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Summary

On October 25, 1978, the Subcommitiee on Internationzl Trade, Senate
Committee on Finance, and the Subcommittee on International Financ €5 Senate
Committee on Banking, Housing, and Urban Affairs, requested the Up
International Trade Commission to conduct a study pursuant to sect
the Tariff Act of 1930 on trends in international trade in int egrate
(Senate reqaest appenéeé to zeport;u On ﬁecember 7, 1978, the Cofmg
instituted an investigation focusing on (1) factors affe ecting
future international competitive position of United States
analysis of foreign government involvement in the
incentives to foreign producers and disincentives to
markets, and (3) 2z compariscon of such involvement wit
policies affecting the integrated circuits indust

The data and information gathered by the Comwi
naires and a2 public hearing provide insight
integrated circuits which may be of interest
groups. :

Summary of international competitive §§§%§ :‘ o

Integrated circuits (IC's) =z

components of digital computers,
equipment and a myriad of other

The mtegrateé cirgy 2] :.-
> 3 3 >

within the last twenty years,
The industry has ra?161~ i 29 % (132N N Xy »a?kets and rapid technological
developments. ] »gaaued circuits exceeding 85.3
billion in 1978 : £t 18 percent per year, the
industry is hight it NN 5rese1t there are three major producing
areas--The Xe t stery ;u,-v-, and Japan. The industry is
characterigé tR ] in their operations. Such
firms, Japan,; or the Eurcpean Community,
have £ e whit h ar e utilized to conver:t parts shipped
from hDaxe-bas : ities into completed integrated circuits.

b
o
:‘3
jug
}.»
6‘?
23"
;“‘3“
]
(2]
ey
ol
O
Q
ﬁf‘?
<

N integrated circuits industry is currently % wo
integrated cikcuits techmology and production. The industry is
capacity and is 1ncvea31ngly moving to higher demsity »%Lps, an ares of
advanced technology which is expected to be the cornerstone of world demand in
the foreseeable future. At a time when industry profits are relatively iow,
the need for new technology is requiring greater capital expenditures for
research and development.

[y
ﬂ\
4
fod

af
fe)s

The U.S. integrateé circuits industry for the foreseesble future is
expected to continua (1) to grow in absclute terms, (2) to remsin the princi-
pal world producer and leader in techmological development, and (3}
maintain profitsbility. It is 1ikeey that U.8. producers will

L
allocate a sizezble share of their investment fo other countrie es, such as
Eurcpe, in order to expand as rapidly as possible and to help maintain



ix

relative market share. The U.S. competitive advantage is expected to continue
to be derived principally from continuous development of and production of new
and advanced products. In 1978, U.8. industry's world market share was % % %
times larger in value than the Japanese industry's share, and * * * times
larger in value than the West Huropean industry's market share. World market
share accounted for by the Japanese industry increased steadily
percent in 1974 to ¥ % ¥ percent in 1978. Much of the increase in
market share was gained at the expense of U.S. producers, gigse
market declined from ¥ ¥ ¥ percent to % * * percent during
European producers’ share declined from * % % to # % ¥
period. Thus, the U.8. industry is growing less rapi
cemcﬁtitcr, Ja?an, aﬁd is expec*eé to continue tc 1o,

re

shipmgents, market
share, _nvestment5 and employment data for the Pai ed Stat and Japan.)

The projected drop in U.S. producers' markeg
number of factors. First, the U.8. industsq
limited production capabilities which are a
the 1974~75 recession. Some firms do not s
investments at & rate reguired to ke
and technology needs, and will lose n
at faster rates and meet new produc

cdn be attributed to a
is Isad re due to
; =G der1 timent after

g to be ab d capital

‘ dl; world demand
£ compggigﬁ able to expand
ca

uirements of the

industry intensify, it is ixkely thet fry will experlence a
modest restruc ?uvzﬁg W1th the i i 1-and middle-size
firms. requirements, the number
of business entries wiil no z evpast. The investment
situation results i 3? ' d of a number of factors imn
the business envirvonmgnhts of € i ries such as inflation and

interest rates, tax and trade policies. As an
example, Japan' ment funded research and
development rs, appear to enable the Japanese

‘“tegraaed cirdyit "N 3%\ and grow at a greater rate than the

sBing world market share as Japan and the
Eurgpéan \Qourbe ik NRechnology transfer and research, expand their
produddi 3 and become mbdre efficient as a result of production

57 and economies of scale. Based on investigation findings, the
Japanese\ludustry appears to be able to produce a given level of output for a
lower inpu¥ of capital and lebor than the U.S. industry. In 1978, the
Japanese industry invested about ¥ % * cents to produce one dollar in
shipments and exports, compared with the U.S. industry's investment of about
¥ % % gents. In the same year, the Japanese industry spent ¥ ¥ * cents on
research for each dollaer of shipments and exports, and the U.S. industry spent
# % % cents. Foreign investment in the United States is likely to continue as
foreign interests seek to supplement their own technology and improve their
position in the large U.S. market for integrated circuits.
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Foreign industry strategzes.~—The U.8. industry feels that its major
foreign industrial competitors are attacking the preeminent market position of
the U.S. industry by: (1) increasing their purchase of U.S. technology; (2)
acquiring controlling interest in U.8. firms, thereby gaining access to U.S.
know-how and technology; and (3) increasing market share in the United States
and other markets by using false claims of quality superiocrity\aznd by pricing
their products in the U.S. market below those in home markets.

»

U.S. industry representatives allege that competltc s iR d Japan
are attempting to close the technclogy gap through a ensing
arrangements with U.S.-based companies for the mosg i ommercial
technologies; and acquisition of controlling int i irms and
their technologies. A number of U.8. business observe i ate that the

sale of U.S. technclogy to overseas buyers iy imcreasin
foreign demand, barriers to U.S. exports, ang\
investment. Information gathered from respons
questionnaire and other sources regardify the
is inconclusive.

U.S. industry representative
indicated that they feel the deval
prices, and the advantages associ
have encouraged foreign 1ntegra :
semiconductor firms. Thus, the
U.S. market share through th
in~house development

ommission,
, depressed stock
o the U.S. market
o invest in U.S.
per to buy technology and
companies, than use
technologies.

oi

A large increage in th  investment in the U.8. industry
has taken placg dur cddN\Foreign investment in the industry
has been dixets i i ) {de accesszblilty to U.S. high technology

Foreign investment (both Eurcpean
is valued at $515 million and has

i purchase of U.S. producers’ equity.
Westekw Europe\ha £he vcipal source of foreign investment in the

E apan represents only about 3.1 percent of

QQality of integrated circuits is an important factor in purchasing
decisions for major end-users, and the Commission received testimomny both from
U.S. and foreign firms concerning differences in product quality and test
procedures. Representatives of the U.S. integrated circuits industry
testifying before the Commission were emphatic in their denials that U.S.
circuits differed in quality or religbility from those of Japanese manufacture.
They maintained that the manufacturing processes were essentially similar and
that independent laboratory tests had shown no difference in reliability in
use between the two. They also indicated that the *double" testing techmiques
of the Japanese were expensive and that they considered this "better deal"”
given to buyers of Japanese circuits a type of market penetration technique.

and easy ewx
and Japap




4 spokesman for rhe Japsnese industry in testimony before the Commission
rejected the U.§. industry’s explanation of the Youalicy' dssue. e
Vharawveﬁxde& tﬁé Japanese approach to quality as a preventive a
in the initial designing process the configurations are designed
reduce the pvoaaﬁility of any defects. Thig approach, he maint
different from increasing the gquality comtrel and detfection cap
the device is produced, a process that does increase costs.

A significant and growing portion of the world
circuits is in large scale integration (LSI} DEWOLY ©
computers. The most advanced example of LSI
at the present time is the 16K random access
representatives stated before the Commission
market has ba en targeted by the Japanese indu

£ >

to the U.8. industry, the 186K RAM market was %

the U.8. mar&ct in this device would provide iable
production experience that, in time, would ] ip them
compete more effect éveiy in markets for even 4
devices. Specifically, U.8. industry has ege
commercial development of the 16K RAY in evelop~
ment, low-pricing practices have riod of
only 3 years to accumulate 2 U.S percent in
this key product. The U.S. indus mavketing
and pricing practices for 16K RA urrently

supplies more than one~third of
verifiable from the data cury

Qutlock for the Japanese and Wegpd

haaegr;éggijiég

3 sa@hiqﬁécate§ and
ng end-user markeis.
low short-term intere
Japanese compant

8 i
5 2 g B g o o .
rion of the Japans

foreseeable future, Japan is expected to supply of
its egpczt markets through exports from the home islands. 1
these cﬁlpments are likely to go to foreign related parties fc
processing or integration into finished products. However, as 2
expand their off-shore processing facilities in size and number, it
that there will be an increase in exports to world markets from off
Japanese facilities. However, because of lead-time requirements o
implement new facilities, no significant change in trade patterns i
in the near future.



The Japanese integrated circuits industry can be expected to focus its
research and development activities on the leading edge of integrated circuits
development. For this reason, levels of investment should remain strong and
continued growth of new facilities is expected. Based on current data, there
is little reazson to believe that the advantage enjoyved by the Ja
compared to the United States in labor productivity and output pergnit of
investment will change. This relationship should be watched cloge nce any

Western Burope.—-—Behind the tariff structure curpex the
integrated circuits industry in Western Europe is expécte signifi~-
cantly. However, Western Europe's position in internations is not
expected to change dramatically since it is expdetd suppliers
will concentrate on fulfilling European demand. is expected
to be aided further by the various incentives ofi producers.

es positio remain
%>advan in the

anl’ mark ion to ensure
anufactu in Western

Fﬁ@structure within

-n establishing

?1 ope apanese market share
cation of European

in the foreseeable future.
Qgiiip relationships between

Within the European market, the United §
streng. U.8. capital investment and tec
Western European markets should provi
the viability of United States versu

manufacturing facilities withi
within Europe is presently s
production facilities,
This may lead to a mo
supplying countries ir

zN\Gsgrees world markets and trade in integrated
remain a Darrier to the free flow of integrated circuits
particularly in the EC where the latest multilateral trade
negotiatidus faziled to achieve a reduction in duties. Also, the U.S. industry
alleges thap varicus nontariff trade barriers in Europe and Japan represent a
gignificant problem to increased integrated circuits exports. U.S., Japanese,
and Western Furopean policies affecting integrated circuits are discussed
below.

United States.—-In the United States, Covernment expenditures aimed at
assisting industry resesrch and development in the integrated circuits
industry are small. Unlike the 1960°'s period, when Government funding through

military contracts provided a source of funding for research and development,
the only current proposal invelves & very high speed integration program.
This effort, designed t@ increase the speed of the circuits and to harden them
against nuclear radiation, has not vet been funded.

%



It can be expected that the integrated circuits industry, like any other
domestic industry could be adversely zffected by current inflation rates, high
interest rates, and any consistent decline in demand as a result of a
recession. These factors could limit the ability of the industry to either
accumulate sufficient capital necessary for R. & D. £c advance technology or
to obtain necessary funding in the open market. This is particul

to move into higher technology items which will be the domipgnt
integrated circuits markets.

Japan.~-The low inflation and short-term interes
in recent years have provided a base for overall in
including integrated circuits—--at a more favorable rate £
States. The ability of various imtegrated circu
to advance technology without fear of government

ion has further fostered
ircuits industry. The

Japanese government has suggested integrat
development which should lead to increasing
competitive posture in world markets. he 3
in high technology integrated circui 3 coukd, be s nt in providing
a quantum jump in closing the technol : ween Japauele and U.S.

integrated circuits producers. Accordd

valorem, and certain i T i icated as tariff barriers by
i i uestionnaire. Among the
(1) the refusal of Nippon
SRr ation of imported integrated circuits
ﬁ\@SéQﬁstablishment of majority—-owned joint
§ culties with standards and customs
‘P» tiat nontariff trade barriers im Japan will
eetrlt of the implementation of the recently
gotiations. 1In the event that legal and

N\made, U.S5. industry exports will serve a
of the Japanese market.

Telephone and
into its equipam
ventures or

Europe.—=~U.S. producers have expressed disappointment that the
EC's common external tariff of 17 percent ad valorem on integrated circuits
was not reduced in line with U.S. and Japanese concessions in the recently
concluded multilateral trade negotiations. The U.S. industry alsc fears that
trade barriers, particularly nontariff measures, and foreign government
subsidies to local firms will erode its market position. The majority of U.S
firms responding to the Commission questionnaire alleged that significant
nontariff barriers to their exports exist in Europe. The most significant
barriers to exports identified by U.S. producers of integrated circuits
concerned government procurement--particularly refusal of European,
state~owned telecommunications agencies to use foreign-made equipment or
equipment containing significant quantities of imported components. Other
tariff and nontariff measures mentioned as significant obstacles to exports of
integrated circuits by U.S. firms included: difficulties with standards,
berder tax adjustments, and rules of origin.




There is little doubt that foreign producers wishing to tap the growing
potential for imtegrated circuits in Western Europe are encouraged to locate
in Europe by the existence of tariff and nontariff barriers. In addition,
several Eurcpean governments provide incentives to zll industries aimed at
establishing new facilities in the market. While not applyingexclusively to

integrated circuits, when viewad in combination with tariffs, tRa incentives
offer an attraction for locating integrated circuits facilitie UropE.
Indeed, many U.8. firms have already taken advantage of Chesé nkives to
locate production facilities overseas and are expected to ir

uters can be
expected to take advantage of the incentives to 1 facilities

in Western Burope.

In addition, some Eurcpean governments &z

tion and deveiopment aimed at strengthening ¢
in European markets. Because of the grégégiii

reviding funds for reconstruc—

~ position
expected that any increased production of

demafhldy is not
producers will soon lead to 2 signifi asrezse in t’g‘§ exports. The
Federal Republic of Germany is re hava>dedidied
years for the development of very tegrahy devices and to
upgrade technology. The Governmé 7iding up to $300 million
in grants and loans for the develo g tegrated circuits. The
‘ iiTion over 3 to 5 years to
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Introduction

On October 25, 1978, the Subcommitiee on International Trade, Senate
Committee on Finance, and the Subcommittee on Intermational Finance, Senate
Committee on Banking, Housing, end Urban Affairs requested the United States
International Trade Commission to conduct a study pursuant to section 332 of
the Tariff Act of 1930 on trends in internatiomal trade in integrated
circuits. The Commission was requested to focus the study on £
affectiag the present and future competitive position of U.S. pro
in particular, to include data and analysis concerning foreign
involvement in the form of incentives and disincentives onV.§(
foreign markets, and to compare such involvement with U.8.
involvement. The Commission was instructed to submit
nct later than September 30, 1979; the date of submi
postponed to October 31, 1879. The Commission inst
332-102, Competitive Factors Influencing World Trade in
on Qe»emhez 7, 1978. TMotice of the imstitutiof of the inve

published in the Federal Register (43 F.R. 3594

In conmnection with the investigation,
ing in San Francisco, Calif., om May 30 aﬂé
hearing was published in the Federz

s
blic hear-
the public
y 1, 1879) and

was posted at the O0ffice of the Secr Washington,
D.C., and at the Commission's office
In its investigation, the Conei *529 on the U.8., industry

through responses to guestiony
certain foreign producers
tion and trade in integTa

&

ed the cooperation of
Pase on worldwide produc—
nd, questionnaires were

six largest producers in
Japan. The responses by the
of the 10 producers in Jazpan and
se Ministry of Internatiomal Trade and
: A\ Sose not to respond to the question-
sgthe Tk ion red\IN\\Ww¥ricus public sources of informastion on
F lust result, the Commission was unable to
native Eurcopean producers. However, this

e evaluation of world trade in integrated
ducers are not & major factor in world trade.

Western Burope and €
Japanese industyx i
some aggregatiin
- Indusiry. Wes{

naires,
Western

gust 1979, the Commission received a confidential submission from a
UeBe produger alleging that 16K RAMs (16,000 bit random access memories) were
being made in Japan and s0ld in the United States at prices much lower than
they were being sold in the Japenese home market., The Commission received the
submission toco late to request smbstaqLiaﬁépg information from other domestic
and foreign producers for use in the investigation.

The Commission's report est
ments in the integrated circuit
investment, shipments, exports, an s. It outlines conditions of compe-
tition faced by U.S. producers in certain foreign markets and the influence of

blishes a partial 5-year histeory of develop~
ndustr

a
i y on various topics including research,



[

-

governments on the industry. The veport identifies the primcipal ecomomic
factors which affect t; c»a@th of the U.8. industry. It also compares the
U.8. industry with the Japanese industry in several important aspects of
pevformance over the 5-year period.

Description and Uses

The integrated circuiib is an outgrowth of the semi
which has been developed in the last 35 years. The s
ite origin in the invention of the point contact tra
tories in 1948. This seminal invention was followed with
a number of other significant inventions, the ju
growing and purification techniques, diffusion
pvlanar technology which are basic to integrated
which inventions originated in the United

stry had
etY Labora-

ext decade by

to&:9 crystai

The new semiconductor technology was
entrepreneurs who formed new compani
the next three decades tc exploit thi
pace. For example, integrated cirgys
one of the originally smell business
technology, and Fairchild Semi

©)at a revolutionary
exas Instruments,
intc this new

its originally conceived
1y perceived appilcatlons to
ng an accelerating impact in
e entertainment, and consumer

application to teleco
computers, calculgtor

ignificant impact not as a component
ned products, but as a component of products
"eﬁ development of the tranSLStor. Thus, the

echnology supports an extremely fast growing integrated circuit
Pently estimated at approximately $6 billion and is linked with an
alectronics market of $180 billion 2z year. In this environment, basic and
applied research have become ever more costly and significant benefits are

derived from the availability of a large~scale orgesnization to mobilize scien-
rific talent and capital investment.

1/ Welson, Richard R., The Rand Corporatiom, "The Link Between Science and

Invention: The Case of the Transistor,” The Rate and Direction of Inventive
Activity ~ Economic and Social Factors, 1962, p. 553.




Lot

With the seventies, the advent of foreign producers of integrated cir-
cuits has changed traditional perspectives on the role of U.S. technological
leadership. Teday, the foreign producers are an increasingly significant
factor in the marketplace. They are alsc a factor in new product design and
development. The Japanese; for example, have established a program whereby
several of the largest Japanese electronic firms will pool th research
efforts in a common facility toward the goal of very large scal
of circuits.

indicated, United States technology and innovation.
have narrowed the gap, the United States innovatiy
be preeminent in this high technology arena which
terms of research and development expenditures,
inator of this technclogy and now having a ré}
est, nevertheless remains a major contributo:

United States technology

leadership.) MNewly emerged domestic companies\ dlaved 1 rtant roles in
the evolution of integration from small le to\large sc imarily
working in the metal oxide silicon (MOS8} teQhnclogy origi exdat Bell
Laboratories. <i:;iiz><>

Description

<

capsulated miniature elec-
tor crystal, which is usu-

ran imple logic circuits and

e aining thousands of transistors

Integrated circuits (I
tronic circuits produced
ally made of silicoy

ounting and encapsulation) range in
quare and consist of a combination of

tion of electrically active impurities into
the semiconductor.

Dlize digital techniques such as calculators, computers, and digital
test equipment. Linear integrated circuits are used in applications where the
electronic signals are not reduced to the "on-off' digital code. Examples are
analog devices, such as audio amplifiers and znalog computers. Other, or
hybrid integrated circuits, are a combination of integrated circuit types.
Articles covered by this investigation are limited to integrated circuits omnly
and do not include discrete devices such as transistors, diocdes, solid-state
displays, and similar devices.



Uses

« -
=

Integrated circuits were developed in the early 1960's as an ocutgrowth of

the techmology that spawned semiconductor transistors and dicdes. The uaizy
uses of integrated circuits were in operational amplifiers, logic circuits

and shift registers of small capacity emploved as parts of oroces cenﬁrez
devices, calculators, and computers 2 hmolegy improved, integgared cir-

¥
. c

cuits became increasingly complex, to include more function
culating and memory functioms of a pocket-type yal ulator i%
single integrated circuit, a substitute for hundreds of disc
The principal use of integrated circuitg iz in computey
home appliances such as clocks, radiocs, television refad
sewing machines, security systems, and even personal Zomd
circuits are finding their way into asutomcbiles
to become a iafge user of t%esa devices sz & fe\

Integrated

ustry is expected
2se of integrated
ents and intercon-

necting wires in com@ubers aﬁd data
still csusing, & woar revelution in ¢}
cation of these machines. It is in ¢
cations that there iz no forsseazble
appears to have no end of uses from ¢
control, and to the control of unmanne
earth.

Integrated circuily it % d az%er iten 68?»@? of
Tariff Schedules of th! ]
nations (MFN} ar
which has been
following tabin

percenz
101972, Detai
xaégn* Multilaters

é vaLoremg t&e T
g are given in t
1 Trade Wegotisti
o
8

o
the U.S. v pe cent ad valerem in 8 znnual stages
commencing 39 5 - I"'r?s of integrated cirvcuits from designated
C ' , the rate of 353 percent ad valorem. Inte-
grated CIXTURD Rdhi articles under the Generzlized System of

o
W
4]
~.3

tes of duty on MFN imports, 1967-72 and

{In percent ad valorem)

ve |-

s Rate of duty effective
4 A 3 .j&?}’” gz 2
TSUS item No. (Prior rate’ : S A -

. . 19e8 $69 © 1970 | 1971 © 1972 D 1987 i/
H $ : H 3 H :

687.60 (pt. )m—mm—mm——s 12.5 ¢ i1l 16 ¢ 8.5 : 7 e & ¢ 4.2
: $ : 3 s $ s

1/ Final rate negotiated in Tokyo Round of trade ne ctiations. This rate
will result from a reduction from é percent ad valorem in 8 znnual stages
commencing on January 1, 198G.



Integrated circuits are also entered under TSUS items 806.30 and 807.00C.
Item 806.30 provides for imports of certain metal articles which were
previcusly processed in the United States and then exported for further
processing. Article 807.00 provides for imported articles assembled in whole
or in part of U.S.-fabricated components. Imports gqualifying under those
provisions, which have never been the subject of trade—agreement\soncessiocns,
are dutiable, in effect; only to the extent of the value added abraad.

S

Profiles of U.S. and Foreign Producer

mulbhigat al. To
ed on the
1d in the same
operations or
modifications were performed. U.S. domestic shugenis are those produced and
scld in the United States. U.S. foreign N

produced and sold within the respective for
are located. Shipments are a measure of
investment is made. (2) Shipments
were collected on the same basis.
country and sold in another. (&)
country and produced in ancther col

U.S. and foreign integrated circuit industries
measure trade flows, data on the worldwide industry wer
following basis: (1) Shipments are articles predy

ies 8. plants
i ry where an

N .
&%panes dtional industry
are art oduced in one
arti so¥d in the importing

U.8. producers

About 40 U.S. i uits. * kK

*)% percent of the value of
omestic plants and U.S. plants located
gest producers are ¥ ¥ %, These
\* percent of the value of total
1 U.8.-owned plants. * % %, The
roducers was about the same in 1978 as in

shipments and
in foreign ¢

plants were capacity limited with promised
€s on certain product segments extending out 26 weeks. Plant-capacity
1§ are expected to remain over the next few years.

Production

Production flow of integrated circuits and parts.--Most U.S. firms have
established foreign subsidiaries or at least have foreign contracts for the
assembly and testing of integrated circuits. Figure 1 shows the flow of
wafers and chips exported from the United States as parts to other countries.
U.S. firms generally register these exports with U.S. customs so that




on

duty-free treatment can be cobtained under the provisions of TSUS items 806.30

and 807.00 when the finished integrated circuits are veturned o the United
States.

U.8. subsidiaries or contractors in the foreign countries asgemble the
chips into final packages. These zssemblies are normally seszled
tested or exported to the United States or a rthird country for final
The last material transformation is that of sealing the IC packas
transformation determines the country of origin for U.S. Gust
The final test does not change the country of origin.
distinction is not shown in figure 1, and final seal apé
& single operation in a single locatiom, which may 1ol

After the IC has been tested, it is marked
sold locally, exported, or even zssembled into
calculator, radio, or computer. If assembled in
the integrated circuit loses its identity
statistics on the IC are lost, To the exten

It may then be
uct such as &
oduct, then
é trade

T . import
statistics on IC's are understated. ’This that the end

product does nct qualify for 807 treax s t he little chip
which is the heart of the tested devi :
that it was properly registered upopex 2xrd the IC device has
been assembled into an end product.

Production cperations.--The
an integrated circuit are wa
operations need not be

adets in the production of
v, and testing. These
or in the same country.

Wafer fabrication, fficult operation, is for the

most part dome i dust o firms produced * ¥ ¥ percent of
their wafers ir e Unite a N (table A-1). The remaining ¥* *

%
ries located in industrial countries.

grated circuits into the packages is done
1978, U.S. firms did % * % percent of

% % % percent in other industrial

percent was done in developing countries.

ly is manual; automation of the assembly operation {except
is lagging behind that available for wafer fabrication and
testing. S2er assembly the integrated circuits are either tested offshore or
returned to the United States for final test.

Testing is increasing in U.S. foreign subsidiary plants. In 1974, % % &
percent of the finished-tested IC's were produced in the United States. By

1978, only * * * percent of these IC's were finished in the United States.
This is significant considering that the volume produced incressed from % % %
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billion to * % % billion units during that time. The test operation makes use of
technologically advanced digital computer-controlled test equipment. Since the test
function is automated, the cutput of a single testing machine can be quite high. The
test programs are written in computer language and can be supplied from the United
States by the original designer in the wafer fabrication plant.

Production by type of device.--The investigation identified four r categories
of integrated circuits: linear; digital bipolar; digital MOS; last
category includes combinations of functionmal types such as lineaf=dig iog to
digital converters, etc.), combinations of technological types s bipsier and field
effect, and all other integrated circuits not specifically 4] /ne first thres
categories. There are several ways of determining the ovérall ctipn trends by type
of device.

As shown in table A~Z, production has been indi wumber of wafer starts,
the number of assemblies produced, and the number of\Ei{wished integrated circuits

produced domestically by U.8. firms, by type oNC. A vious sections,
almost % % % percent of wafer fabrication by U.8\ firms bs nited States.

Thus, the number of wafer starts by tvpe of intz
measure of the market for the different t

rts in 1978, Commencing
ly constant. During
ifer starts are noit, however,
/ such as the maturity of the
the yield cof good IC's per wafer,
delivery of 2 finished IC.

Digital MOS wafer starts accounted
in 1976, the relative share of zll typ
1976-78 the total number of starts j
a true indication of production or
production technology, the numb
the complexity of the devi 5

grated circuit chips that can be

to the size of the wafer. Since the
emely lengthy and difficult, more chips
ion costs. The industry trend to the use of

Vfirms, in domestic and foreign plants,
by size of wafer, 1974-78

(In percent)

; 1974 ; 1975 : 1976 ; 1977 : 1978
Facilities ° - - : - - ¢ e . : . ” : : G

: 25? : 3!? : ‘{?“ : 239 : 35(‘ : 493 : 2!2 : 3!5 : A}H : zﬂ : 3?! : 4%% : 22% : 3%% : ‘.f‘»?é’

£ < e @ 3 @ * e L 2 - ] L3 s 2

: : s : d : : 3 : : : : H : :
Domestic——-=-==: 63 ¢ 37 ¢ =~ 331 3569 : ~:20: 8 : ~-:11 3 86 : 3: 0 ; 8 : 11
Fore ign mmmmmmm ghddk gddd ik oWdRE o ddR okwd gEFX gRAN dhE 2 ARE g dRd odER oWk oREE ¢ SRk

3 : : : : : $ : : s ¢ i 3 : :

i e o

Ity
:««‘K
]
or
M
3
¢

Source: Compiled from data submitted in response to questionmaire the U.&.
national Trade Commission. -



Capital equipment.--Capital equipment is used in 5 major areas in the
manufacture of integrated circuits. The areas ares

Wafer manufacture

Mask fabrication
Wafer (IC) fabrication
Assembly

Test _
<
Wafer manufacture.--This equipment is used paxa basic raw
onsists
t i

slice or wafer of substrate material. Such equi apparatus
for growing the crystal ingot, slicing or sawing tHe 1 thin wafers,

and polishing the wafers. The equipment is e e production of
integrated circuits but much of it is used oult

to make the masks (negatives or
integrated patterns on the wafer
line (2). Since the masks ar
produce thousands of IC's, t
extremely precise. Error

Wafer (166?§§gric

2 set of masks, the\I{ is p
implanting in
wafer. The

to create the

afe shown in figure 2
z)be used repeatedly to

e on these masks must be

i in figure 2, lines (2) and (3).
9\\;>\§' and must be capable of delivering
lerances. qi‘k\s\eriay of the image from one mask must be

. fer containing tens or hundreds of IC's is first
and tHen broken (sectioned) into individual chips (dice) as shown in
3¢ line (4). The individual chip is then mounted in its final con-
tainer (package) which has both external and internal package wires. After

assembly, the package is sealed. For most firms this is a labor intensive
cperation.

Test.--Testing of the integrated circuit is performed at two stages
in the production process. Probe testing is done after the wafer is finished
and before it is sectioned. Defective dice are marked and eliminated before
assembly. Final testing is done after assembly to insure that the device

functions within the electrical specifications and tolerances set by the
manufacturer.
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U.S. domestic shipments {excluding exports)

U.S. domestic shipments of integrated circuits increased gemerally from
$1.2 billion in 1974 to ebout %2.1 billion in 1978 (table A-3). Shipments to
unrelated parties,; increasing from $698 milliom in 1974 to $1.3<killion in

1978 (table &~4), accounted for zbout 50 to 61 percent of U.S. domsstic ship-
ments during the pericd. Shipments to related parties were ge smaller
increasing from $506 million in 1974 to $815 million in 1598 (@b Y.

Digital MOS devices were the largest product segment ship inl
digital bipolar devices were the largest product segm §§§§;§> 874,
)

Shipments from U.S. foreign subsidiaries (excluding expo}

Shipments from foreign subsidiary plants U.S8. producers

increased irregularly from % % * million 9 mi in 1978
(table 4-6). Shipments from plants locate man t German
markets and from plants located in Franc ench mark unted for

about * * ¥ of U.S. foreign subsidiary evel untries account
for about * * % percent of U.S. foreyén idd '§§§i§ vith developing
R ,
elated parties fluctu-

1974~78 {table A~7}.
¥ @million to * % ¥ million
ipments from U.S. foreign
T

ing as U.S. investment in

.

Shipments from U.S. fore
ated between ¥ ¥ ¥ million anf
Shipments to unrelated par (i
during the period (ts ANEY
subsidiary plants to
plants in those coun

in 1978 (table A4-9); the increase equates to a
.S. exports decreased sharply in 1975 and the

NErom $120 miliion in 1974 to $134 million in 1978, an increase of
11.7 percent, relative to 1974 (table A-10). In addition, U.S. domestic
exports to unrelated parties increased by 65 percent in value during the
period rising from $57 million to $161 million (table A-11).

During 1974-78, over one-half of the value of U.S. exports of integrated
circuits were shipped each year to Europe; these exports increased by 43 per-
cent during the period (table A-12). West Germany, the United Kingdom, and
France accounted for about 60 percent of the value of U.S. exports to Europe
and 36 percent of total value of U.S. exports.
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The value of U.S. experts to Japan more than doubled from * % % million

in 1974 to * % % million in 1978 and accounted for the large bulk=--{86 percent
in 1978)~-0of the total exports to Asian countries.

U.8. export administration.=-In the United States, a license s gequired
on exports of advanced integrated circuits. The license is issued '

Office of Export Administration, U.S. Department of Commerce
license, approval of the U.S. Department of Defense and the T.S5. \bnié Lgeace
community is also required. 4 veto by either the Departgent
Department of Defense, or any member of the intelligen
result in a denial of the export license.

The difficulty in obtaining an export license is direc ated to the
ultimate shipment destination of the device. Afdpfoval to ex an advanced
device to another Coordinating Committee (COCOM) ;
tine. For exports to Soviet bloc countries~licende
three primary considerations: (1) end-use »
ability from Soviet bloc sources, and (3)

The license procedure adopted b
tries has been szid to be ineffective
purchased in COCOM countries by Sov
diplomatic pouches. Purther, it ig
design strategic weapons syste
from COCOM sources. The pro
However, the semiconductor
administrative costs ifieid

pansported abroad in
ploc countries would
can be secured only
er to U.8. exports.

s in shipments and

Exports of UyS. foxaign besidigri «>oTotal exports of integrated

ased from $425 millionm in 1974 to

table A-13J exve bt for the recession year, 1975,

accounted (fqx proximately % % % percent of the value.
NSyt ly in 1975 when U.S. firms and their

yment significantly. % % %

Kporter Ang ounted for * ¥ ¥ million in exports in 1978.

among industrial natiomns accounting for * % %

$938 million 3
developing

1/ COCOM countries are members of the North Aflantie Treaty Organization
(NATO) and Japen.
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Exports of U.S. foreign subsidiaries to related parties followed the
trend of total exports and comprised over 75 percent by value (table A-14).
Like total exports, related party exports by developing countries were about 3
times the value of such exports from industrial countries. * % * was the
largest source of related exports from developing countries whereas * * % yas
the leading source from developed countries.

Exports of U.S. foreign subsidiaries to unrelated parties
were dominated by the ¥ * * which accounted for = minimum<8f R
a meximum of * * ¥ percent of the value each year during t

A-15). VUnrelated party exports by other developing §§§§<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>