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PERSPECTIVE

Solid state

Large-scale integration:
intercontinental aspects

Factors atfecting the competitive positions of U.S., Japanese,
and European firms include current business and economic ciimates

Ever since the invention of the integrated circuit (i) and
the silicon planar precess, semiccnductor producers in the
United Staies have dominated the world markets for ICs,
especially at the leading edge of each new generation of
technology. 1his is certainly the case today for products
of large-scale integration (LSI) complexity. But there are
increasing sign: that rhings might be changing.

Competitive memory prodrnicts are now being produced
in substantial quanrites in Japzn, and there is a growing
interest by European companies in acquiring a stake in
U.S. semiconducior companies. A key question is
whether the global domination of the industry by U.S.
companies will be seriously threatened, particularly as the
vary-large-scale integration {¥YLSH) ¢.a approachds.

- The popular but simplistic view-—widaly held outside
the United States—is that ti.e U.S. domination of this in-
dustry has been based primarily on very substantial and
continuous financial support from the U.S. Government,
primarily through contracts. Whereas this funding has
obviously been importar*, the real foundations of this
success 7re far more complex and need to be understood
in detail before the ouicome of the impending intercon-
tinental Lsi/vLst battle can be correctly forecast.

Indeed, any prognosis of future structural
developments in this industry must begin with 2n
understanding of the principal historical forces that have

“molded the industry into its present form. The reason,
quite obviously, is that the impor:ant strategic influences
now emerging will continue to be affected by those
historical forces for the foreseeable future.

After looking at the historical development of the
semiconductor industry in general, and ICs in particular,
in the United States and Europe, it will be possible to
identify the key factors that have Jed to the current U.S
domination of world 1C markets. Then it will b possible
to examine the new sirategic forces now gathering
momentum, and to project the future for IC producers as
~e enter the VLSI era.

Origins of the semiconductor industry

As is well known, the germanium transistor Jirst went
into high-vclume production in the 1950s. Its most im-
mediate application was in cheap, portable radios; the na-
tion th~t seized this opportunit’ most effectively was
Japan, wt.ch possessed at that tir.e the considerable ad-
vantage of low labor costs. F.owever, Europe (and Philips
in particular) was not left far behind.

"In the United States, the gleam in the e'ectronics in-
dustry’s collective eye was not caused by riudios, largely

I. M. Mackintosh Mackintosh Conéuhan:s

IFEE pecirum JUNE 1978

because of the high U.S. labor costs. (The idea of moving
labor-iniensive assebiy operations off-share had not vet
been tried.) Instead, the greatest need (what we might call
the *‘user-pull,”” as distinct from the *‘maker-push,”’ ef-
fect) for the transistor was mainly in he defense and
asrospace sectors—1957 being the year of the Spui-
nik—and in the infant computer industry. The demands
of these military and indusiriai sectors for devices of
higher performance and reliability thus led in time to the
emergence of the silicon transistor and later to integrated
circuits—both developed by U.S. companies.

The final effects of these original. basic reactions to the
advent of the transistor were as follows:
The Europenns and Japancse became strong in ger-
manium technology and in the main types of equipment
(i.c., consumer electronic products) that were based, at
that tim~, on germanium trz nsistoss.

2. The U.S. became preeminent in silicon technology
and in the main types of equipraeat based or it

3. These distinctive postures, originally taken up 15 10
20 vears ago, <ull pertain today: The Europeans and
Japanzse lead by a significant margin in most aspects ~f
consumer electronics and the U.S. continues to dorainate
every other sector of the electronics industry.

i.

Benefits of industrial synergism

Wkhat can be "earned from this brief historical review is
that a si nificant fcctor in shaping the development of the
electronics indusirv in different geographic regions has
been industrial synergism—the mutual interdependence
of different industrial sectors and, in particu'ar, of the
equipment and component ceciors of the industry.

With the advantage of this historicai perspective, the
principal factors that have affected —and in most casss
will continue to affect- -the deveiopment of the global iC
industry can b2 identified. Almost from its beginninz, the
U.S. suniconductor industry as a whole has received
substantial and broadly based support from various
Government agencies. It has been estimated that between
1958 and 1974 this suoport totaled about $900 million for
research and development alone, rzpresenting a subsidy
of the cost of 1J.S. scmiconductor irnovation tc the tune
of about $55 million per year /in the terms of, say, 1965
average dollar values).

{t is clear that financial support from public funds on
such a large scale has grossly distorted normal competitive
conditions and commercial criteria in this industr in the
United States, and it is difficult to imagine, therefore,
how any other nation could succeed without providing
comparable support to its own indigenous industry.

The general, theoretical benefits of industrial symergist
are familiar. However, it is useful to emphasize the par-
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ticular importance of synergism ir the development of the
global i€ industry.

The well-known learning curve for silicon transistors
and 1Cc reveale the cystematic relationship between price
and curnulative production experience. From th2t and
other saurces, it is possible to generate the price-trend
curves (Fig. 1) for thres silicon devices of progressively in-
creasing complexity—the diffused silicon tz-nsistor, the
“‘average’ IC as defined by the learning curve, and the
most recent !-kilobit dynamic RAM.

Or consider the changes that have taken place in the
performance/zost ratio of computers over the past 15
years or so. Figure 2'is a curve developed for the Rand
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[1] Typical price trends for sllicon devices.

{2] Cos! tre ids for high-performance general-af licai~n
computers.
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Corpcration. It shows the cost in dollars per million in-
structions per second (MIPS) for high-performance
general-purpose computers for the years 1960-1990. Note
that there is, sc iar, only one working version of the llliac
1V computer, and the [00-MIPS and 10 000-MIiF5 pro-
cessors have yet to be developed.

Figure 3 shows the curve redrawn to give the greatest
weight to actual, well-documented cost data. It is com-
pared with the data from Fig. 1, normalized in time so
that the prices arc related 1o the number of years since
production introduction.

The correlation betwesn these two curves is striking,
and proves what every IC engineer has always instinctively
believed—that the computer industry's spectacular
growth has besn due mainly to its ability to produce
equipment that could compute at ever-increasing speeds
and reliability levels, and ever-decreasing cost and size.
Essentially, all of the.e attributes have stemmed from ad-
vances in silicen technology.

But there is another side to the coin. Figure 4 shows the
growth of the total U.S. consumption of rionolithic
silicon iCs over the period 1864-1976, v-ith disital ICs in-
dicated separately. Most of these digital iCs 'vere used in
computing equipment of all kinds (inclvding military).

Tne conclusion is inescapable: Jist as th.: U.S. com-
puter industry’s growth has been critically dependent on
the availability of inrcreasing numbers of ever-improved
18, 5o has the spectacular growth of the U.S. i€ indusiry
depended 10 a very high degree on having = farge, in-
novative, ~.nd *‘local’”’ computer market eager 10 use its
rapidly developing semiconductor capabilities.

This growth of the iC industry in the United Stxaies must
be regarded as a particularly convincing example of the
benefits of industrial synerzism, and leaves no doubt that
the simultaneous U.S. domination of the integrated cir-
cuit, computer, and professional electronics sectors are all
part of the same basic phenomenon. This is the main,
thougk not the only, reas.: that the United States
dominares the worldwide iC business. The corollary is that
the absence, until recently, of such synergetic user in-
dustries outside the Unifed States has been the principal
rezason for the European and Japanese I producers’ early
lack of success.

Technological innovation

Although innovation has been a major strategic factor
ir the growth of .the international semiconductor in-
dustry, and will continue to be for the foreseeable future,
the key eirments of innovation are development and
marketing, not basic research. In fact, there is no correla-
tion whatever between the commercial success of an iC
company and the quality of its basic research program.
Historically, an ability to recruit key persoanel has been
much more imporntant.

Disciplined in-house dsvclopment of processes and pro-
ducts has been, and will remain, a key fzctor in any
semiconductor company’s success. However, for product
development work to be relevant, the company must com-

pete actively in the world’s most innovative markets for

those products—wherever those markets may be.

In Europe and Japan the process of innovation in the
field of advanced semiconductor components has been
hindered, untii recently, by the relative absence of in-
r.ovative user-pull markets and—especially in Europe—by

'too much emphasis on basic research anc too livtle on
'developmenr and marketing.
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A recen: deveicpment of enormous significance, and an
excellent example of the innovative strengths of the U.S.
IC industry, is the microprocessor. Its strategic impor-
tance stems mainly from its great commonality cf applica-
tion (Fig. §), which allows LsI products to break out of the
vicious circle of greater complexity—fewer applica-
tions—higher cost. The microprocessor offers as big a
step forward for digital systems as did the original in-
tegrated circuit. Yet is is symptomatic thdt in this product
area Europe has an almost insigrificant capability so far,
whereas Japan is already beginning to produce
microprocessors on a modest scale.

Market factors

Access to large and innovative (user-pul’) markets is 2
key factor influencing success in the IC business. Today,
both Japan and Europe finally have developed large and
innovative markets in the consumer electronics sector, but
not in other industrial sectors. Hence, these non-U.S.
producers have no choice but to aim for the maximum
possible penatration of export markets. By and large, this
means attacking the U.S. market; the beginnings uf this
attack are already giving cause for ccncern to some U.S.
IC producers.

Table 1 shows Mackintosh estimates of the 1965, 1975,
and 1985 markets for 1Cs in Europe, Japan, and the
United States, in both absolute and per-capita terms. The
preferential future growth rate of the Japanese and Euro-
nean markets is worth noting. Naturally, the high per-
capita usage in Japan is related to high production of elec-
tronic goods containing ICS.

Industrial structure

Major differences exist between the structure of IC
companies in the U.S. and those in other countries. In

[3] Comparison of computing and silicon-device costs.
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both Europe and Japan, the bulk of the current IC
capability resides within vertically integrated and highly
structured companies, whereas in the U.S., with thz ex-
ception ¢f organizations such as IBM and Western Elec-
tric, most of the 1C capability resides in companies whesc
the semiconductor activity is the mecjor part of its total
industria! commitmert

Some blurring of thse historically sharp difterences
hzs receritly occurred through the various vertical integra-
tion moves that several U.3. component and equipment
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{4] U.S. consumption of monoiithic Integrated circuits.

[5] Complexity versus commonality.
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1. Comparisoz of IC usage trends

Estimated Tota! IC
Corsumption
(miltions of dollars)

Per Lapita IC
Consumption
(dollars)

1965 1975 1985 1965 1975 1985

US.A. 60 1200 13500 0.3 5.7 159
European

Econcmic

Community 4 480 2200 — 1.9 85
Japan 7 480 1900 — 44 16.2

companies have made. In fact, the whole question of ver-
tical integration is of great importance, and correspon-
dingly great complexity.

In gene:al, it is the writer’s view that the vogue for ver-
tical integration is an irrelevant diversion in the long-term
development of the electronics industry. We live in an age
of specialization, and it has for a long time been difficult
10 accept that IC compa.ies can, for exampis, sell watches
better than the established specialists. It has been equally
difficult to accept that minicomputer companies can suc-
ceed in establishing and maintaining a cost-effective
semiconductor capability over the long term.

Of course, there are the notable exceptions of 1BM,
Texas instruments, and one or two others ihai seem io
disprove the Mackintosh General Theory of Vertical
Disintegration—i.e., the general hypothesis that vertical
integration,. by and large, is a2 snare and a delusion.
However, apart from some special circumstances mainly
centered on the microprocessor, this writer believes that
of all the vartical integration activities, upward and
downward, now going on in many parns of the world, on-
I+ a few will turn out to be successful in the long term.

Management and people

Anyone who has woiked exztensively in the electronics
industry, inside and outside the United States, will
recognize that there often exists in other countries a real
sense of inferiority about U.S. managemcnt skills. It s
not just the general aura of infallibility surrounding, for
example, a Harvard M.B.A., but the sheer bewilderment
with which the typical non-U.S. electronics .xecutivs
coiapares his apparent performance with that of his 1J.S.
counterpari. This supposed infallibility is a misconcep-
tion.

Table II, by and large, reflects the ability of U.S.
management to t.idze the gap between radically different

I Leading U.S. manufacturers

technologies (vacuum tubes to eermanium; germanium to
silicon). Only one of the top ten U.S. vacuum-tube
manufacturers iz 1955 (PCA) has survived as a significant
i€ producer today.

The inescapable conclusion is that, popular opinion
scmetimes to the contrary, U.S. cotapanies in general do
not have a good track record in the management of elec-
tronics technology. A few, however, have obviously ex-
hibited very impressive skills, and it is these sucressful
managements, of course, on which che U.S. domination
(and repurtation) is based. What it all aads up to is that the
United States’ overwhelming success in the IC business has
teen, not surprisingly, something of -a statistical
p-.nomenon. With so many companics stacting up, in
such favorable conditions, some at least were likely 10
succeed in a big way. And some centainly did.

There are some other 'advantages that 1'.S. manage-
ment has enjoved. The distinguishing organizational
feature of the successful U.S. semiconduc or compaties is
that they are geared 10 react swiftly to new deveiopments.
They are also, in many cases, led by un impressive new
breed of technical entreprencurs who are skilied at this
particular trade. In comparison, Eurcpean and Japanzse
semiconductor companies have often been too ponderous
in their decision-making and have sometimes been 1aan-
aged by individuals whose understanding »f the semicon-
ductor industry was somewhat less than perfect.

n the last analveic, the 1C indugtry, like every other,
depends on the right people being modvated in the right
way to do the right job. In this sense, the United States
has so far had msst of the advantages since the evidence is
very strong that entrepreneurial drive and freedor: are
essential conditious for success in the I€ indust-y, and
these are qualities that seem to thrive preferentially in the
country’s relatively laissez-faire economy.

The United States has a'so had a major advantage in
the fortuitous combinziion of a high rate of personnel
mobiiity with the existence of srveral la;ge and highly
capable research laboratories that have acted as national
generators of technology and technologists. Thus, its dif-
fusion of technology has occurred mainly through the dif-
fusion oi pecple, and the commercial exploitation of new
techniques has rarely been inhibited for long because the
possessor of know-hov and the would-be exploiter could
not make common canse.

In comparison, both Europe aid Jap2n exhibit a con-
siderably lower degree of personnel molility, #:% the
result that companiss must rely on—and pay for—an ia-
house program of research and development that is pro-
portionately much larger.

1855 19860 1965 1975

Tubes Transistors Semiconductors Semicondy stors Integrated Circuits .,
1. RCA Hughes Texas Instruments Texas Instruments Texas Instruments
2. Syivania Transitron Trangitron Motorola Fairchild
3. GE Phiico Philco Fairchild Nationa, Semiconductor
4. Raytheon Syivania Ganeral Electric General Insiruments intel
5.  Waestinghoute Texas instruments RCA Geaeral Electric Motorola
5.  Amperex Genenal Electric Motorola CA Rockyell
7.  National Video RCA Clevite Sprague General instruments
8. Raniand Westinghouse Fairchild Philco/Ford RCA
9. Eimac Motorola Hughes Transitron Signetics (Philips)

10. Lansdale Tube Clavite Syivania Raytheon Amer’.an Microsystems
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ANV, NeUtdl, womrgstive of gh pubean
mobility in the U.S.—particularly of technical and
mar:agerial personhel—has been the emergence of what
can be called “*skill cluz-zre ** So far as eiectionics is con-
cerned, this can be applied to such ccnters as Boston's
Rowre 128 and—of particular rcievance today—to such
areds of semicondoiod expeiiise as *‘Siicon Valley” in
California. {This phenomenon of skill clusters is by no
means new. London’s Savile Row tailors probably
started the fashion about 200 years 5go0.)

It is abundantly clear that the existence of Silicon
Valiey confers important advantages on the iC companies
that operate there, particularly in regard to the high (but
informal) level of localized communication and debate,
and to the availability of the strong common-services in-
dust:y that has developed in that area.

Future prospects

It is not the aim here to provide a d=:ailed forecast of IC
technology per se, although in fact future technological
developmen.s will profoundly influence any strategic
forecast of the IC industry. To that end, the evidence is
now strong that a new high-resolution lithographic
technology will emerge within the next few years, based
probably on electron-beam techniques.

This visi technology will find application first in cir-
cuits requirng vast numbers of components (principally
memory, microcomputers, and imaging), but will later be
used also for numericelly more mundane applications
since by then the production econcmics will strongly
favor VLSH against maore classical technologies.

One major change tha: will occur within a few yearsis a
substantial increase in the investment required to compete
at the *“‘leading edge.”” Th: industry will thus begin to
move into an era in which the sheer size of the initial
financial commitment will provide a stabilizing feedback
effect, and there will be fewer opportunities fc . spin-offs
to leapfrog into prominence by means of sone astute
technical, marketing, or ecconomia stratage.m. Wi s
general scenario, then, the probabiz future chgr 2817 re
key strategic factors can be considered (Fig. 3).

1. Critically important synergism wiih major in-
dustries.

2. Large and innovstive domestic markets.

Much of the fuivre growth in the world’s markets for
electrcnic functions is likely to be in domestic and
personal-product sectors, not industrial. Desrite the
maker-pusn effect that the U.S. 1€ industry has 50 far ex-
erted in such products as cale ‘ators, eiectronic watches,
and video games, it is in jus. .hese areas of corsumer,
automotive, and per<onal electronics that Europe and
Japan are strong. Thus, their budding I1C inuustries have
the prospect of 1+¢ kind of critically important synergistic
relationship with major user industries that the U.S. 1C in-
dustry has enjoyed with ite data-processin,, customers,

«n addition, there is certain to be substantial growth, in
both Europe and Japan, i» ‘‘protected’ applications like
the telecommunications and ‘‘national’’ computer n-
dustries. Overall, then, there will be selective growth o’
the i1C markets in Japan aad Europe—much of it in user
companies that, by corporate inclina ya ¢r national
preference, will tend to select “‘local’ svppliers, all other

things being equal. As a resvlt, Tanar und Europe will en- -

joy much greater parity with the U.S. in these areas.
3, Substantial government support over many yaars.

Mackintosh— Large-scale integration: imtercontinemsl aspecte

" 1.Industrial synergism

Uili Uil ICilitio, toe bgwnadoins wo o Elaintan,
support had not teen understood properly by the govern-
ments of many advanced nations, although things are
now changing rapidly. In Europe, for example, the
British, French, German, and Italian Governments are all
beginning to talk about—and in some cases ac-
tivate—nlane to provide sunnort that is typically in the
$50-100 million range, and spread over four to five yeais.
In Japan, there is, of course, the famous vLSI program
about which it is very diffice!: to obtain hard facts. Our
own best esiimate at Mackintosh Consultants is that the
purely Goernmeit funding for this project is about 365
million (in 1978 dcllars) a year. There is little doubt that it
will continue at soout this level well into the 1980s.

In any event, several governments are beginning to sup-
port their indigenous IC industries with eaningful sums
of money, so ihe United States’ long-sianding cdvantage
in this respect will diminish, although substan* al suppon
of the U.S. industry can be expected to coatinve.

4. Suitable business climate for entrepreneurs.

5. Availability of substantial venture capital.

So far as the business climate is concirned, despite the
probable stabilizing influence of the advent of vLsI
technology, the entrepreneurial toach will remain an im-
portant ingredient of success in the IC industry. Long-
term success will go only to those vvho can afford to ex-
ploit fully the most complex industrial rechnology yet
devised, and who know how to do so. The muliisector
conglomerate will tend to lack the total commitment to
success that is found in the specialist 1C companies.

The U.S. will continue to have ' » edge over both
Japan and Europe, where large corporations are unlikely
to allow their semiconductor managers the same freedom
of decision that their U.S. counterparts enjoy.

Nevertheless, the opportunities for new enterpreneurs
in the United States will diminish as risks exceed accep-
tabi: limits. (Indeed, this has already been observable for
scme time, since there has been - sharp reduction in the
nimber of new semiconductor companies.)

In both Japan and Europe, the financial community
historically has been markedly unadventurous about pro-

[6] The shifting bslance of advantage.
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viding venture capital, ana this :ituation is unlikely to
change in the foreseeable future. On the other hand, the
fact that the IC capability in these countries is mainuy con-
trolled by large companies could be an advantage because
most will be capable of funding VLSI sech-
nology—especially with the aid of government support.
The resource question, therefore, seems likely to become
fairly evenly balanced in the future among the U.S.,
Europe, and Japan. ’

6. Enough good management in enough good com-
panies.

In this writer's assessment, there s no significant dif-
ference between the inherent capabilities of executives in
these different countries; managements in each of the
countries seem to be about equally skillful {or in-
competent) at creating commercial success !;om this
esoteric semiconductor technology.

7. Exister=c o iarge, capable research laboratories.

8. Mobility of technical and managerial personnel

9. Skill clusters (e.g., Silicon Valley).

Taking the United States first, it is unlikely that its
strength will diminish significantly in any of these areas.
While there may well be some reduction in the amount of
basic research carried out, this will be more than offset by
increases in applied research in areas such as VLSI tech-
niques, product testing, and software problems. Person-
nel mobility will certainly remain high, and it is very
unlikely that any of the important -U.S. skill
clusters—whether they are called Silicon Valley, T1, IBM,
Bell Labs, or whatever—will disappear. ‘

In Japan, a systematic build-up of the national research
capability has been under way for many years and wili un-
doubtedly continue. For reasons that are well known, per-
sonnel mobility is'low ir. Japan. This may change as joint
ventures, company mergers, and Government policies
slowly blur individual corporate identities, and increasing-
ly permeate the Japanese way of life. As for skill clusters,
the Japanese electronics industry is already mainly confin-
ed to the two metropolitan areas of Tokyo and Osaka.
This clustering will be reinforced by an increasing numbes
of cooperative industrial R&D activities, such as can
already be seen in the V1S program.

Ir. Europe, howe=¢r, things I~ ~k distinctly worse. The
United States and Japan are sii le nations, each with a
single language, national sense of commitment, set of
laws, custems, and cultural attitudes, whereas Europe
represents a set of highly individualistic nations, each with
its own language, national objectives, and way of doing
things. Althougn this is so obvious that it may not even he
mentioned, these factors are often overlooked.

Yet, because of the various differences that exist and
the additional rivalries that occur as a resu:, there is not
yet such a thing as a true Common Market, in spite of all
of the efforts in that direction. Even such ncighboring

" markets as France and West Germany can represent as
great a problem in interaction as & far distant wmarket Jike
the United States,

With the exception of Philips, the semiconductor in-
dustry basically consists of a number of producers that
arc predominantly national in nacure, each of which is
organized principally to serve the needs of its own na-
tignal markets. One of the liabilities that i esuits from this
'situation is that Europe has nothing remotely 1» compare
'with California’s Silicon Valley, nor is it likely that any
'meaningful geographizal skill clusters will ever develop in
'the European IC industry.

For that same general ;Lason, personn¢' mobility in

Europe is also low, irhibited by both empicyment tradi-
tions and national boundariss, and is unlikely to increase
significantly. However, the Europezn research capability
in solid-state electronics has always been high, though
often commercially ineffective because it is unable 10
bridge the gap between science and sales. This reszarch
capability will improve due to increasing government sup-
port, and increasing cooperation both among European
laboratories and with laboratories outside Europe.

16. Good fortune—including cheap energy and enor-
mous international economic strength.

This really warrants a complete article in its own right if
its relative importance is to be assessed accurately, but a
few key points can be summanzed briefly.

In the years since the end of World War II, the United
States has dominated the economic health of the
Organization for Economic Common Development
(OECD) nations. This streng:h has been founded priman-
ly on cheap epergy, abundant natural resources, and a
large enough pooulation for the producers of manufac-
tured goods to enjoy the benefits ~f considerable
economies of scale.

Meanwhile, other natious—Germany and Japan, in
particular—have been recovering from the ravages of
war, and one of the pillars »f U.S. economic strength has
eroded as the dramatic ‘ncrease of 0il prices has coincided
with the gradua! depleticn of U.S oil resources. For the
future, theiefore, iliere is likely 1o be a much greater
balance of economic strength among the United Siates,
Europe, aii4 Japan (Fig. 6).

Vhat the future holds

There are many remaining strengths nf the U.S. 1C in-
dustry—such as its imimensely strong technological base,
its zosition on the learning curve, and management-in-
depth. Also, European and Japanese management will
still suffer from important liabilities such as the relative
absence of entrepreneurial freedom. But even 2llowing
for all this, there can be no doubt that the advantage is
now beginning to swing away from the United Staies.

For this reason, in the vis: era U.S. producers will face
problems of daunting magnitude in maintaining global
market share and innovatory leads against escclating
trapsatlantic and transpacific competition. The most
probabk prognosis is that U.S. domination of this
critically important indaustrial sector will eveniually disap-
pear, 1o be replaced by a condition of appreximate parity
between the United States and Japan, who mey possibly
be joined somewhat later by Europe. s

This article is based on Dr. Mackintosh's keynote sd-iress 10 the Internations!
Sotic-S1ate Circiits Conterance held February 1878 in San Francisco. Ceul.
The cuthor wishes to thank the West German Bundeeministerum fur
Forschung und Tech. ologie for permission to draw on some 2f the dats
prepared fos them unds - contract by Mackintosh Consultants.

1. M. Mackintosh (SM) formed Mackintosh Coii
suitan(s, Lid,, in 1968, following stints as genural
mansjer at Elliotl-Automation Microelectronics
and as department inanager In the Westinghouse
.Cantral Research Laboratories. During the 1950s,
he was whh Bell l.aboratories in Murray Hiil, N.J,,
and in 1957 published a papser describing his
development of the first enew triode. Dr. Mackintosh
sarved as Industrial advisor to the LK. delegation
t2> OECD in its study ! ine té~huology gep.
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