020
408/727-9222

Quality Technologies

3400 Hillview Avenue
Palo Alto, CA 94304
415/493-0400

Ramax Limited

39th Floor State Bank Centre
385 Bourke Street
Melbourne 3000 Australia
03/670-4371

Ramtron Corporation

1873 Austin Bluffs Parkway
Colorado Springs, CO 80918
719/594-4455

Raytheon Company
141 Spring Street
Lexington, MA 02173
617/862-6600

Raytheon Company Semiconductor Division
350 Ellis Street

Mountain View, CA 94039

415/968-9211

Ricoh Company, Ltd.

15-5, Minami-Aoyama 1-chome
Minato-ku, Tokyo 107

Japan

(03) 479-3111

Ricoh Company, Ltd.
Electronic Devices Group
Ikeda Works

12-1 Himemuro-cho
Ikeda Osaka, 563

Japan

(0727 53-1111

Rockwell International Corporation
600 Grant Street

Pittsburgh, PA 15219
412/565-2900

Rockwell Semiconductor Products Division
4311 Jamboree Road

P.O. Box C

MS 501-300

Newport Beach, CA 92658-8902
714/833-4600

Rohm Co., Ltd.

21, Saiin Mizosaki-cho
Ukyo-ku, Koyoto 615
Japan

(075) 311-2121

§3, Inc.

2933 Bunker Hill Lane, Suite 100
Santa Clara, CA 95054
408/986-8144

Samsung Semiconductor and Telecommunications
Co., Inc. (SST)

250 Taepyung-ro 2-pa

Jung-gu, Seoul 100

Korea

02-751-2114

Sanken Flectric Company, Ltd.
3-6-3, Kitano

Niiza-city, Saitama-352

Japan

Sanyo Electric Co., Ltd.

18, Keihan-Hendori 2-chome
Moriguichi, Osaka 570
Japan

(06) 991-1181
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Sanyo Electric Co., Ltd.
Semiconductor Business Headquarters
180, Sakata Qiaumi-Madri

Ora-Gun, Gunma

Japan

(0276) 63-8058

Seattle Silicon

3075 112th Avenue NE
Bellevue, WA 98004
206/828-4422

SEEQ Technology, Incorporated
1849 Fortune Drive

San Jose, CA 95131
408/432-7400

Seiko Epson Corporation
Corporate Headquarters
3-5, 3-chome, Owa,
Suwa-shi, Nagano-ken 392
Japan

0266-52-3131

Seiko Epson Corporation
Semiconductor Operation Division
281 Fujimi, Fujimi-machi
Suwa-gun, Nagano-ken 399-02
Japan

0266-62-5380

Semikron Internaticnal GmbH D & Co. KG
Sigmund-Strasse 200

8500 Nurnberg 82

West Germany

010 49 911 65591

Sensym, Inc.

1255 Reamwood Avenue
Sunnyvale, CA 94089
408/744-1500

8GS-Thomson Microelectronics
7 avenue Gaillieni

94253 Gentilly Cedex

France

010 331 47 40 7575

Sharp Corporation
22-22 Nagaike-cho
Abeno-ku, Osaka 545
Japan

{06) 621-1221

Siemens AG
Semiconductor Division
Balanstrasse 73
D-8000 Munich 80
West Germany

010 49 89 4144 3786

Sierra Semiconductor Corporation
2075 North Capito! Avenue

San Jose, CA 95132
408/263-93200

Silicon General, Inc.

85 West Tasman Drive
San Jose, CA 95134-1703
408/943-9403

Silicon General Semiconductors
11861 Western Avenue
Garden Grove, CA
714/989-8121

Silicon Systems, Inc.
14351 Myford Road
Tustin, CA 92680
T14/731-7110

Siliconix Incorporated
P.O. Box 54951

2201 Laurelwood Road
Santa Clara, CA 95054
408/988-8000

SIMTEK Corporation

1465 Kelly Johnson Blvd, Suite 301
Colorado Springs, CO 80902
719/531-9444

Solitron Devices, Inc.
Semiconductor Group

1177 Blue Heron Boulevard
Riviera Beach, FL 33404
305/848-4311
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Sony Corporation

7-35 Kitashinagawa 6-chome
Shinagawa-ku, Tokyo 141
Japan

(03) 448-2111

Sony Semiconductor Group
1-14-1 Asahi-cho
Atsugi-shi

Kanagawa 243

Japan

Sprague Technologies, Inc.
4 Stamford Forum
Stamford, CT 06901
203/964-8600

Sprague Electric Company
Semiconductor Group
3900 Welsh Road

Willow Grove, PA 19090
215/657-8400

Standard Microsystems Corporation
35 Marcus Boulevard

Hauppauge, NY 11788
516/273-3100

STC Componemnts Limited
Semiconductor Division
Maidstone Road

Sidcup, Kent

DA 14 5HT United Kingdom
01 300 3333

Storage Technology Corporation
2270 South 88th Street
Louisville, CO 80028-0001
303/673-5151

Supertex, Inc.

1225 Bordeaux Drive

P.O. Box 3607

Sunnyvale, CA 94088-3607
408/744-0100

Synergy Semiconductor Corporation
3450 Central Expressway

Santa Clara, CA 95051
408/730-1313

TAG Semiconductors
Hohlstrasse 608/610
8048 Zurich
Switzerland

010 411 625611

Taiwan Semiconductor Manufacturing Co., Ltd.

1F No. 9, Industrial E. 4th Road
Science-Based Industrial Park
Hsinchu, Taiwan, ROC

Teledyne, Inc.

1901 Avenue of the Stars
Los Angeles, CA 90067
213/277-3311

Teledyne Semiconductor
1300 Terra Bella Avenue
Mountain View, CA 94039
415/968-9241

Telefunken Electronic GmbH
Theresienstrasse 2

D-1700 Heilbronn

West Germany

010 49 7131 672382

Texas Instruments, Incorporated
Corporate Offices

P.O. Box 655474

13500 N. Central Expressway
Dallas, TX 75265

214/995-2551

Three-Five Systems, Inc.
10230 S. 50th Place
Phoenix, AZ 95044
602/496-0035

Togai Infralogic Inc.

30 Corporation Park, Suite 315
Irvine, CA 92714
714/976-8522
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Topaz Semiconductor Inc.
1971 North Capitol Avenue
San Jose, CA 95132-3799
408/642-9100

Toshiba Corporation
1-1 Shibaura 1-chome
Minato-Ku, Tokyo 105
Japan

03-457-4511

Toshiba Corporation Semiconductor
Toshiba Semiconductor Operations
Tamagawa Plant
Komukai-Toshiba-cho 1

Saiwai-ku, Kawasaki City

Kanagawa 210

Japan

44-511-3111

Transwitch

8 Progress Drive
Shelton, CT 06484
203/929-8810

TriQuint Semiconductor, Inc.
Group 700

P.O. Box 4935

Beaverton, OR 97076
503/644-3535

TRW Inc.

1900 Richmond Road
Cileveland, OH 44124
216/291-7000

TRW LSI Products, Inc.
P.0O. Box 2472

La Jolla, CA 92038
619/457-1000

United Microelectronics Corporation

No. 3 Industrial East Third Road
Science-Based Industrial Park, Hsinchu City
Taipei

Taiwan

(035) 773131

United Silicon Structures
1971 Concourse Drive
San Jose, CA
408/435-1366

Unitrode Corporation
Five Forbes Road
Lexington, MA 02173
617/861-6540

Unitrode Integrated Circuits
7 Continental Boulevard
Merrimack, NH 03054
603/424-2410

Universal Semiconductor Inc.
1925 Zanker Road

San Jose, CA 95112
408/436-1906

Vadem

1885 Lundy Avenue
San Jose, CA 95131
408/943-9301

Varo Quality Semiconductor, Inc.
1000 North Shiloh Road

P.O. Box 469013

Garland, TX 75046-9013
214/487-4300

VIA Technologies, Inc.
4160 B Technology Drive
Fremont, CA 94538
415/651-3796

Vitelic Corporation
3910 North First Street
San Jose, CA 95134
408/433-6000

Vitesse Semiconductor Corporation
741 Calle Plano

Camarille, CA 93010
805/388-3700

VLSI Technology, Inc.
1109 McKay Drive
San Jose, CA 95131
408/434-3000

VTC Incorporated

2401 East 86th Street
Bloomington, MN 55425-2702
612/851-5200



Directory of Semlconductor Suppliers A-13

WaferScale Integration, Inc.
47280 Kato Road

Fremont, CA 94538
415/656-5400

Weitek Corporation

1060 East Arques Avenue
Sunnyvale, CA 94086
408/738-8400

Western Digital Corporation
2445 McCabe Way

Irvine, CA 92714
714/863-0102

Wolfson Microelectronics Ltd.
Lutton Court

20 Bernard Terrace
Edinburgh, EH§ 9NX Scotland

Xicor, Inc.

851 Buckeye Court
Milpitas, CA 95035
408/432-8888

Xilinx Incorporated
2069 Hamilton Avenue
San Jose, CA 95125
408/559-7778

XTAR Corporation

9915 Business Park Avenue, Suite C
San Diego, CA 92131
619/271-44490

Yamaha Corporation

203 Matsunokijima

Toyooka-mura 1 wata-gun Sizuoka-ken 438-01
Japan

053962-3125

Zilog Inc.

210 Hacienda Avenue
Campbell, CA 95008
408/370-8000

Zoran Corporation

3450 Central Expressway
Santa Clara, CA 94051
408/720-0444

ZyMOS Corporation

477 North Mathilda Avenue
Sunnyvale, CA 94086
408/730-8800




f3 :
m acﬁmpan%'}?ads[mcorpommn )

Daraque.w Rqst’an.h and Sales O_{frcer e

Data(mest

Dalaquest !‘ncnrpomted

~ 1290 Ridder Park Drive - .
=San Jose, California 95131-2398
“ Phone: N-UB) 437.8000. »
CTelek: 17973 L -

“Fax: (408) 437-0292
Technology Products Group:
Phi)m." wﬂO) 62»1 3280 - '

Dataquest lncorporated

]

- Invitational Computgr Confémnceﬁ l)msmn

3151 Alrway Ayenue, C-2 -

| Cm.u:. Mesa, C':illﬁ.rtma Y2626

Phom l'.-'l-l] 957- {ll?l
Telex: SI01002489 ICCDQ
- Faxs (714) 9‘3?()9”3 g .

Dmaqnest lnmrporated
Ledgeway Group -

‘430 Bedford Sm:u

Sullﬂ 340, - U

-Lexington, ' MA. mm sy 1R

-+ Phone: (617) 862-8500°
Fax: (6179 8628207

' Dataquest Australia

- Saite |, Cenury Plazu-

-’80 Berry Street
. North 'decy NSW 2060

-

Au»lmll.l ATE

Phone: (02) 959 4544
Téex: 25468 ° .
CFax: 102y 929 0635 .

. Dataguest Boston' +

1740 Massachusetts Ave. .
meumngﬁ MA 017192200
* Phope: :5(18; b .mz
- Telex: l?\'-ﬂ}
*“Fax: (508) b35:0183-

._Datagyest GmbH
Kmﬂslddler Strasse 9 ¢
amouummau e
Wikt Germany - :

#

Phone: 49 89 930- "Uﬂf (T:rfl’;lpu,ruryl

Fax; -19 "9 93[) 'i"??

Da!aqucst Eiiro lelled
" Rousset, Hoige,

England  ~ -~

Phone: us9‘5=335050

. Telex: l{}bl‘}o" G e e
Fax: 0895 83526012 -

" Dataquest Eumpc SA

. Tour Galliehi 2

36, Avenue du Geénerdl de (\aullc.
93175 Bagnolet Ccdcx

France © ° . 23
Phone: (1) 48.97 31 (XJ

Telex: 233 263 ..

Fﬂx' (I} 4897 34 Ul!

foadwater-Patk oo ¥
Denkiam, Usbridge. Mrddk UBY SHP o

o

5 S .

5

Dmaquesl Hong Kong -

R 401 (.unmughl Ccmm Bldg,
185. WumhaLRLl - o
Wanchai;. Hong Kong

‘Phone: 8387336

- Telex: 80587

F.Uh 5722375 . _

Da'raqucst hrael ;
59 Mishmar Ha' )nn.lcn Street

-Tel Anv Isracl 69865

_PO Bo- 18198

Tel Avi, Israel
Phone! 52 9|39_1?-

C Telex: 34N T

Tokyo. 104 Japan *_ .

Fax: 52 32863

Dataguest Japan Limited -
Shinkawa Sanke, Building .
[-3-17 Shinkawa. Chuo- kq
Phone: (03) 5566-0411 >
Fax: (03 §566—{H"5

-Da!aqul.st Korea

Dicheung Bldg.. Room. 303 -

- hdB8-2]3 K-uk.s,:m-durtg

© Kingham-gu”

- Fax:. 4563129 do- =

" Fax: mm;ﬁmm

‘Seoul, l\umﬂ a5
Phone: (02) 552- 2332
Fax: 102) 552-266! :

Dataqucst Singapore

4002 Ang Mo Kio [ndusteral Purk |
* Aver 10, - -
- Smg;:wre 2056
. Phone? -HUTIBI

310 10 #0312

Telex: 3257,

Dataquesi Taiwan

Room KU].THI.I%: Floor

Ever Spring ‘Building :
147. Sect.*2. Chien Kue N. Rd.

TﬂlpL.L.. Taivan. ROC 04
‘ Phone! (02) SUIT‘X\U :
o eleke- 21459

) ) Fax (02) ‘iﬂi—‘iZbS

" Dataquest West C:errnany
*In der Schneithohl 17
© 6242 Kronberz 2”7

West- Germany.
* Phone: 06173/61685

Telex: 418O8Y,

Qamqucst Incurporaled. B?‘)D
C 007360 -

sl



-~ Demiconductor Industr i T S

\ L . A
=%
.
L4 %, Y - i
. »
< . .
» .,
r
. s §
' .
e - . i o L 3 - - T -
» : - - . . u
. 3 3 & 1 . ‘ F Y. - .
1 - Wi o =% = 2 - T s Yo ; by ¥
- b T -~ A
- By .
= v - . . x
e = E " i o . - - ' . - >
% 3 ) SRCTI 5 g, ! :
. B A - 3 " - ae i * K P .
- s - - . < x " * ! -
P 4 . ; Py i v o, - : - K
: - i . .
- . 1 . 1
- P o a - P ‘ g ik ¥ " K
- T Nk - . ) . . b - ' . .
X L = P P L Al 1l > L d T A . . bt
b . 3 | ~ > - . - ” " J -
| -~ = . . e, .t ¥ i \ * 2 fl
2 F T : R ‘ " .
- L) i - -, | - ~
. o ' 3 -’ . ' 4, . : H
. 4 3 i = " S . i .
e . ‘e E e . . - wid N . . L i o . :
- . - « ' oo - 2 4. s 3 . ¥ ks r



Dataquest

%wma’s?imm

Semiconductor Industry Insights:

Silicon to Systems

A Strategic Analysis Report



Published by Dataguest Incorporated

The content of this report represents our interpretation and analysis of informnation generally available to the
public or released by knowledgeable individuals in the subject industry, but is not guarantced as to accuracy or
completeness, It does not contain material provided to us in confidence by our clients,

Printed in the United States of America. All rights reserved. No part of this publication may be reproduced,
stored in retrieval systems, or transmitted, in any form or by any means—mechanical, electronic, photocopying,
duplicating, microfilming, videotape, or otherwise—without the prior written permission of the publisher,

© 1990 Dataguest Incorporated
August 1990



Table of Contents

Page
Preface
About Dataquest .. ............. .. n,
Dataquest’s Database .................. 1
1. Introduction
Organization of this Report ............... 1-2
Chapters Follow the Waterfall .......... 1-2
Terminology and Definitions .............. 1-3
Dataquest Industry Classifications .......... 1-3
Semiconductor Consumer Application
Market Segments ............. 1-3
Semiconductor Product Classifications ...... 1-4
2. Critical Points in Understanding the
Semiconductor Industry’s Future
Historical Perspective: Events Leading
to 1990 ... ... 2-1
United States Launches the
Semiconductor Industry ........ 2-1
Industry Expands to Worldwide
Infrastructure ................ 2-1
United States' Position in the
Infrastructure Begins to Erode ... 2-1
Japan and Asia/Pacific Countries Begin
to Dominate ................. 2-2
US Electronics Industry Faces a
Critical Problem .............. 2-2
Electronics Industry Infrasiructure: The
Waterfall of Demand .......... 2-3
The Waterfall Headwaters:
Capital Spending .. ............ 2-4
Capital Spending Drives Electronic
Equipment ................... 2-4
Electronic Equipment Drives
Semiconductor Demand ........ 2-4
Semiconductor Production Drives
Semiconductor Equipment . ... .. 2-4
Technology Flows Upstream ............ 2-4
Semiconductor Equipment Forms
the Base ...........c00uuun.s 2-5
SUIMIMATY . . ittt int vt r i anaararrarnanns 2-5

3. General Industry Climate 1989—The Year
in Review

1989-1990: Off of the Escalator and into
the Trough .................. 341
Economic Growth Eases ............... 3-2

Electronic Equipment Slowdown ........
1989 Forecast and Qutcome ...........
1989 US Book-to-Bill Analysis .........

Product Summaries ........ ..o,

Analog ICs ... . i s
ASICS .o i e s
Memory Products . ..........coovhuas
Micrcomponents ... ... i,

Key Industry Events and Issues ...........

U.S. Memories . .. .. vevivveviveennrnnas
SEMATECH .........ciinieinnnnn.
Litigation .. ......c.cv i ins,
International Trade .................
Alliances ... oo v iii i it e
Mergers and Acquisitions ............

Semiconductor Megatrends in the 1990s . ..

Economic Power Will Displace

Military Power ..............
Closeness with Customers Will Be

an Imperative ..............,
Electronics Will Pervade All Aspects

of Society .......... ... ...,
Technological Obsolescences Will

Increase ........ccveviueuns
Consolidation and Retrenchment Will

Become the Norm ...........
Southeast Asian Growth Will Lead

the Decade ........... ...\,
The Industry’s Capital Intensity Will

L€ oV
Partnerships Will Become Standard

Business Practice ............
Software Will Be the King of the "90s ..
Japan Will Have Peaked in Growth;

the United States Will Have

Bottomed OQut ..............

. Electronic Equipment Segment of

the Economy

Introdaction ......ooviviiinii ..
Electronic Equipment Demand ............

Background
Equipment Market Segmemts ..........
Market Segment Growth ..............
Demand Sources .....vvvveivnensanns
Regional Equipment Demand ..........
Electronic Equipment Demand
Forecast—1990 and 1991 .....,
Two Strategic Issues Reparding the
Demand Forecast .............

3-10
3-13
3-14
3-16
3-16

3-17

3-17

4-1
4-2
4-2
4-2
4-3
4-4
4-6

4-7

iii



Table of Contents (Continued)

Page

Electronic Equipment Production ......... 4-10

Background .............cihiaan., 4-10
Where Is Electronic Equipment

Produced Today? ............ 4-12
Electronic Equipment Production

Forecast—1990 and 1991 ...... 4-14
Three Strategic Issues Regarding

Equipment Production ........ 4-14

5. Semiconductor Demand
Background . ............ .. i, 5-2
Reasons for Sustained Growth—

1985 through 1989 ............ 5-2
Semiconductor Producers .............. 5-2
Semiconductor Demand Sources ........ 53

MOS Memory .......... ... iuivunnnnn 5-7
The “Swing Vote” in the Semiconductor
Industry . ..o vviniiicinnienans 5-7
Semiconductor Demand Forecast—
1990 and 1991 ............... 5-8

Worldwide Semiconductor Demand

Forecast by Product—

1990 and 1991 ............. 5-10
Worldwide Semiconductor Demand

Forecast by Region—

1990 and 1991 .............. 5-10
North American Demand Forecast—
1990 and 1991 .............. 5-10
Four Strategic Issues ................... 5-11
What Are the Semiconductor
Demand Drivers? ............ 5-11

What Caused the Regional Shift in

Worldwide Semiconductor

Demand from 1984

through 19897 ............... 5-12
What Is the Impact of Regional Economic

Conditions on Semiconductor

Demand for 1990 and 19917 .. 5-13
What Are Price and Availability for

Critical Devices? ............. 5-15

6. Semiconductor Production

Background . ....... ..ottt 6-1
Key Characteristics of Semiconductor
Manufacturing . .......... ... .. 6-1
The Japanese Example:
The Advantage of Integrated
Producers over Independent
Producers .........cevveneene. 6-5

iv

Can US Standalone Semiconductor
Producers Survive? ........... 6-5
Where Are Semiconductors Produced? .. 6-6
Semiconductor Production Forecast—

1990 and 1991 ............. 6-14
Repional Companies’ Semiconductor
Forecast—1990 and 1991 ..... 6-14

Regional Production Regardless of
Manufacturers’ Home Base—
1989 through 1992 .......... 6-15
Four Strategic Issues Regarding the
Semiconductor Production

Forecast ..........covununn. 6-15
Impact of Regional Imbalances ........ 6-15
Opportunities for Semiconductor

Producers .........coovuun s 6-17
Capital Spending and Access to

Capital Funds . .............. 6-18
Avoidance of Government Intervention

in Free Trade .............. 6-19

7. Semiconductor Equipment and Materials

Background—Semiconductor Equipment

and Materials ................ 7-2
Key Semiconductor Materials . ............ 7-2
Silicon .......ouiiiiiiiii i e 7-2
Photoresist ...........0eeiineinnnnan 7-3
Semiconductor Gases . ....... 00l 7-5
Background—=Semiconductor Equipment .... 7-6
Semiconductor Manufacturing Equipment—
Product Overview .. ........... 7-7
Lithography .......... .. vviiviinns 7-17
Automatic Photoresist Processing
Equipment ...........c.ouiu.. 7-9
Ecchand Clean ..............cc0vut. 7-9
Deposition .........oiiiviiiiiiiannas 7-9
Diffusion Furnaces .................. 7-10
Rapid Thermal Processing ............ 7-10
Ion Implantation ...........c. .00, 7-11
Critical Dimension/Wafer Inspection ... 7-11
Sources of Semiconductor Equipment
Pemand .........ccc0ivane, 7-11
Advanced Manufacturing Technology
Increases Competitiveness ... .. 7-11
Capacity Utilization Drives Capacity
Expansion .................. 7-12



Table of Contents (Continued)

Page
Regional Demand History 1984 to 1989 ... 7-14
Semiconductor Equipment Demand
Forecast 1990 to 1991 ........ 7-15
Strategic Issues Regarding the Equipment
Demand Forecast ............ 7-15
Impact of Regional Economy on
the Forecast ..........0004..4 7-15
What Are the Demand Drivers for
Semiconductor Production
Equipment? ................. 7-18
Regional Demand/Production
Imbalances ................. 7-18
Access to Capital ......... ... ... 0. 7-20
List of Tables
Table Page

3-1 Annual and Forecast GNP Growth
for Selected Nations—
1988-1990 (Percent Change
from Previous Year) ........... 3-2
3-2 SEMATECH External Development
Contracts—May 1989 to

April 1990 . ... ..ol 3-11
3-3  Litigation: 1989-1990 ............. 3-12
3-4  Alliances: 1989-1990 .............. 3-15
3-5  Mergers and Acquisitions:

1989-1990 ... ... ... ... ..., 3-16

4-1 Growing North American Application

Markets—1989-1993

(Millions of Dollars) ........... 4-9
4-2 Declining North American Application

Markets—1989-1993

{(Millions of Dollars) .......... 4-10
4-3  North American Electronic

Equipment Production

History and Forecast—

1989-1991

(Millions of Dollars) .......... 4-18
4-4 Worldwide Semiconductor Consumption

and Consumption Share by

Region—1989-1991 (Billions of

Dollars and Percent Share) .... 4-19
5-1 Worldwide Electronic Equipment

and Semiconductor Demand—

1986-1989 . ...... it 5-3

Page

8. Executive Summary and Conclusions
OVEIVIEW ...ttt ittt nnnnsnranenss 8-1
Key Economic Points ................... 8-1
Semiconductor Demand Summary ......... 8-1
Semiconductor Production Summary ....... 8-2
Semiconductor Equipment and Materials

Summary ............0eiiennn 8-2
United States—Summary Statements ....... 8-3
Appendix A
Directory of Semiconductor Suppliers ..... A-1
Table Page

5-2  Worldwide Semiconductor

Consumption—1988-1989

(Millions of Dollars) .......... 5-6
5-3 Top Ten Demand Growth

Semiconductor Products

1989 over 1988 .............. 5-7
5-4 Regional Semiconductor

Consumption—1988-1989

(Millions of Dollars) .......... 5-8
5-5 Worldwide Semiconductor

Consumption by Product—

1989-1991

{Millions of Dollars} ........ 5-10
5-6 Regional Semiconductor

Consumption—1989-1991

(Millions of Dollars) ......... 5-11
5-7 North American Semiconductor

Consumption—1989-1991

(Millions of Dollars} ......... 5-11
6-1 Top Ten Worldwide Semiconductor
Manufacturers for 1989 ....... 6-6

6-2 1989 Worldwide Semiconductor Market
Share Ranking
Total Integrated Circuit
(Millions of Dollars) .......... 6-8
6-3 1989 Worldwide Semiconductor Market
Share Ranking
Total Bipolar Digital
(Millions of Dollars} .......... 6-9



List of Tables (Continued)
Table Page

6-4 1989 Worldwide Semiconductor Market

Share Ranking

Total MOS Digital

(Millions of Dollars) . .......... 6-9
6-5 1989 Worldwide S$Semiconductor Market

Share Ranking

MOS Memory

{Millions of Dellars) .......... 6-10
6-6 1989 Worldwide Semiconductor Market

Share Ranking

Total Analog Integrated Circuits

(Millions of Dollars) .......... 6-10
6-7 1989 Worldwide Semiconductor Market

Share Ranking

Discrete

(Millions of Dollars) .......... 6-11
6-8 1989 Worldwide Semiconductor Market

Share Ranking

Optoelectronic

(Millions of Dollars} ,......... 6-11
6-9 US Producers' Market Share—

1980 and 1987 . ............. 6-12
6-10 US Producers’ Market Share—

1987 and 1989 .............. 6-13

6-11 Worldwide Semiconductor

Consumption by Region and

Regional Company Share of

Production—1988-1989

{(Millions of Dollars) .......... 6-13
6-12 Worldwide Semiconductor

Production Forecast

Regional Company Share—

1989-1991

(Millions of Dollars) .......... 6-15

List of Figures

Figure Page
i Dataquest’s Semiconductor Industry
Services .. ..ot 2
1-1  Waterfall of Demand ............... 1-1
1-2  Reader Perspectives ................ 1-2
1-3  Semiconductor Product Classifications . 1-4
2-1  US and Japanese Market Shares ..... 2-2
2-2  Waterfall of Demand with Technology
Flowing Upstream ............. 2-3
2-3 Base of the Waterfall . . ............. 2-6

Table Page

6-13 Worldwide Semiconductor

Production by Region ........ 6-16
6-14 Regional Imbalances in Electronic

Equipment Demand

and Production—19886,

1989, 199, .. ..., ... ..., 6-17
6-15 Worldwide Semiconductor

Production Regional Capital

Spending—1988-1990

(Millions of Dollars) ......... 6-19
7-1  Recent Acquisitions in the Silicon
Wafer Industry ............... 7-4

7-2 1989 Worldwide Wafer Fab

Equipment Demand

(Millions of Dollars) ......... 7-12
7-3  Worldwide Electronic Equipment

and Semiconductor

Consumption 1988-1989

(Includes Captive Suppliers) ... 7-13
7-4  Worldwide Wafer Fab Equipment

Forecast (Millions of Dollars) .. 7-16
7-5 Regional Capital Spending 1989-1991

(Includes Captive Production

Capital Spending) ........... 7-17
7-6 1989 Top 10 Wafer Fab Equipment

Suppliers (Millions of Dollars) . 7-18
7-7  Worldwide Revenue of Ranked

Companies in Key Equipment .

Areas (Millions of Dollars) .... 7-19
7-8 1983 Revenue Breakdown of Wafer

Fab Equipment Companies

(Millions of Dollars) ......... 7-19

Figure Page

3-1 Quarterly Semiconductor
Industry Growth Rates

1989-1990 .................. 3-1
3-2 Computers and Office Equipment

Rate of Change 1988-1990..... 3-3
3-3  Semiconductor Production

Growth by Region—1989 ....... 3-4
3-4 US Semiconductor Book~to-Bill

Ratio 1989-1990 ............. 3-3



List of Figures (Continued)
Figure
4-1 Worldwide Electronic Equipment
Demand versus Capital and
Consumer Spending
1989-1991 Annual Growth
Worldwide Electronic Equipment
Market Growth by Application
Market Segment—1987-1989 ..,
Worldwide Electronic Equipment
Production Share by
Application Market Segment—
1987 and 1989
Worldwide Electronic Equipment
Demand and Capital Spending
by Application Market--
1989-1991
Worldwide Electronic Equipment
Demand by Application
Market—1989-1991
Actual and Forecast Worldwide
and Regional Consumer
Spending—1986-1991.........
Worldwide and Regional Capital
Spending—1986-1991 .........
Worldwide Electronic Equipment
Demand and Consumer
and Capital Spending Annual
Growth—1989-1991
Worldwide Electronic Equipment
Demand Share Estimate and
Forecast by Application
Market Share—
1989 and 1991
Waterfall of Demand ..............
Regional Shares of Worldwide
Electronics Production—
1987 and 1989
Regional Shares of Worldwide
Electronic Equipment
Production—1989-1991
Growth Trends for Application
Sepments—Worldwide .........
Growth Trends for Application
Segments—North America
Growth Trends for Application
Segments—Japan .............
Growth Trends for Application
Segments- ‘Europe .. ..........
Electronic Equipment Growth
Trends—Asia/ROW .. .........

e

4-2

..............

4-4

.................

4-5

..........

4-10
4-11

4-12

.......

Page

. 4-3

Figure

5-3

5-4

6-2

6-3

6-4

7-3

7-4

7-6

Waterfall of Demand
Worldwide Capital Spending,
Electronic Equipment Production,
and Semiconductor Demand
Growth Rates—1970-1989 ......
Worldwide Electronic Equipment
Market Growth by Application
Market Segment—1987-1989 ... 5-4
Worldwide Semiconductor Demand
by Market Segment—
1987-1989
Estimated Changes in Economic,
Electronic Equipment Production,
and Semiconductor Consumption
Growth—1989-1991
Growth Trends for Applications
Segments—Worldwide
Worldwide Semiconductor
Market Share
Top 10 Companies—1987-1989
(Billions of Dollars)
1989 Worldwide Semiconductor
Market Share
Concentration of Revenue .. ...,
Worldwide Semiconductor Market
Shares by Company Base
Worldwide Semiconductor Production
by Region Regardless of
Producers’ Home Region
Demand Waterfall . . ...............
Estimated Regional Semiconductor
Capacity Utilization
1989-1991
Worldwide Capital Spending
Forecast Regardless of Regional
Company Base
1989-1991
Estimated Regional Semiconductor
Capital Spending
1989-1991
Semiconductor Capital Spending
as a Percent of Semiconductor
Sales ...,
Worldwide Capital Spending by
Region Regardless of
Regional Company Base
1987-1989

..................

..........

ooooooooo

ooooo

.....

.................

ooooooooooooooooo



Preface

The semiconductor industry, in the strictest
definition, comprises companies that produce
semiconductor devices for sale in the open market
or for internal consumption. A report on the
companies that produce the semiconductors would
give a picture of the industry, but not the complete
picture. The complete picture emerges when the
semiconductor industry is analyzed in the context
of the overall structure in which it exists. And that
is an interrelated structure that relies on customers,
depends on suppliers, and is subject to external
pressures from governments and worldwide eco-
nomic conditions.

With this interrelated industry structure in mind,
Semiconductor Industry  Insights—Silicon to
Systems integrates data and concepts from several
Dataquest semiconductor services with regional
economic forecasts from OECD, D&B, and the US
DOC. Written in executive summary style, it is
intended to provide high-level, insightful analysis of
the recent history and near-term future of the
semiconductor industry for semiconductor users,
semiconductor producers, suppliers to the semi-
conductor industry, investors within the industry,
and interested parties who want to understand the
near-term future of this industry.

Semiconductor  Industry  Insights—Silicon to
Systems was completed in July 1990, and the
forecasts and projections contained within this
report are based on information from several
sources published in late 1989 through July 1990,
as follows:

® Source

— Economic  Outlook (OECD),
December 1989

published
— US Economic Forecast (D&B), published
April 1990

— US Economic Outlook (DOC), published
January 1990

-— Dataquest Electronic Egquipment Forecast,
published May 1990

— Dataquest Semiconducior Demand
Forecast, published June 1990
— Dataquest Semiconductor Production
Forecast, published June 1990
— Dataquest Semiconductor Equipment
Forecast, published June 1990
About Dataquest
Dataquest is a worldwide market research

company, headquartered in San Jose, California
(Silicon Valley). Dataquest employs more than
700 people worldwide and operates market
research resources in Japan and other Pacific Rim
locations, Europe, and the United States. As a
subsidiary of The Dun & Bradstreet Corporation
(D&B), Dataquest has access to major economic
forecasting and business databases. In addition,
through its own worldwide research resources,
Dataquest has compiled the most comprehensive
integrated database in the world covering the
semiconductor industry and its suppliers and
customers.

Dataquest’s Database

The Dataquest database is created by research
involving ongoing conversations with some
250 different companies worldwide, surveys,
examination of public business disclosures such as
annual reports from more than 200 other
companies, and data made available by D&B.

This database provides the underlying data and is
the basis for trend analysis and forecasting at an
extraordinarily detailed level for all companies
within the electronics industry. Dataguest provides
11 different client services in which the data,
analysis, and forecasts are presented in detailed
reports, newsletters, and on-line terminal access to
the data. These 11 client services are aimed at the
particular needs of specific participants within the
electronics industry; these services and their
relation to the infrastructure are illustrated in the
chart that follows.
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Semiconductor  Industry  Insights—Silicon to
Systems draws from many of the Dataquest semi-

the 1989 and 1990 time frame.

More detailed

information on individual subjects is available from
Dataquest through subscriptions to the appropriate

conductor industry services as well as other
resources available to Dataquest and presents a service.
high-level picture of the semiconductor industry for

Figure i

Dataquest's Semiconductor Industry Services

ASETS Asian Semiconductor and

Electronics Technology
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Japanese Semiconductor
Industry Service

European Serniconductor
Industry Service

Semiconductor
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European Semiconductor
Application Markets

North American Semicon-
ductor Markets

Semiconductor Application
Markets

MilAero MilAero Technology

Service

SEMS Semiconductor
Equipment and
Materials Service

SUIS Semiconductor User
information Service
JSIS
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Services
SIS
JSAM
ESAM
NASM
SAM
Audience Semicenductor
Buyers

Source: Dataquest (August 1990)
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CHAPTER 1

Introduction

With the first-half results of 1990, the semi-
conductor industry appears to be emerging from an
industry-wide recession that began in the third
quarter of 1989. In 1989, worldwide semicon-
ductor industry revenue was $57.2 billion. This
amount represents a modest 12 percent growth
over 1988 and a more than doubling of annual
revenue in just four years since the 1985 recession.

Continued strength of the semiconductor industry
in 1990, 1991, and beyond will depend on many
worldwide factors, which include the following:

® The continued growth of the economies of the
United States and its major trading partners

® The resulting capital spending—with its high
content of electronic equipment—in the major
industrialized regions of the world

® The continuing demand for semiconductors
from producers of electronic equipment within
each major industrialized region of the world

® The evolution of semiconductor manufacturing
technology

® A continuing flow of new semiconductor
products that enable innovative electronic
products to stimulate the economies of all
regions

Semiconductor  Industry  Insights—Silicon to
Systems provides information and insights about
how these factors combine to form and influence
the industry infrastructure. These worldwide factors
extend beyond the boundaries of companies,
governments, and geographic regions. Implicit in
these factors is a complex buyer-seller chain in
which buyers create demand that pulls products
through the chain. This complex chain consists of
several tiers, beginning with the demand for
electronic equipment, continuing to semiconductor
devices, and ending with the demand for semi-
conductor equipment and materials. Demand for
various products flows through the buyer/seller

chain from one level to the next, producing a
cascading “waterfall of demand,” as shown in
Figure 1-1.

This waterfall of demand is so fundamental to
understanding the industry and the material
presented that we have organized this report to
follow the waterfall.

Figure 1-1
Waterfall of Demand

Demand for
Electronic
Equipment

GNP
(Regional)

Electronic
Equipment

Demand for
Manufacturers

= Semiconductor
? Devices

Semiconductor

Manufacturers Demand for

Manufacturing
Equipment

Semiconductor

Equipment and
aterlals

Manufacturers

Source: Dataquest (August 1990)

1-1
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Chapter 1

Organization of this Report

Information, analysis, and insight are presented
within each level of the waterfall so that the reader
can understand the infrastructure as it relates to
him or her. The issues and economic influences are
quite different depending on the level within the
waterfall where one sits. The perspective also is
different based on whether one has an investor's,
banker’s, buyer’'s, or seller’'s point of view.
Figure 1-2 illustrates the different perspectives
within the electronics industry infrastructure.
Interest in various sections of the report and levels
of the waterfall will depend on the reader’s
individual perspective.

Additionally, investors, bankers, and other inte-
rested parties may be interested in all perspectives
of the industry.

Chapters Follow the Waterfall

As stated earlier, the purpose of this report is to
provide the reader with high-level, insightful
analysis of the recent history and near-term future
of the semiconductor industry.

Chapter 1 establishes the various reader per-
spectives and defines terminology.

Chapter 2 provides critical background information
leading to 1989 semiconductor industry conditions
and describes the industry infrastructure in terms of
the demand waterfall.

Figure 1-2

Reader Perspectives

@ Semiconductor “seller” perspective to electronic
equipment manufacturers.

GNP
(Reglonal) @ Electronic equipment manufacturer “buyer” perspective

Electronic
Equipment
Manufacturers

Semiconductor
Manufacturers

Semiconductor

eqmament and
aterials
Manufacturers

Source: Dataquest (August 1990)

of the semliconductor suppliers.

Semlconductor equipment or materials *seller” perspective
of the semiconductor manufacturer.

@ Semiconductor manufacturer “buyer” perspective of
semiconductor equipment and materials suppliers.
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Chapter 3 provides a review of the issues and
trends that shaped the semiconductor industry in
1989 and a brief forecast of the worldwide and
regional economic conditions. The individual
regional economic conditions form the “head-
waters” of the waterfall of demand and thus
establish the demand and production levels of
electronic equipment within each region.

Chapter 4 develops the relationship between
regional economic factors and electronic equip-
ment demand and production. The chapter ends
with the worldwide forecast of semiconductor
purchases by electronic equipment manufacturers.

Chapters 5 and 6 identify regional demand and
production of semiconductor devices.

Chapter 7 presents the bottom levels of the
demand waterfall, which are the resulting demand
and production of semiconductor manufacturing
equipment and materials.

Chapter 8 provides a summary of key issues and
observations.

An investor or lender naturally will be interested in
both the economic overview and resulting
electronic equipment production forecast of
Chapters 2 and 3, as well as the chapter presenting
the perspective that matches his or her business
interest.

Terminology and Definitions

Throughout this report, the terms “market,”
“consumption,” “demand,” “production,” “out-
put,” “sales,” and “revenue” have and will appear
frequently. In addition, various economic termi-
nology is used throughout. Precise definitions of
these terms are given in the following paragraphs.

The terms “market,” “consumption,” and
“demand” refer to the dollar value of products
purchased within the specified geographical region,
(e.g., North American and worldwide) regardless
of where the products were manufactured.

LU ]

The terms “production,” “output,” “sales,” and
“reveniue” refer to the if-sold dollar value
of products manufactured within the specified
geographical region, regardless of where these
products are purchased (i.e., purchased within the
specified region or exported to another).

On the basis of the above definitions, assuming
constant levels of inventory, worldwide production
or sales equals worldwide demand or consumption.

The terms “real GNP" and “real GDP” refer to the
gross national product and the gross domestic
product of a country or major world region. The
GDP is the total market value of all goods and
services produced each year within the domestic
borders of a country. The GNP equals the GDP
plus the net of foreign investment income to
domestic residents less income earned in the
domestic market by foreign investors.

GNP/GDP also equals the sum of domestic demand
plus exports minus imports. The three components
of domestic demand are consumer spending,
private fixed investment, and government
spending.

The term “real” as applied to GNP, GDP, and
other expressions refers to the value in constant
prices prevailing in a reference year, which is 1982
for the US dollar. The term “nominal” as applied
to GNP/GDP refers to the value at today’s prices.

» o

The terms “current account,” “external account,”
or "external balance” refer to the difference
between total exports and imports of goods and
services, usually for one year.

The terms “private fixed business investment” and
“private fixed nonresidential investment” both
refer to investment in capital goods or capital
spending by businesses and exclude residential
investment. The term “private fixed investrnent” is
the total of business capital spending and resi-
dential investment.

Dataquest Industry
Classifications

Semiconductor Consumer Application
Market Segments

Dataquest has categorized semiconductor con-
sumers into the following six end-market appli-
cation market segments:

e Data processing
® Communications
® Industrial

& Consumer

& Military

® Transportation
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Semiconductor Product
Classifications

Semiconductors are classified as either integrated
circuits (ICs) or discrete devices, Within these
classi- fications are further specific product
definitions, outlined as follows, and illustrated in
Figure 1-3:

® Discrete devices are further classified as tran-
sistors, diodes, thyristors, optoelectronics, or
other discrete devices.

® Integrated circuits are further classified into
functions such as memory, microcomponents,
logic, and analog.

All semiconductor devices are further classified by
various process technologies, shown as follows:

® Bipolar digital-TTL, ECL, and others
® MOS—NMOS, PMOS, CMOS, and BiCMOS

Figure 1-3

Semiconductor Product Classifications

Semiconductor Classifications [
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CHAPTER 2

Critical Points in Understanding the Semiconductor

Industry’s Future

Critical to understanding the future of the semi-
conductor industry is an awareness of the events
that have led the semiconductor industry to 1990
and knowledge of the electronics industry infra-
structure that supports the semiconductor industry.

Historical Perspective: Events
Leading to 1990

United States Launches the
Semiconductor Industry

The launch of the semiconductor industry occurred
when Bell Laboratories produced the first ger-
manium transistor on December 23, 1947. By
1952, a number of companies in the United States
were producing germanium devices commercially.

By the end of that decade, Texas Instruments (TI)
had begun commercial production of silicon tran-
sistors. By then, the market topped $100 million in
sales, primarily to the US Depariment of Defense
(DOD) and to electronics companies for the
manufacture of transistor radios.

Industry Expands to Worldwide
Infrastructure

In 1959, Fairchild Camera and Instrument devel-
oped the planar technology for making transistors,
which TI used in 1961 to produce the first 1Cs,
Thus, the first decade of dynamic growth of the
semiconductor industry was triggered.

Manufacturers worldwide began to integrate these
new ICs into a variety of electronic-based products,
and a worldwide chain of buyers and sellers to
take semiconductors to market was established.
Although the industry expanded to a worldwide
infrastructure, the United States remained the
dominant force in the infrastructure,

During the 1960s, semiconductor devices pro-
liferated with small- and medium-scale integration
(SSI, MSI). Logic families, such as the 7400 Series
from TI, provided building blocks for electronic
equipment and stimulated new electronic equip-
ment desipns. The demand for semiconductor
memory began to rise in support of the logic
building .blocks. At the same time, major manu-
facturing technology advancements ied to rapidly
increasing device reliability and productivity. By
the end of the decade, the industry was well on its
way toward $2 billion in annual worldwide sales,

United States’ Position in the
Infrastructure Begins to Erode

The 1970s was the decade of low-cost electronic
products. As the reliability and costs warranted,
many companies used ICs to build such products as
calculators, watches, or industrial, communi-
cations, and data processing equipment.

Early in the 1970s, US companies began to
assemble their electronic products overseas to
lower costs and expand their markets. European
and Japanese markets, in addition to North
American markets, became important to
US manufacturers.

By the mid-1970s, US manufacturers were moving
semiconductor production offshore to take advan-
tage of lower costs and to be closer to the elec-
tronic assembly operations that had moved there
earlier in the decade.

Metal-oxide semiconductor (MOS) ICs were the
dominant products, and by the mid-1970s, large-
scale integrated (LSI) devices were proliferating
rapidly, further driving the low-cost electronic
product era. As a result, worldwide industry sales
were nearly $10 billion by 1979.

By the end of the 1970s, the semiconductor
business was a worldwide industry with competition
on an international scale. The emergence of very

2-1
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large-scale ICs (VLSIs) brought important new
products such as microprocessors, read-only
memories (ROMs), and erasable programmable
ROMs (EPROMSs). The age of personal computers
and electronic games was born. That age was built
on a whole new notion of super-low-cost electronics
created by LSI and VLSI semiconductors. The low
cost made the items price-sensitive and ideal for
the low-cost structure of the offshore companies.

In fact, the offshore companies producing semi-
conductors for US industry were now proving to be
capable competitors in all areas of manufacturing,
as well as suppliers of low-cost products to the
United States. Leadership of the semiconductor
infrastructure that the United States had helped
to create and had dominated now was being
threatened.

Japan and Asia/Pacific Countries Begin
to Dominate

Japanese electronic equipment producers seized
upon US innovations in the 1970s and, leveraging
their indigenous superior productivity, outproduced
their US counterparts. Over the last 15 years, the
very solution to the fundamental domestic com-
petitive weakness—to move electronic product
assembly offshore—has developed these offshore

countries (Japan, South Korea, and Taiwan) into
fierce domestic and international competitors. In
the last half of the 1980s, these competitors gained
the dominant share of world markets at all levels of
the infrastructure that was built so impressively by
the United States such a short time ago. For an
example of Japanese dominance, see Figure 2-1.
The strengths of Japanese and Asian companies
are discussed further in Chapter 5.

US Electronics Industry Faces
a Critical Problem

As a result of losing their competitive edge,
US companies are losing worldwide market share
at all levels of the infrastructure; the loss now has
become self-perpetuating. As the domestic com-
panies lose share, they report declining growth
rates and profits. These unfavorable results limit
their access to investment capital, which limits the
research and development (R&D) investment
available to innovate the requisite new technologies
that would regain a leadership position. As this
process continues, the US semiconductor manu-
facturers face the following two-level problem:

e First, the US market for semiconductor devices
is shrinking as a percentage of the worldwide
semiconductor market {see Chapter 5).

Figure 2-1

US and Japanese Market Shares

Percent of World Semiconductor Market
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® Second, the Japanese and Asia/Pacific
countries are gaining share of this shrinking
worldwide market at the expense of the
US producers’ share, while not allowing much
increase in US producers’ share of their
domestic markets.

This decline in competitiveness of the US elec-
tronics industry infrastructure is an issue of major
concern to Japan, Europe, and other US trading
partners for the following two reasons:

® The United States has been the primary source
of semiconductor and system innovation since
the beginning. Further competitive erosion
could stall out that innovation and attract
government and/or military interference in the
market and/or promulgate adverse trade
policies.

e Continued decline in the American electronics
industry infrastructure could result in a sig-
nificant recession of the US economy. Such a
recession could eclipse the forecast consump-
tion of a large volume of semiconductors and
end products produced by Japanese and Asian
manufacturers, leaving them with a severe drop
in available market and significant overcapacity.

To sum up the conditions leading to 1990, the
United States started the semiconductor industry,
developed it into a huge worldwide industry,
dominated it for several years, and now is at risk of
becoming a minor player in the worldwide
electronics market during the last decade of this
century.

Electronics Industry
Infrastructure: The Waterfall
of Demand

The electronic industry infrastructure, of which the
semiconductor industry is part, is made up of a
complex chain of buyers and sellers working
together to satisfy the worldwide demand for
electronic products. This complex chain consists of
several tiers, beginning with the demand for
electronic equipment, continuing to semiconductor
devices, and ending with the demand for
semiconductor equipment and materials. Demand
for various products flows through the buyer/seller

chain from one level to the next, producing the
cascading waterfall of demand shown in detail in
Figure 2-2.

Knowledge of the infrastructure gives insight into
how the various industry segments and the
economy interact, specifically the following:

® How the demand of one industry segment
affects the demand of the next industry segment

® How economic conditions affect the various
industry segments

® How technology flows upward from one
segment to the next and stimulates demand

Figure 2-2

Waterfall of Demand with Technology Flowing
Upstream
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The Waterfall Headwaters:
Capital Spending

As the worldwide economic climate changes, so
does the worldwide demand for electronic
equipment. The capital equipment spending sector
of each region’s economy has the largest influence
on a region’s demand for electronic products. This
concept is developed in Chapter 4. Consumer and
government spending have some impact, but to a
much lesser degree. It is capital spending that
forms the headwaters in the waterfall of demand.

Capital Spending Drives
Electronic Equipment

Electronic equipment producers worldwide com-
pete for their share of each region’s demand. An
equipment producer’s ability to compete success-
fully in its domestic region or to export successfully
to fulfill the demand of foreign regions depends
largely on the economic climate of its domestic
region. Economic factors such as exchange rates
against other regions’ currencies, relative interest
rates, availability within the region of investment
capital, and local labor costs determine the
productivity and hence the competitiveness of
producers located in a given region. The success of
domestic producers in gaining share of the home
region demand against importing competitors and
in supplying foreign regions' demand via export
determines the domestic producers’ level of elec-
tronic equipment production,

Electronic Equipment Drives
Semiconductor Demand

Electronic equipment production drives sermicon-
ductor demand. The supply to this demand can be
of semiconductors produced within a local region
or imported from other regions. The semicon-
ductor production levels, profits, and resulting
available investment capital of semiconductor
companies within a region depends on their share
of that region’s total demand and their ability to
export to fulfill demand from other regions. The
success of a regional semiconductoy manufacturer
depends on many factors, but to a large extent,
domestic economi¢ conditions and access to
foreign regions’ demand are the key factors.

Semiconductor Production Drives
Semiconductor Equipment

The resulting capital spending by regional semi-
conductor manufacturers creates the regional
available market for the semiconductor equipment
industry. Thus demand—driven by the worldwide
economic climate and regional economic factors—
begins with capital spending and flows down the
waterfall until it reaches semiconductor equipment
and materials establishing the waterfall of demand.

Technology Flows Upsiream

In addition to demand flowing down the waterfall,
technolopy flows upstream, as indicated in
Figure 2-2. Technology provides the impetus for
new products.

Manufacwuring  technology created by the
semiconductor equipment manufacturers enables
lower cost, lower power, and greater speeds in
semiconductor devices. Competition in the semi-
conductor industry is based in part on manu-
facturing technology. Competitive attributes such as
cost, size, and speed of a semiconductor device is
dependent on several manufacturing factors, as
follows:

& Yield—how many good devices can be produced
in one manufacturing run—affects the costs.

e Integration—how many units of logic and/or
memory ¢an be contained in one device—aflects
both the size and speed of the device.

® Quality and turnaround time—additional factors
that depend on manufacturing technology—
affect every aspect of competitiveness.

Fundamentally, advances in manufacturing tech-
nology create the environment and the tools for
continuing advances in semiconductor manufac-
turing. The productivity and competitiveness of any
semiconductor manufacturer is critically dependent
on access to state-of-the-art manufacturing equip-
ment, which can come only from an economically
and technically strong semiconductor manu-
facturing equipment industry.

Semiconductor manufacturers combined system
design with manufacturing technology and pro-
duced semiconductor devices that have greater
functionality at lower cost and with better
reliability—for example, 32-bit microprocessors,
application-specific ICs (ASICs), and 4Mb
dynamic random-access memories (DRAMSs).
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New semiconductor devices allow the creation of
new electronic equipment that has new functions,
higher performance, and lower cost, and is
physically smaller and more portable.

Creative new end systems open new end markets
and stimulate end-product demand, thereby stimu-
lating the economy.

Semiconductor Equipment
Forms the Base

Figure 2-3 presents the worldwide forecast of
electronics equipment production, the semicon-
ductor production required to meet this equipment
demand, and the capital spending required of the
semiconductor producers to meet this semi-
conductor demand. Few may realize that 1989
resulted in worldwide electronic equipment pro-
duction of $653.1 billion, which generated demand
for more than $57.2 billion of semiconductor
devices, resulting in $18.0 billion spent on semi-
conductor capital equipment. In other words, the
$50.5 billion semiconductor equipment industry is
the foundation of the $653.1 billion electronic
equipment industry.

Summary
The following points are critical for developing an

understanding of the semiconductor industry’s
future:

® US semiconductor manufacturers are at risk of
exiting the stage in a play in which they
designed, produced, and acted in the lead role.

® The US economy is dependent on its electronics
industry.

— The electronics industry is dependent on the
semiconductor industry.

— The semiconductor industry is dependent on
the semiconductor equipment industry for
necessary manufacturing technology.

® The worldwide economy is dependent on the
worldwide electronics industry to produce new
products to stimulate the worldwide economy.

— The US electronics industry depends on
both the US and worldwide economies.

— The worldwide electronics industry is depen-
dent on the global economy.

These observations are developed and discussed in
succeeding chapters, beginning with global eco-
nomic conditions and continuing through the
production of semiconductor equipment and
materials.
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Figure 2-3
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CHAPTER 3

General Industry Climate 1989—The Year in Review

1989-1990: Off of the Escalator
and into the Trough

After realizing a growth rate of 33.0 percent in
1988, the semiconductor industry in 1989 posted
positive growth rates in the first two quarters and
then slumped into a recession in the third quarter
(see Figure 3-1). Although industry growth rates
for the third and fourth quarters of 1989 were
negative on a quarter-to-quarter basis, only the
fourth quarter posted a negative growth rate when
compared with the fourth quarter of 1988. As a
result, the industry posted a respectable 10.9 per-
cent growth rate for 1989. First quarter 1990 was
the last of three consecutive quarters of negative
growth. Positive growth is expected on a quarter-

to-quarter basis throughout the rest of 1990, but
Dataquest estimates that the industry will realize a
growth rate of negative 0.7 percent for 1990.
Several factors influenced the performance of the
semiconductor industry in 1989 and early 1990,
including the following:

® Declines in real GNP growth rates
® Declines in consumer spending growth
® Declines in capital spending growth

@ Declining growth rates for electronic equipment
demand

The following paragraphs describe these factors
and their effects on the semiconductor industry.

Figure 3-1

Quarterly Semiconductor Industry Growth Rates
1989-1990

Percent Change
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Economic Growth Eases

According to the International Monetary Fund, the
real GNP growth rate for industrialized countries
feil from 4.4 percent in [988 w0 3.5 percent in
1989. During that same period, consurer spending
growth fell from 3.7 percent to 2.8 percent, and
capital spending growih fell from 7.9 percent to
5.6 percent. Because the demand for semicon-
ductors is a derived demand, driven by the demand
for electronic equipment, declines in capital and
consumer spending growth often translate to
declining demand growth for semiconductors.

The following paragraphs briefly look at the
economic performance of the four major industrial
regions of the world.

US Economic Performance

Table 3-1 shows the actual and forecast GNP
growth rates for selected countries from 1988 to
1991. Holding dollars constant, the US GNP
growth rate was 3.0 percent in 1989, down from
the 4.4 percent rate posted in 1988. On a quarterly
basis, the GNP growth level fell from 3.7 percent in
the first quarter to 2.5 percent in the second
quarter. In the third quarter, the growth rate
rebounded up to 3.0 percent. Finally, in the fourth
quarter, a growth rate of only 1.1 percent was
realized. GNP growth was 2.1 and 3.4 percent,
respectively, for the first two quarters of 1990.
According to econcmists at The Dun & Bradstreet

Corporation, GNP pgrowth is expected to be
2.6 percent in the third quarter of 1990 and
3.9 percent in the fourth quarter. D&B forecasts a
3.0 percent growth rate in GNP for the year.

Japanese Economic Performance

In 1989, real GNP rose 4.8 percent in Japan.
Although lower than 5.8 percent growth in 1988,
1989 growth still was very respectable. The
Japanese economy slowed because of weaker
consumer spending, which was partly due to the
imposition of a new sales tax and a deterioration of
the Japanese trade surplus. Growth in business
investment continued at a strong pace, expanding
17.7 percent in 1989, up from 15.5 percent in
1988. Business invesiment growth is expected to
fall to approximately 10.0 percent in 1990. In
addition, real GNP growth is expected to fall to
4.0 percent in 1990.

European Economic Performance

Taken as a whole, the four major European
countries (France, Italy, the United Kingdom, and
West Germany) experienced a real GNP growth
rate of 3.4 percent in 1989, down from 3.8 percent
in 1988. Of these four countries, only West
Germany realized an increase in real GNP growth,
from 3.6 percent in 1988 to 4.0 percent in 1989,
In 1990, real GNP growth is expected to fall
further to 2.8 percent.

Table 3-1

Annuwal and Forecast GNP Growth for Selected Nations
1988-1990
(Percent Change from Previous Year)

1988 1989 1990 1991

Country GNP GNP GNP GNP
United States 4.4% 3.0% 2.5% 3.4%
Japan 5.8% 4.8% 4.0% 3.9%
France 3.8% 3.7% 3.2% 3.4%
West Germany 3.6% 4.0% 4.0% 3.5%
United Kingdom 4.6% 2.3% 1.5% 2.5%
South Korea 11.3% 6.1% 5.5% 6.5%
Taiwan 7.3% 7.4% 6.5% 7.0%
Singapore 11.2% 9.2% T7.5% 1.0%
Hong Kong 7.3% 3.5% 4.0% 3.5%

Source: The Dun & Bradsireet Corporation
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Asian Economic Performance

As in the other regions of the world, real GNP
growth in Asia fell in 1989 from its 1988 levels. In
South Korea, real GNP growth fell from
11.3 percent in 1988 to 6.1 percent in 1989.
Taiwan experienced higher GNP growth, rising
from 7.3 percent in 1988 to 7.4 percent in 1989,
In Singapore, the double-digit GNP growth rate of
11.2 percent in 1988 gave way to a growth rate of
9.2 percent in 1989. Finally, in Hong Kong, the
1989 GNP growth rate of 3.5 percent was less than
one-half of the 7.3 percent recorded in 1988. GNP
growth rates throughout the region are expected to
decline once again in 1990.

Electronic Equipment Slowdown

Monthly data from the US Department of
Commerce (DOC) shows that bookings and
shipments rates of change for the computers and
office equipment, and electronic instruments
segments generally declined through 1989 when
measured on a 12/12 basis. The rate of change of
growth in computers and office equipment
shipments declined for 12 consecutive months,
beginning in January 1989 with a 12/12 growth rate

of nearly 11.0 percent, before bottoming out in
December 1989 at 2.8 percent (see Figure 3-2). At
the same time, 12/12 bookings showed continuous
decline from 11.1 percent in December 1988 to
1.9 percent in August 1989. More disturbing than
the mere declines is the fact that computer and
office equipment orders, on an annualized basis,
have fallen from a growth rate of approximately
10.0 percent in January 1989 to only 4.0 percent in
March 1990.

1989 Forecast and Outcome

In a February 1989 newsletter entitled "Worldwide
Semiconductor Outlook: First Quarter 1989,”
Dataquest forecast modest growth in the semi-
conductor industry for the first two quarters of
1989 followed by three negative quarters beginning
in the third quarter of 1989, as memory prices fell
and the US economy softened slightly. In reality,
the worldwide semiconductor market grew 1.4 and
2.7 percent, respectively, in the first two quarters
of 1989. As we predicted, the third and fourth
quarters showed negative growth, declining 3.7 and
1.9 percent, respectively, on a worldwide basis.
The overall, worldwide year-to-year growth rate
was 10.9 percent in 1989.

Figure 3-2
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Figure 3-3

Semiconductor Production Growth by Region—1989

Percent Change from Previous Year
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Performance of the North American and European
markets mirrored that of the worldwide market.
Both regions showed positive, albeit moderate,
growth in the first half of 1989, followed by two
quarters of negative growth in the second half of
the year. The Japan and Asia/Rest of World
(ROW) regions differed slightly in their perform-
ance. In each of these regions, the first quarter was
one of negative growth, followed by a positive
second quarter, and negative growth in the third
and fourth quarters. All four major regions
experienced at least moderate growth for the year,
however, as is depicted in Figure 3-3.

1989 US Book-to-Bill Analysis

As expected, the US semiconductor book-to-bill
ratio generally followed the industry trend of slow
first-half growth followed by negative second-half
growth (see Figure 3-4). Beginning with a ratio
of 1.02 in January 1989, the book-to-bill ratio
remained above parity until June, when it fell to
0.98. The ratio climbed above parity again in
December, and has remained above 1.0 since that
time. As stated previously, US electronic equip-
ment sales growth slowed throughout 1989. When
combined with tighter inventory controls, the result
was a decline in semiconductor orders in the
second half of 1989.

Europe

Asla/ROW Total Market

US semiconductor billings for the first half of 1989
increased 20.3 percent over the same period in
1988. During the second half of the year, low
inventory levels, particularly in non-DRAM pro-
ducts, caused an increase in spot purchases, which
increased “turns” business. The effect of increased
“turns” business is usually more intense competi-
tion and price pressure, which only makes market
declines more severe. DRAM price declines also
contributed to the decline in the US market.

Despite the declining book-to-bill ratio, monthly
billings showed positive year-to-year growth for
each month in 1989. In fact, only the fourth
quarter of 1989 showed negative growth on a
year-to-year basis.

Product Summaries

Analog ICs

The year 1989 was a tough one for many analog
suppliers. More than a tough year, it was a historic
year in which analog IC segments experienced a
significant downturn while many of the digital
segments had a softer landing. This effect was the
opposite of past trends where the stability of the
analog IC market had made it more insulated from
market deterioration than the more volatile digital
IC market.
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Figure 3-4
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During 1989, unit sales of analog ICs increased
while average selling prices (ASPs) declined,
leading to a very weak revenue growth for the year,
A significant ASP decline in commodity linears
(largely op amps and voltage regulators) starting in
mid-1988 flattened revenue growth in 1989 despite
the fact that unit growth continued through 1988
and 1989, Consumer-specific IC consumption
declined as the consumer market for VCRs,
camcorders, CD players, and other entertainment
products softened. Because consumer products
represent 40 percent of analog IC sales, the
softness of the consumer market impacted the
analog IC market significantly.

Dataquest has observed digital signal processing
(DSP) entering into more mixed-signal products,
replacing analog signal processing. One product
segment that showed significant growth in 1989 was
that of delta sigma ADC converters. Several new
delta sigma converters were introduced in 1989,
many for microprocessor (MPU)-based and digital/
audio applications. The growth of this market is
driven by growth in digital/audio systems, which
also has driven substantial unit growth in digital-
to-analog converter (DAC) markets. Palette DACs

and digital audio DACs were two of the more
noticeable winners in the 1988 market. In 1989, an
avalanche of competitive products brought down
ASPs, severely impacting the data converter
segment.

The year was marked by a trend toward mixed-
signal ICs. This trend is driven by continuing
growth in digital products, which need mixed-signal
ICs to simplify complex interfaces. Perhaps the
biggest disappointment of 1989 was the fact that
mixed-signal ASICs did not live up to the tre-
mendous media attention and marketing hype. The
revenue still is relatively small, profits are non-
existent, and tool and test issues cloud future
growth. Companies that have experimented with
mixed-signal ASICs have not fared well. Dataquest
has identified a trend among original equipment
manufacturers (OEMs) away from ASICs toward
application specific-standard products (ASSPs). As
mixed-signal ICs gain popularity, these more
complex ICs, with increased analog integration, will
reverse the general trend toward sapging ASPs,
providing increased analog revenue growth and
bringing unit growth more into line with revenue.
Despite this upward pressure on selling prices,
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Dataquest expects commodity linear op amps,
regulators, and interface ICs to continue their
downward trend.

ASICs

In 1989, the ASIC market grew 10.9 percent,
slightly below the growth rate of 12.0 percent
posted for the total semiconductor market. Gate
arrays dominated the market, growing from
40.0 percent of the 1988 ASIC market to
42.0 percent in 1989. The next largest 1989 ASIC
market was full-custom ICs with 31.0 percent,
foilowed by cell-based ICs (CBICs) with
18.0 percent and programmable logic devices
(PLDs) with 9.0 percent.

Gate arrays offer many advantages over full-custom
ICs and CBICs. Key gate array advantages include
quicker time to market, lower risk, and lower
design cost. In 1989, gate arrays won the design-
win battle over CBICs. However, 1989 gate array
pricing was cutthroat as suppliers battled for market
share. The aggressive pricing was true even in
submicron geometries. In the past, Dataquest
observed price premiums for next-generation parts;
this no longer seems to hold true. Because of
disappearing price premiums, profits in the gate
array market were very slim despite a 16.0 percent
revenue growth. Through gate arrays, ASIC silicon
has become a commaodity item, and ASIC tools are
becoming commodity items. The only way suppliers
are able to differentiate themselves is through their
libraries of application-specific building blocks. In
the future, the companies with strong applications
experience are the ones that will be profitable.

The use of CBICs has been limited by the
dominance of gate arrays to high-volume, very high
performance, or special functions such as mixed-
signal applications. However, in the development
of standard products, the CBIC is replacing the
full-custom IC as the accepted design methodology.

Simple PLDs (GAL- and PAL-type devices) are no
longer outperforming the market; they are now
growing with the market. As the popularity of
bipolar PLDs wane, the rapidly growing CMOS
PLD market is becoming quite crowded. The
market for complex PLDs (e.g., FPGAs) is showing
tremendous growth and is expected to nearly
double in 1990. The growth of this market is
equivalent to that of the MOS gate array market at
a similar stage in the product life cycle. This

market remains wide open, because no standards
have been developed yet.

Memory Products

In 1989, the memory market continued to
dominate the worldwide semiconductor market.
Despite tumbling DRAM prices, the MOS memory
market grew an astonishing 45 percent in 1989,
Were it not for the strength of the memory market,
in particular the inflated DRAM prices in the first
half of the year, the slowdown the industry
experienced in late 1989 and early 1990 could
have been much worse.

Perhaps the biggest story of 1989 was the DRAM
shortage and subsequent oversupply situation. At
the beginning of 1989, a series supply shortage
existed for 256K and 1Mb DRAMSs. First-tier
Japanese DRAM manufacturers reaped high profits
with their strategy of managing supply to control
prices. As the year continued, however, the supply
shortage transformed into an oversupply situation.
As demand slowed and South Korean and
US manufacturers brought new preducts on-line,
supply was able to meet demand in the third
quarter before resulting in an oversupply of
DRAMSs. As a result of this situation, DRAM prices
fell dramatically from their earlier levels. Volume
prices for 1Mb DRAMSs, for example, fell from
approximately $18 in the first quarter to the $7 to
$8 range by year’s end. One of the more significant
developments that arose in the DRAM market
during 1989 as a fallout of the shortage was
Samsung’s growth as a DRAM supplier. Samsung
was able to take advantage of the supply
management tactics of the larger vendors and the
market slowdown to become the number three
supplier in the DRAM market. Another fallout of
the DRAM shortage was the formation of
U.S. Memories, a consortium formed to provide
the United States with a domestic source of
DRAMSs. A full review of the rise and fall of U.S.
Memories is provided in the section entitled “Key
Industry Events and Issues.” In 1989, the memory
market proved itself to be a very volatile market,
one that can quickly change from a shortage to an
oversupply situation.

During 1989, we saw the early introduction of the
4Mb DRAM. This introduction marked the
emergence of 0.8-micron CMOS line geometries
into full-production lines. Hitachi and Toshiba
were the unquestioned early leaders in the
production of 4Mb DRAMS,
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In slow SRAMSs, we observed significant price
degradation following a three-month lag behind
DRAMSs. This pricing relationship is due to the
close ties between SRAMs and DRAMs from a
manufacturing standpoint. As the oversupply
situation developed in the DRAM market, manu-
facturers shifted capacity toward other devices
including slow SRAMs, PSRAMSs, nonvolatile
memories, and ASICs. Both types of SRAMs are
tied to DRAM capacity, although slow SRAMs are
more closely tied. Therefore, although we saw price
erosion in the fast SRAM market, it was not as
severe as that in the slow SRAM arena.

The markets for specialty memories became quite
crowded in 1989. In the market for SRAM-based
deep first-in, first-out (FIFO) products, for
instance, the number of suppliers grew to 18,
servicing a market that totaled only $70 million. In
the same way, the number of suppliers to the
dual-port SRAM market grew to 9—quite a few for
an $18 million market. As a result, Dataquest
observed significant price erosion in these markets,

In 1989, BiCMOS memories also continued to
grow. The three market leaders were Hitachi,
National Semiconductor, and Fujitsu. Most of the
main users of BiCMOS memory are suppliers of
supercomputers and large mainframes that use
BiCMOS SRAMs as main memory or large
secondary caches. Unfortunately, 1989 also saw
the death of Saratoga Semiconductor, a US sup-
plier of BiCMOS memories.

Microcomponents

In 1989, the worldwide market for microcom-
ponent products slightly outperformed the total
semiconductor market with a growth rate of
approximately 13 percent. The year was highlighted
by several significant product trends.

The major battle lines in the reduced-instruction-
set computing (RISC)-based market have formed
around four camps: Intel’s 80860, MIPS
Computer Systems’ R3000, Motorola’s 88000, and
Sun’s SPARC architecture. Both Sun and MIPS
were busy licensing their architectures to eager
semiconductor vendors. Toshiba announced an
agreement to team up with Sun Microsystems to
develop low-cost, higher-performance computers
using the SPARC architecture and SunOS UNIX
operating system. LSI Logic, which teamed up with
Sun to develop the SPARCstation 1 single-board

RISC system, announced in early 1990 that it is
producing a SPARC chip set that will facilitate the
production of SPARC-compatible workstations. In
1989, MIPS Computer Systems announced
long-term agreements with both NEC and Siemens
to license its RISC microprocessors for manu-
facturing, marketing, and support worldwide.
Currently, the major bautle for dominance is
between SPARC and MIPS architectures. With a
total of 12 vendors (6 embracing each archi-
tecture), the competition for RISC sockets has
become very intense.

Perhaps the major driving force in the microcom-
ponent industry in 1989 was the realization that
PC-related products can offer significant volumes
and revenue, This fact was most visible in the
market for PC chip sets. During the past two years,
the PC logic chip set market has been the
fastest-growing segment of the microcomponent
market. Worldwide, there were only 6 PC logic
chip set vendors in 1987. In 1990, there are more
than 30. Dataquest believes that the rapid increase
in new entrants and capacity has carried this
market to the point of saturation. We expect this
saturation to lead to aggressive price competition,
causing vendors to look for penetration of these
products into new applications and markets, We
believe that this rapid market saturation is bound to
be repeated in each of the PC peripheral chip set
markets—logic, graphics, communications, mass
storage, modem, and fax—as established chip set
and semiconductor companies follow one another
into these obvious product-line extensions. At the
same time, the apparently low barriers to entry
invite many new participanis. The graphics chip set
market already is showing signs of saturation,
marked by severe pricing pressure.

Another PC-related market that has exhibited
increased competition and drawn increased media
attention is the floating-point coprocessor market.
Traditionally, Intel, Motorola, and Weitek have
dominated the market for {loating-point units
{(FPUs). For potential entrants to the compatible
coprocessor market, the cuwrrent low level of
penetration into available sockets, combined with
artificially high prices and margins, is an attractive
inducement to entry. Until recently, no vendors
have offered parts that are plug-compatible with
Motorola or Intel devices. Weitek has achieved
success in the high-end coprocessor market, but
has not offered plug compatibility to the Intel
architecture. In 1989, two start-ups, Cyrix Cor-
poration and Integrated Information Technology
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(IIT), introduced devices that are plug-compatible
with Intel’s B0X87 products. As these start-ups
begin to challenge Intel's dominance in this
market, we have witnessed increased marketing
hype and price cutting by Intel in an effort to
protect its market share.

Many manufacturers, including Intel and most
RISC vendors, have entered the 32-bit embedded
control market. In general, the embedded control
market is easier to compete in than that of
reprogrammable processors, which often require
name recognition and binary compatibility with
existing products. The key to competition in the
embedded control market is the ¢ost effectiveness
of the part, which includes price, space taken up
on the board, the number of required peripherals,
and the required software. As is true with many
other products, however, there is a significant lag
period between the inwroduction of a product
(32-bit processors in this case) and the availability
of sockets and large sales volumes. Unfortunately,
vendors in the 1989 and 1990 market for 32-bit
embedded control are caught in this lag period. At
this time, only a limited number of available
sockets exist, and revenue is very low. Dataquest
believes that this situation will change, but probably
not until 1991. In April 1989, Motorola introduced
the industry’s first 32-bit microcontroller (MCU).
Motorola is the company to watch as the 32-bit
embedded control market heats up.

Key Industry Events and Issues

U.S. Memories

On Wednesday, June 23, 1989, a new company
called U.S, Memories announced its intention to
become the fifth US-owned, noncaptive supplier of
DRAMs. The company was to be a jointly owned
venture funded initially by seven major US
electronics and semiconductor companies. The
companies contributing seed money to the start-up
were AMD, DEC, Hewlett-Packard, IBM, Intel,
LSI Logic, and National Semiconductor.

The new company was headed by Sanford Kane,
who resigned from his position as vice president of
technology at IBM to become the president and
CEOQ of U.5. Memories. The new entity hoped to
meet its $1 billion funding requirement and select a
site by the end of 198%. The company stated a goal
of building a wafer fabrication facility that will
begin full-volume production of 4Mb DRAMSs by

the first half of 1991. However, between U.S.
Memories and its vision of high-volume, leading-
edge DRAM manufacturing in the early 1990s
existed a number of hurdles, These hurdles
included successfully addressing potential antitrust
barriers, convincing other systems and components
companies that they have a vested interest in
participating in the new venture, and overcoming a
late start in the 4Mb DRAM market, particularly in
relation to Japanese competitors.

Indeed, the antitrust issue was raised and was a
source of preat controversy in Washington D.C.
One of the a priori conditions of U.S. Memories’
formation was the modification of the Sherman
Antitrust Act of 1890 so that US companies can
more easily form manufacturing consortia.
Although existing legislation allows consortia to
engage in R&D activities and provides immunity
from antitrust damages for export-only consortia,
these measures do not address the issues raised by
U.S. Memories. A number of bills under con-
sideration in the House of Representatives would
apply some measure of antitrust immunity to
manufacturing consortia.

In the end, the funding, site selection, and antitrust
obstacles became moot issues. On January 15,
1990, Sanford Kane announced the dissolution of
the consortium. Mr. Kane explained that U.S.
Memories was a strategic approach that could have
worked, but with the exception of solid support
from IBM and DEC, there was inadequate
response from the rest of the computer industry.

In forming U.S. Memories, Kane successfully
mastered the challenges of producing a business
plan, obtaining an agreement with IBM to license
its 4Mb DRAM design and process technology,
narrowing down the selection of a plant site, and
obtaining a favorable opinion regarding antitrust
issues. But in the end, he could not convince
enough DRAM wusers to cumulatively invest
$500 million and guarantee to purchase at least
50 percent of USM's DRAM output. Even on its
deathbed, USM made one final effort with a
revised plan wherein the total equity investment
required from the participating computer
manufacturers was scaled down to $150 million.
However, the purchase guarantees rose from
50 percent of USM’s output to 75 to 80 percent of
the output, and an additional $200 million of
equity was to be raised from external institutional
investors. This plan was submitted to 11 interested
companies-——~the 7 original investors, and 4 others:
AT&T, Compaq Computer, NCR, and Tandem
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Computers. At a meeting on January 10, the
revised proposal could not garner sufficient
support, so the decision was made not to continue
with U.S. Memories.

The speakers at the January 15 press conference
said that the impetus for the formation of a U.S,
Memories came from an “urgent request” from the
AEA and SIA that the domestic computer industry
wanted an indigenous company that could supply
40 percent of its DRAM requirements within a
reasonable time. USM'’s mission was, simply put, to
provide a domestic source for an assured, stable
supply of DRAMSs while also offering an attractive
return on investment. The computer companies’
cry for a domestic supply of DRAMSs was driven by
the difficulties experienced from 1987 through the
first half of 1989 when 1Mb DRAMS were scarce
and expensive. However, by the time USM'’s
funding effort had gained momentum, the bottom
had dropped out of the 1Mb DRAM market, and
the industry was flooded with parts. The passion for
a domestic DRAM supplier had waned, and the
computer manufacturers had forgotten about last
year's problems.

Dataquest is aware of other ongoing efforts to
establish a sizable US-based memory capability.
Approaches such as that taken by Texas Instru-
ments with its vendor alliances may also serve as a
more workable model. We believe that a series of
alliances between memory consumers and major
US-based memory producers that are willing to
make significant investment will occur in the 1990s,
albeit in more focused relationships.

SEMATECH

In August 1987, SEMATECH announced its
incorporation. The SEMATECH mission statermnent
is both concise and powerful: “To provide the US
semiconductor industry the domestic capability for
world leadership in manufacturing.” SEMATECH
defines its role in fulfilling its mission in terms of
“the three Ds and a T": Define, Develop, Demon-
strate, and Transfer, which are described as
follows:

® Defining and coordinating programs—Along
with the collective resources of its member
companies, SEMATECH analysts perform
competitive analysis aimed at identifying critical
manufacturing technologies required to reach
the consortium's goal of worldwide manu-
facturing leadership for the US industry.
SEMATECH further defines its role as

“prioritizing resources for maximum impact.”
This impact wouid come through programs that
address “show stoppers” (critical tools and
materials to which the United States is in
danger of losing access), “key enablers” (tools
and methods that would give member
companies the largest advantage in the shortest
time}, and “high-risk/high-return manufacuuring
approaches.”

® Developing world-competitive manufacturing
capability—From its definition of programs,
SEMATECH creates equipment specifications,
selects suppliers with which it contracts for the
delivery of equipment based on its specifica-
tions, shares in the development work of its
SEMI/SEMATECH companies, and sets stan-
dards for manufacturing equipment integration.

® Demonstrate capability—SEMATECH's Austin,
Texas, fab is charged with providing engineering
characterization and manufacturing proof for
the equipment and materials developed under
its direction. The consortium’s means of
providing “proof of manufacturability” are
based on its “manufacturing demonstration
vehicles” (MDVs), the 4Mb DRAM and 64K
fast SRAM processes provided by IBM and
ATE&T, respectively.

® Technology transfer—The final and most critical
ingredient to SEMATECH's success rests in its
ability to document its projects and to develop
training programs that successfully transfer the
derived technology benefits to its member
companies. Essential to successful technology
transfer is the participation in SEMATECH
from the member companies.

As the preceding explanation of the SEMATECH
philosophy makes clear, SEMATECH does not see
itself so much as the originator of manufacturing
technology R&D but rather as the coordinator and
facilitator of such efforts by an existing US
semiconductor equipment and materials vendor
base. Where the rubber meets the road in the
SEMATECH program is through the allocation of
the consortium’s $200 million-a-year budget to this
vendor base in the form of contract awards.
Currently, most of these contracts either are Joint
Development Projects (JDPs) aimed at the
development of new manufacturing techniques,
materials and equipment, or Equipment Improve-
ment Programs (EIPs) aimed at the improvement
of existing tools.
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Up to the beginning of 1989, the largest portion
of the SEMATECH budget was devoted to
the construction of facilities and the purchase
of capital equipment. With its clean room
constructed and the majority of its permanent
employees and member-company assignees in
place, SEMATECH's gathering of momenturn has
been obvious through 1989. Less than 15 months
after the selection of its Austin, Texas, site,
SEMATECH announced the first run of functional
64K SRAM silicon in  March 1989, thus
establishing its initial baseline process as outlined in
its Phase I goals. The increased funding that
became available for joint development and
equipment improvement programs at the start of
last year is clearly reflected in the pace of
SEMATECH contract awards observed by
Dataquest since the first contracts were awarded in
May 1989.

An indication of SEMATECH’s contract priorities
can be found in its 1989 Operating Plan. Based on
its 1989 goals, SEMATECH identified the
following release schedule for extermal develop-
ment Contracts:

¢ First quarter: e-beam mask making system,
I-line resists, planarization technology

¢ Second quarter: deposition systems, DUV
steppers and resists

® Third quarter: lithography cluster
# Fourth quarter: inspection systems

Viewed against these priorities, Table 3-2 provides
a chronological look at SEMATECH’s contract
awards from May 1989 to April 1990. The number
of contracts since fall 1989 should probably serve
as a good indicator of future SEMATECH contract
activity, because in is 1990 Operating Plan,
SEMATECH stated that “Labor, operating, and
facilities costs will have reached steady-state by the
end of FY 1989" (SEMATECH's fiscal year begins
in October). At present, between 35 and
40 percent of the total SEMATECH budget is
dedicated to development contracts.

Litigation
In 1989, a number of lawsuits were filed as semi-
conductor manufacturers attempted to protect their

intellectual property. It has become obvious that
intellectual property, marked by patents, is a very

valuable asset in today’s semiconductor market,
The two most prominent court cases of 1989
involved lawsuits filed by Intel and Motorola
against NEC and Hitachi, respectively.

After a legal battle that lasted nearly five years,
Intel’s suit against NEC for infringing on Intel's
copyright claim to its 8088/86 microcode was
resolved in 1989. In February 1989, Judge William
Gray decided that although Intel had a valid
copyright claim to its microcode, it forfeited its
copyright to a lack of diligence in monitoring the
affixing of copyright notices., The big decision,
however, was that NEC was held to be innocent of
copying Intel's microcode in its V-Series micro-
processors. By December 4, 1989, all outstanding
issues in the litigation had been resolved. As part of
the settlement, NEC’s claims for unfair competi-
tion, which were to c¢ome before the court in
January 1990, have been dismissed. Further details
of the settlement were not disclosed.

In January 1989, Motorola filed a lawsuit against
Hitachi charging patent infringement and unfair
competition that Motorola claimed began after it
granted Hitachi a patent license for certain devices
in 1986. Motorola’s position was that Hitachi’s new
H8 microcontrolter series infringed on at least four
Motorola patents. Approximately one week after
Motorola’s charges, Hitachi responded by filing a
patent infringement suit against Motorola. Hitachi
alleged infringement of one of its patents by
Motorola’s 68HC11 8-bit microcontroller and
countered that not only did its H8 not infringe on
any Motorola patent, but that the device was
covered by a patent license. In June, Hitachi filed
an amendment to its pending lawsuit against
Motorola to include allegations of patent infringe-
ment by Motorola's 68030 microprocessor.

On March 29, 1998, in a US district court in
Austin, Texas, Federal Judge Lucius Bunton
decided that Hitachi's H8 microcontroller was not
licensed under the parties’ 1986 Patent License
Agreement; consequently, Hitachi committed
patent infringement on three of Motorola’s patents.
Hitachi, therefore, was ordered to cease selling the
H8 for the life of the affected patents and to
compensate Motorola in the amount of
$1.9 million. The judge also ruled, however, that
Motorola infringed on an Hitachi patent and
therefore was barred from marketing or selling its
68030 microprocessor for the duration of the
patent; Motorola thus was reguired to pay Hitachi
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Table 3-2

SEMATECH External Development Contracts
May 1989 to April 1990

Contract Contract Program Technology
Date Partner Type Focus
May 1989 ATEQ JDP Submicron reticle and mask exposure
system
May 1989 GCA EIP I-line steppers
May 1989 GCA JDP Optical wafer stepper
May 1989 HP JDP Test chips
May 1989 Westech Systems JDP Global planarization processes
May 1989 SemiGas Systems JDP Ultrapure gas management systems
May 1989 Union Carbide JDP Ultrapure gas management systems
May 1989 Wilson Oxygen JDP Ultrapure gas management systems
July 1989 Eaton JDP Sputtering cluster tool
August 1989 NCR JIDP Advanced isolation
August 1989 Nat’l. Inst. of Standards
and Tech. JDP Metrology standards
Sept 1989 Sandia Nat'l. Lab TAA Establishment of Semiconductor
Equipment Technology Center (SETEC)
Nov, 1989 Lam Research EIP Metal etch systems
Dec. 1989 Texas State Tech. Inst./ TAA Manufacturing specialist training
Center for Occupational program
Research and Development
Dec. 1989 Silicon Valley Group JDP Advanced photoresist processing
Dec. 1989 KLA JDP Wafer defect detection
Dec. 1989 ORASIS JDP Wafer defect detection
Dec. 1989 Oak Ridge Nat'l. Lab TAA plasma etch technology
Jan. 1990 Angstrom Measurements EIP Critical dimension measurement systems
Jan. 1990 Lam Research JDP Electron cyclotron resonance (ECR) CVD
Jan. 1990 University of Cincinnati JDP Plasma etch technology
Jan. 1990 ASTeX JDP Plasma etch technology
Feb. 1990 Ion Implant Services/Genus TAA High-energy implantation technology
Mar. 1990 Hampshire JDP Soft X-ray lithography
Mar. 1990 Drytek JDP Low-temperature plasma etch
April 1990 Applied EIP Dielectric CVD

JDP—Joint Development Project
EIP—Equipment Improvement Project
TAA—Technical Assistance Agreement
Source: Dataquest {August 1990)

$500,000 in damages. Following the decision, the
judge quickly granted Motorola’s request for a stay
of the injunction on the 68030. At this point, both
parties have the option of appealing the decision or
negotiating a settlement.

A number of other lawsuits were filed in the
industry in 1989 and eurly 1990. Although none of
these cases has received the media attention that
was given to the aforementioned cases, they are

equally significant as semiconductor vendors
struggle to protect their intellectual property and
market share. In May 1989, AMD charged that
two patents recently issued to Brooktree Corpora-
tion for digital-to-analog converter functions are
not inventions within the meaning of US patent
laws. AMD's effort to invalidate the Brooktree
patents is the latest development in a litigation
process that has continued since 1988. The dispute
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concerns color palette ICs produced by the two
companies. Brooktree claims that AMD's devices
infringe on its mask works, but was denied a
restraining order against AMD following a hearing
in November 1988.

In October, National Semiconductor announced
that a patent infringement suit filed in 1985 against
Linear Technology had been settled. The suit
claimed that Linear had infringed on ten National
patents, all related to analog products. Under the
terms of the settlement, Linear has agreed to pay
$3 million in return for irrevocable licenses,
releases, and a comprehensive ten-year binding
arbitration agreement. The case had just gone to
trial in March 1989 when an opportunity arose to
settie the case on mutually acceptable terms.

8GS-Thomson began 1990 with two new lawsuits
against Dallas Semiconductor and Hyundai. In
January, SG$-Thomson announced that it had filed
a patent infringement suit against Dallas Semicon-
ductor. At issue is the alleged infringement of
S$GS-Thomson's patents pertaining to battery-
backed memory devices. License discussions
between the two companies had recently broken
down. In February, $GS-Thomson brought suit

against Hyundai for patemt infringement against
8$GS-Thomson's patents on DRAMs and SRAMs.
The company had tried unsuccessfully for 18
months to conclude a licensing agreement that
would provide compensation for Hyundai’s use of
SGS-Thomson’s intellectual property.

Two other suits have been filed by Intel as the
company tries to protect its market share in the
floating-point coprocessor market. In February
1989, Intel filed suit against ULSI System
Technology for developing products that substituie
for Intel’s 80387 math coprocessor through the
“theft and misuse of Intel’s proprietary infor-
mation™ pertaining to the §0386 microprocessor,
the 80387 coprocessor, and Intel's i80860 64-bit
microprocessor. Also, in April 1990, Intel filed a
complaint against AMD, claiming that AMD has
infringed on microcode copyrights on the Intel
80287 math coprocessor. Intel’s action followed a
notice by AMD stating that they have incorporated
the Intel microcode into a coprocessor that AMD
plans to announce soON.

A list of notable 1989 and 1990 lawsuits appears in
Table 3-3.

Table 3-3

Litigation: 1989-1990

Plaintiff Defendant Date Filed Subject Resolved?
Intel NEC 1984 MPU code Yes
National Linear Tech. 1985 Analog patents Yes
International Rectifier Siliconix 7/86 Patents: MOSFETs Yes
Motorola Hitachi 1/89 Patent: MCUs No
Hitachi Motorola 1/89 Patent: MCUs No
Gazelle AMD 1/89 Patent fraud: PLDs No
Intel ULSI System Technology 2/89 Coprocessors Yes
AMD Brooktree 5/90 DAC patents No
Atmel AMD 1/90 Patent: circuitry No
SEEQ
Chips Elite Microelectronics 1/60 Trade secrets, No
breach of contract
SGS-Thomson Dallas Semiconductor 1/90 Patent: baitery- No
backed memories
SGS8-Thomson Hyundai 3/90 Patent: memories No
AMD Samsung Patent: PLDs Yes
Intel AMD 4/90 Coprocessor code No

Source: Dataguest (Avguat 1990)
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International Trade

The subject of international trade continued to be a
hot topic in 1989, The Omnibus Trade Act and the
US-Japan Semiconductor Trade Arrangement of
1986 served as the basis for most discussion
surrounding international trade. Super 301 is a
provision of the 1988 Omnibus Trade Act passed
by the US Congress. According to this provision,
the US Trade Representative (USTR) must identify
“priority countries” and “priority practices” that
inhibit US trade in world markets and then take
actions against those countries and practices. Many
observers, including the SIA, speculated that Japan
would be placed on the list of Super 301 offenders
for its practices in the semiconductor industry. On
May 25, 1989, USTR Carla Hills put an end to
speculation about Japan's inclusion on the “Super
301" list for semiconductor trade practices.
Although Japan will be investigated under US trade
law for committing “priority practices” (i.e., trade
barrier erection) in connection with telecommuni-
cations satellites and supercomputers, semiconduc-
tors will not be a subject of the USTR’s investi-
gative focus.

The main focus of the relationship between the
United States and Japan relates to the US-Japan
Semiconductor Trade arrangement. To date, much
of the furor over the implementation of the
Arrangement has centered on the issue of
measuring market access—and this issue has in turn
centered on the interpretation of the now infamous
Yside letter,” dated September 1, 1986, between
Ambassador Matsunaga of Japan and Ambassador
Yeutter of the United States. One particularly
controversial section of the letter reads:

“The Government of Japan recognizes the
US semiconductor industry’s expectation
that semiconductor sales in' Japan of
foreign capital-affiliated companies will
grow to at least slightly above 20 percent of
the Japanese market in five years. The
Government of Japan considers that this
can be realized and welcomes its realiza-
tion. The attainment of such an expec-
tation depends on competitive factors, the
sales efforts of the foreign capital-affiliated
companies, the purchasing efforts of the
semiconductor users in Japan, and the
efforts of both Governiments.”

The attainment of 20 percent market share by
1991 has become the de facto measure of Japan’s

success in opening its markets. In April 1989,
Japan’s Ministry of International Trade and
Industry (MIT]) introduced an 11-point, step-by-
step plan to solve the US complaint of closed
markets. MITI’s 11-point plan includes the
following provisions:

e MITI will encourage major semiconductor
users, including Electronic Industry Association
of Japan (EIAJ) users’ committee members and
Japan Aute Pans Industries Association
(JAPIAS) members, to adopt market access
plans.

¢ MITI will encourage expansion of efforts to
design-in foreign semiconductors.

® MITI will encourage Japanese manufacturers of
consumer electronics to do joint developments
with foreign semiconductor suppliers, the
objective of which is to increase the foreign
semiconductor content in consumer electronics.

¢ MITI will encourage ISDN equipment makers
to aim programs at design-ins of foreign
semiconductors.

The success of MITI's efforts thus far is
questionable. Andrew Procassini, president of the
Semiconductor Industry Associate (SIA), has
praised the five largest Japanese semiconductor
consumers for increasing their purchases of
semiconductors to 17 percent of total supply from
foreign suppliers. Dataquest notes that the other
Japanese companies procure only about 7 to
8 percent of their semiconductor needs from
foreign sources. US and Japan-based market share
estimates tend to diverge greatly. In April 1990, the
International Semiconductor Cooperation Center
(INSEC) announced that a survey conducted to
identify the progress of the Japanese market access
for foreign-made ICs indicated that the average
purchase of foreign-made ICs by 53 users that
responded was 12.9 percent. However, Dataquest
estimates that foreign ICs accounted for only
10.0 percent of Japanese IC consumption in 1989.

Despite these conflicting claims, we have observed
significant effort on the part of some Japanese
manufacturers to increase the market share of
foreign-made ICs in Japan. In addressing US
criticism  regarding the inaccessibility of its
marketplace, Japan is directing much of its efforts
toward responding to this issue through the vehicle
of alliances so that greater market access can be
achieved via these measures. In March 1989,
AT&T and NEC announced an agreement whereby
AT&T will obtain a license to design, manufacture,
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and market NEC’s gate array products. Under this
agreement, NEC and other Japanese companies
will be able tc boost their purchases of foreign
semiconductors. In another recent agreement,
Kobe Steel and T1 announced the establishment of
a joint venture in Japan to manufacture VLSI ICs
and ASICs, which will be sold through TI. In
addition, a number of other strategic alliances were
formed between US and Japanese companies in
1989. For more details, refer to the subsection
entitled “Alliances.”

Although most discussion of trade was dominated
by US/Japan topics, several developments in
Europe also made headlines. In March 1989,
the European Economic Community (EEC)
announced that it planned to increase the duty rate
paid by foreign manufacturers of 256K DRAMSs
from 10 to 14 percent. The EEC explained that
because NEC and Siemens are now producing
significant quantities of 256K DRAMSs in Europe,
the EEC is justified in raising the import duty to the
full 14 percent. In February 1990, after months of
speculation, the EC announced that an agreement
had been reached between itself and the
11 Japanese vendors that sell into Europe. Under
the terms of the agreement, a price floor was
established for all densities of DRAMS; suppliers
cannot legally sell below this floor without facing
dumping charges. Although the reference price is
not publicly known, it is based on cost, a capital
and R&D expenditure allowance, a selling, general,
and administrative (SG&A) expense margin and a
profit margin of 9.5 percent.

Another European issue that remained at the
forefront of internaiional discussions is the
scheduled 1992 unification of Europe, with the
dropping of inter-Europe trade barriers. Realizing
the immense size of a unified European market,
many large Japanese and US semiconductor
manufacturers continued to invest heavily in
European manufacturing facilities in 1989 in order
to avoid import duties by producing semicon-
ductors locally,

Alliances

In 1989 and early 1990, a number of strategic
alliances were formed between US and Japanese
companies. Some of these alliances involved
start-ups looking to Japanese vendors for manu-
facturing capacity for their new products. For
example, VIA Technologies has teamed up
with Fujitsu to jointly develop chip sets for

Sun-compatible workstations. Ramtron signed a
joint development agreement with Seiko-Epson
under which Seiko-Epson will provide Ramtron
with manufacturing capacity for (ferroelectric
memory products developed jointly with Ramtron.
In November, Vitesse signed an agreement with
Fujitsu whereby Fujitsu will second-source GaAs
ASICs developed by Vitesse. In January 1990,
Actel signed a manufacturing agreement with
Matsushita that allows Matsushita to manufacture
ASIC products for Actel. In February, Echelon
formed an alliance with Motorola and Toshiba
whereby the two companies will manufacture and
distribute semiconductors developed by Echelon.
Also in February, Kubota, a Japanese machinery
manufacturer, signed an agreement with C-Cube
Microsystems to codevelop image-processing ICs.

In addition to these alliances between start-ups and
Japanese suppliers, several alliances occurred
between major US and Japanese semiconductor
manufacturers. In May 1989, Motorola agreed to
second-source Toshiba’s new 74BC BiCMOS logic
family. In July, Hitachi and Texas Instruments
agreed to mutually second-source each other's
SRAMSs. In August, HP licensed its RISC-based
Precision Architecture along with its advanced
submicron CMOS process technology to Samsung.
In January 1990, NMB Semiconductor signed an
agreement with Intel whereby NMBS will manu-
facture DRAMS for sale by Intel. In March, AT&T
and NEC anncunced an agreement under which
AT&T will be licensed to design, manufacture, and
market NEC’s gate array products. In return, NEC
will receive AT&T's sophisticated CAD tools for
ASICs. The relationship also called for AT&T to
provide manufacturing support for NEC's 4-bit
microcontrollers.

In recent years, there has been an observable trend
among Japanese steel and heavy industry com-
panies toward diversification into the electronics
industry. In 1985, Kawasaki Steel formed Nihon
Semiconductor, a joint venture with LSI Logic
Corporation. In the past year, we have seen two
new alliances between Japanese heavy industry
companies and US semiconductor companies.
One, which was mentioned earlier, is the alliance
between Kubota and C-Cube to jointly develop
image compression 1Cs. In March 1990, Kobe
Stee! of Japan announced a joint venture with
Texas Instruments to manufacture VLSI ICs and
ASICs, Table 3-4 provides a list of alliances in
1989 and early 1990.



Chapter 3 General Indusiry Climate 1989—-The Year in Review 3-15
Table 3-4
Alliances: 1989-19%90
Company 1 Company 2 Date ProductType
Samsung NCR January 1989 ASICs, SRAMs Cross-license
AT&T Intel January 1989 Communication ICs  Product & technology
exchange
Logic Devices AT&T January 1989 SRAMs Foundry
TI Acer February 1989 DRAMs Joint manufacturing
Fujitsu VIA Technologies March 1989 Chip sets Joint development
Intel IBM March 1989 DVI Joint development
ACC Micro. Motorola April 1989 Chip sets Second-source
Ramtron Seiko-Epson April 1989 Ferroelectric Joint development
memory
Sanyo Mosaid Aprit 1989 DRAMS Joint development
Toshiba Siemens May 1989 ASICs Second-source
AMD Lattice May 1989 PLDs Cross-license
Motorola Toshiba May 1989 BiCMOS logic Second-source
Simtek Plessey July 1989 EPROMs Licensing
Hitachi Goldstar July 1989 DRAMSs Licensing
Hitachi TI July 1989 SRAMs Joint supply
AMD ICT July 1989 EPROMs Joint development
HP Samsung August 1989 RISC Licensing
AT&T Paradigm August 1989 SRAMSs Joint development
SEEQ Philips-Signetics October 1989 Flash, EEFROM Foundry, licensing
Fujitsu Vitesse November 1989 GaAs ASICs Second-source
AT&T Xilinx December 1989  ASICs Manufacturing
Toshiba Int'l. Rectifier December 1989 MOSFETs Licensing
Samsung Intergraph December 1989  Clipper MPUs Licensing
Intel VLSI January 1990 Chip sets Remarketing
National Acer January 1990 Micros Joint development
Intel NMB January 1990 DRAMSs Marketing
Siemens IBM January 1990 DRAMSs Joint development
Actel Matsushita January 1990 ASICs Manufacturing,
marketing
IBM Siemens February 19%0 DRAMS Joint development
AT&T Mitsubishi February 1990 SRAMs Manufacturing,
marketing, technology
sharing
Echelon Motorola February 1990 LON ICs Manufacturing
Toshiba
C-Cube Kubota February 1990 Image compression  Joint development
AT&T NEC March 1990 ASICs, MCUs Manufacturing,
marketing
SGS-Thomson  Siemens March 1990 MCUs Second-source
§GS-Thomson  Oki March 1990 DRAMs Joint manufacturing
TI Kobe Steel March 1990 ASICs Joint venture
LsI Hyundai, Metaflow March 1990 SPARCs Joint development
Actel HP April 1990 ASICs Joint development
AMD Vitesse May 1990 GaAs Joint development
communication ICs
Intel TSMC May 1990 DRAMS Manufacturing

Source: Dataquest (August 1990)
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Mergers and Acquisitions

A significant amount of merger and acquisition
activity occurred in 1989. An increase in such
activity often occurs in periods of industry slow-
downs and following periods of extensive stan-up
activity. Historically, Dataquest has identified a
period of consolidation, acquisition, and a shake-
out of start-ups following each peak of start-up
activity. Although the number of start-ups has
recently been declining, the number of mergers,
acquisitions, and closures has increased in the last
two years. In 1989, four start-ups were acquired by
larger companies. Silicon Systems was acquired by
TDK; Inmos, the British memory and micro-
processor manufacturer, was acquired by
$GS-Thomson; Mietec, a Belgian ASIC supplier,
was acquired by Alcatel; and Krysalis, a ferro-
electric memory start-up, was acquired by National
Semiconductor. In addition, LSI Logic merged two
of its recent acquisitions, G-2 and Video Seven, to
form Headland Technology, a subsidiary of LSI
that manufactures PC logic and graphic chip sets.

In addition to these acquisitions of start-ups, a
number of other significant acquisitions occurred in
1989 and early 1990. A number of these
acquisitions also involved start-ups, as these small
companies attempted to gain manufacturing capa-

company from its parent, Exxon, with funding from
Warburg, Pincus Capital Company. Also in June,
Atmel, a nonvolatile memory start-up, purchased
Honeywell’s Solid State Electronics division in
Colorado Springs, Colorado. Included in the pur-
chase were three wafer fabs plus related assembly,
testing, and engineering facilities. General Electric
Microelectronics was acquired by Harris in July. In
January 1990, Atmel acquired Westinghouse’s
Chesapeake ASIC design group. In February,
Vitelic acquired Elcap Electronics Limited, one of
Hong Kong's pioneers in wafer fabrication. In
doing so, Vitelic, a start-up memory manufacturer,
acquired a 69,000-square-foot wafer fab, which the
company will upgrade to a 5-inch submicron
production facility.

A list of 1989 and 1990 acquisitions of semicon-
ductor companies is found in Table 3-5.

Semiconductor Megatrends

in the 1990s

The following list contains Dataquest’s predictions
for semiconductor megatrends in the 1990s:

¢ Economic power will displace military power.

Closeness to the customer will be an imperative,

city and diversify their product lines. In April 1989, e Electronics will pervade all aspects of society.
the ASEA Brown Boveri Power Semiconductor . oy
Division was acquired by IXYS, a start-up discrete ® Technological cbsolescences will increase.
semiconductor manufacturer. In June, the manage- ¢ Consolidation and retrenchment will become
ment and employees of Zilog purchased the the norm,

Table 3-5

Mergers and Acquisitions: 1989-199%0

Acquired Company Acquired By Date Product Area

Inmos S8GS-Thomson March 1989 Transputers, SRAMs,
DSP, graphics

G-2 Video Seven* April 1989 Chip sets

Silicon Systems TDK April 1989 ASICs

ABB Power Semi. IXYS April 1989 Discretes

Zilog Employees June 1989 Microcomponents

Honeywell Atmel June 1989 NV memoty

GE Micro Harris July 1989 ASICs

Krysalis National October 1989 NV memory

Mietec Alcatel November 1989 Telecom chips

Chesapeake Group Atmel January 1990 ASICs

Elcap Electronics Vitelic February 1990 Memory

*Mow Headland
Source: Dataquest (August 1990)
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o Southeast Asia’s growth will lead the decade.
® The industry’s capital intensity will grow.

® Partnerships will become standard business
practice.

® Software will be the king of the '90s.

® Japan will have peaked in growth and the
United States will have bottomed out.

Economic Power Will
Displace Military Power

We believe that economic power will displace
military power as the basis for worldwide
dominance. Countries will shift their focus away
from military spending and concentrate on
strategies to create economic might. Electronic and
information transfer industries will be viewed as
essential to establishing economic power. Global
trade policies will become the new battleground as
entities throughout the world seek to protect or
enhance their individual economic strengths.
Companies that cannot compete on a global basis
will realize growth rates and financial returns that
are substantially less than industry averages.

Closeness with Customers
Will Be an Imperative

Region-based manufacturing should become an
imperative of the next decade, as will an entirely
new level of service. Driven by trade laws, local
content requirements, and the new strategy of
establishing factories close to the point of
consumption, partnerships such as the Acer/Texas
Instruments consortium to produce DRAMs for the
Taiwanese market will become commonplace. This
fact will hold true for the manufacture of electronic
equipment as well as components. Japanese com-
panies already have begun to establish substantial
manufacturing capabilities in the United States,
and both US and Japanese companies are moving
en masse into Eurcope with IC production factories.
Product and price differentiation will be difficult;
hence, service will become a new and powerful
marketing tool.

Electronics Will Pervade
All Aspects of Society

Electronics will become ubiquitous—a common
denominator throughout all levels of society.

Consumer electronics (with emphasis on personal
use) that are perceived to enhance one's life or
offer opportunities for saving time will be key
drivers during the early portion of the next decade.
We see widespread consumption of ISDN-driven
products, personal cellular telephones, home fax
machines, home copiers and laser printers, and
home autornation products, as well as personal
entertainment systems. This bodes well for analog
products as well as for mixed-signal and
conventional digital devices. We do not see HDTV
as having significant impact on either consumers or
IC producers until very late in the decade.

Technological Obsolescences
Will Increase

We predict that technological obsolescences will
occur at an even faster rate during the *90s than in
the '80s. Product life cycles, despite increasing
product complexity, will be shorter than in the past
decade. Innovation, driven by astounding leaps in
software technology and the information transfer
industry, will place immense pressures on product
survivability., Developing a product that can capture
market leadership long enough to recover the
investment cost of development will become a key
challenge.

Consolidation and Retrenchment
Will Become the Norm

The European, US, and Japanese semiconductor
industries are expected to reach full maturation in
the 1990s. Annual growth rates will more closely
follow those of traditional mature industries such as
automobiles. Substantial consolidation will take
place in the US semiconductor industry, resulting
in only a few, very large US semiconductor
producers by the end of the decade. Niche market
players will become increasingly rare, finding that
their markets of choice are too small to allow for
annual research and development investments that
are commensurate with industry averages. A
shakeout will occur among the Japanese device
producers as a result of too many participants
entering the IC market from nontraditional
sourcessuch as the Japanese steel, chemical, and
heavy industry companies. The majority of the
retrenchments will come from ASIC entities that
lack substantial vertical integration capabilities.
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Southeast Asian Growth
Will Lead the Decade

Southeast Asia will be the region exhibiting the
greatest growth and the largest number of new IC
ventures. Dataquest predicts that Thailand will
become the fifth tiger. Virtually all of the newly
industrialized countries (NICs) will adopt the
strategy that an indigenous semiconductor indusiry
is essential to the development of a modern
economy. The proliferation of ASIC design tools
will enhance this region's goal of becoming
independent of both Japan and the United States
for the supply of complex ICs. India will become
an impeortant electronic equipment consumer and
semiconductor device producer. The Eastern Bloc
and Soviet countries will become significant
electronic equipment consumers toward the end of
the decade as they realize the necessity of
establishing economic rather than military power.
China wili be neither a significant consumer nor
producer of semiconductors. Despite current
rhetoric that China’s modernization program still is
top priority, the impact of the June 1989 events in
Beijing will most likely continue well into the next
decade.

The Industry’s Capital Intensity
Will Grow

Dataquest foresees that the capital intensity of the
industry will grow. Companies no longer will be
able to use DRAMSs as their sole process drivers.
DRAM technology will pace lithography and
three-dimensional events (trench capacitors);
however, ASIC technology will set the cadence for
multiple levels of interconnections, depesited films,
and packaging developments. Consequently, broad
market participants will have to make significant
investments in both DRAM and ASIC tech-
nologies. Wafer fabrication facilities will become
product-focused rather than process-focused.
Operations will be built principally for the lifetime
of one specific product {e.g., factories for 16Mb,
64Mb, and 256Mb products), with possible later-
stage revamping for less demanding technologies.
This scenario favors commodity memory producers
over ASIC and analog producers for the greatest
leverage of wafer fabrication capital investment.

Partnerships Will Become
Standard Business Practice

Partnerships and technology transfer are likely to
become key strategies in the next decade. The

staggering cost of technology will be only a portion
of the problem to be solved. As product lifetimes
decrease, the time to market for products wil
become predominant. Even a minor setback in
product development could translate to missing an
entire product cycle, recovery from which may be
impossible. Partners not only will share the cost of
the technology but also the task of getting the
product to market in time to minimize the risk of
lost opportunity. The NICs will lodk to the
established countries for technology. This know-
how will be exchanged for local market access and
assistance in establishing repional manufacturing
capability. Companies that lack partnering skills or
cannot leverage their technology will suffer against
their more adept global competitors.

Software Will Be the King of the '90s

As software standards become pervasive, hardware
will become a commodity item. We predict that the
Silicon Valley will realize an era of venture
capital-backed software start-up companies that will
rival the IC company start-up era of the '70s.

Japan Will Have Peaked in Growth; the
United States Will Have Bottomed Out

Dataquest anticipates that Japan’s amazing growth
rate will peak very early in the decade. As the
Japanese accept their position as the most wealthy
people on earth, they will begin to enjoy the fruits
of their efforts and lessen their obsession with
economic survival. The younger Japanese genera-
tion, having never known the hardships of their
elders, will be unwilling to make the same sacrifices
of unquestioned long work hours, blind devotion to
corporate goals, and lack of personal identity. This
phenomencn is not unique to the Japanese, but
rather a continuing enactment of the drama that
has occurred in every highly successful emerging
nation including Ming China, the Ottoman Empire,
the countries of Wesiern Europe, Great Britain,
and the United States. The United  States has
bottomed out in its descent and now is finally
addressing the decline in global competitiveness,
deteriorating industries, poor product quality, the
drug problem, and the seeming inability to create
products that its citizens will buy, We believe that
by the end of the cenwury, Japan and the United
States will be virtually at parity; however, Japan still
will be slightly in the lead. Both nations will have
shouldered many of the world's problems and will
unite in their mutual anxiety over the ever-growing
economic strength of Southeast Asia.



CHAPTER 4

Electronic Equipment Segment of the Economy

Introduction

The steadily growing electronic equipment segment
of the global economy is a major contributor to
worldwide economic growth. Dataquest estimates
that 1988 worldwide electronic equipment sales
accounted for nearly 8 percent of OECD members’
output of goods and services. In 1989, that
amounted to $653 billion ocut of $10 trillion,
measured in current US dollars. Tllustrative of this
growth and contribution is the fact that electronic
equipment progressed from less than 3 percent of
the OECD output in the mid-1970s to just shy of
5 percent in 1984 to nearly 8 percent in 1988.

Chapter 3 developed the headwaters of the
waterfall of demand and established that the global
economy has been expanding vigorously since

1987. The major force behind this recent
worldwide economic expansion has been spending
related 1o private, fixed, nonresidential investments
(capital spending by businesses), as shown in
Figure 4-1.

Although worldwide consumer spending has
declined considerably as an economic driving force
from its 1985 historic levels of more than 5 percent
annual growth, it has been on the rise in some
regions during the past two years. This increase has
occurred in countries that have enjoyed recent
buoyant economic growth—Japan, Asian NICs, the
United Kingdom, and West Germany. Although
Japanese and Asia/ROW consumer spending has
been less than that of the United Kingdom or West
Germany, it has not been an insignificant con-
tributor to worldwide electronic equipment growth,
as shown in Figure 4-1.

Figure 4-1

Worldwide Electronic Equipment Demand
versus Capital and Consumer Spending
1989-1991 Annual Growth

Percent Change from Previous Year

11 H Eloctronic Equipiment Demand
® Capltal Spending
N X Consumer Spending
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1989 1490 1991

Source: Dataquest (August 1990)
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Because the electronic equipment industry sells
products in all three economic sectors—private
business, consumer, and government-—the industry
has been able to take advantage of the growth in
consumer and capital spending. It therefore has
enjoyed moderate growth worldwide over the last
two years. Dataquest estimates that annual growth
for electronic equipment exceeded 16 percent in
1988, whereas 1989 growth was substantial but
slower—approximately 6 percent (see Figure 4-1),

This chapter takes the first step down the waterfall
of demand. In the process, it develops the
following three important topics:

® Demand for electronic equipment—This in-
cludes a discussion of worldwide and regional
economic demand drivers.

® Production of electronic equipment—Key
regional economic and competitive issues
discussed in Chapter 3 are used 1o relate
worldwide demand to worldwide and regional
forecasts of electronic equipment production.

® Procurement of semiconductor devices—
Regional electronic equipment production
forecasts are used to generate regional forecasts
of semiconductor expenditures for 1989 and
1990. This is addressed as a strategic issue
within the section entitled “Electronic Equip-
ment Production.”

Electronic Equipment Demand

This section on electronic equipment demand
provides the following information:

¢ Background for electronic equipment demand

¢ Electronic equipment demand forecast for 1990
and 1991

#® Strategic issues reparding the electronic equip-

ment demand forecast

Background

The background information for electronic equip-
ment demand explores the following areas:

& Equipment market segments—What is included
in the electronic equipment market?

® Market segment growth—What is driving equip-
ment market growth?

® Sources of demand—Who buys electronic
equipment?

¢ Regional equipment demand—Where is elec-
tronic equipment purchased?

Equipment Market Segments

Dataquest segments the electronics industry into six
major application markets, defined as follows:

¢ Data processing
e Consumer

® Industrial

¢ Communications
® Military

® Transportation

Data Processing

Data processing comprises all equipment that
functions as information processors, including all
personal computers, regardless of price or the
environment in which they are used. About
10 percent of this segment’s equipment is assumed
to be purchased by the consumer sector of the
economy. The balance (90 percent) is purchased
by the private business and government sectors.

Consumer

The consumer segment comprises equipment that is
used primarily in the home for personal use, such
as audio and video equipment and household
appliances. All equipment in this segment is
purchased by the consumer sector of the economy.

Industrial

The industrial segment consists of all manufac-
wring-related equipment, including scientific,
medical, and dedicated systems. It is assumed that
all equipment in this segment is purchased by the
capital spending sector of the economy.

Communications

Most of the communications segment is made up of
telecommunications equipment, which Dataquest
classifies as customer-premises and public tele-
communications equipment, and all other com-
munications equipment, such as radie transmission,
studio, and broadcast equipment. All of the equip-
ment in this sector is assumed to be purchased by
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either the capital spending or
purchasing sectors of the economy.

government

Military

Military equipment is primarily defense-oriented
electronic equipment and thus does not include all
electronic equipment procured by the government.
In order to avoid double-counting, equipment that
belongs in an already defined application market
segment is not included here. All equipment in this
segment is purchased by the government (defense)
spending sector of the economy.

Transportation

Transportation consists mainly of automotive and
light-truck electronics. All equipment in this
segment is assumed to be purchased by the
consumer sector of the economy.

Market Segment Growth

The worldwide electronics industry production
growth by application market is illustrated in Figure
4-2. Growth was driven primarily by the data

processing and consumer markets. Figure 4-3
shows that although production share of these two
segments grew onlyt slightly from 54.0 percent to
54.5 percent from 1987 to 1989, these two market
segments still represent a majority of worldwide
equipment production and semiconductor demand.
At the same time, production share of the
industrial market has grown from 14.2 to
15.8 percent over that same period, while the
production share for the military segment has
dropped from 13.7 percent to 11.6 percent.

Major growth products within the data processing
and consumer markets have been personal com-
puters, workstations, storage peripherals, terminals,
personal printers, VCRs, and compact disc players.
These growth products have the following common
attributes:

e High semiconductor content
® High unit volume
® Large market (All of these products are used by

individuals and thus are assured of a large total
available market.)

Figure 4-2

Worldwide Electronic Equipment Market Growth
by Application Market Segment—1987-1989
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Figure 4-3
‘ Worldwide Electronic Equipment Production Share
by Application Market Segment—1987 and 1989
Communications Communications
13.0% 12.8%
Industrial Industrial Military
14.2% 15.8% .
Transportation Transportation
5.1% 5.3%

Consumer
20.1%

Data
Processing
33.9%

1987
Total = $525.3 Billion

Source: Dataquest (August 1990)

Demand Sources

The growth in worldwide demand for electronic
equipment is determined by the growth in world-
wide spending from the following three major
economic sectors:

e Private, fixed, nonresidential investments
(otherwise known as capital spending)

® Consumer spending
® Government spending

It is important to note that, in terms of demand
growth, individual market segment growth is a
function of the growth of the economic sectors in
which major purchases occur. For example, the
data processing, industrial, and communications
segments are purchased mostly by the capital
spending sector and represent nearly 60 percent of
total equipment demand. The consumer and
transportation segments are purchased mostly by
the consumer sector and represent approximately
30 percent of total demand. All of the military
segment is purchased by public sector and
represents 10 percent of the total equipment
demand. Supply issues, on the other hand, tend to
be more global in nature. The growth of the
equipment demand as a whole therefore is
determined by the growth rates of the individual

Consumer
18.8%

Data
Processing
35.7%

1989
Total = $653.1 Billion

economic sectors weighted by the relative size of
each sector, as well as supply-side issues such as
price and technology.

Additionally, it is important to note that small
percentage changes in sector spending can have a
big impact on equipment demand due to the size of
the consumer spending sector. Any change in
capital spending has a direct and significant impact
on equipment demand, particularly in the data
processing, communications, or industrial segments
(see Figure 4-4). Furthermore, as Figure 4-5
shows, consumer and transportation segments are
tied to the consumer spending sector. The con-
sumer spending sector has been flat and is forecast
to continue the same pattern, but the consumer
equipment and transportation segments have
experienced dynamic growth swings resulting from
relatively small changes in consumer spending.

As a historical example of how economic sector
spending influences electronic equipment demand,
consider the 1985 and 1986 near-recession in the
United States. Through 1983 and 1984, the
US economy was enjoying a consumer-driven
shopping spree. This spree stimulated North
American capital spending, as companies in all
segments of the economy scrambled to increase
capacity and productivity to participate in the
boom. The high value of the dollar drove import
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prices well below those of domestic products, spending. Figure 4-6 illustrates actual and forecast
and Japan, the Asia/ROW countries, and West worldwide and regional consumer spending growth
Germany were the major benefactors from all this rates for the 1986 to 1991 period.

Figure 4-4

Worldwide Electronic Equipment Demand and Capital Spending
by Application Market—1989-1991

Percent Change from Previous Year
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Figure 4-5

Worldwide Electronic Equipment Demand
by Application Market—1989-1991

Percent Change from Previous Year
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Figure 4-6

Actual and Forecast Worldwide and Regional Consumer Spending—1986-1991

Percent Change from Previous Year
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By 1985, the strength of the dollar had all but
choked US exports. Rapidly rising interest rates
that were due to the high demand for funds to
finance all the deficit spending stalled capital
spending growth as well.

However, from 1986 through mid-1989, North
American equipment demand was buoyant, aided
by increasing growth rates of North American
capital spending (see Figure 4-7). Growth in
electronic equipment demand is expected to be
moderate through 1991, as the worldwide economy
remains relatively soft. US capital spending fell
3.3 percent in 1986 before rebounding 3.9 percent
in 1987 and 8.4 percent in 1988, which is shown in
Figure 4-7.

Regional Equipment Demand

The regional equipment demand forecasts provided
are based on the following assumptions:

e Individual market segment growth is a function
of the economic sector in which the major
purchases occur.

e Small changes in sector spending can have a
large impact on equipment demand.

1989 1890 1991

® Regional annual growth rates of electronic
equipment demand are determined by the
weighted average of the annual growth rates of
consumer and capital spending within each
region.

@ Each region’s share of electronic equipment
demand is approximately equal to its share of
worldwide capital spending.

Over the past five years, the share of electronic
equipment demand has shifted from the United
States and Europe to Japan and the Asia/ROW
nations. The fundamental reasons for this shift in
regional demand are as follows:

e Japan and the Asian NICs were the major
suppliers to the US import shopping spree from
the 1983 through 1985 period. As a result, at
different times throughout the period, they all
experienced heavy capital spending growth to
expand production capacity, productivity, and
competitiveness. This resulted in increased
demand for electronic equipment (data
processing, industrial automation, and com-
munications). Figure 4-7 shows that Japanese
capital spending remained strong through the
1985 downturn in the United States, as did that
of the Asia/ROW region.
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Figure 4-7

‘Worldwide and Regional Capital Spending—1986-1991

Percent Change from Previous Year
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® Since 1987, as the benefits of this Japanese and
Asian expansion have been realized in terms of
increased disposable incomes, consumer
spending in these countries has surged (see
Figure 4-7).

Electronic Equipment Demand
Forecast—1990 and 1991

Forecasts by economisis at The Dun & Bradstreet
Corporation suggest a considerable slowing of
worldwide capital spending through 1991. As
shown in Figure 4-8, capital spending is forecast to
slow from nearly 9 percent in 1989 to approxi-
mately 5 percent in 1991,

The impact that this slowdown is expected to have
is that growth in demand for electronic equipment
will also drop slightly, from 5.7 percent in 1989 to
5.6 percent in 1990, followed by an increase in the
growth rate to 7.3 percent.

The 1989 through 1991 worldwide demand fore-
cast by application market is given in Figure 4-9.
This is based on Dataquest’s forecast, which is
shown in comparison to the OECD worldwide
capital and consumer spending forecast in
Figures 4-6 and 4-7.

1889 1950 1891

Two Strategic Issues Regarding the
Demand Forecast

What Is the Regional Economic Impact on
Electronic Equipment?

North America. The annual growth of the real
US GNP (adjusted for inflation) is expected to
increase during the second half of 1990, reaching
an annualized rate of 4.0 percent by the fourth
quarter. The first quarter of 1991 is expected to
show slower growth in GNP at 3.8 percent. The
GNP growth rate is forecast to decline throughout
1991, reaching a rate of 2.8 percent by the fourth
quarter. For the year 1991, US GNP growth is
expected to be 3.4 percent. The capital spending
forecast follows GNP growth closely. A strong
second half of 1990 is expected to lift growth rates
of capital spending over those of 1989. Growth in
capital spending in 1990 is expected to be at
4.0 percent, up from 3.5 percent in 1989. In 1991,
despite a slight decline in growth throughout the
year, capital spending is expected to grow at
7.1 percent. As a result, the growth of North
American demand for electronic equipment is
expected to increase modestly beginning in the
second haif of 1990 and continuing through 1991.
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Figure 4-8

Worldwide Electronic Equipment Demand and Consumer and Capital Spending
Annual Growth—1989-1991

Percent Change from Previous Year
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Figure 4-9

Worldwide Electronic Equipment Demand Share Estimate and Forecast
by Application Market Share—1989 and 1991
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Eurcope. The European electronic equipment
demand is forecast to grow at a decreasing annual
rate through 1991. Again, this is a result of the
forecast slowing of real GNP/GDP growth and its
amplified impact on capital spending throughout
Europe. The Eurcopean countries will avoid feeling
the full slowdown that is affecting the United
States, largely because of the widespread capital
spending by both European and Pacific Rim
countries in preparation for the EEC market
consolidation in 1992,

Japan and Asia/ROW. Because the capital and
consumer spending growth of Japan and the Asian
NICs is not expected to fall as sharply as that of the
North American and European regions, the
electronic equipment demand compound annual
growth rate (CAGR) in these regions remains
higher than in that of the other regions. The
continued investment by Japanese electronics
companies in offshore production will continue to
stimulate demand growth in the Asian NICs. The
demand share for electronic equipment therefore
will continue to shift toward Asia and Japan.

What Are the Major Demand Drivers?

The application market forecast to show the highest
growth still is data processing, followed by the
communications and industrial segments. This is a
result of the continued expansion and moderniza-
tion in the Asian NICs and Japan. Modernization
and productivity improvement in process in Europe
also will contribute to the growth of these segments.

The slower growth of the consumer and trans-
portation segments reflects the forecast decline in
consumer spending within the regions with the
largest populations—North America and Europe.

The US fiscal restraint evident in the 1989 and
1990 federal defense spending budget has caused
the slower growth forecast in the military segment.

Electronic Products—Largest Demand Drivers.
Within those market segments showing the most
demand growth, the specific products that are
driving this growth are shown in Table 4-1.
Table 4-2 shows those end products forecast to
show the steepest decline.

What are the Factors Affecting the
Supply Side?

Although a portion of market growth can be
explained by changing preferences and spending
patterns, still more of the growth is explained by
supply-side factors.

Three major factors affecting the supply of
electronic equipment are technology, cost of goods
sold, and production costs. As technology improves
and costs of raw materials and production decline,
manufacturers become willing to supply a greater
number of finished goods at the same selling price.
In economic terms, this translates into a rightward
shift in the market supply curve, which leads to a
lower market price and a larger quantity of goods
sold.

Table 4-1

Growing North American Application Markets—1989-1993
{Millions of Dollars)

CAGR
1989 1990 1993 1989-1993

Optical Disk Drives 120 222 1,360 83.5%
3- to 4-Inch Rigid Disk Drives 2,9%0 4,209 7,195 24.5%
Workstations 5,398 7,160 13,222 25.1%
LANs 3,774 4,959 7,857 20.1%
Voice Messaging Systems 675 825 926 8.2%
Total 12,957 17,375 30,560 23.9%

Source: Dataquest (August 1990)
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Table 4-2
Declining North American Application Markets—1989-1993
(Millions of Dollars)
CAGR

1989 1990 1993 1989.1993
5.25-Inch Flexible Disk Drives 3,192 3,146 2,608 (4.9%)
Alphanumeric Display Terminals 1,668 1,220 442 (283.0%)
Modems 1,237 1,139 795 (10.5%)
Line Printers 1,614 1,561 1,354 (4.3%)
Electronic Typewriters 935 849 575 (11.4%)
Total 8.646 7,915 5,774 (9.6%)

Source: Dataquest (Auguost 1990)

Electronic Equipment Production

Electronic equipment production directly deter-
mines the demand for semiconductors. The success
and growth of electronic equipment producers
within a given region determines the size and
growth of the total available market for semi-
conductors within that region.

The success and growth of electronic equipment
producers depends to a large degree on their
products. However, the economic conditions of the
region~—labor costs, interest and currency exchange
rates, and the availability of patient investment
capital—play a large role as well. These factors
determine productivity and hence competitiveness,
thus influencing a company’s ability to compete for
worldwide demand for its products.

This chapter takes the next step down the demand
waterfall shown in Figure 4-10 and relates the
worldwide and regional demand for electronic
equipment discussed above to the production of
electronic equipment and hence to the demand for
semiconductors.

Background

Electronic equipment producers build end products
by assembling printed circuit boards containing
semiconductors, other electromechanical or
mechanical devices, and a power supply into a
package or container. The manufacturing steps are
as follows:

® Fabrication of the individual subassemblies, PC
boards, and packaging

¢ Assembly of all these pieces

® Test and verification that the product works and
meets specifications

These manufacturing steps frequently involve the
need for labor with good manual skills. Low-cost
production translates to low-cost but highly skilled
labor and considerable automation of much of the
fabrication and testing portions of the process.

During the 1970s, emerging semiconductor tech-
nology enabled more and more functionality in
smaller and smaller physical packages, and
electronic products generally became more of a
commodity. Successful producers required very
large production volumes to be truly competitive,

Meanwhile, early in the 1970s, Japan began to
execute a multiphased strategy to accomplish a
national objective: to become a world-class
producer of consumer, communications, and data
processing equipment. The execution of this was
truly national in scope and involved teamwork
between the government, sources of patient capital,
and many individual business entities.

The sirategy itself embodied the following four
steps:

® License the technology or manufacturing rights
to a key product

® Leverage Japan’s manufacturing and quality
assurance ingenuity and highly favorable
economic climate, especially the low-cost,
dedicated, and skilled labor force, to manu-
facture the product very cheaply in high volume



Chapter 4

Electronic Equipment Segment of the Economy

4-11

Figure 4-10

Waterfall of Demand

GNP
(Reglonal}

Source: Dataquest (August 1990)

® Capture market share in the United States and
Europe (and thus generate demand appropriate
to the low-cost production volume) through
aggressive pricing

® Gain dominance and ownership of the product
by adding market-driven proprietary enhance-
ments as experience is accumulated

In response, during the 1970s, US electronics
manufacturers began to move their production
offshore to Taiwan and other Asian countries
whose low-cost, highly skilled labor force and
favorable economies ensured competitiveness with
Japan.

In many of these countries, companies have
evolved that have honed these manufacturing skills
to a fine edge because of the huge production
volumes they have run through their factories for
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US companies. These companies have either
learned or licensed the requisite product tech-
nologies to develop their own products and by now,
have leveraged their high-volume production
capabilities into formidable competition for their
original US customers.

Japan became the premier producer of consumer
electronics in the early 1980s to the extent that the
United States is all but out of that business now.
RCA is an example of an early electronics
innovator that no longer is a participant. South
Korea became the offshore production site for
Japan when Japanese costs rose; now South Korea
is the premier producer of consumer electronics.
From 1983 through 1985, Taiwan became the
offshore production site for numerous US PC
clones and add-in boards; now Taiwan is a serious
worldwide competitor in all aspects of the PC
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market. Similar examples exist for computer
peripherals, such as disks, printers, terminals, and
modems.

Where Is Electronic Equipment
Produced Today?

North America is still the dominant producer of
data processing, communications, and industrial
electronic products, but the trend clearly indicates
significant erosion of North American suppliers.
When any electronic product, such as computers,
comnmunications devices, or industrial products,
reach the commodity volume level, the US econ-
omy and business climate are not in a good position
to compete on an international scale with Japan
and the Asian NICs. Therefore, more and more
electronic equipment production—particularly high-
volume production—will be done in Japan and the
Asian NIC regions.

Although this trend has been going on since the
1970s, it accelerated between 1985 and 1986 when
the US worldwide production share fell from its
1984 level of 48 percent to 44 percent in 1986.
The dramatic shift in power from US suppliers to
Japanese and Pacific Rim suppliers began with the
1984 boom market in the United States; it is
continuing today. The following three major events
occurred during the 1984 through 1989 period:

® The 1985 near-recession

® The application of commodity supply rules by
Japanese and Asian suppliers

¢ US suppliers weakened and reduced

In order to understand where the production is
today and appreciate where it will be tomorrow, a
review of the 1984 through the 1988 events
follows.

1984—A Year of Excessive Demand

All sectors of the US economy were engaged in
vigorous buying in 1984; it was a very good year.
Capital spending was up 17.7 percent over 1983,
Consumer spending was up 4.4 percent, and gov-
ernment spending was up more than 4.5 percent.
Demand for all types of products was very high;
electronic equipment was no exception. Among
electronic products, demand was especially strong
for personal computers, work group and small
departmental computers, manufacturing systems,
and communications systems. Consumer ptroducts

such as TVs, VCRs, and home appliances were also
in high demand.

Also by 1983 and 1984, a crowd of new North
American companies emerged, manufacturing
communications equipment, personal computers,
PC peripherals, and related products. Many
producers of such equipment from Japan, Taiwan,
and South Korea also were entering the US market
during this period.

During 1984, the beneficiaries of the buying spree
were both domestic equipment producers and
foreign importers. The extremely high dollar plus
the indigenous superior productivity of Japanese
and Asia/ROW economies made their products
very competitive in the United States.

US Equipment Producers Flourish

In spite of their inferior competitiveness, US equip-
ment suppliers still did well because of the very
high demand and the “newness” of many of the
data processing and communications products.
This was especially true of the PC product segment
that was experiencing extraordinary demand. Many
domestic producers were successfully gaining share
of this “hypermarket.” US producers of PCs, small
microprocessor-based systems, peripherals, and a
variety of communications products experienced
growth in 1984 ranging from 70 percent for PCs to
20 percent for communications equipment.

Market research forecasts during 1984 were
extremely bullish for PCs and communications
products. Many US companies geared up for
expanded production, and because DRAMs and
some microprocessors were in short supply,
ordered aggressively.

The Bubble Bursts

The situation was ripe for a fall. This plunge started
in early 1985 when US capital spending growth fell
off to only 6.7 percent in 1985 (and plummeted to
a negative 4.5 percent growth in 1986). A sharp
decline in demand for electronic equipment during
1985 and 1986 resulted.

US Loses Numerous Equipment Producers

When US demand fell off, US equipment
preducers were unable to compensate for the
reduced domestic demand by increasing their
exports. They found themselves fundamentally
unable to compete with Japanese and Asia/Pacific
producers. The sharp reduction in US equipment
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demand also put severe competitive pressure from
Japanese and Asian producers on US equipment
producers in the US market. (See Chapter 2 for a
review of how Japanese and Asia/Pacific suppliers
excelled by applying the basic rules of marketing
commodity products.)

Many US suppliers, unable to meet competitive
pressure in a declining market, went out of
business, were acquired by larger suppliers, or were
acquired by Japanese, Asian, or European
companies. The net result was that by the end of
1986, there were significantly fewer US electronic
equipment producers, and the foreign producers
were all that much stronger.

Thus, because of their fundamental superior
competitiveness, the Japanese and Asia/ROW
producers were less affected by the US equipment
demand decline. Not only were they effectively
able to balance the reduced US demand with sales
to other markets, but they also increased their
share of the declining US market.

By mid-1987, the US dollar, interest rates, and
prices had fallen to the extent that the United
States was extremely competitive. At that time, the
United States commenced an export effort that has

stimulated the US economy in concert with all
other regional economies. Worldwide capital
spending and equipment demand surged. The
result was the extraordinary recovery of electronic
equipment production from 1985’s low point
through mid-1989. Since that time, equipment
production growth has slowed as the growth of
worldwide capital spending slowed.

During this dynamic recovery period leading up to
1989, the replacement by foreign suppliers of the
equipment producers shaken out by the 1985
recession and the offshore move by many US pro-
ducers contributed to a continuing but more
gradual shift in electronic equipment production to
Japan and the Asia/ROW countries.

Figure 4-11 illustrates this production shift from
North America to Japan and the Asian NICs. The
North American share of electronic equipment
production declined from 43.4 percent in 1987 to
41.2 percent in 1989, while Japanese and
Asia/ROW share climbed to 36.0 percent in 1989.
Taken separately, the production share for the
Asia/ROW region increased from 5.4 percent in
1987 to 8.2 percent in 1989. European share of
worldwide electronic production dropped from
23.6 percent in 1984 to 22.8 percent in 1989.

Figure 4-11

Regional Shares of Worldwide Electronics Production—1987 and 1989
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Electronic Equipment Production
Forecast—199(¢ and 1991

The 1990 and 1991 Dataquest forecast for
electronic equipment production is presented in
Figures 4-12 through 4-17.

Three Strategic Issues Regarding
Equipment Production

What Regional Production Shifts Will Occur
During the Forecast Period?

North America. Dataquest forecasts that North
American production will increase 5.8 percent in
1990 to $285 billion, down slightly from the
6.0 percent growth of 1989. The negative impact
of the capital spending forecast is not expected to
be as dramatic for production as for demand
because of continued exports to Europe of com-
puter, industrial, and communications products.

Dataquest predicts reasonable growth for the 1989
to 1991 period in each of the six application
market segments, except military and consurer,
with CAGRs in excess of 6.5 percent in each of the
four remaining segments (see Table 4-3). PCs and
workstations will drive the data processing segment
growth: local area networks (LANs) are expected
to drive the communications segment. The US
LAN market alone is forecast to grow approxi-
mately 33 percent to about $5.5 billion in 1990.

Europe. The 1992 effect is the preparation by
European, Japanese, Scuth Korean, and some
US companies for the single Buropean market of
1992. Real GNP growth in the EEC is expected to
fall from 3.6 percent in 1989 to 2.9 percent in
1990 and finally 2.8 percent in 1991. Data
processing, communications, and consumer prod-
uct manufacturing will strengthen as companies,
both foreign and domestic, build production
facilities within the EEC. Only the data processing
and transportation market segments will maintain
double-digit growth rates throughout the period.

Japan. The Japanese economy continues to
achieve strong growth rates. These rates are,
however, expected to decline slightly over the next

two years. After a real GNP growth rate of
4.8 percent in 1989, the growth rates are expected
to decline to 4.5 percent and 4.3 percent in 1990
and 1991, respectively. Recently, we have seen a
devaluation of the yen. The likely effect of this
relatively weaker yen is higher exports and lower
imports. Japanese electronic equipment production
is not forecast to grow as rapidly as strong domestic
demand. As Japan continues to contract equipment
production to other Asian countries, it is expected
that its share of worldwide production will fall
slightly.

Asia/ROW,. Asia/ROW  electronic  production
should be the fastest-growing of all four major
regions through the forecast period, partly because
Japan and the United States have been shifting
production to this region. This growth also is driven
by consumer products, PC clones, and related
products. Asia/ROW consumer production is
forecast to increase 13.9 percent in 1990; data
processing should increase 14.2 percent. The
Asia/ROW telecommunications segment is growing
rapidly, but to date it is still a relatively small share
of total production.

The consumer product segment is expected to
undergo such dramatic growth because of the huge
potential demand from regicns just beginning to
open their markets to consumer product imports.
WVast markets such as China and Thailand represent
massive potential to Asia/ROW producers as well as
to Japan-based companies that have built produc-
tion facilities in this region.

What Will Each Region Spend
on Semiconductors?

Table 4-4 shows the semiconductor demand and
forecast by region. The worldwide projections for
semiconductor demand (expenditures), also shown
in Table 4-4, are expected to grow throughout
1990, although 1990 is forecast to be a year of
negative growth compared with 1989. Overall 1990
semiconductor demand is expected to decline by
1 percent in 1990, followed by a growth rate of
17 percent in 1991. The merchant market is
expected to reach $60.9 billion in 1990 and to
grow to $65.6 billion in 1991.
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Figure 4-12 )

Regional Shares of Worldwide Electronic Equipment Production—1989-1991
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Growth Trends for Application Segments—Worldwide
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Figure 4-14
Growth Trends for Application Segmenis—North America
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Figure 4-16

Growth Trends for Application Segments—Europe
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Figure 4-17

Electronic Equipment Growth Trends—Asia/ROW
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Table 4-3
North American Electronic Equipment Production
History and Forecast—1989-1991
(Millions of Dollars)
CAGR
Segment 1989 1990 1991 1989-1991
Data Processing
Computers 74,757 80,892 88,073 8.5%
Data Siorage Subsystems 17,998 19,736 20,254 6.1%
Data Terminals 2,584 2,081 1,712 (18.6%)
Input/Qutput 11,336 12,281 13,287 8.2%
Dedicated Systems 5,324 5,333 5.481 1.5%
Subtotal 108,941 116,997 125,098 7.2%
Communications
Premises Telecom Equipment 12,517 13,866 15,102 9.8%
Public Telecommunications 7,175 7,590 8,019 5.7%
Mobile Communications 6,418 6,748 7,083 5.1%
Broadcast and Studio 2,145 2,315 2,465 7.2%
Other 1,660 1,720 1,790 3.8%
Subtotal 29,915 32,239 34,459 7.3%
Industrial
Security/Energy Management 2,506 2,639 2,822 6.1%
Manufacturing Systems 16,286 16,965 18,538 6.7%
Instrumentation 8,122 8,436 9,142 6.1%
Medical Equipment 6,117 6,485 6,896 6.2%
Civil Aerospace 8,149 9,411 10,807 15.2%
Other 5,719 6,053 6,537 6.9%
Subtotal 46,899 49,989 54,742 8.0%
Consumer
Audio 285 292 299 2.4%
Video 5,749 5,864 6,014 2.3%
Personal Electronics 239 240 241 0.4%
Appliances 13,147 13,512 13,918 2.9%
Other 1,037 1,078 1,126 4.2%
Subtotal 20,457 20,986 21,598 2.8%
Military 51,727 52,918 54,263 2.4%
Transportation 11,292 11,828 12,897 6.9%
Total 269,231 284,957 303,968 6.3%

Source: Dataquest {Auvgust 1990)
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Worldwide Semiconductor Consumption and Consumption Share by Region—1989-1991

Table 4-4

(Billions of Dollars and Percent Share)

Demand ($B)

Demand Share (%)

Region 1989 1990 1991 1989 1990 1991
North America 17.9 17.2 19.9 31.4% 30.8% 30.3%
Europe 9.8 9.7 11.4 16.9 17.4 17.4
Japan 23.0 22.4 26.1 40.7 40.0 39.8
Asia/ROW 6.5 6.6 8.2 11.0 11.8 12.5

Total §7.2 56.0 65.6 100.0% 100.0% 100.0%

Saurce: Dataquest {August 1990)
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Semiconductor Demand

In 1989, more than §57 billion worth of
semiconductor products were consumed world-
wide. This demand constituted 12 percent annual
growth.

The growth in 1989 followed three years of
sustained growth after the 1985 recession, in which
merchant demand was only $24 billion. After
doubling in the three years between 1985 and 1988
and realizing a 33 percent rate of growth in 1988,
the market slowed to only a 12 percent growth rate
in 1989.

Although semiconductor demand and production
represent the next step down the waterfall of
demand (see Figure 5-1), this chapter focuses only
on semiconductor demand; Chapter 6 focuses on
semiconductor production. This chapter describes
the underlying forces that drove semiconductor
demand and sustained the extraordinary growth
from 1986 to 1989; it also provides the forecast for
1990 and 1991. The chapter contains the following
three sections:

® Background—The underlying forces of demand
are addressed as follows:

— Reasons for sustained growth—What has
caused the sustained growth in demand over
the last three years?

— Semiconductor producers—Who is satisfying
the demand?

— Demand sources—Where is the demand

being generated?
» Equipment market segments
» Semiconductor products

¢ Geographical regions

® Demand forecast—1990 through 1991 world-
wide and regional demand forecast by product
type and electronic end-application market,
including the economic and end-product
demand drivers

® Strategic issues—Key
semiconductor demand

issues relating to the

Figure 5-1
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Background

Reasons for Sustained Growth—
1985 through 1989

Primarily, semiconductor demand growth is a
function of equipment production growth. It is
assumed that on a woridwide basis, equipment
production equals equipment demand, and equip-
ment demand growth is driven by capital spending
growth. Figure 5-2 shows the historical correlation
between the annual growth of worldwide capital
spending, electronic equipment production, and
semiconductor consumption for the period from
1970 through 1989. Examination of Figure 5-2
suggests that one contributor to the sustained
growth of electronic equipment production was the
growth in worldwide capital spending during 1987
and 1988.

The resulting if-sold values of worldwide electronic
equipment production and the corresponding
semiconductor consumption from 1986 through
1989 are shown in Table 5-1 along with their
respective CAGRs. As the table shows, electronic
equipment production has increased more than

40.0 percent from its 1986 level, to more than
$653 billion in 1989, a 1986 through 1989 CAGR
of approximately 12.0 percent. Semiconductor
consumption, including captive consumption
(defined herein), has doubled its 1986 recession
level for a CAGR of 21.5 percent to more than
$54 billion in the same period.

Secondarily, the sustained growth in semiconductor
demand is from increased semiconductor perva-
siveness—particularly in those equipment market
(application) segments that represent the highest
electronic equipment volume and most rapid
growth. Table 5-1 shows that the semiconductor
demand value was 7.3 percent of the electronic
equipment value in 1986, which increased to more
than 8.5 percent by 1988.

Semiconductor Producers

Because semiconductor manufacturers supply their
products to electronic equipment producers, within
any region, the level of demand for semiconductor
products is created by the level of electronic
equipment production. More than 200 companies
throughout the world supply their products to
electronic equipment producers. These companies

Figure 5-2

Worldwide Capital Spending, Electronic Equipment Production,
and Semiconductor Demand Growth Rates—1970-1989
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Table 5-1

Worldwide Electronic Equipment and Semiconductor Demand—1986-1989

CAGR
1986 1987 1988 1989 1986-1989
Electronic Equipment Production $460.4 $525.3 $618.1 $653.1 12.4%
Semiconductor Demand 3 337 3 415 3 545 $60.5 21.5%
Pervasiveness 7.3% 7.9% 8.8% 9.3%

Netz: Includesz captive suppliers
Source: Davaquest {August 1990)

can be characterized into one of the following three
broad classifications:

® Independent manufacturer
e Division (of a larger corporation) manufacturer
® Captive manufacturer

The first two of these classifications, both of which
are merchant suppliers, compete in the worldwide
metchant market to supply semiconductor products
to manufacturers of electronic equipment world-
wide. The third classification—captive—supplies
products only for internal consumption to satisfy its
own electronic equipment production require-
ments. These three types of manufacturing
companies will be discussed in more detail in
Chapter 6. It is important to note that the
distinction between merchant and captive suppliers
is more prevalent in the United States than in
Japan, where most semiconductor production is
integrated into a larger electronics company,

Semiconductor Demand Sources

Semiconductor demand can be viewed in the
following three ways:

¢ Demand generated by the individual equipment
market application segments

¢ Demand generated for semiconductor product
types

® Demand generated within a geographic region

Equipment Market Segments

Because electronic equipment production creates
semiconductor demand, the volume and growth of

semiconductor demand by electronic equipment
application markets is fundamental to under-
standing sources of demand growth. The appli-
cation market segments of electronic equipment
production, as defined in Chapter 4, are as follows:

¢ Data processing
e Communications
¢ Industrial

® Consumer

& Military

¢ Transportation

Within the electronic equipment market, the
highest growth markets were identified in Chapter 4
to be the data processing, communications, and
consumer segments. Figure 35-3 depicts the
worldwide electronic equipment market, and
Figure 5-4 depicts the resulting semiconductor
consumption by electronic equipment market
segments for 1987 through 1989. Not surprisingly,
the segments with the highest demand and demand
growth were the data processing, consumer, and
communications segments, and these were also the
highest-volume and highest-growth segments of
semiconductor demand.

In Figure 5-4, it can be seen that more than
two-thirds of the 1989 worldwide semiconductor
consumption ($56 billion) has been by producers
of data processing, consumer, or communications
products. Consumption of semiconductors by these
producers has experienced a CAGR of more than
26 percemt from 1987 through 1989.
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Figure 5-3

Worldwide Electronic Equipment Market Growth
by Application Market Segment—1987-1989
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Figure 5-4

Worldwide Semiconductor Demand by Market Segment—1987-1989
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Semiconductor Products

In response to semiconductor demand, the semi-
conductor industry supplies billions of semicon-
ductor devices to electronic equipment producers
worldwide. These devices consist of many different
types of products, including diodes, transistors,

Communications Military Transportation

ICs, and optoelectronic devices. Dataquest classi-
fies these products into the following major
categories:

e Discrete and optoelectronic devices

@ Integrated circuits
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Discrete Devices. The term “discrete” refers to a
packaged semiconductor device that has a single
function, meaning that one or several functioning
circuits are in the package. Dataquest divides the
discrete market into seven separate categories:
small signal and power transistors; small signal,
power, and zener diodes; thyristors; and other
discretes. Optoelectronic devices include light-
emitting diodes (LEDs), photodiodes, solar cells,
lasers, optocouplers, and phototransistors.

ICs. An integrated circuit is a single chip that
contains more than one active device. For
example, it may have a number of transistors,
diodes, resistors, or capacitors as part of an
electronic circuit. Integrated circuits vary widely by
function. They c¢an perform digital or linear
electronic functions and may be based on a
number of basic technologies, such as bipolar or
MOS.

Dataquest further classifies ICs imto memory,
microcomponents, logic, and analog. These cate-
gories are described in the following paragraphs
with some examples of commercially available
product types.

Memory ICs. Memory ICs are designed for the
storage and retrieval of binary information.
Read/write memory, generally referred 10 as
random-access memory (RAM), allows storage and
retrieval of information created by the user. When
such information is retained only as long as power
is supplied to the device, the memory device is
referred to as “volatile.” Examples of wvolatile
memory products are as follows:

¢ Dynamic RAM (DRAM)
¢ Static RAM (SRAM)
& Hierarchical RAM (HRAM)

Examples of nonvolatile memory products, which
do not lose information when power is removed,
are the following:

® Read-only memory (ROM)
® Programmable read-only memory (PROM)
® FErasable PROM (EPROM)

® Electrically erasable PROM (EEPROM)

Microcomponents, Microcomponents are further
categorized into microprocessors, microcontrollers,
and microperipherals, as follows:

& Microprocessor (MPU}Y—A microprocessor ¢an
be a single chip or a collection of chips that
function together as the central processing unit
(CPU) of a system.

® Microcontroller (MCU)Y—A microcontroller is
an IC containing a CPU, memory, and input/
cutput (I/O) capability; it can perform all the
basic functions of a computer without the
additional ICs.

o Microperipheral (MPR)--Microperipherals are
support devices for microprocessors or tnicro-
controllers. They either interface external
equipment or provide system support. Examples
are as follows:

— Disk-drive controllers

— PC logic chip sets

— Graphics controllers

-- Bus controllers

-~ Serial and paralle] I/O controllers

Logic Devices. Logic may be visualized as the
“glue” that surrounds the IC devices discussed
previously. They handle digital signals in a variety
of ways: routing, multiplexing, demultiplexing,
encoding/decoding, counting, and comparing.
Logic devices also are used to implement 1/O
interfaces. They are divided into two categories—
standard and ASIC—shown as follows:

¢ Standard logic—Standard logic ICs are readily
available off the shelf from a number of
suppliers. They come in predefined logical
functions in a variety of arrangements.
Examples of standard logic types are as follows:

— Bipolar
* Transistor-transistor logic (TTL)
+ Emitter-coupled logic (ECL)

— Metal-oxide semiconductor (MOS)

® ASICs—ASICs are integrated circuits designed
or adapted by the user for a specific application
or set of logical functions. Examples of ASIC
types are as follows:

— Programmable logic devices (PLDs)

— Gate arrays
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— Cell-based design

— Full-custom design

Semiconductor Demand by Product—
1988 through 1989

The worldwide semiconductor demand and
demand growth by product category are shown in
Table 5-2. The major category with the highest
growth from 1988 to 1989 is that of optoelectronic
devices, with a growth rate of 20.6 percent. The
table also shows that the market for discrete
products declined 0.7 percent beiween 1988 and
1989. ICs, which represent more than 80 percent
of total product consumption, posted a growth rate
of 14.3 percent during the same period. Table 5-2
includes consumption of products manufactured by
merchant market suppliers. If a manufacturer
supplies the merchant market and captive pro-
ducers, the consumption of its entire production is
included. Manufacturers that exclusively supply
captive producers are not included in these
consumption figures.

Within the IC category, both the largest-volume
and the highest-growth area was MOQOS digital

products, with a growth rate of 22.4 percent. MOS
digital products represent more than one-half
(57.7 percent) of total semiconductor consump-
tion. Within this category, MOS memories showed
a pgrowth rate of 39.9 percent, whereas MOS
microcomponents and logic experienced a growth
rate of 14.8 percent and 3.8 percent, respectively.
MOS memories represent nearly 29.0 percent of
total semiconductor consumption, whereas micro-
components and logic devices together represent
almost 30.0 percent.

Table 5-3 lists the top ten semiconductor products
in terms of annual growth in 1989 over 1988.
These ten products had an aggregate annual growth
of 28.0 percent in 1989 over 1988. The remaining
products grew only 3.3 percent over 1988.

The electronic equipment products driving the
demand for these highest-growth semiconductor
products are PCs, small-scale computers, technical
workstations, graphics  workstations, personal
peripherals such as disks and small laser printers,
and LANSs that tie all of these desktop systems
together.

Table 5-2

Worldwide Semiconductor Consumption—1988-1989
(Millions of Dollars)

Growth
1988 1989 1988-1989

Total Semiconductor $50,859 $57,213 12.5%

Total IC $41,068 546,924 14.3%
Bipolar Digital $ 5,200 $ 4,510 (13.3%)
Memory 689 540 (21.6%)
Logic 4,511 3,970 (12.0%)

MOS Digital $26,988 $33,024 22.4%
Memory 11,692 16,361 39.9%
Micro 7,144 8,202 14.8%
Logic 8,152 8,461 3.8%
Analog § 8,880 $ 9,390 5.7%
Total Discrete $ 7,612 $ 7,662 (0.7%)
Total Optoelectronic § 2179 $ 2,627 20.6%

Note: Columns may not add (o totals shown because of rounding.
Scurce: Dataquest {August 1990)
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Table 5-3

Top Ten Demand Growth Semiconductor
Products
1989 over 1938

Product Annual Growth

MOS ASIC—PLD 53%
MOQS DRAM Memory 46%
MOS Specialty Memory 41%
MOS SRAM Memory 29%
MOS ASIC—Gate Arrays 20%
MOS ASIC—CBIC 17%
MOS Microperipherals 15%
MOS Microcontrollers 14%
Bipolar ASIC—CBIC 14%
Bipolar ASIC—Gate Array 13%

Aggregate Annual Growth 28%
All Cther Products 3.3%

Note: Excludes captive demand
Source: Dataquest (August 1990%

The demand for MOS DRAM memories, fast
32-bit microprocessors, ASICs, and other MOS
microcomponents grew so rapidly during late 1987
and early 1988 that a serious supply shortage
existed, Although this supply shortage eased in
1989, these products still are in great demand and
their growth continued in 1989. The 19%0 and
1991 demand forecast for these products appears
in the subsection entitled *Semiconductor Demand
Forecast—1990 and 1991.”

The shortage of DRAMs and SRAMSs and the
associated price inflation of these devices has had a
substantial impact on both the magnitude of the
overall semiconductor demand growth and the role
that MOS digital products have in the semi-
conductor industry. BRAMs make up so much of
the semiconductor sales volume that variations in
their price can inflate or deflate the overall industry
sales volume, causing distorted views of growth or
decline.

MOS Memory

The “Swing Vote” in the Semiconductor
Industry

DRAMs make up so much of the semiconductor
sales volume that they have become the “swing

vote” in determining the health of the industry. In
fact, DRAM prices can have a monumental impact
on the overall industry sales volume and result in
skewed growth or decline numbers.

During 1984, the Japanese production capacity for
MOS memory expanded voraciously as the
perceived PC boom appeared to be creating a huge
demand for 64K DRAMs. When the bubble burst
in 1985, the Japanese producers continued their
high-volume production, and the supply far
exceeded the demand. The 256K part also was
coming onstream at that time, and the Japanese
producers were anxious to push this more
profitable part. Tripgered by rapid price slashing,
first by Micron in the United States and then by
various Japanese suppliers, the price of both 64K
and 256K devices plummeted during 1985
and 1936.

Faced with severe unprofitability, the major
remaining US DRAM producers, with the excep-
tion of Micron and TI, withdrew from the market.
The US producers, through the SIA, succeeded in
gaining US government support for their accusation
that the Japanese were “dumping” 64K devices
(i.e., selling them at prices well below cost).

This resulted in the US-Japan Semiconductor
Trade Arrangement of 1986, which required that
Japan not participate in the practice of dumping
and that Japan’s MITI manage the Japanese
production to balance supply with demand to force
the DRAM prices to stabilize so that US producers
could compete. It is interesting to note that when
the DRAM prices were stabilized by raising prices,
the effect was 1o generate huge additional profits
for Japanese producers to reinvest in new
technology. The other major element of the
agreement was that Japan would actively assist the
US producers in obtaining at least a 20 percent
share of its market for semiconductors.

The results of this agreement are questionable, at
best. MITI reduced production of DRAMs through
most of 1987, and demand recovered as US and
global economies heated up; by mid-1987, demand
far exceeded supply and the prices of DRAMSs and
SRAMs were uncharacteristically high. Early in
1990, we witnessed a number of agreements
between large Japanese and American semicon-
ductor suppliers, aimed at increasing market share
for US vendors in Japan.

Perhaps the best result of this agreement was the
development of long-term buyer-seller agreements
and dialogue that were designed to prevent ihe
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recurrence of the 1984 disaster. The objective of
this new procurement-supply process was to supply
and adhere to long-term forecasts on both sides of
the table, thus stabilizing both the buyers’ inventory
control and the vendors' production scheduling.

As the PC boom of late 1987 and 1988 moderated
in early 1989 and MITI advised higher production
levels, the supply of MOS memories balanced
demand within the first two quarters of 1989. At
that time, a considerable decline in memory prices
occurred, which amplified the perceived decline in
semiconductor demand through 1989 and 19%0
just as the inflated pricing of DRAMSs in 1987 and
1988 inflated the extraordinary growth during that
period.

Semiconductor Demand by Region—
1988 through 1989

The worldwide semiconductor demand by region
for merchant sales only is shown in Table 5-4. This
table illustrates that the combined demand from
the Japanese and Asia/ROW regions was
$29.5 billion in 1989, or 51.6 percent of the 1989
total demand. The North American demand was
more than $17.9 billion or 31.4 percent of the
total. The 1985 figures are quite different.
In 1985—only four years earlier—Japan and
Asia/ROW represented $11.0 billion, or only
38.0 percent of the $29.0 billion total, whereas the
North American demand was $13.0 billion for a
45.0 percent share.

Although the North American region has declined
somewhat since 1985 as a consumer of electronic

equipment relative to Japan and the Asia/ROW
countries, its share of electronic production has
fallen much further, as indicated by the decline in
semiconductor demand share from 45.0 percent to
31.4 percent. This sharp decline in North
America’s share of semiconductor consumption is
discussed further in the subsection entitled “What
Caused the Regional Shift in Worldwide Semi-
conductor Demand from 1985 through 1989?"

Semiconductor Demand
Forecast—1990 and 1991

The worldwide eccnomic outlook developed in
Chapter 3 highlighted a deceleration of growth of
real GNP/GDP starting in mid-1989 and continuing
through 1990. Beyond 1990, a healthy recovery
period is forecast. The impact of this deceleration
in capital spending, electronic equipment produc-
tion, and semiconductor demand growth worldwide
is shown in Figure 5-5. The specific impact of
capital spending on worldwide equipment produc-
tion by application market was discussed in
Chapter 4 and is reviewed in Figure 5-6.

Alter experiencing a growth rate of 5.7 percent in
1989, electronic equipment production growth is
expected to be slightly slower in 1990, at
5.6 percent, In 1990, Dataquest expects a stronger
growth rate of 7.3 percent. Figure 5-5 also fore-
casts the resulting worldwide demand for semicon-
ductors to decline 0.7 percent in 1990 after a
10.9 percent growth rate in 1989 and to rebound
to grow 17.1 percent in 1991.

Table 5-4

Regional Semiconductor Consumption—1988-1989
(Millions of Dollars)

Percent
Share Growth
Region 1988 1989 1989 1988-1989
North America $15,844 $17,937 31.4% 13.2%
Japan 20,772 22,997 40.2 10.7%
Europe R,491 9,755 17.0 14.9%
Asta/ROW 5,752 6,524 11.4 13.4%
Total 350,859 $£57,213 100.0% 12.5%
Annual Growth 33.0% 12.5%

Mote: Excludes captive demand
Source: Dataquest (August 1990)
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Figure 5-5

Estimated Changes in Economic, Electronic Equipment Production,
and Semiconductor Consumption Growth—1989-1991
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Figure 5-6

Growth Trends for Applications Segments—Worldwide
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Worldwide Semiconductor Demand
Forecast by Product—1990 and 1991

Table 5-5 presents the worldwide demand estimate
and forecast by semiconductor product, The total
demand CAGR for 1989 through 1991 s
8.0 percent. Total MOS digital ICs are forecast to
grow at a CAGR of 9.0 percent from 1989 to 1991,
driven by growth in logic, memory, and microcom-
ponent products. In addition, analog IC products
are expected to have a CAGR of 9.7 percent for
that period. Bipolar memory is forecast to decline
steadily through the period as it is replaced by
BiCMOS memory for high-performance applica-
tions. In general, Table 5-5 shows significant
growth across all product areas except bipolar
digital ICs from 1989 to 1991 as the industry
recovers from two slow growth years. Dataguest
expects a 16.5 percent growth rate for the total
semiconductor market in 1991,

Worldwide Semiconductor Demand
Forecast by Region—1990 and 1991

Table 5-6 presents the 1990 and 1991 forecast
and 1989 actual numbers by region. Not surpris-
ingly, the Asia/ROW region is forecast to enjoy the
highest growth, with a CAGR of 14.8 percent;
Europe should enjoy the next highest growth, with
a 13.1 percent CAGR. Japan is forecast to have a
CAGR of 5.3 percent, barely behind the North
American region's estimated 6.0 percent. Also

notice that the Asia/ROW region is expected to
enjoy a 23.1 percent growth rate in 1991,

North American Demand Forecast—
1990 and 1991

After a slow first half, the semiconductor market in
1990 is expected to show significant growth by
year’s end, with 4.9 percent and 5.4 percent
increases in demand for the third and fourth
quarters, respectively., On the whole, Dataquest
anticipates a negative 3.1 percent growth rate in
1990. Demand growth will decline 1o 2.4 percent in
the first quarter of 1991, followed by strong
5.2 percent growth in the second quarter.
Continued strong growth is expected in the second
half of 1991, yielding a 16.2 percent growth rate
for the year.

Table 5-7 presents the North American forecast by
semiconductor product for 1990 and 1991, along
with the actual 1989 numbers. The total North
American semiconductor market is expected to
grow 16.4 percent in 1990, with a CAGR of
6.0 percent for the period 1989 to 1991, In
addition, the total IC market is forecast to grow
17.7 percent in 19%0, with a CAGR of 6.2 percent
for the 1989 to 1991 period. The dominant
influence is, of course, MOS memory, which will
drive a 19.7 percent growth in the MOS digital
category from 1990 to 1991. After a 5.7 percent
decline from 1939 to 1990, the addition of the
1991 growth yields a CAGR of only 6.3 percent for

Table 5-5

Worldwide Semiconductor Consumption by Product—1989-1991
(Millions of Dollars)

Growth CAGR
1989 1990 1991 1990/1991 1989-1991

Total Semiconductor $57,213 $57,265 566,720 16.5% 8.0%
Total 1C $46,924 $46,543 $54,966 18.1% 8.2%
Bipolar Digital 4,510 4,135 4,427 7.1% (9.2%)
MOS Digital 33,024 32,549 39,235 20.5% 9.0%
Analog 9,390 9,859 11,304 14.7% 9.7%

Total Discrete
plus Optoelectronic $10,289 $10,722 311,754 9.6% 6.9%

MNote: Excludes captive consumption
Source: Dataguest (August 1990)
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Table 5-6

Regional Semiconductor Consumption—1989-1991
(Millions of Dollars)

Percent Percent
Share Share Growth CAGR
Region 1989 1990 1991 1989 1991 1990/1991 1989-1991
North America $17,937 $17,312 $20,154 31.4% 30.2% 16.4% 6.0%
Japan 22,997 22,287 25,498 40.2 38.2 14.4% 5.3%
Europe 9,755 10,678 12,469 17.0 18.7 16.8% 13.1%
Asia/ROW 6,524 6,988 8,599 11.4 12.9 23.1% 14.8%
Total $57,213 $57.265 $66,720 100.0%  100.0% 16.5% 8.0%
Annual Growth 12.5% 0.1% 16.5%
Mote: Excludes captive consumpiion
Scurce: Dataquest {Auguat 1990)
Table 5-7
North American Semiconductor Consumption—1989-1991
(Millions of Dollars)
Growth CAGR
1989 1990 1991 1990/1991 1989-1991
Total Semiconductor $17,937 $17,312 $20,154 16.4% 6.0%
Total IC $15,909 $15,225 $17,927 17.7% 6.2%
Bipolar Digital 1,701 1,567 1,651 5.4% (1.5%)
MOS Digital 11,682 11,021 13,190 19.7% 6.4%
Analog 2,526 2,637 3,086 17.0% 10.5%
Total Discrete
plus Optoelectronic $2,028 $2,087 $2,227 6.7% 4.8%

Mote: Excludes captive consumption
Source: Dataguest (August 1990}

the 1989 to 1991 period. Also showing substantial
demand growth is the market for analog ICs.
Demand is expected to grow 17.0 percent in 1991,
with a CAGR of 10.5 percent from 1989 tc 1991.
As is the case in the worldwide market, the
demand for bipolar digital ICs shows a general
decline throughout the period.

Four Strategic Issues

What Are the Semiconductor Demand
Drivers?

The driving force behind the 1990 and 1991
demand forecast (shown in Table 5-5) is MOS
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memory, particularly DRAMs and SRAMs. DRAM
prices have dropped significantly since the first half
of 1989, especially for 1Mb devices, but they
appear to be stabilizing. Thus, DRAM demand
growth in dollar terms is forecast at negative
32.0 percent for 1990 and at positive 28.0 percent
for 1991 when measured on a year-to-year basis.
Unit growth is forecast at a negative 5.7 percent for
1990.

This forecast is very dependent on DRAM pricing
assumptions because, as mentioned earlier,
DRAMs make up such a large portion of the
product mix, This dependency and the underlying
pricing assumptions are discussed in the following
paragraphs.

Products within the data processing segment—PCs,
technical workstations, graphics workstations, and
medium-scale business computers—are driving
much of the DRAM/SRAM demand. New appli-
cations for MOS memories are emerging that
include digital copiers, digital fax machines, digital
VCRs, and extended-definition TV (EDTV).

The outlook for microcomponents and MOS logic
is significantly different. Because the PC industry is
expected to have slower growth during 1990 than
in 1989, microprocessor growth should be corre-
spondingly slower, at 6.4 percent in 1990, down
from 14.5 percent in 1989 and 14.6 percent in
1991. MOS logic growth is forecast at 8.5 percent
in 1990 and 20.5 percent in 1991,

Optoelectronic and discrete devices, primarily used
in communications and consumer electronic
products, are forecast to have moderate growth.
Optoelectronic growth is expected to be 4.0 per-
cent growth in 1990 and 16.1 percent in 1991.
Discrete devices are projected to experience a
2.8 percent growth in 1990 and an 11.0 percent
growth in 1991,

What Caused the Regional Shift in
Worldwide Semiconductor Demand from
1984 through 1989?

The regional demand for semiconductors has
changed dramatically over the last four years. A
summary of key points follows:

& In 1984, Japan and the Asia/ROW countries
represented $11 billion, or only 38 percent of
the $29 billion total, whereas North American
demand in 1984 was §13 billion for a
45 percent share.

¢ The 1984 North American demand for
electronic equipment constituted 44 percent of
the worldwide equipment demand, while Japan
and Asia/ROW'’s share was only 21 percent. By
1989, the North American equipment demand
fell to 40 percent, and the Japanese and
Asia/ROW share climbed to 27 percent.

® The North American share of electronic
production fell much further, as indicated by
the decline in semiconductor demand share
from 45 percent to 31 percent.

There are three primary causes for this dramatic
shift. First, North American equipment producers
moved offshore. By 1984, most of the consumer
electronics producers had moved their production
to Asian sites where the low cost of labor was more
favorable to high productivity and competitiveness,
Many data processing, communications, and
industrial equipment suppliers either had done the
same or were having subassemblies manufactured
offshore for final assembly and test in North
America. This ongoing shift of US equipment
production to more favorable economic climates is
one obvious cause of the observed shift in
semiconductor demand (see Chapters 2 and 4 for
further information).

Second, a shakeout occurred among US suppliers.
In 1985, a 15.6 percent decline took place in
worldwide semiconductor demand, and a precipi-
tous 28.0 percent decline occurred in US demand.
Much of the observed shift in regional semicon-
ductor demand occurred in this 1985 and 1986
recession period, which suggests an additional
cause for the observed shift.

Te find the additional cause requires digging
deeper into the events surrounding 1984 through
1986. Chapter 4 identified 1984 as a boom year,
particularly for relatively new producers of PCs and
related equipment and communications equipment
producers. Excessive demand accounted for the
apparent success of many of these producers. But
when the demand fell off in 1985, their
fundamental lack of competitiveness could not
withstand the onslaught of Japanese and Asia/ROW
competitors in a declining market. As a result,
many of these new US equipment producers fell by
the wayside rather suddenly during 1985 and 1986.

Any slack in the supply from this shakeout of new
US equipment producers was filled quickly by their
Asia/ROW and Japanese counterparts. The former
US demand for semiconductors suddenly shifted to
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Asia and Japan as the “victor's” equipment sales
filled the void.

The third primary cause for this dramatic shift in
demand share to Japan has been the change in the
exchange rate caused by the devaluation of the
dollar beginning in 1986. Indexed against the 1984
exchange rate of 237 yen/dollar, the volume in yen
of the worldwide semiconductor demand increased
only 33 percent from its 1985 level. The Japanese
share has increased far less than otherwise
observed in terms of current dollars.

As a result of these circumstances, the Asia/ROW
region experienced the highest demand CAGR
from 1986 to 1989, followed by Japan, Europe,
and the United States. Thus, the extraordinary
sustained growth in semiconductor demand from
1985 to 1989 was by and large enjoyed in Japan
and the Asia/ROW countries, although all regions
experienced healthy growth during the period.

What Is the Impact of Regional
Economic Conditions on Semiconductor
Demand for 1990 and 19917

The following paragraphs summarize Chapter 3's
detailed forecasts of each region’s economic
climate and Chapter 4’s analysis of the impacts of
these forecasts on each region’s electronic equip-
ment demand and production and relates them to
the regional forecast of semiconductor demand
given in Table 5-6. For more detailed information,
please refer to the appropriate chapter.

North America

The US economy grew 3.0 percent in terms of real
GNP in 1989, The real capital spending growth in
1989 was nearly 4.1 percent over 1988 and is
forecast to increase slightly less than 4.3 and 4.4
percent for 1989 and 1990, respectively. North
American electronic equipment production grew
6.0 percent in 1989. However, because of the
slowing of capital spending and reduced competi-
tiveness in export markets, electronic equipment
production growth in the United States is projected
at 5.8 percent in 1990 before rebounding to
6.4 percent in 1991.

This estimate assumes that the exchange-rate-
derived competitiveness of US equipment pro-
ducers continues to €aable them to at least hold
their existing market share of export markets in
Europe. As the US$S doliar rises, US electronic

exports become less competitive in foreign mar-
kets. As 1990 unfolds, US interest rates, labor
costs, and inflationary pressures suggest that US
fundamental competitiveness will be challenged
during the expected period of reduced worldwide
market for electronic equipment,

If the US dollar rises very much above
160 yen/dollar and 2 deutsche marks/dollar in
1990, the impact of this effective price increase in
Europe and Asia, coupled with higher domestic
costs, could invalidate the forecast level of export
and thus reduce the actual equipment production
to be less than what was forecast.

From Datagquest’s estimates of the North American
growth of electronic equipment production by
application segment, the data processing and ¢om-
munications segments should realize the highest
growth over the forecast period, led by PCs and
related peripherals, high-performance graphics
workstations, and LANs. Growth of the data
processing equipment segment is forecast at
7.5 percent for 1990; growth of communications is
projected at 7.8 percent.

As expected from the data presented in the
previous paragraphs, the North American semi-
conductor demand’s highest segments are data
processing, communications, and industrial.
However, by far the most influential end product in
the North American semiconductor demand fore-
cast is the personal computer.

That the production of PCs is critical to the health
of U$ semiconductor demand is easily appre-
ciated when one considers that PCs alone account
for more than 11.0 percent of North American
semiconductor consumption. Dataquest’'s North
American semiconductor demand forecast is based
on the forecast that the unit quantity of PCs
produced in the United States will decline to
8.5 percent growth in 1990 from 1989's
14.3 percent pgrowth rate. Dataquest expects
growth of PC unit shipments to increase, posting a
growth rate of 9.3 percent in 1991.

Japan

The Japanese economy is strong but slowing, with a
1989 annual growth of 4.8 percent, down from a
rate of 5.7 percent in 1988. This growth is
expected to decline slightly over the forecast period
to 4.5 percent in 1990 and 4.3 percent in 1991.
This estimate assumes some decrease in Japanese
exports and a continued healthy growth in imports.



5.14 Semiconducior Demand

Chapicer 5

The Japanese domestic electronic production
growth rate therefore is expected to climb to
1.4 percent in 1990 after a 0.3 percent decline in
1989, followed by 4.9 percent growth in 1991.

The Japanese marketing strategy is to focus its sales
of consumer products on its still-buoyant domestic
demand while aiming sales of computers, com-
munications, and industrial equipment to export
markets.

The requisite export level to sustain the forecast
GNP growth assumes that the Japanese economy
will continue to sustain historic productivity levels.
Japanese competitiveness as an exporter and even
as a domestic supplier will be chailenged because of
the strong yen and increasing costs within Japan.
However, many Japanese producers have moved
portions of their equipment production offshore to
Thailand, Malaysia, and Singapore to reduce costs
and assure competitiveness both domestically and
worldwide.

Despite challenges to Japanese competitiveness, the
primary growth segment of equipment production
will be data processing, which is forecast to grow
4.3 percent in dollar terms in 1990 before
increasing to 7.2 percent growth in 1991, New
applications such as EDTV, point-of-sale (POS)
terminals (required by Japanese retailers to handle
the new sales tax), and various high-performance
consumer products are expected to provide growth
in the near fugure.

The forecast decline in Japan's electronic
production growth rates is the resuli of the
following:

® The shifting of a portion of Japan’s equipment
production to the Asia/ROW and European
regions

® The reduction of export levels due to the strong
yen and the need to balance Japan’s trade

surplus

¢ The slowing of demand from the United States
and Europe as a result of the forecast global
economic “soft landing” in 1990

Japanese semiconductor demand will decline
2 percent in 1990, before experiencing a 16 per-
cent growth in 1991 (see Table 5-6). The reduced
1990 growth in dollar terms is the direct result of
declining DRAM prices and reduced electronic

equipment growth, resulting from Japanese elec-
tronic manufacturing shifts to Asia and Europe.

Eurape

The GNP/GDP of the OECD European countries
enjoyed moderate 3.5 percent growth in 1989 but
is forecast to decrease to 2.8 percent in 1990 and
2.7 percent by 1991. Annual capital spending
growth will fall to 5.2 percent in 1990 and decrease
slightly to 5.1 percent by 1991, Preparations for the
unified 1992 European market will sustain a higher
level of electronic equipment demand than would
otherwise be expected under the global economic
slowdown expected through the forecast period.
During the next four years, the European market
offers some unique opportunities and challenges.
Many local and multinational companies, including
those from the United States, Japan, and the
Asia/ROW region, are building production facilities
in Europe to take advantage of Europe 1992,
These facilities will purchase semiconductors locally
to receive favorable tax treatment, so additional
semiconductor production capacity is building up in
Europe as well. Because of this 1992 effect, some
additional electronic equipment production and the
resultant semiconductor consumption will shift
into Europe from the other regions during 1990
and 1991.

PCs were the driving force for European semi-
conductor demand growth, particularly in MOS
microcomponents, memory, and bipolar digital
logic. PC production accounts for more than
50.0 percent of Europe’s DRAM consumption.
Order rates from European PC manufacturers have
been low since the middle of 1989 and have
continued into the first half of 1990. Despite this
decline in IC demand from PC vendors, Europe is
forecast to increase semiconductor consumption by
9.5 percent in dollar terms in 1990 (due mainly to
exchange rate fluctuations) and to sustain a
16.8 percent growth in 1991.

Asia/ROW

The Asia/ROW countries are forecast to experi-
ence a slight decline in real GNP/GDP growth from
their historic double-digit growth levels to the 4.5 to
7.5 percent range during 1990 and 1991. Both
consumer and capital spending are forecast to
remain robust as these economies continue their
course of rapid expansion through export. Because
North America constitutes a large portion of their
export market (40.0 percent), some slowing in
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exports is expected in 1990, but this could be offset
by increased exports to China, Thailand, and other
developing countries.

As mentioned previocusly, the Asia/ROW region
also is the beneficiary of much of the Japanese
consumer equipment producers’ move offshore 1o
sustain competitiveness. A portion of its equipment
production growth forecast reflects this shift in
production from Japan.

The primary drivers of semiconductor demand in
the Asia/ROW region are PC and consumer
product production. Recent softness in North
American and European PC demand caused
semiconductor demand to slow in 1989 and early
1990. Considerable consumer product production
growth is forecast over the next two years, as the
domestic markets of China and Thailand begin to
open up.

Thus, Asia/ROW semiconductor demand is fore-
cast to decline from the 8.9 percent growth rate in
1989 to a 6.1 percent growth rate in 1990 before
realizing 24.9 percent growth in 1991,

What Are Price and Availability for
Critical Devices?

The key semiconductor devices to be under
pressure for price and availability appear to be
memory-related: DRAMs and SRAMs. Some
concern will exist about price and availability of
high-performance 32-bit microprocessors, but with
the expected slowdown in the computer industry, it
will not be too strong.

Single-source manufacturers of 32-bit MPUs incur
large R&D expenses while developing these prod-
ucts and then must pay huge fab costs to produce

the chips. Consequently, suppliers of 32-bit MPUs
fiercely resist abrupt price declines during the
growth stage of the product life cycle (unlike the
reality of the semiconductor memory business).
Instead, once volume production starts, 32-bit
MPU suppliers fight to hold prices relatively high
for several quarters or more—at least until a
significant portion of new product costs have been
recaptured. Product pricing can drop somewhat
quickly during the mature stage before stabilizing.

Suppliers of 32-bit MPUs are ramping up output
and cutting prices of 20-MHz and 25-MHz
products during 1990. Prices for mature 16-MHz
products have been more stable. Dataquest expects
pricing to edpe down for Motorola’s 68020
products during 1991, We expect pricing for the
68030 to move sharply at the end of 1990 and the
beginning of 1991. In contrast, users of Intel’s
80386 products can expect a rather flat product
price profile in 1991.

As 1989 progressed, lower orders from equipment
preducers caused a decline in both unit quantity
and ASP growth. Dataquest expects 1Mb DRAM
pricing to move downward throughout 19990,
although at a slower rate than in late 1989 and the
first half of 1990. We anticipate the 4:1 unit/price
crossover to 4Mb DRAMs from 1Mb parts to occur
in North America during the first quarter of 1991.
At that time, Dataquest forecasts that the price of
4Mbx1 devices will be $24.10 and that of the
1Mbx1 will be slightly less than $6.00. The recent
cutbacks in 1Mb DRAM production capacity cloud
the 1991 DRAM outlook. Even so, most recent
surveys indicate that several large and dependable
suppliers of 1Mb DRAMSs plan to reduce prices
throughout the forecast period, reaching a price of
slightly less than $4.95 by the fourth quarter
of 1991,
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Semiconductor Production

In 1989, more than $57 billion worth of
semiconductor products were manufactured world-
wide. The semiconductor industry supplies billions
of individual semiconductor devices to satisfy
semiconductor demand generated by worldwide
electronic equipment producers. These devices
consist of many different types of semiconductor
products including diodes, transistors, ICs, and
optoelectronic devices.

More than 200 companies throughout the world
produce semiconductor devices. These companies
range in size, products, and marketing strategies
from giant multinational corporations engaged in
volume production of commodity ICs to much
smaller companies addressing specialized market
niches.

Despite their diversity, semiconductor companies
share a common purpose: the miniaturization of
electronic devices through the use of semicon-
ductor materials. The technology behind this
industry involves elements of physics, chemistry,
and electronic theory that are at the cutting edge of
their respective disciplines.

This chapter describes the underlying forces that
influence semiconductor production. The chapter
is organized into the following three sections:

® Background—The underlying forces of produc-
tion are addressed as follows:

— What are the key characteristics of semicon-
ductor manufacturing?

* Two-stage process

*+ Cost and investment structure

» High-cost wafer fabs

+ Offshore shift of back-end process

¢+ Demand for high-volume
driver

technology

«= Who manufactures semiconductors?

— Where are semiconduciors manufactured?

® Production forecast—1989 and 1990 worldwide
and regional production forecast by region and
location of company headquarters

® Strategic issues—Key Issues and opportunities

relating to the semiconductor production
forecast
Background

Key Characteristics of Semiconductor
Manufacturing

In general, semiconductors are manufactured in
two major stages:

® The front-end (wafer fabrication) process

® The back-end (device assembly and test)
process

The Front-End or Wafer Fabrication Process

The front-end process is a complex sequence
involving hundreds of individual process steps that
transform bare silicon wafers to fully fabricated
wafers made up of multiple integrated circuits. For
example, a state-of-the-art 1Mb DRAM process
can have as many as 200 to 300 process steps with
15 or more mask layers.

During the semiconductor manufacturing process,
the bare silicon wafer is processed through a
repetitive sequence of thin film deposition, photo-
lithographic patterning, and etching steps. A series
of masks containing the circuit design information
are used to transfer the IC pattern into silicon. The
fabrication process is carried out in an extremely
clean environment to eliminate defects that would
otherwise render the 1C nonfunctional. The final
IC consists of thousands of transistor devices that
are connected together in a specified pattern to
perform the desired electrical function. Each
processed wafer contains multiple rows of identical
IC chips that also are known as die. The wafer can
now be diced into individual chips and packaged.

6-1
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The Back-End or Test-and-Assembly Process

The first part of the back-end process consists of
electrically testing the finished wafers to check all
the chips for adherence to the circuit functional
specifications. The bad chips are dotted with ink
and will be rejected from subsequent assembly
processing. Next, the wafer is diced and the good
chips are separated and assembled in ceramic or
plastic packages for connection to the outside
board-level circuits. The finished integrated circuit
package finally is tested again to check for func-
tional performance before being shipped to the
customer.

Equipment and supplies (materials) necessary for
semiconductor production are categorized as
fron-end and back-end equipment and materials.
(For further information about semiconductor
manufacturing equipment and materials, see
Chapter 7.)

Cost and Investment Structure

The manufacturing cost and investment structure
for the semiconductor manufacturing process can
be characterized as follows:

® Massive capital investment in wafer fab (front
end) capacity

¢ Considerable labor cost for test and assembly
(back-end process)

& Materials costs associated with the procurement
of the raw silicon wafers and packages

Manufacturing costs are determined by the variable
or per-unit cost in terms of materials and labor
cost, and the amortization of the fixed capital
investment. The biggest impact is that of the
amortization. Thus, true profitability and return on
investment are critically dependent on the effi-
ciency of the process, or how many devices can be
produced for a given fixed investment cost.

Another way of saying this is the profit and return
on investment (ROIL) of a semiconductor producer
is most dependent on the yield from the manu-
facturing process. (Yield is the number of saleable
devices expressed as a percentage of the total
devices produced.) Obviously, the higher the yield,
the higher the efficiency, and therefore the higher
the profit and ROI.

Manufacturers continually seek to improve yields.
Many techniques are used, but such improvements

most often are the result of new manufacturing
technology. The semiconductor equipment sup-
pliers provide the new technology and therefore are
critical contributors to the success of semi-
conductor producers.

High-Cost Wafer Fabs

Because of the high cost of wafer fabs, the
semiconductor manufacturing industry is under-
going structural change. In the past, semiconductor
producers typically performed all or most of the
production steps themselves. Today, however,
some newer companies are separating the device
design function from the device fabrication
process. Such companies add value through inno-
vative design and customer service as opposed to
improved manufacturing.

Among companies that possess manufacturing
capabilities, marked differences exist in the
number of support functions they integrate into the
fab process. Such support functions include
fabrication of the packaging in which the devices
are assembled, growing and preparing the raw
silicon wafers, manufacturing the masks used in the
photolithographic process, and other related func-
tions. Larger and older companies such as IBM or
TI tend to be more integrated. Smaller and newer
companies tend not to perforrmn as many of these
functions. Intel, for example, purchases masks,
wafers, and packages.

Recently, there has been a proliferation of
companies offering semiconductor manufacturing
services. These include device design, mask-
making, wafer fabrication (wafer foundries),
assembly and packaging, and testing services.
These companies make it possible to design,
manufacture, and market semiconductors without
the huge investment in manufacturing equipment,
CAD/CAM equipment, or engineering manpower.
They serve the needs of other semiconductor
manufacturers and semiconductor users alike.

Another reason for the structural changes
described previously is the projected increase in
wafer fab productivity. Dataquest estimates that by
the year 2000, the if-sold value potential of a
modern wafer fab facility will be as high as
$670 million. This would seem to limit such invest-
ments to only the top few billion-dollar companies
and encourage “foundry-for-hire” agreements
among many other companies.
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Offshore Shift of Back-End Process

Japanese semiconductor producers leveraged their
economy'’s superior productivity characteristics—
low interest rates, patient capital, and low-cost,
highly skilled labor—and developed a competitive
edge on US producers. In response, US semi-
conductor producers transplanted labor-intensive
assemnbly operations offshore to Asia/ROW
countries. Today, it is not unusual for wafers to be
fabricated in one country, devices assembled in a
second, and final testing and shipping to occur in a
third. This mobility within the manufacturing
process is made possible by the small size and low
weight-per-dollar value of semiconductor devices.

This search for the lowest-cost allocation of
production resources has led increasingly more
companies te invest in overseas assembly plants.
This trend is expected to continue, although it
eventually may be slowed by increased automation
of the assembly process.

Demand for High-Volume Technology Driver

Dataquest’s  Semiconductor Equipment and
Materials Service (SEMS) estimates that because
of their huge production volumes, particularly in
MOS DRAMSs, Japanese producers have as much
as a 70 percent cost advantage over US pro-
ducers. This advantage has the following two
primary sources:

¢ Japan frequently has brought new products
through the development process into the
market ahead of the United States. This allows
Japanese manufacturers to move down the
learning curve and to charge lower prices than
US suppliers once the latter enter the market.
The only way the United States can catch up is
to produce significantly higher volumes.

¢ Most important is that Japanese producers have
a decided advantage over their competition in
manufacturing yields. At the heart of the yields
issue is the need for leading-edge, high-volume
products that can serve as technology drivers
that improve yields for all products. Since the
early 1980s, MOS DRAMSs have served this
function for semiconductor producers. The
United States lost most of its DRAM market
share to the Japanese by 1986. Since then,
Japan has exploited its massive DRAM produg-
tion technology for superior yields and the
resultant cost advantages in tany other
products.

Who Manufactures Semiconductors?

Motre than 200 semiconductor manufacturers exist
throughout the major peographical regions. These
companies can be classified as follows:

& Independent manufacturers
® Divisions of major corporations
® Captive manufacturers

The first two of these classifications compete in the
worldwide merchant market to supply semicon-
ductor products to electronic equipment producers
worldwide. Captive manufacturers supply products
only for internal consumption to satisfy a
company's own electronic equipment production
requirements. It is important to note that the
merchant and captive supplier classifications are
more of a US notion than a Japanese one. In
Japan, most semiconductor production is inte-
grated within larger electronics companies.

As mentioned previously, the search for the lowest
manufacturing cost has forced producers to
become international in scope, at least in manu-
facturing. The high capital investment required is
creating a restructuring of the type of services and
products offered as well.

Independent Manufacturers. Most manufac-
turing (about 70 percent in the United States) is
performed by independent manufacturers. Semi-
conductor manufacturing and sales constitute the
major part of their businesses. Their survival
depends on their performance in the semicon-
ductor industry. They have no guaranteed markets
or financing. In general, they are aggressive,
competitive, and innovative in bringing new tech-
nologies to market. Companies in this category
include Advanced Micro Devices (AMD), Intel,
Motorola, National Semiconductor, and TI.

Divisions of Major Corporations. Many major
corporations in the United States, Japan, and
Europe have divisions that produce semicon-
ductors. These divisions are distinct from captive
producers because they actively sell their devices
on the open market (merchant market). Most, but
not all, of these companies market at least a small
portion of their output to their parent companies.
All benefit from the financial resources of the
parent, which is a distinct advantage considering
the huge capital requirement that characterizes
semiconductor production.
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In some cases, these companies also have the
advantage of a small sheltered market (to the
parent) for some of their products. On the other
hand, they can suffer from parental management
decisions that are not in their best interests or that
fail to reflect an understanding of semiconductor
business issues.

In Japan, these companies are referred to as
integrated. The Japanese companies have skillfully
combined the financial strength of the parent
company, the integration of device design with
end-product design to maximize end-product per-
formance and competitiveness, and the cost
benefits of volume-production devices for the
merchant markei. In Japan, both the integrated
semiconductor producer and the parent equipment
manufacturer win.

Worldwide examples of semiconductor divisions of
major corporations include AT&T, Harris, Hitachi,
NCR, Nippon Electric (NEC), Philips, Rockwell,
Siemens, Toshiba, and Westinghouse.

Captive Manufacturers. Companies that main-
tain semiconductor manufacturing facilities for
production of devices solely for their own use are
referred to as captive manufacturers. As semicon-
ductors become more important to major equip-
ment manufacturing companies, these companies
are realizing the value of captive facilities that allow
device design to be integrated with final system
design, thus maximizing the leverage of the under-
lying silicon.

Many of these captive facilities provide services
and unique devices that are not available in the
merchant market. That is, they define device
requirements based on final systemn requirements,
then design and make what they cannot buy.
Captive manufacturers fulfill semiconductor
demand that is not available to the other suppliers
to the merchant market.

Examples of captive manufacturers are General
Motors, Hewlett-Packard, IBM, and Unisys.

Top Ten Worldwide Semiconductor
Manufacturers

Table 6-1 shows the overall ranking of the top
ten worldwide semiconductor producers by total

1989 revenue. Figure 6-1 shows the revenue
growth from the top ten companies from 1987
through 198%. Several items are noteworthy,
inchiding the following:

¢ The number one producer—~NEC—has in-
creased its revenue by nearly 50 percent since
1987.

® Of the top three producers, Toshiba has
experienced the highest growth rate since 1987,
at 62.8 percent, and has firmly established itself
in the number two position.

® None of the US companies in the top ten

recorded 1989 growth rates that exceeded the
industry average of 12 percent. Motorola was
the highest at 9 percent, followed by Intel and
TI with growth rates of 3 and 2 percent,
respectively, In addition, both TI and Inte!
slipped one place in the market share rankings,
to sixth and eighth, respectively. By contrast,
each Japanese manufacturer in the top ten, with
the exception of Matsushita, experienced
growth rates of at least 10 percent.

¢ Mitsubishi recorded the highest growth rate,

72.9 percent, of any company in the top ten
from 1987 to 1989. In doing so, the company
moved from number nine to number seven in
two years.

¢ Two companies in the top ten, Matsushita and
Philips, experienced negative growth in 1986.

Another important industry characteristic that is
shown in Table 6-1 is that of market concentration,
which is illustrated in Figure 6-2. This figure shows
that the top 10 companies garnered 55.2 percent
market share; the top 25 accounted for more than
80.0 percent of the market, The remaining com-
panies (ranked 26 through 136) accounted for only
18.5 percent of the market,

Company Market Shares by Product Category

The products driving growth in 1989 were MOS
DRAMSs and SRAMs, MOS microcomponents, and
MOS ASICs, Tables 6-2 through 6-8 rank the top
ten producers in the following major semiconductor
product classifications: total integrated circuit, total
bipolar digital, total MOS digital, MOS memory,
analog ICs, discretes, and optoelectronics.
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The Japanese Example:

The Advantage of Integrated Producers over Independent Producers

Japan’s mostly integrated semiconductor pro-
ducers’ rapid rise to dominance over the United
States’ mostly independemt semiconductor pro-
ducers provides empirical evidence that the
Japanese model works best. The Japanese
model, however, was very much influenced by
the IBM company model, and the IBM model
included integrated semiconductor production.

As mentioned in Chapter 5, Japan'’s national
objective was to develop its electronic equipment
production to a world-class level. Data pro-
cessing, consumer, and communications were
the chosen market segments. As a stratepy,
Japan licensed product technologies and manu-
facturing rights, then leveraged its superior
economic competitiveness and manufacturing
acumen to gain foreign market share through
aggressive pricing.

In 1975, the goal of this strategy became
dominance over US semiconductor producers.
This entailed the cooperative efforts of the
MITI, sources of patient capital, and a variety of
large electronic equipment producers that were
chosen to participate in the development of the
Japanese semiconductor industry as integrated
producers.

The semiconductor sirategy of the Japanese
integrated producers was not dissimilar to their
equipment strategy and is outlined as follows:

® Capitalize on the innovations of the inde-
pendent US producers by obtaining licenses
to the technology and/or manufacturing rights
as a second source

® Focus on MQS DRAMs as the necessary
technology driver

® Advance the technology through simplifica-
tion, thereby reducing manufacturing costs
and increasing quality and reliability. In so
doing, leapfrog US independent producers
and bring 64K DRAMs to the market ahead
of them

® Exploit the advantages provided by Japan’s
more competitive economic climate and
its sheltered environment provided by MITI's

protection of the Japanese market, the huge
financial resources of the parent companies,
and the patience of investment capital, by
increasing foreign market share through ag-
gressive pricing

This was devastating to US independent DRAM
suppliers. In 1975, 15 US$ manufacturers sup-
plied nearly all of the worldwide market; by
1986, all but 2 had been shaken out of the
market. The remaining 2 retained less than a
25 percent share of the entire memory market
by 1987. This happened because the Japanese
producers won large shares of the 16K DRAM
market through aggressive pricing and superior
quality from 1978 through 1980 and were first to
market with 64K devices in 1980. In 1982, they
announced sampling of the 256K MOS DRAM,
and subsequently all but the aforementioned
2 US producers withdrew from DRAM
production from 1982 through 1985.

Can US Standalone Semiconductor
Producers Survive?

We have presented empirical proof that inte-
grated semiconductor producers have inherent
advantages over independent producers. Inde-
pendents, of course, can argue that only in their
environment can the innovations and new
products that advance the industry be created
and developed, and they may be right. However,
at this point, the question is becoming academic
and is being replaced with another much more
important one: Does the standalone semicon-
ductor producer concept of the United States—a
product of the entrepreneurial spirit that is the
backbone of the free enterprise system—have
long-term viability in view of the superior
financial resources, government support, and
current market shares of the Japanese integrated
producers?

The challenge for the United States is how to
quickly devise ways to match the superior
resources of the Japanese integrated producers
while operating within the boundaries of the free
enterprise system.

6-5
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Table 6-1
Top Ten Worldwide Semiconductor
Manufacturers for 1939
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
i 1 NEC 4,543 5,015 10%
2 2 Toshiba 4,395 4,930 12%
3 3 Hitachi 3,506 3,974 13%
4 4 Motorola 3,035 3,319 9%
5 6 Fujitsu 2,607 2,963 14%
6 5 Texas Instruments 2,741 2,787 2%
7 8 Mitsubishi 2,312 2,579 12%
8 7 Intel 2,350 2,430 3%
9 9 Matsushita 1,883 1,882 0
10 10 Philips 1,738 1,716 (1%)
North American Companies 18,586 19,978 7%
Japanese Companies 15,942 29,809 15%
European Companies 4,917 5,443 11%
Asia/ROW Companies 1,414 1,983 40%
Total World Companies 50,859 57,213 12%

Saurce: Dataquest (August 1990)

In the MOS digital category (see Table 6-4), the
remarkable growth experienced by Samsung,
moving from 11th to 9th in the ranking is due to
the ramping up of its DRAM preduction. In MOS
memory, Sharp and Intel exchanged rankings, with
Sharp moving from 10 to 8, due to Sharp’s
participation in the DRAM market and Intel’s lack
of participation.

In general, companies that are strong in MOS
memory continued to dominate the market.
Figure 6-3 shows the pecentage of revenue
attrributed to MOS memory for the top five
worldwide semiconductor suppliers.

Where Are Semiconductors Produced?

The United States was the semiconductor inno-
vator, and it concentrated on building a dominant
industry infrastructure within the country during
the early years of industry development. In 1974,
the United States controlled an estimated 62 per-
cent of the total world semiconductor market and
more than 75 percent of the woridwide 1C segment.
Including the market represented by US captive

producers, the total semiconductor market figure
was more than §0 percent.

Through the highly focused eflorts of the Japanese
integrated producers, initially on DRAMs and
subsequently on most other products, the situation
looked substantially different by 1990. Figure 6-3
shows that in 1989, the Japan-based companies
accounted for more than 52 percent of the total
semiconductor market; the share of US-based
companies had fallen to 35 percent of the
merchant market,

Europe-based companies’ share of the world mar-
ket also declined, from 17.0 percent in 1974 to less
than 10.0 percent in 1989, while the share of
companies based in Asia/ROW countries captured
a 3.5 percent market share in 1989, up from zero
in 1980.

Table 6-9 compares the market share of companies
based in the United States by major product
category in 1980 and 1987. Table 6-10 shows the
impact of 1989 growth on these figures and reflects
the increasing presence of the Asia/ROW
companies in the MOS digital category as the US
producers’ share continued to decline.
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Figure 6-1
Worldwide Semiconductor Market Share
Top 10 Companies—1987-1989
(Billions of Dollars)
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Table 6-11 shows the regional semiconductor
demand as developed in Chapter 5 and the share
of each region’s demand supplied by regional
company base for 1988 through 1989. As
Table 6-11 shows, the US companies’ share of the
total US demand declined from 70 percent in 1988
to 65 percent in 1989. The Japanese companies’
share of US consumption increased from 21 to
26 percent in the same period, while the
Asia/ROW countries maintained their 3 percent
share.

However, US companies’ share of the Japanese
market remained relatively constant at approxi-
mately 9 percent in 1988 and 1989, while the
Japanese companies’ share of the Japanese market
remained a dominant 90 percent. Japanese and
Asia/ROW countries increased their penetration of
the European market considerably, from 19 per-
cent in 1988 to 22 percent in 1989.

While North American companies’ market share in
the Asia/ROW region held at 32 percent between
1988 and 1989, the Asia/ROW region increased its
market share in their own region. At the same
time, Japanese market share fell from 45 percent
in 1988 to 41 percent in 1989.

Why the Shift to the Pacific Rim?

Of the numerous reasons for the increased market
share of Japanese and Asian producers over the
past ten years, the primary one is Japan’s focused
strategy embodied in its aggressive penetration of
the DRAM market, as mentioned previously.
Second is the US companies’ transfer of large
portions of their manufacturing operations to
foreign plants. The accompanying technology
transfers have then enabled foreign producers to
advance these technologies rapidly, thereby
diminishing US technical superiority.
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Figure 6-2
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Table 6-2

1989 Worldwide Semiconductor Market Share Ranking
Total Integrated Circuit
(Millions of Dollars)

1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 NEC 3,884 4,321 11%

2 2 Toshiba 3,3163 3.774 14%

3 3 Hitachi 2,729 3,218 18%

4 5 Fujitsu 2,420 2,738 13%

5 4 Texas Instruments 2,637 2,691 2%

6 7 Motorola 2,259 2,519 12%

7 6 Intet 2,350 2,430 3%

8 8 Mitsubishi 1,975 2,185 11%

9 9 National Semiconductor 1,575 1,548 (2%)
10 11 Philips 1,281 1,250 (2%)

North American Companies 15,990 17,400 9%
Japanese Companies 20,375 23,800 17%
European Comparies 3,429 3,915 14%
Asia/ROW Companies 1,274 1,809 42%

Taotal World Companies 41,068 46,924 14%

Source: Dataguest (August 1990)
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Table 6-3
1989 Worldwide Semiconductor Market Share Ranking
Total Bipolar Digital
(Millions of Dollars)
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 Texas Instruments 940 671 (29%)
2 4 Fujitsu 653 617 (6%)
5 5 Hitachi 501 479 (4%)
4 3 Advanced Micro Devices 536 474 (12%)
3 2 National Semiconductor 550 458 (17%)
6 6 Moterola 435 369 (15%)
7 7 Philips 413 306 (26%)
8 8 NEC 292 302 1%
9 10 Mitsubishi 127 125 (2%)
10 b4 Plessey 94 122 30%
North American Companies 2,761 2,221 (20%)
Japanese Companies 1,791 1,755 (2%)
European Companies 598 502 (16%)
Asia/ROW Companies 50 32 (36%)
Total World Companies 5,200 4,510 (13%)
Source: Dataquest (August 1990)
Table 6-4
1989 Worldwide Semiconductor Market Share Ranking
Total MOS Digital
(Millions of Dollars)
1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 NEC 3,123 3,604 15%
2 2 Toshiba 2,639 3,100 17%
3 3 Intel 2,328 2,420 4%
4 4 Hitachi 1,885 2,407 28%
5 5 Fujitsu 1,616 1,958 21%
6 7 Motorola 1,399 1,705 22%
7 6 Mitsubishi 1,453 1,676 15%
8 8 Texas Instruments 1,271 1,603 26%
9 11 Samsung 765 1,066 39%
10 10 OKi 841 1,028 22%
North American Companies 9,754 11,277 16%
Japanese Companies 14,494 18,006 24%
European Companies 1,684 2,135 27%
Asta/ROW Companies 1,056 1,606 52%
Total World Companies 26,988 33,024 22%

Source: Dataquest (August 1990)
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Table 6-5
1989 Worldwide Semiconductor Market Share Ranking
MOS Memory
(Millions of Dollars)

1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 2 Toshiba 1,516 1,918 27%

2 1 NEC 1,490 1,739 17%

3 4 Hitachi 1,114 1,534 38%

4 3 Fujitsu 1,067 1,265 19%

5 5 Mitsubishi 966 1,161 20%

6 6 Texas Instruments 834 1,095 31%

7 7 Samsung 650 935 44%

8 10 Sharp 344 476 38%

9 9 Qki 353 473 34%
10 8 Intel 302 433 10%

North American Companies 2,836 3,688 30%

Japanese Companies 7,597 10,558 39%

European Companies 464 786 69%

Asia/ROW Companies 795 1,329 67%

Total World Companies 11,692 16,361 40%

Source: Datagquest {August 1990)
Table 6-6
1989 Worldwide Semiconductor Market Share Ranking
Total Analog Integrated Circuits
(Millions of Dollars)

1989 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 Toshiba 569 572 1%

2 2 National Semiconductor 540 558 3%

3 3 Sanyo 471 530 13%

4 5 Philips 466 522 12%

5 7 Motorola 425 445 3%

6 6 Texas Instruments 426 417 (2%)
7 4 NEC 469 415 (12%)

8 it S$GS-Thomson 352 493 12%
9 9 Mitsubishi 395 3184 {(3%)
10 8 Matsushita 423 376 (11%)
Nonth American Companies 3,475 3,902 12%
Japanese Companies 4,090 4,039 (1%)

European Companies 1,147 1,278 11%

Asia/ROW Companies 168 171 2%

Total World Companies 8,880 9,390 6%

Source: Dalaquest (August 1990)
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Table 6-7
1989 Worldwide Semiconductor Market Share Ranking
Discrete
{Millions of Dollars)
1939 1988 1988 1989 Percent
Rank Rank Company Revenue Revenue Change
1 1 Toshiba 864 848 (2%)
2 2 Motorola 752 775 3%
3 3 Hitachi 707 690 (2%)
4 4 NEC 571 574 1%
5 5 Philips 432 442 2%
6 7 Mitsubishi 310 364 17%
7 5 Matsushita 377 332 (12%)
8 8 Rohm 287 301 5%
9 9 Fuji Electric 279 287 3%
10 10 SGS-Thomson 254 282 11%
North American Companies 2,171 2,120 (2%)
Japanese Companies 4,056 4,091 1%
European Companies 1,250 1,284 3%
Asia/ROW Companies 135 167 24%
Total World Companies 7,612 7,662 1%
Eource: Dataquest {August 1990)
Table 6-8
1989 Worldwide Semiconductor Market Share Ranking
Optoelectronic
(Millions of Dollars)
1939 1988 1988 19389 Percent
Rank Rank Company Revenue Revenue Change
1 1 Sharp 285 328 15%
2 3 Toshiba 215 308 43%
3 5 Matsushita 178 306 72%
4 2 Sony 217 249 15%
5 4 Hewlett-Packard 213 213 0
6 12 Sanyo 62 160 158%
7 9 NEC 88 120 36%
8 7 Fujitsu 105 116 10%
9 8 Siemens 100 115 15%
10 6 Rohm 109 96 (12%)
North American Companies 425 458 8%
Japanese Companies 1,511 1,918 27%
European Companies 238 244 3%
Asia/ROW Companies 5 7 40% .
Total World Companies 2,179 2,627 21%

Source: Dataguest {(August 1990)
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Figure 6-3
Worldwide Semiconductor Market Shares by Company Base
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Table 6-9
US Producers’ Market Share—1980 and 1987

1980 1987 Percent Change
Total Semiconductors 57.2% 39.0% (18.2%)
Total Integrated Circuits 62.7% 42.0% (20.7%)
Total Bipolar Digital 75.5% 55.0% (20.5%)
Total MOS Digital 62.3% 41.0% (21.3%)
MOS Memory 73.7% 28.0% (45.7%)
Total Analog 46.5% 39.0% (7.5%)
Total Discrete 43.5% 31.0% (12.5%)

Source: Dataquest (August 1990)

With the maturation of the industry as reflected by
high-volume commodity products, the United
States has not had a sufficiently productive eco-
nomic environment to manufacture commodity
semiconductors competitively. Many difficulties
also are associated with satisfying the short-term
perspective of the US investment community. The
constant need to provide a quick return makes it
hard for independent US producers to match the
manufacturing resources and expertise of Japanese
producers that have integrated relationships with
large, diversified, and multinational parent com-

panies that allow more favorable economies of
scale, lower profit margins, and ready access to
more patient capital.

Another basic problem for US chip producers is
the rapidly declining US demand for semicon-
ductors (see Chapter 5). This decline, combined
with the considerable increase in demand from the
Pacific Rim and Japan, is forcing US producers to
depend less on domestic consumption of their
products and turn toward more effective pene-
tration of these regions.
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Table 6-10
US Producers’ Market Share—1987 and 1989

1987 1989 Percent Change
Total Semiconductors 39.0% 34.9% (4.1%)
Total Integrated Circuits 42.0% 37.1% (4.9%)
Total Bipolar Digital 55.0% 49.2% (5.8%)
Total MOS Digital 41.0% 34.1% (6.9%)
MOS Memory 28.0% 22.5% (5.5%)
Total Analog 39.0% 42.6% 2.6%
Total Discrete 31.0% 27.7% (3.3%)
Source: Dataguest
Table 6-11

Worldwide Semiconductor Consumption by Region and
Regional Company Share of Production--1988-1989
(Millions of Dollars)

Market Share

1988 1989 1988 1989
Regional Consumption
North America
North American Companies 11,146 11,715 70% 65%
Japanese Companies 3,277 4,574 21 26
European Companies 1,006 1,025 6 6
Asia/ROW Companies 415 623 3 3
Total North American
Market 15,844 17,937 100% 100%
Japan
North American Companies 1,965 2,162 9% 9%
Japanese Companies 18,640 20,628 %0 90
European Companies 115 130 1 1
Asia/ROW Companies 62 77 0 0
Total Japanese Market 20,772 22,997 100% 100%
Europe
North American Companies 3,664 4,032 43% 41%
Japanese Companies 1,466 1,924 17 20
European Companies 3,196 3,562 38 37
Asia/ROW Companies 165 237 2 2
Total European Niarket 8.491 9,755 100% 100%

{Continued)
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Table 6-11 (Continued)

Worldwide Semiconductor Consumption by Region and
Regional Company Share of Production—1988-1989
{Millions of Dollars)

Market Share

1988 1989 1988 1989
Asia/ROW
North American Companies 1,811 2,069 32% 2%
Japanese Companies 2,569 2,683 45 41
European Companies 600 726 10 11
Asia/ROW Companies 772 1,046 13 16
Total Asia/ROW Market 5,752 6,524 100% 100%
Worldwide Production
North American Companies 18,586 19,978 37% 35%
Japanese Companies 25,942 29,809 51 52
European Companies 4,917 5,443 9 10
Asia/ROW Companies 1,414 1,983 3 3
Total Worldwide Market 50,859 57,213 100% 100%
Annual Growth Rate 31.9% 12.5%

Notes: Some ¢olumns may not add 1o totals shown becavss of reunding.

Merchany sales only
Saurce: Dataquest (August 1990)

To the extent that historic barriers to penetrating
these regional markets militate against successful
US competition in these regions, US producers and
the U$ government need to cooperate more closely
to level the playing field. However, this need must
be balanced against the adverse aspects of
protectionist legislation. In striking this balance,
care must also be taken not to blame an unlevel
field for lost market share that is more the result
of fundamental noncompetitiveness than trade
barriers.

Semiconductor Production
Forecast—1990 and 1991

Regional Companies’ Semiconductor
Forecast—1990 and 1991

The 1990 and 1991 forecast for semiconductor
production by regional company base is shown in
Table 6-12. This forecast includes captive pro-
duction. Dataquest forecasts that the demand

slowdown discussed in Chapter 5 will cause total
production—including captives—to decline by
0.5 percent in 1990, but rebound to grow
16.9 percent in 1991,

Table 6-12 shows the stabilization of North
American companies' share of worldwide merchant
and captive production. After slowly eroding
throughout the 1980s, indications now show that
this erosion is slowing. Between 1989 and 1991,
US producers have a forecast CAGR of 7.3 per-
cent. Their share of total production during the
period 1989 through 1991 will remain the same at
approximately 39 percent.

On the other hand, Japanese companies’ share of
total production is projected to decline from
47.8 percent in 19892 to 44.8 percent in 1991.
Most of this decline can be attributed to price
erosion in MOS memories. For the same reason,
Japanese companies’ total output is forecast at a
CAGR of only 4.3 percent through the forecast
period.
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Table 6-12

Worldwide Semiconductor Production Forecast
Regional Company Share—1989-1991
(Millions of Dollars)

Production Share CAGR
1989 1990 1991 1989 1991 1989-1991
Worldwide Production

North American Companies 24,044 23.586 27,707 39.8% 39.4% 7.3%
Japanese Companies 28,930 28,093 31,489 47.8 44.8 4.3%
European Companies 5,468 5,868 7,199 9.0 10.2 14.7%
Asia/ROW Companies 2,038 2,613 3,952 3.4 5.6 39.3%
Total Worldwide Market 60,480 60,160 70,347 100.0% 100.0% 100.0%

Annual Growth Rate 10.9% (0.5%) 16.9%

Note: Includes captive production
Source; Datagquest {August 1990)

Regional Production Regardless of
Manufacturers’ Home Base—1989
through 1992

The production forecast of companies head-
quartered in each of the four regions was given in
the previous subsection. However, it also has been
indicated that many companies are moving their
production facilities to other regions to avoid trade
barriers, achieve lowest assembly cost, and pet
closer to the demand. Examples of this are the fab
facilities owned by US and Japanese companies
being built in Asian countries such as Singapore
and Thailand, and Japanese facilities being built in
Europe and the United States.

Therefore, the true semiconductor production
within a given region is the total production within
the borders of the region, regardless of the home
base of the producer. It is this production level that
establishes the capital spending within a region and
thus establishes the total regional available market
for semiconductor manufacturing equipment and
materials.

Figure 6-4 shows Dataquest’'s estimate of such
regional semiconductor production from 1989
through 1991. Table 6-13 compares the 1984
regional production share with the 1991 production
share forecast. The table shows that despite the
increase of Japanese and European fabs in North
America, the region’s share of worldwide semicon-
ductor production will fall to approximately
35 percent in 1991, much less than the

49.3 percent share enjoyed in 1984, and signifi-
cantly less than the 45.0 percent of total
production from within Japan’s borders.

Four Strategic Issues Regarding
the Semiconductor Production
Forecast

Impact of Regional Imbalances

Table 6-14 compares the total semiconductor
demand (including that of captives) by region with
the regional production regardless of regional
company base (including captives) for 1986, 1989,
and 1991. As the table indicates, the difference
between production and demand is net exports,
The following conclusions can be drawn from the
table:

& As a result of preparations for 1992, Europe is
substantially increasing its ratio of production to
demand, so European producers’ share of the
European demand is expected to increase from
63.9 percent in 1989 to 80.8 percent in 1991.

® Japan is reversing the historical trend of
increasing its ratio of Japanese production to
Japanese demand. This ratio peaked in 1989 at
127 percent and should decline to 120 percent
by 1990, This again is attributed mostly to MOS
memory price declines, but is also because of
the increasing share of the European demand
being supplied by Eurepean companies.



6-16

Semiconducior Produciion Chapter &

& Asia/ROW companies’ share of their own

market is forecast to increase from 29.7 percent
in 1986 to 52.1 percent by 1990.

The major export opportunities for the US
companies are the Asian ROW and European
markets. The combined demand is forecast to
more than double between 1990 and 1993, It is

critical that US producers increase their share
of both markets for their forecast level of
production to be realized. It is also critical that
the exchange rate of the dollar against the yen
and deutsche mark remain at or below today’s
levels (less than 160 yen/dollar and 2 deutsche
marks/dollar)

Figure 6-4

Worldwide Semiconductor Production by Region
Regardless of Producers’ Home Region

Percent of Total Market

70
B Japanese Compahies
@® North American Companies
60| A European Companies
X Asia/ROW Companies
504
40
30
20
104 i & —k— A
0* 2 3 ¢ > r
1984 1585 1986 1987 1968 1989
Source: Dataquest (August 1990)
Table 6-13
Worldwide Semiconductor Production
by Region
1984 1991
North America 49,.8% 35.1%
Japan 38.3 45.0
Europe/ROW 11.9 19.9
Total 100.0% 100.0%

Source: Dataquest (August 1990)
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Table 6-14
Regional Imbalances in Electronic Equipment
Demand and Production—1986, 1989, 1991
1986
Demand Net Exports Production Ratlo of
Miillons of Millions of Millllons ol Production
Region Dollars Percent Daollars Dollars Percent to Demand
North America 13,171 39.0% 1,285 14,456 42.9% 109.8%
Europe 5,992 17.8 (2,161) 3,831 11.4 63.9%
Japan 12,018 35.6 2,668 14,686 43.5 122.2%
Asia/ROW 2,548 7.6 (1,792) 756 2.2 29.7%
33,729 100.0% 0 33,729 100.0%
1989
North America 20,978 34.7% 780 21,758 36.0% 103.7%
Europe 10,105 16.7 (3,313) 6,792 11.2 67.2%
Japan 23,134 38.3 6,253 29,387 48.6 127.0%
Asia/ROW 6,263 10.3 (2,720) 2,543 4.2 40.6%
60,480 100.0% 0 60,480 100.0%
1991
North America 23,785 33.8% 887 24,672 35.1% 103.7%
Europe 12,042 17.1 (2,307) 9,735 13.8 80.8%
Japan 26,318 37.4 5,346 31,664 45.0 120.3%
Asia/ROW 8,202 11.7 (3,926) 4,276 6.1 52.1%
70,347 100.0% V] 70,347 100.0%

Note: Includes captive production
Source: Datagquest {August 1990)

Opportunities for Semiconductor
Producers

Based on the patterns of electronic equipment
demand (and therefore, that of semiconductor
product categories) outlined in Chapters 4 and 5,
the following are the most interesting new product
opportunities for the next few years:

® ASICs

Specialty memories and ferroelectric RAMSs
(FERRAMS)

# Intelligent power devices

¢ Microcomponents

ASICs

Although still relatively small today, the ASIC
market is forecast by Dataquest to grow at a CAGR
of nearly 19 percent through 1993, at which time it
should reach sales of more than $15 billion. This

forecast is based on the projected growth of the
data processing and communications equipment
segments, in which most ASICs are used.

Six years ago, the ASIC market was dominated by
US producers. Even so, of the top five ASIC
suppliers in 1983, Fujitsu ranked as the leader,
with slightly more than $100 million in sales,
capturing slightly less than one-third of .the total
market. In 1989, however, three Japanese com-
panies, Fujitsu, NEC, and Toshiba, with Fujitsu
remaining the market leader, ranked in the top
five, with LSI Logic and AMD positioned at third
and fifth, respectively, rounding out the top five.

A large part of Japanese ASIC production is
consumed by the supplier’s parent company and
therefore is not available to independent pro-
ducers. However, the volume and experience
gained through the resulting volume production for
internal consumption will propel these companies
into merchant market dominance.
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Much debate occurs as to the relative merits of
ASICs as a technology driver versus those of the
traditional DRAMSs. Dataquest believes that
DRAMSs remain the best vehicle for advancing the
absolute limits of line geometry. Memory produc-
tion provides the best “test pattern” for ensuring
the highest levels of productivity and reliability
in fab equipment. This relationship between
memories, process manufacturability, and fab
equipment is paramount in the development of new
semiconductor technologies.

FERRAMSs and Specialty Memories

Niche memory markets, such as those for
FERRAMSs or other specially memories, are
providing opportunities for small to medium-size
companies. These markets are small, highly
specialized, and require less capital investment to
penetrate than their huge MOS DRAM/SRAM
counterparts.

FERRAMs. FERRAMs are memory devices
made from ferroelectric. material that essentially
merges the benefits of volatile and nonvolatile
memory. Ferroelectric material allows the stored
information to remain in storage when the power is
removed. In volume production, such devices
could be less expensive and faster than EEPROMS;
their success could displace EEPROM demand.

Dataquest estimates that between 1992 and 19935,
FERRAMSs will have the potential to capture more
than 50 percent of the demand for EEPROMSs and
therefore constitute a nearly $400 million market.

Specialty Memories. Specialty memories are a
specific product category within the general mem-
ory segment that Dataquest defines as dual-port
RAM, FIFQ SRAM, and some other small-volume
memory devices. The aggregate market for these
memoties—more than $103 million in 1989—is
forecast to exceed $145 million in 1990 and
$238 million by 1992. This growth represents a
1989 through 1992 CAGR of 32.2 percent, which
is higher than that for the MOS memory segment
as a whole—12.1 percent. Although these markets
do not offer the tremendous sales volumes that
more traditional memory products enjoy, they do
offer significant niche market opportunities for the
start-up semiconductor company.

Intelligent Power Devices

Intelligent power devices have been among the
fastest-growing segments of the analog product
category and have been produced mostly by
US companies. Datagquest forecasts that the
US benefits from this high-growth area may be
short-lived, however, as the dominant consumers
of analog and smart power devices increasingly are
becoming consumer equipment producers. Because
this equipment segment is dominated by Asia/ROW
and Japanese equipment producers, Japanese
companies that heretofore have stayed away from
such analog products should be in a good position
to enter this market successfully. Dataquest also
notes that US analog producers have as of this date
been markedly unsuccessful in selling to Japanese
consumer electronics producers.

Microcomponents

The leadership in microprocessors, microperiph-
erals, and microcontroliers always has belonged to
the United States. However, at the low end of both
the microcontroller and microprocessor segments,
the Japanese producers are making strong inroads.
For instance, the 8-bit microcontroller market,
now dominated by the United States, is expected to
fall to Japanese producers because of their exper-
tise in CMOS volume manufacturing and their
ability to develop a broad portfolio of specialized
products.

In the 16- and 32-bit microprocessor arena, the
United States is expected to remain dominant at
the high-performance end of the spectrum.
However, as the trend toward RISC architecture
accelerates, opportunity presents itself for the
Japanese to gain entry and position with a unique
design,

The strongest semiconductor market position that
the United States can claim is in this high-end,
32-bit MPU segment. It is critical to the US
semiconductor and equipment industries that the
United States retain its leadership in such pro-
prietary developments, along with the associated
peripheral and support devices.

Capital Spending and Access to
Capital Funds

The baitle for market share of the total semicon-
ductor demand between regional companies has
more importance than receiving a greater share of
total revenue in any given year. For US companies
that must operate in the highly unforgiving financial
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environment of the US investment community,
market share is the fountainhead of reinvestment.
Ultimately, access to investment capital to fund
research and development and capital equipment
for improving yields or expanding capacity is the
lifeblood of long-term survival. Unfortunately,
access to requisite investment capital depends more
on stellar short-term profit performance in the eyes
of the US investment community than on
positioning for long-term growth and viability. A
key question regarding the future of the US
semiconductor industry is whether or not it can
obtain the funds to keep up with Japanese capital
spending. In dollar terms, the US companies have
not kept up with the Japanese companies since the
early 1980s. In yen terms, however, Japanese
spending actually is at parity with the spending of
US companies.

The Dataquest forecast for regional capital
spending by region is shown in Table 6-15. The
expected Japanese spending levels exceed those of
the United States (in dollars) by almost 50 percent
through the forecast period. Thus, Japanese
companies had a larger 1989 base of semicon-
ductor production capacity than US companies,
and they are adding to that base at a faster pace.

Expenditure by the worldwide semiconductor pro-
ducers on semiconductor equipment is represented

by the capital spending forecast in Table 6-15. This
becomes the total available market for the semi-
conductor manufacturing equipment producets.
This demand and corresponding supply of semi-
conductor manufacturing equipment is the subject
of the next chapter.

Avoidance of Government Intervention in
Free Trade

The semiconductor production forecast assumes
that the dollar exchange rates remain favorable for
US exports of both electronic equipment and
semiconductor devices. It further assumes that
natural market forces will remain in effect and that
historical trade barriers to Taiwanese, South
Korean, and other Asian markets will be lowered.
A critical assumption is that of a more favorable
balance of trade between the United States and
Japan. The objectives of the US-Japan Semicon-
ductor Trade Arrangement of 1986—20 percent
penetration of the Japanese market by US semi-
conductor producers—probably will take several
years at its present rate to reach 20 percent share
in Japan. In any case, more positive efforts to open
the Japanese market must come forth to avoid
US government intervention and the associated
disruption of the natural market forces upon which
the forecast is based.

Table 6-15

Worldwide Semiconductor Production
Regional Capital Spending—1988-1990
{Millions of Dollars)

Market Share CAGR
1988 1989 1990 1988 1990 1988-1990
Worldwide Capital Spending
US Companies $3.339 % 3,605 § 3,677 35.8% 35.7% 4.9%
Japanese Companies 4,587 5,183 4,820 49.2 46.8 2.5%
European Companies 926 1,065 1,139 9.9 1.1 10.9%
ROW Companies 468 655 5.0 6.4 18.3%
Total Worldwide Spending $9,320 $10,398 $10,291 100.0% 100.0% 5.1%
Annual Growth Rate 51.9% 11.6% (1.0%)
Capital Spending as Percent
of Total Production 17.2% 17.5% 17.0%

Wote: Includes captive praduction
Source: Dalaquest (Auguss 1990)
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Semiconductor Equipment and Materials

Preceding chapters have discussed the electronics
industry infrastructure in terms of a waterfall of
demand. The waterfall starts with the demand for
electronic equipment, continues with the demand
for semiconductor devices, and ends with the

demand for semiconductor equipment and
materials (see Figure 7-1).
Semiconductor equipment manufacturers and

semiconductor materials suppliers are positioned at
the bottom tier of the waterfall, as they are the
suppliers to the semiconductor manufacturers and
the origin of the upstream flow of technology.

This upstream flow of technology creates the
higher-performance and lower-cost semiconductor
devices that result in superior electronic products.
In fact, world leadership in the $653 billion elec-
tronic equipment industry requires world leadership
in the $54 billion(merchant and captive) semi-
conductor industry, which in turn depends on
world leadership in the relatively small $6 billion
front-end equipment market. It is estimated that
semiconductor materials represented approximately
a §5 billion market in 1989; so together, equipment
and materials accounted for over $11 billion.

As the preceding chapters have stated, dependency
on the source of technology that drives advancing
functionality and lower-cost electronic products is
so great that regional dominance of specific com-
ponents of this relatively small industry virtually
guarantees regional dominance of the upper tiers of
the electronics industry infrastructure.

This chapter
subsections:

is organized into the following

® Background
— Discussion of the underlying forces that have
created demand for semiconductor equip-
ment and materials

® Key semiconductor materials

® Semiconductor equipment

G
(Reglonal)

Semiconductor equipment product overview

Sources of
demand

semiconductor  equipment

Semiconductor equipment demand history
and forecast
Strategic issues facing the semiconductor
equipment industry
Figure 7-1
Demand Waterfall
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Electronic
Equipment
Manufacturers Demand for
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Source: Dataquest (August 1990)
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Background—Semiconductor
Equipment and Materials

Although semiconductor equipment and materials
are grouped together in this subsection for dis-
cussion, it is important te note that semiconductor
equipment demand reflects the capital spending
budget of the semiconductor producer, while
demand for materials is derived from manufac-
turing cost. Worldwide and regional demand for
equipment thus is determined by the worldwide
and regional needs for producers to either imple-
ment new technology or expand capacity. As a
capital expense, such demand often is modulated
by the preducers’ access to investment capital or
the cost of such capital. Regional materials demand
is more a function of pure semiconductor produc-
tion levels within each region. In spite of the
different budgets, expenditure, or demand for both
equipment and materials within any given region,
both depend on and contribute to the success and
growth of the semiconductor producers within that
region and worldwide.

As Chapter 6 pointed out, the success and growth
of semiconductor producers within a region
depends on the relative competitiveness of these
producers and their corresponding ability to
capture share of domestic semiconductor demand
as well as that of other regions.

Key Semiconductor Materials

A variety of materials are used throughout the
various processing steps of front-end wafer fab-
rication. These materials include wafer substrates
such as silicon and gallium arsenide wafers, photo-
resist and its corresponding ancillary products, bulk
and specialty gases, wet chemicals such as sulfuric
acid and hydrogen peroxide, deionized water,
metal-source targets for sputtering applications,
dielectric coatings such as spin-on glass and
polyimides, and liquid and solid dopant sources,
This part of our discussion will focus briefly on the
products, suppliers, and factors that characterize
the markets of three of the key materials used in
the manufacture of semiconductor devices: silicon
wafers, photoresist, and semiconductor gases.

Silicon

Silicon is the second most abundant element in the
earth's crust. It occurs in the form of oxides, or
silicates such as silica (sand). In the 1950s, silicon

was considered to be one of several materials with
semiconductor potential. With the development of
planar processing in 1960, polysilicon price reduc-
tions, and inexpensive plastic silicon transistor
packaging, silicon superseded germanium in the
market and today is the dominant substrate used in
semiconductor device manufacture. As such, it is
an excellent indicator of the level of manufac-
turing activity within a given wafer fabrication
environment,

Products

Silicon wafers are thin slices of single-crystal silicon
cut from a cylindrical ingot and then polished. The
growth of a single-crystal ingot from polycrystalline
silicon is controlled to produce wafers with a
well-defined diameter, typically 3 to § inches.

A second category of silicon wafers is epitaxial
wafers. Epitaxial processing produces a layer of
single-crystal material that has the same crystallo-
graphic orientation as the underlying wafer sub-
strate. It is possible to design the epitaxial layer to
meet well-defined chemical, physical, and electrical
specifications.

Dataquest estimates that the world merchant silicon
and epitaxial wafer market was $2.3 billion
in 1989,

Silicon Suppliers

Companies that produce silicon and epitaxial
wafers are defined either as merchant silicon
companies or captive silicon producers.

Merchant Silicon Companies. The vast majority
of silicon consumed today is provided by merchant
silicon suppliers. It is interesting io note that all
major merchant silicon companies in the world
today have large corporate parents. This provides a
cash flow buffer against downturns in the business
cycle, as well as a source of funding for new
facilities and capacity expansions. In today’s
competitive business environment, it is unclear
whether or not a standalone entrepreneurial silicon
operation could compete and survive against the
major silicon suppliers with their extensive financial
backing from corporate parents.

Captive Silicon Producers. Silicon also is pro-
duced to a lesser extent by both merchant and
captive semiconductor manufacturers. These semi-
conductor manufacturers are referred to collec-
tively as captive silicon producers because they
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grow single-crystal silicon to produce wafers for
their own internal consumption.

Semiconductor manufacturers with captive silicon
production tend to be established, vertically inte-
grated companies. In the early years of the
semiconductor industry, the high cost of silicon
provided sufficient economic justification for some
semiconductor manufacturers to develop this
internal capability. Today, however, high-quality,
low-cost silicon wafers are readily available from a
number of merchant silicon companies. Never-
theless, one benefit of retaining captive silicon
production activities is that a semiconductor
company can manufacture wafers with custom and
proprietary specifications. In addition, captive
silicon producers in the United States can ship
silicon material to their facilities in Japan and
Europe, thereby avoiding those regions’ relatively
higher wafer costs resulting from currency
appreciation over the last several years.

Factors that Characterize the

Silicon Wafler Industry

Two significant factors characterize the silicon
wafer industry of the last several years. These
factors are wafer pricing pressures and industry
consolidation.

Wafer Pricing Pressures. Dataquest believes that
wafer pricing pressure has been one of the major
factors that has affected profitability in the silicon
industry during the last several years. Historically,
as large wafer products mature, prices decrease
because silicon wafer companies move down the
learning curve of wafer manufacturing. Pricing has
been an important competitive issue as well,

During the downturn of the business cycle between
1985 and 1987, however, there were additional
pressures from cost-conscious semiconductor
manufacturers for lower prices. At the same time,
increasing device complexity led to demands for
tighter wafer specifications. This, in turn, meant
that silicon companies have had to perform more
analytical tests to ensure wafer quality. More
analytical testing and product qualification mean
higher costs to the silicon companies, and, with the
continued downward pricing pressures, silicon
companies have been forced to accept smaller
margins on their products.

During the healthy market environment of 19838,
merchant silicon companies experienced some

relief from the downward pricing pressures of
previous years. This trend has allowed some silicon
companies to return to profitability after several
years of losses, Dataquest believes that a favorable
and stable wafer pricing environment is essential in
order to avoid severe profitability problems in the
silicon wafer industry in the future.

Industry Consolidation. A series of eight acqui-
sitions of merchant silicon and epitaxial wafer
companies has occurred since 1985 (see
Table 7-1). In the majority of these acquisitions,
the new corporate parent was already active in the
silicon wafer industry prior to its acquisition of its
new silicon company. These acquisitions illustrate
the dynamics of consolidation in a maturing
industry.

As seen in Table 7-1, seven of the eight acqui-
sitions consisted of US silicon companies being
acquired by Japanese or West German corpo-
rations. The two most recent acquisitions, in
particular, had a significant impact on the world-
wide market share of US-based silicon suppliers by
reducing their share to less than 1 percent of the
worldwide merchant silicon market. This situation
has raised several important concerns. With the
United States’ loss of all control over the produc-
tion of merchant silicon wafers, are its semicon-
ductor manufacturers at a disadvantage in the
development of next-generation integrated circuits?
Will silicon operations under foreign ownership be
fully responsive to the needs of US semiconductor
manufacturers?

Clearly, other countries already have decided that
silicon is a crucial strategic material. Most of the
new entrants in the merchant silicon wafer market
over the last several years have come from outside
the United States—notably from Japan, Europe,
and the Pacific Rim. In these countries, the
short-term rigors of the silicon wafer market are
endured as part of a long-term strategy for survival
in the electronics industry.

Photoresist

Photoresist is a light-sensitive, polymer-based
material applied to wafers during semiconductor
fabrication to transfer the circuit pattern from a
mask to the 'underlying substraie. Photoresist is
applied to the wafer at every mask level during the
fabrication process; the number of mask levels
correlates with device complexity.



T-4 Semiconductor Equipment and Materlals

Chapter 7

Table 7-1

Recent Acquisitions in the Silicon Wafer Industry

Acquisition
Announced Company Acquired By
1990 Union Carbide Polysilicon (US) Komatsu Electronic Metals (Japan)
1989 IBM Silicon Wafer Huels/MEMC (West Germany
Operation (US)
1988 Monsanto Electronic Huels AG (West Germany)
Materials Company (US)
1988 Cincinnati Milacron (US) Osaka Titanium Co. (Japan)
1987 Dynamit Nobel Silicon (Italy) Huels AG (West Germany)
1986 US Semiconductor (US) Osaka Titanium Co. (Japan)
1986 Silte¢ Corporation (US) Mitsubishi Metal (Japan)
1985 NBK Corporation (US) Kawasaki Steel (Japan)

Source: Dataguest {(August 1990)

Products

Resists used in semiconductor device fabrication
typically are classified into four different categories
that reflect the sensitivity of the resist to a given
type of light or radiation. The four categories are
optical, deep-UV, e-beam, and X-ray resists.

Resists are characterized as positive- or negative-
working materials. The basic difference between a
positive and a negative resist depends on the
material's response to light or radiation. A positive
resist leaves behind an image on the wafer that
matches the pattern on a mask, while a negative
resist leaves behind an image that is the reverse of
the mask pattern.

In addition to the resist material itself, there is an
associated class of chemicals known as resist
ancillary products. These include developers,
rinses, dyes, strippers, thinners, adhesion pro-
moters, and etchants. The developers, in par-
ticular, are closely designed to complement a given
resist formulation in order to optimize resist
performance.

Almost all resist materials used in semiconductor
device fabrication today are optical photoresists.
Dataquest estimates that the 1989 world market for
optical photoresist was approximately $265 million.

Photoresist Suppliers

Typically, photoresist companies are part of larger
chemical or electronic materials corporations. Four
major companies dominate the world's optical
photoresist market today: One is Japan-based, two

are US-based, and one is Europe-based. The major
Japanese photoresist supplier historically has
focused on its home market of Japan. In contrast,
the two major US suppliers and the major
European photoresist company have a well-
established presence in all three of the major
precessing regions of the world: Japan, the United
States, and Europe. This has been achieved
through overseas photoresist operations (including
manufacturing plants) and joint ventures.

Export Market Strategies. Dataquest has
observed that when Japanese semiconductor manu-
facturers set up new fab facilities outside of Japan,
often these new fabs are designed to duplicate an
existing line in Japan. These include not only
products and process technology, but also fab-
rication equipment and semiconductor materials.
This strategy allows the semiconductor manufac-
turer to bring the new fab line up to speed in a very
short period of time.

This practice has particular significance for
Japanese photoresist suppliers, which historically
have had only minimal participation in export
markets such as the United States or Europe.
Because photoresist is such a complex chemical
system, Dataquest believes that it will be a high
priotity with Japanese semiconductor manufac-
turers to use the same resist for their new fab
facilities outside of Japan as in their current fabs in
Japan. Therefore, Japanese resist companies now
have a well-defined avenue to expand their expon
market opportunities,
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Factors that Characterize the
Photoresist Industry

Several factors and issues characterize today’s
photoresist industry, including the following:

¢ Photoresist is closely tied to lithography, the
technology driver for manufacturing higher-
density integrated circuits.

— As semiconductor manufacturers continue to
push the limits of submicron processing, it is
clear that the lithography process must be
considered as a single system. This system
includes the device process technology, the
lithography equipment, lenses, and sources,
as well as the photoresist material itself.

— Dataquest believes that joint development
and exchange programs between semicon-
ductor companies, equipment vendors, and
photoresist manufacturers will be essential in
the development of advanced submicron
processes.

® One of the major issues facing semiconductor
manufacturers today is to determine what
strategy will be adopted for 0.5-micron device
processing expected in production in the
mid-1990s.

— Currently, several lithography aliernatives
exist including g-line steppers, i-line
steppers, excimer laser steppers, step-and-
scan lithography, or X-ray lithography. Right
now, however, there is no clear consensus of
opinion.

— For photoresist manufacturers, this also is a
key issue because few companies have
sufficient R&D funds to develop new resist
formulations for all lithographic alternatives.
Photoresist companies today are faced with
deciding where to focus their R&D efforts,
ever mindful that different regional semicon-
ductor manufacturers may well pursue
different lithography strategies.

¢ Photoresist is perceived by the customer to be a
technology-driven product because the mate-
rial’s performance is closely tied to lithography
processing.

— Therefore, photoresist suppliers have not
experienced the same level of downward
pricing pressure as in other electronic
material categories.

— Pricing—for optical positive resist, in
particular—has remained fairly stable or
experienced a modest increase as new resist
formulaticns are developed for the proces-
sing of smaller line geometries.

Semiconductor Gases

Products

Semiconductor gases penerally are divided into two
product categories; bulk and specialty gases.

Bulk Gases. The bulk semiconductor gases are
nitrogen, oxygen, hydropgen, and argon. The
“bulk” designation typically refers to a discrete
delivery of a large volume of gas by truck transport.
These gases typically are delivered as cryogenic
liquids because of the efficiency of transportation
and storage prior to the vaporization stage at the
semiconductor manufacturer’s facility. In addition
to cryogenic liquid delivery, nitrogen gas also is
provided through direct pipeline delivery, as well as
at customer on-site nitrogen-generation plants.

Specialty Gases. A large number of gases (more
than 35) are classified as semiconductor specialty
gases. For that reason, a further segmentation of
this category is necessary and is based on the
chemical reactivity and functionality of the various
specialty gases. Dataquest segments the specialty
gas market into six categories: silicon-precursor
gases, dopants, etchant gases, reactant pgases,
atmospheric/purge cylinder gases, and others.
Specialty gases are used in comparatively smaller
volumes than bulk gases; thus, they are delivered in
high-pressure cylinders.

Dataquest estimates that the 1989 world market for
semiconductor bulk and specialty gases was
approximately $705 million.

Semiconductor Gas Suppliers

Several factors will dictate the success of a gas
company supplying the semiconductor industry.
These include an extensive distribution network,
some level of primary manufacturing capability,
and a strong service organization.

Five companies and their associated operations
dominate the world’'s semiconductor gas industry
today. These major suppliers of semiconductor
gases have a good-to-strong presence in the four
major semiconductor production regions of the
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world: Japan, the United States, Europe, and the
Pacific Rim. This presence is achieved through
overseas operations, equity investment positions in
foreign gas companies, or technical/marketing
agreements,

For the major gas suppliers, the semiconductor gas
market represents only a small portion of a
company’s total gas business activities. Some of the
nonsemiconductor gas applications that represent
far larger market opportunities include nitrogen for
frozen food processing, oxygen for steel processing,
and hydrogen for fuel cells in the rocket and
aerospace industries. However, the semiconductor
industry represents probably the most rigorous
demands on gas suppliers with regard to providing
high-purity materials and delivery systems.
Therefore, success in the semiconductor pgas
industry promotes a gas supplier’s presence at the
cutting edge of gas technology.

Factors that Characterize the
Semiconductor Gas Industry

Several unigue factors characterize the semicon-
ductor gas market, including the following:

® The specialty gas companies are unique when
compared with other electronic materials com-
panies that sell products to the semiconductor
industry. What makes this market different is
that no one specialty gas company has primary
manufacturing capability for all of the specialty
gases that it provideg to the industry. Thus, a
specialty gas company typically must buy some
of its products from a competitor.

& Nitrogen is consumed by the semiconductor
industry in substantially larger volumes than any
other gas and accounts for approximately
80 percent of semiconductor bulk gas sales.
While bulk and specialty gas usage typically
tracks with semiconductor device production
levels and the consumption of silicon wafers,
nitrogen also is used to maintain the integrity of
processing equipment whether wafers are being
processed or not. This means that the nitrogen
market, unlike other electronic materials, is
very stable even during the times of low
production associated with downturns in the
semiconductor business ¢ycle.

® The semiconductor bulk gas industry is charac-
terized by long-term contracts between vendor
and customer because of the support equipment

required at the customer’s site for the on-site
storage of bulk gases. Typically, one bulk gas
supplier supports each fab facility, and that
company often will receive the initial gas
contract before construction even begins on a
new fab. In contrast, the specialty gas industry is
characterized by short-term contracts and an
ongoing competitive market environment.
Multiple specialty gas vendors per fab is the
norm rather than the exception.

Background—Semiconductor
Equipment

Initially, in the 1950s and 1960s, because there was
no commercial source for semiconductor equip-
ment, such equipment was built for internal use by
semiconductor producers such as AT&T, IBM,
Motorola, and Texas Instruments. In the late
1960s and 1970s, merchant semiconductor equip-
ment manufacturers began to provide equipment to
world semiconductor producers. In the beginning,
most of the companies were of US origin, with the
Japanese and European equipment manufacturers
following somewhat later. Major semiconductor
companies began to depend on merchant semi-
conductor equipment suppliers, and equipment
that was internally supplied by semiconductor
producers began to decline. Thus, the merchamnt
semiconductor equipment industry is approximately
20 years old, and it is interesting to note that
several of the world's major equipment manu-
facturers celebrated their 20-year anniversaries
in 1988.

The demand for semiconductor equipment in
Japan was fueled by the rise of the Japanese
semiconductor industry in the early 1970s, and this
demand was met by two sources. The first was the
rise of the indigenous Japanese equipment indus-
try, and the second was the transfer of equipment
technology to Japan from the United States.
US equipment manufacturers, in an effort to
penetrate the fast-growing Japanese equipment
market, provided Japanese equipment manufac-
turers access to US-developed technology. By the
late 1970s and early 1980s, Japanese equipment
companies emerged as merchant suppliers, pro-
viding crucial technologies for new VLSI devices
manufactured by the fast-growing Japanese semi-
conductor companies. In 1989, Japanese wafer fab
equipment companies shared five of the top ten
places in the ranking of worldwide wafer fab
equipment suppliers. In terms of waorld market
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share for wafer fab equipment, Japanese equip-
ment companies have taken the lead in total
market share over US equipment suppliers. In
certain equipment categories (for instance,
lithography) Japanese equipment makers clearly
dominate the world market.

Semiconductor Manufacturing
Equipment—Product Overview

The equipment used for the production of
semiconductor devices is divided into two major
segments: wafer fabrication (front end) equipment
and assembly and test (back end) equipment.

Wafer fab equipment is the very sophisticated
capital equipment used to manufacture IC devices
on the silicon wafer. Front-end, or wafer fab,
equipment includes those crucial technologies
required for manufacturing critical VLSI devices
such as 4Mb and 16Mb DRAMSs, 32-bit and larger
microprocessors, and advanced logic devices.

IC manufacture, or the wafer fabrication process,
takes place in a special ultraclean facility called the
fab or clean room. Bare silicon wafers are the input
material to the wafer fab; finished silicon wafers are
the output of the fab. In many cases, each wafer
contains hundreds of manufactured ICs.

The finished wafer then is sent to the assembly and
test facility, where the wafer is cut up into
individual ICs. The good ICs are separated from
the bad; the good ICs are then assembled and
packaged and each packaged IC tested. Generally,
the wafer fabrication facility and the assembly and
test facility are separate; in many cases, the latter
facility may be located in another country.

Technical advances in wafer fab equipment directly
affect advances in manufacturing ICs. This means
that more sophisticated ICs with more functionality
or higher speeds or both can be manufactured. As
more sophisticated ICs become available, more
advanced electronic equipment becomes available,
forging a direct link between wafer fab equipment
and advanced computers and telecommunications
equipment. Thus, technology leadership in the
relatively small $5.9 billion worldwide wafer fab
equipment market is the gateway to leadership in
the $653 billion worldwide electronic equipment
market. In addition, the semiconductor company
that uses the latest wafer fab equipment will have a
competitive advantage in the IC market.

As more sophisticated ICs are manufactured, more
sophisticated assembly and test equipment must be
developed; in conjunction with the advances in
equipment, advances must be made in semi-
conductor materials as well. However, the driving
force in semiconductor manufacturing is wafer
fabequipment, or the ability t0 manufacture the
advanced IC itself. This is the area that tends to
drive advances in materials as well as in assembly
and test equipment. For this reason, the remainder
of this chapter will focus on wafer fab equipment.
This is not to minimize the strategic importance of
semiconductor materials and assembly and test
equipment, but rather to recognize that technology
leadership in wafer fab equipment is more closely
linked with leadership in the huge electronic
equipment market.

Of the total amount of capital spending by the
world's semiconductor manufacturers, approxi-
mately 80 percent is spent on front-end and
back-end equipment; of this amount, 60 percent is
spent on wafer fab equipment. Thus, wafer fab
equipment represents approximately 50 percent of
the spending by the world’s semiconductor pro-
ducers and reached almost $6 billion in 1989,

Wafer [fabrication equipment is divided into
11 major categories, 8 of which are briefly
described in the f{ollowing paragraphs. This
equipment is used to perform the approximately
400 steps required to make an advanced IC. In its
simplest description, the IC wafer fabrication
process can be divided into three basic operations:
thin films are deposited on the silicon wafer, the
deposited films are patterned, and the film
characteristics are altered.

Lithography

If wafer fab equipment is the driving area for 1C
production, lithography is the very heart and
core of advanced IC manufacturing technology.
Lithography is the engine that drives all other
technologies used in IC manufacturing. It is the
critical patterning technology for VLSI devices
because it is the technology enabler for fine-line
geometries. The term fine-line geometry refers to
the minimum geometries of semiconductor devices.
The finer the geometry, the more transistors the 1C
designer ¢an put on a chip or the more func-
tionality the chip has. For instance, a 1iMb DRAM,
which has more than 1 million transistors on the
chip, is fabricated with minimum feature sizes of
approximately 1.2 micron (the diameter of a
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human hair is 100.0 microns). Advances in
lithography tools now allow 0.8-micren feature
sizes to be produced on the chip. With this finer
feature size, 4Mb DRAMSs containing more than
4 million transistors can be produced. Currently,
advanced lithography tools can pattern lines as
small as the 0.5-micron feature sizes required for
16Mb DRAMSs. Finer geometries also mean that
faster chips can be produced, which are essential
for building ever-faster computers.

Lithography equipment includes contact and
proximity aligners, scanning projection aligners,
steppers (reduction and 1:1), e-beam systems,
X-ray aligners, and the recenily announced
step-and-scan aligner, each of which is described
briefly as follows:

¢ Contact/proximity aligners—the industry’s first
lithography tools, which reach back to the very
beginnings of the semiconductor industry—have
declined. Today, they are a $20 million niche
market. This product is not likely to play a
major role in the future lithography market.

® Scanning projection alighers superseded
contact/proximity aligners to become the
dominant lithography tool for many years.
However, this tool is limited in its ability to
pattern fine features, and it eventually gave way
to steppers.

— Projection aligners reached their peak in
1984 and 1985 and have since declined to a
394 million market in 1989, representing
only 6.5 percent of the total world litho-
graphy market of $1,453 million.

— More than 3,000 of these aligners are in the
field, and this base of aligners will continue
to grow slowly to provide additional capacity
in existing fabs., However, the newer
advanced fabs are not being outfitted with
scanning projection aligners.

& Steppers, because of their inherent ability to
pattern finer features than scanning projection
aligners, have become the dominant and state-
of-art lithography tool.

— In 1989, steppers accounted for $§1,191 mil-
lion, or 82 percent, of the total lithography
market. Steppers probably will continue to
dominate the lithography market for several
years.

— Today, all advanced ICs are fabricated using
steppers, and production-worthy steppers
in the most advanced fabs can pattern
0.7-micron features. Advanced excimer
laser steppers that can pattern 0.35-micron
features are under development.

— Steppers have a solid technology grasp on
the lithography market, but it could be
weakened by the recent advent of the step-
and-scan aligner.

¢ The potential of the step-and-scan aligner,
which was recently introduced to the market-
place, is still uncertain.

— [If successful, step-and-scan systems could
compete with steppers and erode their
market share.

— This aligner is a hybrid system that combines
the best of both scanning projection tech-
nology and stepper technology. It currently
appears to be the most advanced aligner on
the market, but because it is a new system,
field experience is not yet available.

— This aligner can pattern 0.5-micron features
with a wafer throughput that excels steppers,
and it is the dark horse in the lithography
race.

® E-beam lithography sysiems have two niche
applications.

— E-beam is the technology used by the world-
wide maskmaking industry to produce the
masks and reticles required by semicon-
ductor manufacturers for their projection
aligners and steppers.

— E-beam also is used to “direct write” a wafer
in special instances, such as quick-turn IC
prototyping and small quantity ASIC
devices.

— Together, these two niche markets
accounted for $143 million of the 1989
lithography market. However, because of its
very low productivity and high cost per
wafer, e-beam is not likely to be a main-
stream lithography technology, although it
¢an pattern finer geometries than steppers. '
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¢ The world semiconductor manufacturers have
essentially ignored X-ray aligners (the 1989
market was $5 million) in spite of the numerous
advantages of X-ray aligners over conventional
optical aligners such as steppers.

— The semiconductor industry is very slow to
accept new technologies, and because the
stepper manufacturers continue to make
advances in stepper technology, the market
window for X-ray aligners continues to be
pushed out.

— Currently, there are X-ray aligners on the
market that can pattern 0.5-micron features
and less. These aligners are standalone
systems and resemble conventional steppers;
it is uncertain just how much less than
0.5-micron they can be used in a production
environment.

— However, considerable worldwide develop-
ment is under way on another type of X-ray
technology called synchrotron  orbital
radiation (SOR) that will have a production
limit of approximately 0.2 micron.

+ The Japanese are making very heavy
investments in this technology.

+ In addition, IBM already has invested
$500 million in SOR and expects to
spend $1 billion by the time the system is
fully developed.

In summary, steppers are the dominant tool today
and will continue to be the dominant tool until the
industry reaches 0.5-micron feature sizes, probably
by the mid-1990s. At that point there are several
competing technologies, and cuwrrently it is not clear
which technology will be dominant. The dominant
technology may very well continue to be steppers,
but we must wait for further developments before
reaching more secure predictive ground.

Automatic Photoresist Processing
Equipment

Automatic photoresist processing equipment, or
track equipment as it is commonly known, is used
to apply and process the photoresist film that is
temporarily applied to the wafer to allow patterning
of the wafers by the lithography equipment. The
main technical objectives of track systems are to
deposit the thin photoresist coatings prior to the
patterning process that takes place in the lithog-

raphy tcol and to develop the photoresist after
patterning.

Track equipment includes wafer clean/bake, wafer
prime, coat/bake, develop/bake, and photoresist
stabilization equipment. Track equipment is used in
the lithography cell of the wafer fab and actually
can be considered part of the lithography process.
Because of this, the demand for track systems is
closely tied 1o lithography demand and has about
the same compound annual growth rate {CAGR).
In 1989, the demand for track equipment reached
$325 million.

Etch and Clean

This segment includes wet process, dry etch, dry
strip, and ion milling equipment. Wet processing,
so-called because ultrapure water and liquid
chemicals are used in the process, is used
throughout the wafer fab for the cleaning and wet
etching of wafers. Wet processing goes back to the
early days of the semiconductor industry. Etching,
along with lithography and track equipment, is
another of the equipment technologies that is part
of patterning thin films on the wafer.

Wet etching is used for patterning relatively large
features on the wafer, while dry etching, the newer
technology, is used almost exclusively in the
fabrication of advanced devices that require fine-
feature patterning. As advances in lithography
equipment allow finer features to be patterned on
the wafer, concomitant advances in dry-etch
equipment need to be made to fully implement the
fine-pattern features on the wafer.

Dry-strip equipment is wused to remove the
photoresist films that are temporarily applied to the
wafer to allow paiterning. The total etch-and-clean
market was $1,066 million, of which $306 million
was for wet-process equipment, $636 million was
for dry-etch equipment, and $116 million was for
dry-strip equipment.

Deposition

Deposition includes several technologies that are
used to deposit thin films on the wafer. The three
major technologies included in this category are
chemical vapor deposition (CVD), physical vapor
deposition (PVD), and epitaxy. Epitaxy technology
includes silicon epitaxy, metalorganic CVD, and
molecular beam epitaxy equipment. Once these
films are deposited by any of three major
techniques, they are patterned with the aid of the
lithography, track, and etch equipment previously
described.
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CVD equipment generally is used to deposit
insulator films on the wafer, while PVD is used to
deposit the aluminum films that are required to
wire-up, or cennect, all of the transistors on a chip
{more than 4 million transistors are used, for
example, in the case of 4Mb DRAMSs). Collec-
tively, CVD and PVD equipment is used to
fabricate the interconnect portion of the chip. As
with advances in lithography, advances in CVD and
PVD equipment need to be made in order to keep
up with current technologies. When new advanced
steppers are introduced that have ever-smaller
fine-pattern capability, it sets off a new round of
development in CVD and PVD equipment {as well
as in other front-end equipment); CVD and PVD
manufacturers then must struggle to keep pace. For
instance, the equipment and technology required to
interconnect the more than 4 million transistors of
a 4Mb DRAM are vastly more sophisticated (and
costly) than was required for the 65,000 transistors
of a 64K DRAM of a few years ago. In the past,
the portion of chip fabrication cost that was
attributed to chip interconnection was small. With
advanced chips that have several levels of inter-
connection on the chip, the cost of interconnection
can be 50 percent or more of the entire wafer
fabrication cost,

In 1989, the total deposition market was
$1,145 million; CVD accounted for $580 million
of this market, PVD for $377 million, and total
epitaxy for the remaining 3189 million. There is
currently a tremendous amount of activity in both
the CVD and PVD technology areas as new
equipment is being introduced to fabricate the most
advanced ICs.

In PVD equipment, attention is being directed
toward integrated processing systems that will be
able to handle several process steps in one piece of
equipment instead of having to move the wafer to
several pieces of equipment to accomplish the same
number of process steps. Generally, as advance
chips need to be manufactured, the semiconductor
industry will move to more integrated manu-
facturing. This eliminates human handling of the
wafers, decreases contamination, and increases
yields.

We said previously that lithography essentially
drives the other technologies used in the fabri-
cation of a wafer. Although lithography tools are
well on the path to fine-line patterning, work still

needs to be done in the deposition of thin films,
either by CVD or PVD.

Diffusion Furnaces

Diffusion furnace equipment includes both
horizontal and vertical tube furnaces. These
high-temperature furnaces are used to incorporate
precise quantities of impurities, or dopants, into the
deposited films on the wafer in order to control the
electrical properties and, hence, the performance
of the IC. Other applications include the growing of
oxide films, the deposition of insulator films, and
annealing.

Horizontal tube furnaces, the workhorses of the
industry since their inception, have been losing
ground to other technologies such as ion
implantation and CVD equipment. For advanced
devices, ion implantation now is the preferred
method of introducing impurities into the wafer,
and CVD is the preferred technology for film
deposition. Although the number of horizontal
furnaces has declined substantially since the
technology’s peak a few years ago, ASPs have risen
to the extent that horizontal furnace sales reached
a record $327 million in 1989,

Vertical furnaces are an emerging technology.
Vertical furmaces have several advantages over
horizontal furnaces, particularly for advanced
devices, and they are being rapidly accepted in
Japan. Some advantages include lower power con-
sumption, smaller space requirements, easier
automation, and excellent technical performance.
In the past, only horizontal furnaces were used in
the fab, but Japan expects vertical furnaces to be
the dominate furnace technology of the future. In
other regions of the world, vertical furnaces have
been given a lukewarm reception. Vertical diffu-
sion furnace sales were $90 million in 1989.

Rapid Thermal Processing

Rapid thermal processing (RTP) is a high-
terperature technology that was expected to sup-
plant the annealing process of diffusion furnaces.
However, this equipment has not found its way into
the production mainstream of the wafer fab for this
application because anneals done on diffusion
furnaces are superior to RTP anneals. RTP is
beginning to find opportunities in other applications
in the wafer fab, such as in the thin-film area, but
these are still emerging. In 1989, the RTP market
amounted to $28 million.
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Ion Implantation

In the past, introduction of impurities into the thin
films on the IC was done in diffusion furnaces, but
diffusion furnaces are inadequate for advanced
devices that have fine features. lon implanters
provide a much more precise control of the
amount, location, and depth of the impurity into
the thin film. Implanters are classified as medium
current or high current, depending on the amount
of impurity that can be incorporated quickly into
the film. High-voltage implanters also can incor-
porate impurities to a greater depth in the film than
can either medium- or high-current implanters. It is
interesting to note that implanters are essentially
linear accelerators and have their roots in that
technology, In 1989, the total world market for
implanters was $468 million.

Diffusion furnaces, rapid thermal processing
equipment, and ion implanters all are used in the
wafer fabrication process essentially to modify the
thin films that were deposited and patterned by the
other equipment technologies described previously.

Critical Dimension/Wafer Inspection

Critical dimension (CD) and wafer inspection
equipment are two types of process control
equipment. Process conirol equipment is used to
verify the wafer fabrication process rather than
contribute to the actual fabrication of the IC. CD
equipment is used to measure the features on the
wafer to ensure that the patterning process is
indeed doing what it is supposed to do. Waler
inspection equipment is used to check for defects
on the wafer. Both CD and wafer inspection
equipment have a tremendously wide variance in
price, depending on the level and sophistication of
operator automation. Systems may range from
350,000 for a low-end manual system to
$1.2 million for a fully automated advanced
system.

CD and wafer inspection equipment technology
also is driven by advances in lithography. As finer
and finer features are fabricated on the IC, it
becomes necessary to measure smaller and smaller
features with greater accuracy and precision. Also,
as feature sizes get smaller, it becomes necessary to
check for ever-smaller defects, and to identify new
types of defects. In 1989, the combined markets
for CD and wafer inspection equipment totaled
$187 million.

Sources of Semiconductor
Equipment Pemand

The two fundamental sources of demand for
semiconductor production equipment are as
follows:

® Semiconductor producers purchase advanced
equipment to increase competitiveness by de-
¢reasing manufacturing cost through advanced
manufacturitig technology.

¢ Semiconductor producers purchase equipment
to expand production capacity.

Advanced Manufacturing Technology
Increases Competitiveness

The primary driving force for new semiconductor
equipment for the next two to three years will be
the need for advanced manufacturing technology.
As mentioned previously and discussed fully in
Chapter 6, the success and growth of semicon-
ductor producers within a given region depend
ultimately on their relative competitiveness. This
competitiveness is determined by regional eco-
nomic factors such as cost of labor, cost of capital,
and availability of patient capital, but it ultimately is
reduced to relative product quality and manu-
facturing costs.

Thus, relative competitiveness depends on the
following:

¢ Efficiency—Higher yields provide lower cost per
device.

® Fast turnaround—The earlier a producer gets to
market and moves down the learning curve, the
more costs become lower and remain lower
than those of competitors that enter the market
later.

¢ Higher quality and reliability—The quality and
reliability of devices are more important to the
device user than the absolute price.

Semiconductor equipment demand based on
upgrading competitiveness through manufacturing
technology therefore is driven by these factors. Key
manufacturing technologies that contribute to these
factors are those that contribute 10 smaller feature
sizes, higher productivity, and reduced contami-
nation. Smaller feature sizes provide increased
functions per die, higher speeds, and increased die
per wafer. Higher productivity translates into more
ICs manufactured per time period, and reduced
contamination contributes to higher yields, or more
good die per manufacturing run,
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Another key manufacturing parameter is turn-
around, or cycle time, which is the length of time it
takes to fabricate a wafer. A producer with shorter
cycle times than its competitor moves down the
learning curve faster because it is able 10 correct
the IC fabrication process when necessary in a
shorter interval of time. As the producer moves
down the learning curve, its manufacturing costs
decline with a concomitant competitive advantage.
Therefore, the key technology demand drivers for
manufacturing equipment are all related to the
front-end process. Table 7-2 shows the worldwide
wafer fab market for 1989 by equipment segment.

Table 7-2

1989 Worldwide Wafer Fab
Equipment Demand
(Millions of Dollars)

Equipment Demand
Lithography
Contact/proximity 20
Projection aligners 94
Steppers 1,191
Direct-write e-beam 70
Maskmaking e-beam/laser 73
X-ray 5
Total Lithography 1,453
Automatic Photoresist Processing
Equipment 325
Eich and Clean
Wet process 306
Dry strip 116
Dry etch 636
Ion milling 9
Total Etch and Clean 1,066
Deposition
Chemical vapor deposition 580
Physical vapor deposition 377
Silicon epitaxy 72
Metalorganic CVD 44
Molecular beam epitaxy 73
Total Deposition 1,145
Diffusion 327
Rapid Thermal Processing 28
Ton Implantation 468
CD/Wafer Inspection 187
Other Process Control 485
Factory Automation 195
Other Wafer Fab Equipment 206
Total Wafer Fab Equipment 5,887

Nate: Columns do not add to totals shown because of rounding.
Source: Dataguest (August 1990)

Capacity Utilization Drives
Capacity Expansion

The second driving force behind equipment
demand is the requirement to increase production
capacity. As regional producers realize success and
growth through superior relative competitiveness,
they use up existing production capacity and must
invest in capacity expansion. Therefore, not only
does the semiconductor equipment supplier
contribute to the growth and success of the
semiconductor producer by improving competi-
tiveness, the producer’s success fuels the growth
and success of the supplier as well.

Figure 7-2 presents regional capacity utilization by
regional company base for North America, Europe,
and Japan. Table 7-3 compares historical world-
wide merchant semiconductor production with
worldwide capital spending and wafer fab equip-
ment demand.

In a tme of rapidly expanding demand for
semiconductors, the demand for equipment surges.
This is illustrated by the boom period of 1983 and
1984, as producers in all regions eagerly expanded
capacity in response to the buoyant PC-driven
semiconductor demand forecast. This resulted in a
capacity utilization and equipment demand peak in
1984. The subsequent collapse of semiconductor
demand in the following two years resulted in a
severe downturn of equipment demand as capacity
utilization plummeted.

The strong recovery of semiconductor demand
from 1987 through the present has generated
higher demand for production equipment.
Table 7-3 shows that the worldwide demand for
semiconductor front-end equipment has increased
20 percent in 1989 over 1988. However, as the
next paragraphs will show, most of this growth in
equipment demand in the 1987 through 1989
period was for competitiveness improvement rather
than capacity expansion, because only now are
utilization rates beginning to exceed those of
the boom years. Table 7-3 also illustrates that
49 percent of the total capital spending by
semiconductor manufacturers is spent on wafer
fab equipment. Dataquest estimates that the
balance of the spending goes to purchase back-end
equipment (31 percent) and property and facilities
(20 percent),
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Table 7-3
Worldwide Electronic Equipment and Semiconductor Consumption
1988-1989
(Includes Captive Suppliers)
1988 1989
Electronic Equipment Production $618.1 $653.1
Semiconductor Production § 54.5 $ 59.9
Capital Spending ($B) $ 10.0 § 12.2
Capital Spending Annual Growth 56.8% 21.4%
% of Production 18.3% 20.2%
Front-End Equipment Demand ($B) $ 4.9 $ 59
% of Capital Spending 49.0% 48.4%
Annual Growth of
Equipment Demand 58.2% 20.3%
Source: Dataguest (August 1990)
Figure 7-2
Estimated Regional Semiconductor Capacity Utilization
1989-1991
Percent
89 W North America
@® Japan
A Europe
B7-
85-
83
81
79+
77~
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1989 1990 1691

Source: Dataquest (August 1990)
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Regional Demand History
1984 to 1989

Figure 7-3 illustrates the regional capital spending
of merchant and captive producers regardless of
nationality. This represents the regional total
available market for goods purchased from such
capital expenditure.

Figure 7-4 compares the capital spending in just
Japan and North America for the period
1989-1991. In 1984 and 1985, spending in Japan
was significantly higher than in North America.
However, in 1986 and 1987, capital spending in
Japan was slightly less than capital spending in
North America. In 1988, the Japanese market for
capital equipment underwent a strong comeback

Figure 7-3

Worldwide Capital Spending Forecast
Regardless of Company Regional Base
1989-1991

Billions of Dollars
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Figure 7-4

Estimated Regional Semiconductor Capital Spending
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and spending in Japan again exceeded that in
North America. In 1989, this capital spending gap
widened. The capital spending forecast expects
capital spending in Japan to continue to exceed
capital spending in North America.

Semiconductor Equipment
Demand Forecast 1990 to 1991

The equipment demand forecast by segment is
shown in Table 7-4. The market reached an
all-time high in 1989 with total sales of
$5,887 million, which represented a growth of
20.4 percent over 1988. The market is expected to
slow down, however, and 1990 sales are projected
to be $5,714 million, for a negative growth of
approximately 3.0 percent. We expect 1991 sales
will be up at $6,832 million. The overall CAGR for
the total equipment market is forecast to be
7.7 percent from 1989 to 1991.

Capital spending as a percentage of production is
shown in Figure 7-5. Capital spending as a
percentage of production exceeded 30 percent in
Japan in 1984 and in 1985, compared with 23 and
21 percent for capital spending in North America.
However, in 1986 and 1987, the ratio of capital
spending to production in Japan fell below the ratio
of capital spending to production in North
America. In 1988, the ratio of capital spending to
production was greater in Japan than in North
America; this relationship continued in 1989. The
forecast for this ratio is for it to continue to be
higher in Japan than in North America.

The largest equipment segment is that of lithog-
raphy, followed by deposition and etch and clean.
Recently, deposition has been the most rapidly
growing segment; however, lithography equipment
growth is expected to lead the way through 1991.
Deposition is forecast to have a 6.7 percent CAGR
from 1989 through 1991. Lithography is expected
to have only a 10.2 percent CAGR during the same
time frame.

The regional capital spending forecast is shown in
Table 7-5. Capital spending is forecast to decline
by 2 percent in 1990 and grow at a rate of
26 percent in 1991. Most of the predicted decline

may be attributed to Japanese producers as their
capacity utilization falls off somewhat due to the
forecast decline in semiconductor production (see
Chapter 6). Dataquest forecasts a healthy increase
in demand for semiconductor equipment beyond
1990 as device production is forecast to expand
vigorously in all regions.

The regional demand for equipment during the
forecast period follows the semiconductor produc-
tion and capital spending pattern forecast in
Chapter 6 (see Table 7-4). We expect the
Asia/ROW and European regions to show the most
capital spending growth with 1989 to 1991 CAGRs
of 12.2 percent and 18.5 percent, respectively.
Capital spending for US and Japanese companies is
much greater but is forecast to grow more slowly
due to the forecast production slowdowns in these
two regions. The forecast for capital spending by
region of production, regardless of company origin,
is shown in Figure 7-6.

In terms of dollars, the spending levels within
Japan by Japanese and American producers will
exceed spending levels in North America by
substantial margins. In 1990, our forecast calls for
capital spending in Japan to be 135 percent of
capital spending in North America. By 1991,
spending in Japan will be 149 percent of capital
spending in Europe.

Strategic Issues Regarding the
Equipment Demand Forecast

Impact of Regional Economy on the
Forecast

The regional economic forecasts were provided in
Chapter 3 and related to semiconductor production
in Chapter 6. The fundamental economic impact
on equipment demand is that which modulates
semiconductor production and therefore demand
for equipment that upgrades competitiveness or
expands capacity. The relaxation of economic
growth forecast worldwide, particularly in the
United States, probably will moderate demand and
production of semiconductors in 1990, especially in
Japan, causing a predicted negative demand growth
for equipment that year.
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Table 7-4
Worldwide Wafer Fab Equipment
Forecast
(Millions of Dollars)
CAGR
1989 1990 1991 1989-1991
Lithography
Contact/proximity 20 20 22 4.9%
Projection aligners 94 00 122 13.9%
Steppers 1,191 1,225 1,450 10.3%
Direct-write e-beam 70 72 80 6.9%
Maskmaking e-beam/laser 73 74 86 8.5%
X-ray 5 4 6 9.5%
Total Lithography 1,453 1,485 1,766 10.2%
Automatic Photoresist Processing
Equipment 325 330 390 9.5%
Etch and Clean
Wet process 306 293 350 6.9%
Dry strip 116 110 130 5.9%
Dry etch 636 620 732 7.3%
Ton milling S 10 12 15.5%
Total Etch and Clean 1,066 1,033 1,224 7.2%
Deposition
Chemical vapor deposition 580 560 675 7.2%
Physical vapor deposition 377 360 432 7.0%
Silicon epitaxy 72 46 61 (8.0%)
Metalorganic CVD 44 45 50 6.6%
Molecular beam epitaxy 73 75 85 7.9%
Total Deposition 1,145 1,086 1,303 6.7%
Diffusion 327 300 375 7.1%
Rapid Thermal Processing 28 26 34 10.2%
Jon Implantation 468 417 509 4.3%
CD/Wafer Inspection 187 195 238 12.8%
Other Process Control 485 470 553 6.8%
Factory Automation 195 170 204 2.3%
Other Wafer Fab Equipment 2086 202 236 7.0%
Total Wafer Fab Equipment 5,887 5,714 6,832 7.7%

Note: Columns may not add o tovals shown because of rounding

Source: Dataguest {August 1990)
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Figure 7-5

Semiconductor Capital Spending
as a Percent of Semiconductor Sales
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Table 7-5

Regional Capital Spending
1989-1991
(Includes Captive Production Capital Spending)

Share CAGR
1989 1990 1991 1989 1991 1988-1990
Worldwide Capital Spending
uUs 3,822 3,759 4,465 31.2% 29.5% 8.1%
Japanese 5,368 5,089 6,635 43.8 43.9 11.1%
European 1,201 1,273 1,686 9.8 11.2 18.5%
ROW 1,854 1,877 2,333 15.2 15.4 12.2%
Total Worldwide

Spending 12,245 11,998 15,119 100.0% 100.0% 11.1%

Annual Growth Rate 21.4% (2.0%) 26.0%

Source: Dalaguest (August 1990)
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Figure 7-6

Worldwide Capital Spending by Region
Regardless of Regional Company Base
1987-1989
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What Are the Demand Drivers for
Semiconductor Production Equipment?

Analysis of new fab capacity from Dataquest’s fab
database reveals that almost 90 percent of the new
fab capacity in 1992 will be submicron.

The majority of equipment demand is forecast to
be for upgrading manufacturing technology, which
equates to fine-line geometries (sub-1.5-micron),
particularly the 0.7- to 0.5-micron, 200mm wafer
fab capability required for 1Mb DRAMs and
beyond. Therefore, equipment segments that con-
tribute to such fab capabilities will be in higher
demand.

Regional Demand/Production Imbalances

The major suppliers of semiconductor production
equipment are identified in Table 7-6. As discussed
in the previous paragraphs, the regional base of
these suppliers has shifted substantially over the
period from 1980 to 1990. In 1989, the Japanese
took the lead in worldwide market share for all
wafer fab equipment for the first time in history,
capturing 46 percent of the market compared
with the United States’ 40 percent. However, the

situation is worse for US suppliers than it appears
for two reasons. First, the Japanese are becoming
increasingly dominant in their own market for
equipment. Their share of the 1989 Japanese
market for wafer fab equipment was 74 percent, up

Table 7-6

1989 Top 10 Wafer Fab Equipment Suppliers
(Millions of Dollars)

Rank Company Revenue
1 Nikon 681
2 Applied Materials 438
3 Tokyo Electron, Ltd. 293
4 Canon 252
5 General Signal 186
6 Hitachi 165
7 Varian 165
8 ASM Lithography 141
9 Anelva 140

10 Silicon Valley Group 127

Source: Dataquest (August 1990)
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from 67 percent in 1982. Correspondingly, the
US share of the Japanese market in 1989 was
16.2 percent, down from more than 30 percent in
1982. Joint venture companies held 7.9 percent of
the market. Second, in the technically critical
lithography segment of advanced stepper equip-
ment, Japanese suppliers achieved 76.6 percent of
the worldwide market while the US suppliers’ share
fell to 12.4 percent. This is a technology that was
innovated in the United States and at one point was
wholly owned by US companies. This also is a
technology that is critical to submicron device
geometries.

The concentration of market share among the top
companies that supply the semiconductor equip-
ment demand is shown in Table 7-7. The twop

10 companies hold more than 52.0 percent of the
market, and the top 20 control more than
71.0 percent. Furthermore, Table 7-8 illustrates
the relative sizes of the wafer fab equipment
suppliers. The top 15 companies (11.6 percent of
all suppliers) are the only suppliers with revenue in
excess of $100 million. The 82.2 percent of the
cormpanies, which total 106, have revenue below
$50 million. In fact, less than 25.0 percent of the
companies account for more than 80.0 percent of
wafer fab equipment sales.

Many of these small companies are in niche
markets and have opportunities for success and
growth., However, the large companies have a firm
lock on the bulk of the market. Three of the top
five companies are Japanese.

Table 7-7

Worldwide Revenue of Ranked Companies in Key Equipment Areas
(Millions of Dellars)

Companies 1989 Percentage of Subtotal
by Rank Revenue ($M) Fab Equipment
1-10 $2,587 52.1%
11-20 974 19.6
21-30 505 10.2
31-129 904 18.2
Subtotal Wafer
Fab Equipment $4,970 100.0%
Total Market $5,887

Mote: Columns may not add to totals shown because of rounding.
Source: Daraquest {August 1990)

Table 7-8

1988 Revenue Breakdown of Wafer Fab Equipment Companies
(Millions of Dollars)

Number Percent Cumulative

of Companies of Companies Percent
0to $5 39 30.2% 30.2%
$5to0 §10 22 17.1 47.3%
$10 to $25 34 26.4 73.6%
$25 to $50 11 8.5 82.2%
$50 to $100 8 6.2 88.4%
$100 to $200 11 8.5 96.9%
$200+ 4 3.1 100.0%

129 100.0%

Mote: Columns may not add to totals shown because of rounding
Source: Dataguest (August 1990)
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Access to Capital

Concern exists that the ability for small companies
to access sufficient investment capital through the
US financial community is so limited that the most
successful and strategically positioned companies
become targets for acquisition by larger Japanese or
European companies. Such acquisitions set up
situations where innovative and creative entrepre-
neurs build a@ company around key new tech-
nologies only to stall out through failure of the
financial community to respond appropriately to
the strategic significance of the venture,

This situation allows foreign investors with more
strategic vision and more patient capital to “cherry-
pick” keysione technologies for themselves with
little of the entrepreneurial risk. By this means, the
independent, free-enterprise sysiem of the United
States could become a low-cost “breeding ground”

for critical manufacturing technologies with which
the Japanese maintain their superior competi-
tiveness,

Continuation of these conditions all but guarantees
further erosion of key new semiconductor manu-
facturing technologies to Japanese equipment
suppliers, adding to the staggering regional im-
balances that already exist. In the long term, such
conditions gradually will eliminate the independent
semiconductor producer within the United States.
Except for a few specialty areas such as 32-bit
microprocessors and the recent SEMATECH effort
where the United States has recognized the
problem and protected its long-term interests, this
loss of domestic semiconductor suppliers would,
over time, eliminate the United States as the
dominant force in computers, communications,
and industrial electronic equipment.



CHAPTER 8

Executive Summary and Conclusions

This chapter presents a summary of the key points
from the preceding chapters.

Overview

In 1989, worldwide merchant semiconductor
industry revenue totaled $57.2 billion. This
represents a modest 12 percent growth over
1988 and a more than doubling of annual
revenue in just four years since the 1983
recession.

The semiconductor industry is part of the
electronics industry, the infrastructure, which is
made up of a complex chain of buyers and
sellers working together to satisfy worldwide
demand for electronic products. This chain
consists of several tiers beginning with the
demand for electronic equipment, continuing to
semiconductor devices, and ending with the
demand for semiconductor equipment and
materials. Demand for various products flows
through the buyer/seller chain from one level to
the next, producing a cascading “waterfall of
demand.”

Success of the $653.1 billion electronic equip-
ment industry and the $57.2 billion semicon-
ductor industry is dependent on the $18.0 bil-
lion semiconductor equipment industry.

Key Economic Points

Electronic equipment represents nearly 7 per-
cernt of the OECD members’ output of goods
and services. This amounts to $653 billion out
of $10 wrillion, measured in US dollars.

Of the three economic sectors—private business,
government, and consumer—demand for semi-
conductor devices is most influenced by private
business. Within private business, semicon-
ductor demand is influenced most by capital
spending.

e Since 1987, the global economy has been

expanding vigorously due primarily to capital
spending by businesses.

¢ Worldwide economic growth is forecast 1o slow

over the next two years.

Semiconductor Demand Summary

® The following three electronic equipment

segments are the major contributors to semi-
conductor growth:

— Data processing
— Consumer equipment
— Communications

Major growth products have been personal
computers, workstations, storage peripherals
terminals, personal printers, VCRs, and com-
pact disc players.

As Japanese and Asian economies surge, they
are consuming larger percentages of worldwide
electronic equipment; in 1989, they equaled the
European economy in size.

Electronic equipment growth products have the
following cormmon attributes:

— High semiconductor content
— High unit volume

— Large market (all of these producis are
utilized by individuals and thus are ensured
of a large total available market)

Semiconductor demand is dependent on the
following:

— Equipment production growth worldwide

— Semiconductor pervasiveness has grown
from 7.3 percent in 1986 to 9.3 percent in
1989, Semiconductor pervasiveness is mea-
sured as the dollar content of semicon-
ductors as a percentage of the dollar value of
the finished equipment.

8-1
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& North America still is the dominant producer of

data processing, communications, and industrial
electronic products, but a clear trend has
emerged that indicates significant erosion in
market share for North American suppliers.

After a decline in the first quarter of the year,
worldwide semiconductor demand is forecast to
grow through the second half of 1990 as the
demand for electronic equipment increases.
Worldwide merchant semiconductor demand
growth for 1990 is forecast to be a negative
0.7 percent before growing 17.0 percent in
1991. The merchant market is expected to
reach $58.2 billion in 1989 and decline to
$57.9 billion in 1990,

Semiconductor Production
Summary

With more than 200 companies throughout the
world producing semiconductor devices, the
Japanese have four out of the top five com-
panies. The top five semiconductor producers
are NEC, Toshiba, Hitachi, Motorola, and
Fujitsu, in that order.

Japanese and Asia/Pacific countries have be-
come the dominant forces in the semiconductor
industry.

The demand for semiconductors has shifted
dramatically over the last four years as indicated
in the following sentences:

— In 1984, the Japanese and Asia/ROW
regions represented $11 billion or only
38 percent of the $29 billion total, while
North America’s share was $13 billion, or
45 percent.

— As the North American share of electronic
production declined, the semiconductor
demand market share fell from 45.0 percent
in 1984 10 34.9 percent in 1989.

Semiconductor product opportunities for the
next few years are in the following areas:

~— ASICs
— Specialty memories—FERRAMSs
— Intelligent power systems

— Microcomponents

MOS memory revenue has become a significant
factor in measuring the health of the industry.
The price of DRAMSs can inflate or deflate the
overall industry sales volume, causing a
distorted view of growth or decline.

DRAM business is forecast to decline by
32 percent in 1990 and increase by 28 percent
in 1991, This DRAM decline will contribute to
a slowdown in the overall semiconductor
industry in 1990,

In 198%, MOS memory revenue composed
29 percent of the total merchant semiconductor
revenue of $57.2 billion.

Japanese and Korean producers have 73 per-
cent of the merchant MOS memory market.

MQOS memory and microcomponents were the
growth areas in 1989,

The standalone semiconductor industry as it
exists in the United States is threatened by the
integrated industry as it exists in Japan. The
critical question for US merchant suppliers is:
Can US suppliers remain independent and
survive?

Another key question regarding the future of
the US semiconductor industry is: Can US
suppliers obtain the necessary funds to Keep up
with Japanese investments?

Semiconductor Equipment and
Materials Summary

We expect semiconductor equipment demand
in 1989 and 1990 to be driven by the need for
new technology as fab lines come on-line with
line geometries of less than 1.5 micron.

Of all semiconductor materials, only two, silicon
and photoresist, have strategic significance.

Demand for semiconductor equipment is driven
by the following:

— Additional capacity—Producers need to

expand capacity.

— New technology—Producers need to increase
competitiveness through new manufacturing
technology.
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Manufacturing technology focus is on fab lines
that have less than 1.5-micron geometries.

By 1992, almost 60 percent of the square inches
of silicon consumed will have line geometries of
less than 1.5 micron.

The key technology demand drivers for manu-
facturing equipment is in the front-end (wafer
fab) process-related equipment that will do the
following:

— Produce fine-line geometries and provide
more functions per die

— Process larger wafers and yield more die per
wafer

— Minimize contamination and improve yields
(track systems)

X-ray lithography may well be the next critical
technology in the pursuit of submicron
geomeiries. Japan recognizes this and is making
significant investments.

Capital spending within semiconductor pro-
ducers is forecast to grow at an annual rate of
11.6 percent in 1989 and decline slightly in
1990, followed by a healthy demand beyond
1990 as device production expands in all
regions. The bulk of the decline in 1989 is
forecast to be from Japanese producers as their
capacity utilization falls off.

The top ten companies (10 percent of all
suppliers) are the only suppliers with revenue in
excess of $100 million. Sixty companies have
annual revenue below $50 million.

Adequate capital is not available within the
United States to fund new semiconductor equip-
ment technologies, which leaves an opening for
foreign investors to cherry-pick the best tech-
nologies. This will cause further elimination of
US-based independent suppliers and further
weakening of the US semiconductor industry.

United States—Summary
Statements

¢ The US electronics and semiconductor indus-

tries are facing critical problems, described as
follows:

— First, the US market for semiconductors is
shrinking as a percentage of the worldwide
market because of the erosion of market
share by US electronics companies.

— Second, Japanese and Asian semiconductor
companies continue to gain share within the
United States, while US semiconductor
producers are not gaining share in Japan or
other Asian countries.

The three primary causes for the dramatic shift
in the balance of economic power between the
United States and Japan are shown as follows:

— Many North American equipment producers
moved offshore.

— A shakeout of US suppliers occurred.

— The change in the exchange rate caused by
the devaluation of the dollar beginning in
1986 caused an inflated view of the Japanese
market share.

The United States now is at risk of becoming a
minor player in worldwide electronics market
during the last decade of the century,

Because nearly one-half of the world GNP is
contributed by the United States, the continued
health of the world economy depends on the
health of the United States.

The US economy is projected to have slower
growth beginning in late 1990 and lasting
through 1991.
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Directory of Semiconductor Suppliers

ACC Microelectronics

3333 Bowers Avenue, Suite 215
Santa Clara, CA 95054
408/980-0622

Actel Corporation

955 E. Arquez Avenue
Sunnyvale, CA 94086
408/839-1010

Acumos, Inc.

1531 Industrial Road
San Carlos, CA 94070
415/591-1488

Adaptec, Inc.

691 S. Milpitas Boulevard
Milpitas, CA 95033
408/945-8600

Advanced Hardware Architectures
P.Q. Box 9669

Moscow, 1D 84843
208/883-8000

Advanced Linear Devices, Inc.
1180 F. Mariloma Way
Sunnyvale, CA 94086
408/720-8737

Advanced Micro Devices, Inc.
901 Thompson Place

P.O. Box 3453

Sunnyvale, CA 94088
408/732-2400

Advanced Microelectronic Products, Inc.
North American Headquarters

1887 O’'Toole Avenue, Suite C-111

San Jose, CA 95131

408/727-8880

Advanced Power Technology, Inc,
405 S.W. Columbia Street

Bend, OR 97702

503/382-8082

Altera Corporation

2610 Orchard Parkway
San Jose, CA 95134-2020
408/984-2800

ANADIGICS, Inc.
35 Technology Drive
Box 4915

Warren, NJ 07060
201/668-5000

Applied Micro Circuits Corporation
6195 Lusk Boulevard

San Diego, CA 92121
619/450-9333

Analog Devices, Incorporated
One Technology Way

P.O. Box 9106

Norwood, MA 02062-9106
617/461-3612

Asahi Kasei Microsystems Co., Ltd.
Imperial Tower 1-1

Uchisaiwai-cho 1-chome
Chiyoda-ku, Tokyo, JP

ASEA AB Head Office
S§-721 83 Vasteras
Sweden

46 21 10 00 00

ASEA Brown Boveri
Box 520, §-175 26
Jarfalla, Sweden
010 46 758 24500
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Aspen Semiconductots
58 Daggett Drive

San Jose, CA 95134
408/432-7050

AT&T Microelectronics
555 Union Boulevard
Allentown, PA 18103-9989
1-800-372-2447

Atmel Corporation
2125 O’Nel Drive
San Jose, CA 95131
408/441-0311

Austek Microsystems Pty. Lid.
Technology Park, Adelaide
South Australia 5095, Australia
8/260-0155

Austria MikroSysteme International
Schloss Permstatten

8141 Unterpremastatten

Austria

010 43 31363666271

Bipolar Integrated Technology
1050 Northwest Compton Drive
Beaverton, OR 97006
503/629-5490

BKC International Electronics
6 Lake Street

P.O. Box 1436

Lawrence, MA 01841
508/681-0392

Brooktree Corporation
9950 Barnes Canyon Road
San Diego, CA 92121
619/452-7580

Burr-Brown Corporation

6730 South Tucson Boulevard
Tucson, AZ 85706
602/746-1111

California Micro Devices Corporation

215 Topaz Street
Milpitas, CA 95035-5430
408/263-3214

Cailmos Systems, Inc.
20 Edgewater Street
Kanata, Ontario, Canada, K2L 1V§

Calogic Corporation
237 Whitney Place
Fremont, CA 94539
415/656-2900

Catalyst Semiconductor, Inc.
2231 Calle De Luna

Santa Clara, CA 95054
408/748-7700

Celeritek, Inc,

617 River Qaks Parkway
San Jose, CA 95134
408/433-0335

Chartered Semiconductor Pte. Lid.
3-lim Teck Kim Road

STC Building 10-02

Singapore 0208

Cherry Semiconductor Corporation
2000 South County Trail

East Greenwich, RI 02818
401/885-3600

Chips & Technologies, Inc.
3050 Zanker Road

San Jose, CA 95134
408/434-0600

Cirrus Logic, Inc.

1463 Centre Pointe Dr.
Milpitas, CA 95035
408/945-8300

Comlinear Corporation
4800 Wheaton Drive
Fort Collins, CO 80525
303/226-0500

Cree Research Inc.
2810 Meridian Parkway
Durham, NC 27713
919/361-5709

Crystal Semiconductor Corporation
4210 South Industrial Road

P.O. Box 17847

Austin, TX 78760

512/445-7222
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Custom Arrays Corporation
525 Del Rey Avenue
Sunnyvale, CA 94086
408/749-1166

Cypress Semiconductor Corporation
3901 North First Street

San Jose, Ca 95134-1599
408/943-2600

Daewoo Telecommunications Co., Lid.
541 Namdaemun-ro 5-ga

Chung-gu, Seoul, Korea

02-771-35

Dallas Semiconductor Corporation
4350 Beltwood Parkway South
Dallas, TX 75224

214/450-0400

The DSP Group, Inc.

1900 Powell Street, Suite 120
Emeryville, CA 94608
415/655-7311

Edsun Laboratories
564 Main Street
Waltham, MA 02154
617/647-9300

Elantec, Inc.

1996 Tarob Court
Milpitas, CA 95035
408/945-1323

Electronic Technology Corporation
ISU Research Park

2501 North Loop Drive

Ames, 1A 50010-8284
515/293-7000

Ericsson

Telefonaktiebolaget LM Ericsson
$-126 25 Stockholm, Sweden
46 8 719 0000

Ericsson Components AB
IC Division

Isafjordsgaton 10-16, Kista
§8-164 81 Stockholm
Sweden

010 46 8 757 4354

Electronics Research and Service Organization

(ERS0)

195-4-840, SEC. 4, Chung Hsing Road
Chu Tung, Hsin Chu

Taiwan

035-966100

European Silicon Structures
Industriestrasse 17

8034 Germering

West Germany

089/8 49 39 0

Exar Corporation
Corporate Headquarters
2222 Qume Drive

P.O. Box 49007

San Jose, CA 95161-9007
408/434-6400

EXEL Micreelecironics Inc.
2150 Commerce Drive

San Jose, CA 95131
408/432-0500

Fagor Electrotecnica, S. Coop.
P.O. Box 33

20500 Mondragon

Guipuzcoa, Spain

010 34 43 79 1011

Fuji Elecwric Co., Lid.

Head Office

12-1 Yurakucho 1-chome, Chiyoda-ku
Tokyo 100 Japan

03-211-7111

Fuji Electric Co., Ltd.
Matsumoto Factory

2666 Tsukama

Matsumoto City, Prefecture 390
Japan

0263 25-7111



A4

Directory of Semiconductor Suppliers

Fujitsu Limited

6-1, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
03-216-3211

Gazelle Microcircuits, Inc.
2300 Owen Street

Santa Clara, CA 95054
408/982-0900

General Electric Company
3135 Easton Turnpike
Fairfield, CT 06531
518/438-6500

GE Solid State

Route 202
Somerville, NJ 08876
201/685-6426

General Instrument Corporation
767 Fifth Avenue

New York, NY 10153
212/207-6200

General Instrument

Power Semiconductor Division
600 West John Street
Hicksville, NY 11802
516/933-3000

GigaBit Logic, Inc.

1908 Qak Terrace Lane
Newbury Park, CA 91320
805/499-0610

Goldstar Semiconductor, Lid.
20, Yoido-dong,
Youngdungpo-gu

Seoul 150-603, Korea

02 787-1114

Gould Inc.

10 Gould Center

Rolling Meadows, IL 60008
312/640-4000

Gould Semiconductor Division
3800 Homestead Road

Santa Clara, CA 95051
408/246-0330

GTE Corporation
One Stamford Forum
Stamford, CT 06904
203/965-2000

GTE Microcircuits
2000 W. 14th Street
Tempe, AZ 85281
602/921-6526

Harris Corporation

1025 W. NASA Boulevard
Melbourne, FL 32919
407/727-9100

Harris Semiconductor Sector
1301 Woody Burke Road
Melbourne, FL 32919
407/724-7000

Headland Technologies, Inc.
46335 Landing Parkway
Fremont, CA 94538
415/623-7857

Hecht-Nielson Neurocomputer Corporation
5501 Oberlin Dr.

San Diego, CA 92121

619/546-8877

Hewlett-Packard Company
3000 Hanover Street

Palo Alto, CA 94304
415/857-1501

Hitachi, Ltd.

6, Kanda-Surugadai 4-chome,
Chiyoda-ku

Tokyo, 101-10

Japan

Holt Integrated Circuits, Inc.
9351 Jeronimo Road

Irvine, CA 92718
714/859-8800

Honeywell, Inc.
General Offices
Honeywell Plaza

P.O. Box 524
Minneapolis, MN 55408
612/870-5200
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Honeywell Solid State Electronics Division
1150 East Cheyenne Mountain Boulevard
Colorado Springs, CO 80906
303/576-3300

Hualon Micro-Electronics Corporation
9th Floor, #61, Chung Shan N,

Road Sec. 2

Taipei, Taiwan, R.O.C,

Hughes Aircraft Company
Corporate Offices

P.O. Box 1042

El Segundo, CA 90245

Hughes Microelectronics Products Division
300 Superior Avenue

Newport Beach, CA 92663

714/548-0671

Hyundai Electronics Industries Co., Lid.
Semiconductor Operations

" 66, Tucksun-dong, Chongro-gu

Seoul, Korea

02 733-5555

IC Sensors, Inc.

1701 McCarthy Boulevard
Milpitas, CA 95035
408/432-1800

International Microelectronic Products
2830 North First Street

San Jose, CA 95134

408/432-9100

International Microcircuits Incorporated
3350 Scott Boulevard

Building 37

Santa Clara, CA 95054

408/727-2280

Inmos International, Plc.
Worldwide Headquarters

1000 Aztec West, Almondsbury
Bristoi BS12 45Q

United Kingdom

011 44 454 616616

Inova Microelectronics Corporation
2220 Martin Avenue

Santa Clara, CA 95054
408/980-0730

Integrated CMOS Systems Inc.
440 Oakmead Parkway
Sunnyvale, CA 94086
408/735-1550

Integrated Device Technology, Inc.
3236 Scott Boulevard

P.Q. Box 58015

Santa Clara, CA 95052-8015
408/727-6116

Integrated Information Technology, Inc.
2540 Mission Boulevard

Santa Clara, CA 95054

408/727-1885

Intel Corporation

3065 Bowers Avenue

Santa Clara, CA 95052-8131
408/987-8080

Intergraph Advanced Processor Division
2400 Geng Road

Palo Alto, CA 94303

415/494-8800

International CMOS Technology, Inc.
2125 Lundy Avenue

San Jose, CA 95131

408/434-0678

International Microelectronic Products
2830 North First Street

San Jose, CA 95134

408/432-9100

International Rectifier Corporation
233 Kansas Street

El Segundo, CA 90245
213/772-2000

Isocom Limited

Prospect Way

Park View Industrial Est.
Brenda Road

Hartlepool, Cleveland, England
0429/221-431
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ISSI

680 Almanor Avenue
Sunnyvale, CA 94086
408/733-4774

ITT Corporation

320 Park Avenue
New York, NY 10022
212/752-6000

ITT Semiconductors
500 Broadway
Lawrence, MA 01841
617/688-1881

IXYS Corporation
2355 Zanker Road
San Jose, CA 95131
408/435-1900

Korea Electronics Co., Ltd.
45 Namdaemun-ro 4-ga
Jung-gu, Seoul 100-094
Korea

02-757-5700

Lattice Semiconductor Corporation
555 N.E. Moore Court

Hillsboro, OR 97124
503/681-0118

Level One Communications Inc.
105 Lake Forest Way

Folsom, CA 95630
916/985-3670

Linear Integrated Systems Inc.
47853 Warm Springs Boulevard
Fremont, CA 94539
415/659-1015

Linear Technology Corporation
1630 McCarthy Boulevard
Milpitas, CA 95035-7487
408/432-1900

Logic Devices Inc.
628 E. Evelyn Avenue
Sunnyvale, CA 94086
408/720-8630

LSI Logic Corporation
1551 McCarthy Boulevard
Milpitas, CA 95035
408/433-8000

Marconi Electronic Devices Ltd.
Lincoln Industrial Park
Doddington Road

Lincoln

LN6 3LF

United Kingdom

0522 500500

Matra-Harris Systems Semiconducteurs
38 Boulevard Paul Cezanne, BP 309
78054 Saint Quentin Yvelines, Cedex
France

010 33130607000

Matsushita Electric Industrial Co., Ltd.
1006 Kadoma, Kadoma City

Osaka 571

Japan

06-908-1121

Matsushita Electronics Corporation
1-1, Saiwai-cho, Takatsuki City
Osaka 569

Japan

0726-82-5521

Maxim Integrated Products, Inc.
120 San Gabriel Drive
Sunnyvale, CA 94086
408/737-7600

Micro Linear Corporation
2092 Concourse Drive
San Jose, CA 95131
408/433-5200

Micro Power Systems, Incorporated
3100 Alfred Street

Santa Clara, CA 95054
408/727-5350

Microchip Technology Inc.
2355 West Chandler Boulevard
Chandler, AZ 85224-6199
602/963-7373
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Micron Technology, Inc.
2805 East Columbia Road
Boise, ID 83706
208/283-4000

Microwave Technology, Inc.
4268 Solar Way

Fremont, CA 94538
415/651-6700

Mietec N.V,
Westerring 15
B-9700 Qudenaarde
Belgium
055-33-2211

Mitel Corporation
350 Legget Drive
P.O. Box 13089
Kanata, Ontario
Canada K2K 1X3
613/592-2122

Mitel Semiconductor
360 Legget Drive
P.O. Box 13320
Kanata, Ontario
Canada K2K 1X5
613/592-5630

Mitsubishi Electric Corporation

Mitsubishi Denki Bldg., 2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo, 100

Japan

(03) 218-2111

Mitsubishi Electric Corporation Semiconductor
Kita-Itami Works

4-1, Mizuhara Itami-City

Hoyga Prefecture

Japan

6640727-82-5131

Modular Semiconductor, Inc.
138 Kifer Court

Sunnyvale, CA 94086
408/733-5000

MOSel

914 W. Maude Avenue
Sunnyvale, CA 94080
408/733-4556

MOSPEC Semiconductor Corporation
76 Chung Shan Rd, Hsin Shin
Tainan, Taiwan R.O.C.

Motorola, Inc.
Corporate Offices
Motorola Center

1303 E. Algonquin Road
Schaumberg, IL 60196
312/397-5000

Motorola, Inc.
Semiconductor Products
3501 Ed Bluestein Boulevard
Austin, TX 78721
512/928-6000

Multichip Technology
58 Daggett Drive

San Jose, CA 95134
408/432-7000

Naticnal Semiconductor Corporation
2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090
408/721-5000

nCHIP, Inc.

1971 North Capitol Avenue
San Jose, CA 95132
408/945-9991

NCR Corporation

Corporate Headquarters

1700 South Patterson Boulevard
Dayton, OH 45479
513/445-5000

NEC Corporation
33-1, Shiba 5-chome
Minato-ku

Tokyo 108

Japan

(03) 454-1111
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NEC

Tamagawa Works
1753 Shimonumabe
Kawasaki-city
Kanagawa 211
Japan

044-433-1111

New Japan Radio Co., Ltd.
Mitsuya Toranomon Bldg.

1-22-14, Toranomon Minato-ku, Tokyo 105

Japan
(03) 502-2331

NMB Semiconductor Co., Ltd.
1580 Yamamoto

Tateyama-shi

Chiba 294

Japan

0470-23-3121

NMB Semiconductor Corporation
9730 Independence Avenue
Chatsworth, CA 91311
818/341-3355

NSI Logic, Inc.

259 Cedar Hill Road
Marlboro, MA 01752
508/430-0717

NovaSensor

1055 Mission Court
Fremont, CA 94539
415/490-9100

Oak Technology, Inc.
139 Kifer Court
Sunnyvale, CA 94086
408/737-0888

Oki Electric Industry Company, Lid.
7-12, Toranomon 1-chome, Minato-ku
Tokyo 105

Japan

(03) 501-3111

Oki

Hachigji Works

550-1, Higashiasaka-cho
Hachioji-city, Tokyo 664
Japan

(0426) 62-1111

Orbit Semiconductor, Inc.
1230 Bordeaux Drive
Sunnyvale, CA 94086
408/744-1800

Pacific Monolithics, Inc.
245 Santa Ana Court
Sunnyvale, CA 94086
408/732-8000

Paradigm Technology
71 Vista Montana
San Jose, CA 95134
408/954-0500

N.V. Philips Gloeilampenifabrieken
Groenewoudseweg 1

5621 Ba Eindhoven

The Netherlands

N.V. Philips BV

Components Divison, Building BA
MD Eindhoven

The Netherlands

010 31 40 723074

Performance Semiconductor Corporation
610 East Weddell Drive

Sunnyvale, CA 94089

408/734-8200

Plessey Semiconductors Ltd,
Cheney Manor, Swindon,
Wiltshire SN2 20W

United Kingdom

(0793) 518000

Plus Logic

1255 Parkmoor Avenue
San Jose, CA 95126
408/293-7587

PLX Technology Corporation
625 Clyde Avenue

Mountain View, CA 94043
415/960-0448
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Power Integrations, Inc.
411 Clyde Avenue
Mountain View, CA 94043
418/960-3572

Powerex, Inc.

Hillis Street
Youngwood, PA 15697
412/925-4393

Precision Monolithics Inc.
1500 Space Park Dr.

P.O. Box 58020

Santa Clara, CA 95052-8020
408/727-9222

Quality Technologies

3400 Hillview Avenue
Palo Alto, CA 94304
415/493-0400

Ramax Limited

39th Floor State Bank Centre
385 Bourke Street
Melbourne 3000 Australia
03/670-4371

Ramtron Corporation

1873 Austin Bluffs Parkway
Colorado Springs, CO 80918
719/594-4455

Raytheon Company
141 Spring Street
Lexington, MA 02173
617/862-6600

Raytheon Company Semiconductor Division
350 Ellis Street

Mountain View, CA 94039

415/968-9211

Ricoh Company, Ltd.

15-5, Minami-Aoyama 1-chome
Minato-ku, Tokyo 107

Japan

{03) 479-3111

Ricoh Company, Ltd.
Electronic Devices Group
Ikeda Works

12-1 Himemuro-cho
Ikeda Osaka, 563

Japan

(0727) 53-1111

Rockwell International Corporation
600 Grant Street

Pittsburgh, PA 15219
412/565-2900

Rockwell Semiconductor Products Division
4311 Jamboree Road

P.O. Box C

MS$S 501-300

Newport Beach, CA 92658-8902
714/833-4600

Rohm Co., Ltd.

21, Saiin Mizosaki-cho
Ukyo-ku, Koyoto 615
Japan

(075) 311-2121

§3, Inc.

2933 Bunker Hill Lane, Suite 100
Santa Clara, CA 95054
408/986-83144

Samsung Semiconductor and Telecommunications
Co., Inc. (§8T)

250 Taepyung-ro 2-ga

Jung-gu, Seoul 100

Korea

02-751-2114

Sanken Electric Company, Ltd.
3-6-3, Kitano

Niiza-city, Saitama-352

Japan

Sanyo Electric Co., Ltd.

18, Keihan-Hondori 2-chome
Moriguichi, Osaka 570
Japan

(06) 991-1181
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Sanyo Electric Co., Ltd.
Semiconductor Business Headquarters
180, Sakata Qiaumi-Madri

Ora-Gun, Gunma

Japan

(0276) 63-8058

Seattle Silicon

3075 112th Avenue NE
Bellevue, WA 98004
206/828-4422

SEEQ Technology, Incorporated
1849 Fortune Drive

San Jose, CA 95131
408/432-7400

Seiko Epson Corporation
Corporate Headquarters
3-5, 3-chome, Owa,
Suwa-shi, Nagano-ken 392
Japan

0266-52-3131

Seiko Epson Corporation
Semiconductor Operation Division
281 Fujimi, Fujimi-machi
Suwa-gun, Nagano-ken 399-02
Japan

0266-62-5380

Semikron International GmbH D & Co. KG
Sigmund-Strasse 200

8500 Nurnberg 82

West Germany

010 49 911 65591

Sensym, Inc.

1255 Reamwood Avenue
Sunnyvale, CA 94089
408/744-1500

SGS-Thomson Microelectronics
7 avenue Gallieni

94253 Gentilly Cedex

France

010 331 47 40 7575

Sharp Corporation
22-22 Nagaike-cho
Abeno-ku, Osaka 545
Japan

(06) 621-1221

Siemens AG
Semiconductor Division
Balanstrasse 73

D-8000 Munich 80
West Germany

010 49 89 4144 3786

Sierra Semiconductor Corporation
2075 North Capitol Avenue

San Jose, CA 95132
408/263-9300

Silicon General, Inc.

85 West Tasman Drive
San Jose, CA 95134-1703
408/943-9403

Silicon General Semiconductors
11861 Western Avenue
Garden Grove, CA
714/989-8121

Silicon Systems, Inc.
14351 Myford Road
Tustin, CA 92680
714/731-7110

Siliconix Incorporated
P.O. Box 54951

2201 Laurelwood Road
Santa Clara, CA 95054
408/988-8000

SIMTEK Corporation

1465 Kelly Johnson Blvd, Suite 301
Colorado Springs, CO 80902
719/531-9444

Solitron Devices, Inc.
Semiconductor Group

1177 Blue Heron Boulevard
Riviera Beach, FL 33404
305/848-4311



Directory of Semiconductor Suppliers

A-11

Sony Corporation

7-35 Kitashinagawa 6-chome
Shinagawa-ku, Tokyo 141
Japan

(03) 448-2111

Sony Semiconductor Group
1-14-1 Asahi-cho
Atsugi-shi

Kanagawa 243

Japan

Sprague Technologies, Inc.
4 Stamford Forum
Stamford, CT 06901
203/964-8600

Sprague Electric Company
Semiconductor Group
3900 Welsh Road

Willow Grove, PA 19090
215/657-8400

Standard Microsystems Corporation
35 Marcus Boulevard

Hauppauge, NY 11788
516/273-3100

STC Components Limited
Semiconductor Division
Maidstone Road

Sidcup, Kent

DA14 SHT United Kingdom
01 300 3333

Storage Techneclogy Corporation
2270 South 88th Street
Louisville, CO 80028-0001
303/673-5151

Supertex, Inc.

1225 Bordeaux Drive

P.O. Box 3607

Sunnyvale, CA 94088-3607
408/744-0100

Synergy Semiconductor Corporation
3450 Central Expressway

Santa Clara, CA 95051
408/730-1313

TAG Semiconductors
Hohlstrasse 608/610
8048 Zurich
Switzerland

010 411 625611

Taiwan Semiconductor Manufacturing Co., Litd.

1F No. 9, Industrial E. 4th Road
Science-Based Industrial Park
Hsinchu, Taiwan, ROC

Teledyne, Inc.

1901 Avenue of the Stars
Los Angeles, CA 90067
213/277-3311

Teledyne Semiconductor
1300 Terra Bella Avenue
Mountain View, CA 94039
415/968-9241

Telefunken Electronic GmbH
Theresienstrasse 2

D-1700 Heilbronn

West Germany

010 49 7131 672382

Texas Instruments, Incorporated
Corporate Offices

P.O. Box 6535474

13500 N. Central Expressway
Dallas, TX 75265

214/995-2551

Three-Five Systems, Inc.
10230 S. 50th Place
Phoenix, AZ 95044
602/496-0035

Togai InfraLogic Inc.

30 Corporation Park, Suite 315
Irvine, CA 92714
714/976-8522
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Topaz Semiconductor Inc.

1971 North Capitol Avenue
San Jose, CA 95132-3799
408/642-9100

Toshiba Corporation
1-1 Shibaura 1-chome
Minato-Ku, Tokyo 105
Japan

03-457-4511

Toshiba Corporation Semiconductor
Toshiba Semiconductor Operations
Tamagawa Plant
Komukai-Toshiba-cho 1

Saiwai-ku, Kawasaki City

Kanagawa 210

Japan

44-511-3111

Transwitch

§ Progress Drive
Shelton, CT 06484
203/929-8810

TriQuint Semiconductor, Inc.
Group 700

P.O. Box 4935

Beaverton, OR 97074
503/644-3535

TRW Inc.

1900 Richmond Road
Cleveland, OH 44124
216/291-7000

TRW LSI Products, Inc.
P.O. Box 2472

La Jolla, CA 92038
619/457-1000

United Microelectronics Corporation

No. 3 Industrial East Third Road
Science-Based Industrial Park, Hsinchu City
Taipet

Taiwan

(035) 773131

United Silicon Structures
1971 Concourse Drive
San Jose, CA
408/435-1366

Unitrode Corporation
Five Forbes Road
Lexington, MA 02173
617/861-6540

Unitrode Integrated Circuits
7 Continental Boulevard
Merrimack, NH 03054
603/424-2410

Universal Semiconductor Inc.
1925 Zanker Road

San Jose, CA 95112
408/436-1906

VYadem

1885 Lundy Avenue
San Jose, CA 95131
408/9473-9301

Varo Quality Semiconductor, Inc.
100¢ North Shiloh Road

P.O. Box 469013

Garland, TX 75046-9013
214/487-4300

VIA Technologies, Inc.
4160 B Technology Drive
Fremont, CA 94538
415/651-3796

Vitelic Corporation
3910 North First Street
San Jose, CA 95134
408/433-6000

Vitesse Semiconductor Corporation
741 Calle Plano

Camarillo, CA 93010
805/388-3700

VLSI Technology, Inc.
1109 McKay Drive
San Jose, CA 95131
408/434-3000

VTC Incorporated

2401 East 86th Street
Bloomington, MN 55425-2702
612/851-5200
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WaferScale Integration, Inc. XTAR Corporation

47280 Kato Road 9915 Business Park Avenue, Suite C

Fremont, CA 94538 San Diego, CA 92131

415/656-5400 619/271-4440

Weitek Corporation

1060 East Arques Avenue Yamaha Corporation

Sunnyvale, CA 94086 203 Matsunokijima

408/738-8400 Toyooka-mura 1 wata-gun Sizuoka-ken 438-01
Japan

Western Digital Corporation 053962-3125

2445 McCabe Way
Irvine, CA 92714

714/863-0102 Zilog Inc.

210 Hacienda Avenue
Wolfson Microelectronics Ltd. Campbell, CA 95008
Lutton Court 408/370-8000

20 Bernard Terrace

Edinburgh, EH8 9NX Scotland
Zoran Corporation

Xicor, Inc. 3450 Central Expressway
851 Buckeye Court Santa Clara, CA 94051
Milpitas, CA 95035 408/720-0444

408/432-8888

Xilinx Incorporated ZyMOQOS Corporation

2069 Hamilton Avenue 477 North Mathilda Avenue
San Jose, CA 95125 Sunnyvale, CA 94086

408/559-7778 408/730-8800
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