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FOREWCRD

This Sussex European Paper is one of the first two
members of a series of industrial sector studies resulting
from comparative research on Internaticnal Implications of
Industrial Policies in Western Europe. We gratefully ack-
nowledge the help given by the Anglo-German and Volkswagen
Foundations, who have made the project possible by funding
the salaries for two fellows in the Sussex European Research
Centre as well as the related operational costs. The studies
are being carried out by authors from five countrieg - Britain,
France, Germany, Italy and Japan - working to common specifi-
cations.

Most of these studies are sectoral, covering the majox
Western European countries within the international context.
The branches examined span the range from new to mature
industrial activities as follows: semiconductors, telecomm-
unications, process plant, heavy electrical power equipment,
machine tools, motorcars, white goods, steel, shipbuilding
and textiles. These are representative of most of the sec-
tors where international trade is important. This makes it
possible to draw some general conclusions about the range of
problems confronted and policies pursued. The studies conform,
as much as the conditions of each sector permit, to a common
pattern. In each, the responses to adjustment problems of
industry and government are analysed and major policy issues
are discussed.

Another study, on the automobile industry, is being pub-
lished simultaneously. In addition, monographs are being
prepared on the development of industrial policy making in
Germany, France, Italy and Britain and the characteristic
instituotional frameworks within which it operates. A special
study on Japanese adjustment policy has also been carried out
in co-operation with the industrial Bank of Japan. Here
again, the studies are designed to encourage useful comparisons
between. different countries and industrial branches.

It is hoped eventually to publish the results of the
research in book form, including chapter-length summaries of
the industrial sectoral studies. ’
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I. IN'I‘R.ODUCTIOKl

A BRIEF INTRODUCTION TO THE SEMICONDUCTOR IMDUSTRY

One of the most impressive features of the economic and
technological history of the last three decades has been the
emergence and fast growth of the electronics industry. Its
impact on the structure of industry and the broader social v
environment has been compared to that of the fundamental tech-
nological innovations of the past such as the steam engine,
electricity, or the internal combustion engine.

A great deal of technical progress in electronics was
made possible by the discovery and development of semicond-
uwctor components that substituted for traditional thermionic
valves and allowed the introduction of an entire cluster of
new products and components, ranging from mini- and micro-
computers to electronic games, electronic telecommunications
eguipment, numerical controls for machine tools, digital watches,
TV remote controls, etc., Semiconductors are materials (such.as
silicon, germanium, or gallium arsenide) whose electrical prop-
erty is to act under certain conditions as insulators and under
other conditions as conductors. Due to their properties of
alternatively conducting or insulating, semiconductors can
therefore perform the tacks of active components in electrical
circuits, i.e. they can modulate, rectify or amplify electrical
signals, (and, to a much lesser extent, the tasks of passive '
compeonents, such as resistors or capacitors). For the purposes
of this study, .the industry is taken to include: discrete dev-
ices {diodes, transistors and special items like thyristoEs;
triacs, etc.): integrated circuits; optoelectronic devices and
s501id state magnetic memories. Also belonging to this third
category are some devices that are not semiconductors in phy-
sical terms. They have been included on economic grounds since
they are generally produced by the semiconductor industry. ’
Figure 1 provides a classification of types of semiconductor
and of related electronic components.
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) Although some semiconductor properties h
since the end of the last century,pthg birth o:v:h:e::mtzgzg- |
uctor industry is usually placed in 1948, when Shockle
Bargeen and Brattain developed the first transistor (iyé a
semiconductor amplifier) at Bell Laboratories. The ne;t.land—
mark was the development of the integrated circuit (I€) b
Texas Instruments and Fairchild in 1961. This is a devicler
performing on a single chip more than one function, by havin
more than one component, either active or passive.' Finall, s i
a.recent {1971) development of the integrated circuit is tﬁé !
microprocessor (MPU), which summarizes all the logical functi
of a2 complete computer on a single chip. 9
funct152? major technical classification of ICs is based on
digital ICs operate on the basis of binar i
appears to have been pame limited tendenc§ égglzﬁesghgﬁghtigzge
of device to specialize in different applications, it is
exp?cted that they will also continue to compete ;n some appli-
cations., Nonetheless, demand for digital ICs is expected EE *
grow fasteF. A secondary classification is based on techno-
logy, for instance MOS {metal-oxide silicon), CMOS (complemen=-
tary metal-oxide silicon), bipolar, e

An important economic distinction in semi i
betveen.standard and custom devices. A defin?tgg:dzgt:r:u::om
device is one that is produced to order for a customer or grou
of ?usFomers (without reference to the technological charag— g
teristics of the device): another definition is of a device
whose technological characteristics suit it only to a narrow
range of applications. This study is mainly concefned with th
standardized, or high volume, part of the market. ©

The process of manufacturin i i
a) tbe design of the circuit requgrzgmggozg:czgig-cg?stﬁzs Of—
duction of a mask through which the circuit patteén is re Prf
duced, by a process similar to photography, on the silicoPro
wafer;-c) the actual fabrication of the circuit through this
photolithographic process, and the diffusion on’the wafer of -
_t?enqcessaryimpurities to obtain the required components angd
z::::;;.patterns on the silicon chin; &) assembly; and e)

The history of semiconductors is
fast technical change, :

a profound impact own
voor) connical o) on d stream {end-

and different capabilities of th i i

ex) i e various indus-
trialized countries to compete in and commercially exploit the
technology. If we refer to industrialized countries, this is

analocg ICs operate on the same input signals, while |

or ECL (emitter-couple logic)

characterized by extremely'
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study of transformation and adjustment in a growing and stra-
tegically vital sector. Rapid and continuous innovation, both

in products and processes, and the fast rate of substitution
between old and new products, constantly put competitive pressure
on each individual company and country.

THE FRAMEWORK OF ANALYSIS

The process of technical change and growth in this sector \\
also affects the transformation of related industries. This
happens mainly through: a} the diffusion of technological know-
ledge, more often embodied in people than capital; b) the diff-
usion of product-embodied technical progress, for semiconductor
output is an input in downstream industries; ¢} changes in rel-
ative prices due to the effect of technical advances on product-
ivity; d) the transformation of industry and market structures
brought about-by the emergence of innovative companies, the
diversification of some old companies in growing markets, and
the disappearance of others; and e) the job-creation and dis-
placement effect of technical progress. These are the core

of the mechanism through which the process of growth and trans-
formation of the economy takes place. Public intervention in
thig area, unlike public intervention in more mature sectors,

is essentially growth-related, therefore, and all the arguments /
for public involvement refer to the reaping of benefits from r
the process of technological change. i

5

There are some crucial issues to be dealt with in analy- AN
sing a fast growing innovative sector which are reievant to

any discussion of public intervention, These issues concern

the determinants and direction of technological change, the
effects of competitiveness in semiconductors on competition in
other sectors {with their implications for employment and the
balance of payments}, national competitive differences and, by /
extension, ways of altering these.

The first two issues are dealt with only in summary form
here, for they are treated in greater detail in a longer study
in preparation. Because of the effect of semiconductors on comp-
etitiveness in other sectors and because, as we shall argueji—-
market forces alone are under certain conditions insufficient
for the achievement of national competitiveness, we shall focus
on the third issue and attempt to assess the relative importance
of markets and institutions in explaining national competitive
differences. National differences in institutions will be
reflected in actual differences in industry structure and in
differences in policies of intervention., 1In terms of structure,

\

!

|
because developing countries appear to have been left out of
the game altogether, The industry provides an excellent case

role of established companies versus new companies in the gen-
eration and diffusion of innovation.

we propose to examine the effects of foreign investment and the |

In terms of intervention, |
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we shall ?e in?erested in the potential effectiveness of nat- f
1onal-pollcy glven‘the limitations imposed by i) the competitive
?apaclty of QOmestlc industry, ii) the ability of domestic
1gd?s§ry t9 affect government decision making, and iii) the
social envionment - i.e. attitudes of the com i
“ofindustrial consensus, etc. ‘ Co panies. degrees

Part II provides a brief history of the growth of the i

Western world's semiconductor industry and a theoretical frame-

work for describing the nature and direction of technical pro-
|
I

-gre;s.and the role in this of market and non-market factors
I? suggests ways in which non-market factors have différed:;
glthe:'51de of the Atlantic. Subsequently it describes the ?
evolution of Western Europe's semiconductor industry and the
emergence of a problem of internationil competitiveness and
technological lags and then briefly reviews the ar ents
related to public intervention in Western\Europe. o

Part IIT is a historical picture of industrial policies

in European countries in the last two decades, with a tentativ
chronology of, and sub-division by, policy instruments Dif;-e
erence? and similarities in industrial policies among éuro ean
countr%eS‘are analysed, together with a comparative evaluaiion
of their timing, size, comprehensivensss and effectiveness
PaFt III then examines the Japanese case as a source of coé -
arlso?. Fortunately for an observer of the industry, Japan ?
experienced many initial condigftions similar to Eurépe ?n terms
of technological level and industrial structure, so that ver
dlffeFent outcomes may be ascribed either to different ublig
policies and/or to a different socio-industrial environient.

Finally, Part IV is an effort to defi

; ; ine a hypothetical
range of.lndusFrlal targets and policies in Eurcpe, together
vlth a dlscgsslon of some political pre-conditions for their
implementation and their likelihood of selection. This section

leo attempts ?o provide some conclusions with respect to
;tu;e trends in tye industry and some tentative generalizations
- of the case of semiconductors to other high technology sectors. -

\
—

/
.

1I. TECHNOLOGY AND INTERNATIONAL COMPETITION

THE GROWTH OF THE WORLD INDUSTRY

Commercial production of semiconductory devices started
around 1950. Since then, the industry has experienced
impressive growth rates: in the period 1958-76, the American
industry grew in monetary terms at an average annual compound
rate of 18.5% and in real terms at a rate of 44% (Table 7).
Thesa meant that semiconductor prices came down at a
vertiginous rate. Similar but somewhat lower rates of growth
were achieved by the European industry. Tables 1-3 chart the
growth in markets, output and employment in the non-Communist
world's semiconductor industry; this growth was particularly
high in integrated circuits (including microprocessors), by
far the most dynamic segment of the semiconductor market.

Despite such impressive rates of growth the size of the
industry, in terms of ocutput and employment, remains limited:
estimated world semiconductor output in 1978 was around
$10,400m, (Table 2) and employment around 260,000 people
(Table 3}. European ocutput and employment can be estimated
in the same year at around $1,700m. (including US-controlled
production) and around 50,000 employees. Employment grew more
slowly than output; in the US, the only country where historical
data are available, total employment grew at an annual rate of -
9.5% over the period 1958-78., Productivity growth has been
strikingly high: we estimate for the US (1958-76) a compound
rate of around 33% (Table 2).2

Despite the relatively small size of the industry, semi-
conductors represent a technologically vital input in a great
and growing number of electronics and electronics-related .
industries. Table 9 provides a disaggregation of the major -
end-user sectors in the US and Western Europe.

Production is US-dominated: US companies, either
directly or through foreign subsidiaries, controlled in 1976

-




around 69% of world production, while the US market accounted
for around 40% of the world market for semiconductors (Tables

1 & 2). Western Europe, on the other hand, accounted for 27%
of wor}d consumption and for around 17% of werld production

(of which 13% was European-controlled). After a large catching-
up effort from the mid-60s onwards, the Japanese semiconductor
industry has come to account for around one-guarter of world
production as well as of world consumption. (See Part III for
a lengthier consideration of Japan}.

‘The world semiconductor industry is dominated by a
relatively small number of firms, resulting in a level of
concentration that is high if one takes into account the
remarkable number of new entries (see Table 5 for the world
market share of the top ten firms in 1978 and Tables 10, 14 and
24 for basic data on the major activities of the largest firms
of the US, Western Europe and Japan respectively). Until
recently, however, there hag been no indication of increasing
concentration (see Table 6)%,

The degree of concentration reflects the importance of
pronounced dynamic eccnomies of scale: other things being
equal {including manufacturing technologies), productivity
appears to be a direct logarithmic function of the cumulative
volume gf production. This is the well-known "learning curve"
effect. Increasingly, also, static economies of scale appear
Fo be relevant - that is, an increasing minimom scale of
1nvesFment and production. To the extent that static and
dynamic economies of scale are captured in indicators of
labour pr9ductivity, the estimates of value of shipments per
emplo¥ee in major producing countries in Table 4 show. the
relatively strong position of Japan and the US (though one
must keep in mind that the figures in this Table are biased
by the different accounting procedures).

THE NATURE AND DIRECTION OF TECHNOLOGICAL CHANGE

The pace and direction of technical change are seen to
be the most important factors in an explanation of the ’
structure of the semiconductor industry and the differing
strengths of countries and companies. Technical change has
produced a stream of new products; it has induced Ffast
substitution between old and new products; it has brought
about a continuous fall in prices, especially in real terms
fsee Table 7 for evidence from the US); and it has resulted
in new applications and markets.

] For both economic theory and technology policy, it is
important to establish the determinants of technical change,

particularly the relative roles of market factors (that is
movements in prices and quantities) and institutional factors
(ranging from pre-existing scientific and technological
capabilities'of companies and countries to political decisions
and actions). The literature contains a lengthy discussion
between those who claim that needs, via market signals, direct
technical change (demand-pull theories), and those who maintain
that the driving forces have generally been autcnomous
technological and scientifie break-throughs (technology-push
theories). >

The hypothesis advanced here is that technology., broadly
defined as a "bundle" of theoretical knowledge (whether
embodied in pecple or machines), practical experience and
established methods, has similar characteristics to those
attributed by contemporary epistemologists to science
(see, inter alia, Kuhn {1962) and Lakates (1978)). dJust as <
a scientific paradigm determines the problems, procedures and
tasks for science (the "puzzles”, in the words of XKuhn}, so too
does a technological paradigm for technology. Our suggesticn
is that, as one moves from science to technoleogy and then to
production, market factors and institutional factors operate
as selective mechanisms within the whole field of scientific
and technelogical pessibilities. Once a path of technical
change has been established, however, it has a momentum of its
own, defining the directions toward which problem-solving
activity moves. (These paths are what Nelson and Winter (1977)
called the natural trajectories of technical change.)
Furthermore, there appears to be a continuous feedback from
markets and production to technology and science, which
accelerates or slows down technical progress along a given
trajectory and which could eventually facilitate or hinder
the emergence of alternative paths. A lengthier discussion of
this hypothesis appears in Dosi (1980}.

The history of semiconductors might, then, be read as the
emergence of a defined technological trajectory. The 1950s
and '60s saw the establishment in the field of active
components of a semiconductor-based technological paradigms
Among the possible alternative solutions to the problem of
switching, amplifying and rectifying, the dominant technelogy
that emerged was based on a few specific physical properties
of semiconductors - the so-called transistor and field effects.
Based on this paradigm, the dimensions of the technological
trajectory can be defined in terms of product costs and
characteristics (miniaturization, density, reliability, speed,
frequency, dissipation, noise and heat-immunity, energy
consumption, maximum power change, etc.). Progress along such

a path has led to increasing applications of semiconductors




substituting for existing electronic and electro-mechanical
devices and new applications,

This view of the innovatory process has important
theoretical and policy implications., The process of producing,
exploiting and diffusing innovations, especially when techno- i
logical paths are not yvet well defined, derives from an inter-
play between institutional and market factors. In capitalist
economies, profit expectations provide an incentive to innovate,
but this by itself explains neither the actual trajectories
chosen nor the different technological capabilities of companies
and/or countries, In particular, an important feature of the
innovatory process is uncertainty: one of the explanations of
differing innovative behaviour among individual firms is the
way they discount the future and evaluate uncertainty. This
depends on structural and social factors such as the size of the
company, its technological level, its labour relations and the !
industrial culture of the country where it operates.

|
]
i
‘
\

\
L
|
\

|
In this view there is clearly a role for science and }
technology policies, First, policies affect the structural |
conditions in which firms operate, influencing the incentives f
and behavioural responses of the latter through well-known
means like R & D financing, procurement policies, etc. Second, |
policy may often affect the choice of the technological
trajectories themselves. The view put forward here, is, indeed, !
that instituticnal factors played a central role in the
establishment of the American lead in the late '50s and the |
'60s vis-&-vis the European industry.

At this point, it is useful to introduce the concept
of technological frontiers. A trajectory is in fact not a
single~value path but a scatter of points within bounds
defined by its technological and economic trade-offs. The
technelogy frontier is defined as the upper band of these
points, In our view, once a country is at the technological
frontier, there are cumulative forces which help to keep it
moving along the frontier.® In the following paragraphs we
attempt to explain why the US semiconductor industry is at the
technology frontier and how it manages to stay there. i

FACTORS IN THE US TECHNOLOGICAL LEAD

Two factors stand out in explaining the US lead:
bridging institutions and military and space programmes., First,
research institutions, particularly Bell Laboratories, bridging
the divide between pure science, applied science and technology,
have been strong in the US. A similar bridging role was played
in the early history of the US industry by some of the very big ,
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electrical companies such as General Electric, Westinghouse,
and RCA,

Bell Laboratories and big established companies played a
major role in the production of innovation, though not in the
diffusion and commercial exploitation of the innovations
themselves. In the period 1952-61, big established electrical
firms accounted for 32% of total major product innovations and
22% of process innovations, while Bell Laboratories alone ) )
accounted for 40% and 56% respectively. Commercial exploitation
and diffusion have often occurred through new firms, often
spin-offs from established companies, which were to beconme Fhe
industry leaders. The emergence of new firms was made p9$51?1e
by two factors. First, technology was essentiall¥ em?odled in
pecple and not equipment. {Nowadays, without losing its p?ople—
embodied features, it is also increasingly equipment-embodied,
This brings about the emergence of size~related barrier§ to
entry. Significantly, in the '70s the number of new spin-off
companies progressively decreased.) .. Second, the reason
why American firms alone could successfully enter on the US
market was that the industry was on the technological
frontier. 1In the unigue. "virgin territory" created by its
technological advantage, market mechanisms in th? fo;m of the
emergence of new firms and a high mobility of sczent;s?s and
engineers have shown an advantage until recently over inter-
nationalization and vertical integration. The big established
firms, which were responsible for most of the major early
innovations, have on the contrary performed poorly {see Dosi
(1980) for an analysis of the possible reasons for this).

Contrary to experience in the ‘first-comer' American
economy, size and vertical integration have played an .
important role in the survival and growth of the (imitating)
European industry (not to mention Japanese). Nonetheless, Fhe
small number of big electrical companies meant a correspondingly
smaller effort to undertake long-range, high-risk research.

In terms of size, only Siemens and Philips could compare with
the biggest American companies. The other companies involved
in this field were big by European, but small by US, standards:
AEI, Marconi, GEC and Plessey in the UK; AEG and T&efunken
in Germany; Thomson, CSF and CGE in France; Olivetti in
Italy, which entered the field later with the partly-owned SGS.

A second difference between the two sides of the Atlantic
has been the role of the military. Table 8 shows the
importance of the military involvement in research financing
and semiconductor procurement in the US. Military and space
programmes deeply affected both the supply and the demand side
of the semiconductor industry.

e
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On the supply side they involved:

- stimulation towards precisely defined technological
directions and areas in which to allocate R & D
efforts;

-~ the incentive towards and the direct financial support
of the exploration of alternative paths of technical
change;

~ the speeding up of technical change to the maximum
rate possible;

- the subsidy of the expansion of productive capacity to

certain target levels considered necessary for national

defence requirements;

a push towards standardization of production.

On the demand side they resulted in:

~ a guarantee of a future market for any innovation
corresponding to required needs, i.e. public assured-
demand played a risk-taking role;

~ the expansion of demand, with associated learning
effects on productivity.

In Europe, on the other hand, military policies were not
comparable in size or comprehensiveness, We are not arguing
that military intervention was the most efficient means to
foster innovation and growth in the sector, for the history
of military-sponsored research projects has witnessed an
impressive record of failures. Nor are we saying that
technological fall-out effects from the military to the
civilian sector are the rule., The high fall-cut effect
experienced by the semiconductor industry can be attributed
to the coincidence, at least in the early history of the
industry, between the military trajectory and the civilian
trajectory (e.g. computers) in terms of many common
technological requirements. It appears that military and
space programmes had a decisive role in this particular
industry in its early stages in shaping the direction of
technical change, ‘'planning' the expansion of demand and
in inducing a2 huge accumulation of knowledge, expertise, etc.
Together, these factors resulted in the establishment of a
mmmmﬁmlHmﬂuon%kh&eMwhmiMmuyﬁs
firmly placed in the ‘60s and '70s, dlthough certainly at a

‘high cost in terms of research expenditure and of frequent

inefficiencies in publicly financed R & D efforts. It

must be noted that market forces were essentially responsible
for a swift reaction to the technological and market planning
brought about by the above institutional factors. Furthermore,

as technological trajectories became more defined, the military
role - starting in the late '60s - decreased and the factors
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fostering innovations and their diffusion became increasingly
an endogenous product of normal economic mechanisms.

In the absence of similar institutional factors in
Western Europe, the development of the semiconductor industry
was slower and more haphazard. The large European companies
entered the field at different times, with different techno-
logical capabilities, and devoting different financial and
technological resources, With few exceptions, the resources
devoted to semiconductors by Eurcpean companies in the '50s and
'60s were considerably lower than those of their American
counterparts. Those companies entering the field generally
focussed on the technological directions and applications in-
which they were already concerned. Since most of them were
involved in consumer electronics (Philips, Thomscon) and heavy
electrical engineering (Siemens, AEIL, etec.), the result was a
much greater stress on advances fitting those applicaticns and
a relative neglect of military and computer-related applications, ..
where the greatest technical advances were being made. Even in
some of the areas of European specialization, progress was
slower than in the US,

Up to the mid-60s the industry generally followed a
pattern of technological imitation with significant, but not
increasing, time lags vis-3-vis American innovations. In the
late '60s to early '70s the lag in the newer or fastest-
growing products and technologies (MOS-ICs and MPUs) appears
to have somewhat increased. The existence of these lags is,
in our view, the explanation for the relative absence of new
spin-off firms from the European industxy.

Other things being equal, the process of innovation on
the technological frontier is likely to be cumulative and
tends to act as a structural constraint: the probability of
advancing with respect to the frontier is somewhat proportional
to the position already occupied. This tends to explain, on
the technology side, the relative stability of European lags.
In the long run, of course, the ceteris paribus assumption
cannot hold, and in the following pages an analysis of the
changes in structural and behavioural conditions in the —
European industry will be attempted. ‘

The American technological lead has created a significant
American trade surplus all through the history of the industry,
and a corresponding deficit in all the major European
countries. (The exception was France. in the '70s. This can
be explained by a relatively high American investment, located
there in an attempt to overcome a significant non~tariff
protection of that market.) Figures 2 to 7 show the trends in
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exports and imports in the major Western countries.

During the late '60s and early '70s a process that can
be described as the unification of the world market tock place.
A unified market implied a {relatively) unique price. When
the latter was brutally brought about in the middle of a slump
in demand by American companies (primarily Texas Instruments),
during the so-called price war of 1970-71, all the European
producers wexre forced out of the mass-standard market, with
barely five exceptions. Other Ewrcpean companies which main-
tained their semiconductor facilities withdrew to more
specialized and protected markets.

Another important part of the process of unification of
the world market was very substantial direct American lnvestment
in Burope. Although the case of semiconductors cannot be f
generalized, the evidence suggests that the net consequences in |
semiconductors have been significantly negative for the
indigenous industry. '

Foreign investment helps to break the relationship of . ;

lag in production to lag in demand which is one of the factors L
allowing backward industries and companies to survive at a

lower stage in the product cycle. Thus, the US companies on thef
technological frontier pre-empt the market of the most advanced
devices which the indigenous companies cannot yet produce, and, !
in doing so, make it more difficult for national companies to ’
imitate at a later stage. This process, though damaging the
local semiconductor industry, could benefit end-user industries
by decreasing their delay in the adoption of the most advanced
components. It seems likely, however, that the process is
strong enocugh to jeopardize the survival of national semi-
conductor manufacturers but not enough to eliminate the
diffugsion lag in consumption of the most advanced products,

Some evidence in other sectors suggests that increased
domestic competition from foreign-owned companies might
sometimes encourage local producers to be more aggressive
and innovative; it could be defined as a policy of throwing
the child in the water to teach him how to swim. In our
case, the children were weak, the water cold, and most of
them drowned., Some recent trends in company strategy suggest,
however, that in the few surviving companies, the threat
of being totally forced out of the market has induced some
competitive reactions.

There is also evidence from our interviews that the
transfer of semiconductor technology within the domestic
market through direct US investment in Europe is not over-
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whelming. Despite the volume of these investments, most of
the R & D facilities have remained in the US, including,
generally, design and mask-making for the circuits. (ITT
is a notable exception.} Furthermore, the production of
the mest advanced devices is normally located in the US.
There are some recent signs of plans by some American
companies to manufacture a few of the most advanced ICs and
memories in Europe (e.g. the investment planned by National
Semiconductors in Scotland), but such plans are likely to
remain exceptions.

It has already been mentioned that technology
represents a crucial factor ' in explaning the economic perform-
ance of companies and national industries. The technological
frontier in itself presents the most powerful barrier to entry.
From the point of view of market structure, the’ technological
position of the US industry permitted innovative firms to
overcome this barrier through new products and processes. One
can see the asymmetric nature of these entry barriers, very
formidable for technologically lagging firms, but slight for
companies operating at the forefront of the technology. It
appears that static economies of scale and minimum efficient
scales of production have been increasing over time and that’
now, even leaving aside technological barriers to entry, they
constitute a 51gn1f1cant obstacle to the emergence of new
companies on the standard market. Company estimates placed
the minimum level of production in 1979 at around £70-8Cm.
and the minimum required investment, including fixed capltal
and R & D expenditure, from £25m. to £100m. for a fairly
complete range of semlconductor devices.

Fipally, it is useful 'to make it clear that, whlle the
US has enjoyed, till recently at least, a commanding lead in
world semiconductor technology, the industry nonetheless faces
a continuous adjustment problem. Uncertainties about the
ocutcome of research in a fast moving technology are faced by
each firm; generalized to the whose sector this uncertainty
can be termed "the burden of the first-comer" (to be offset,
of course, against the first-comer's advantages). Indeed,
the uncertainties involved in making strategic technical
choices strongly suggest that the governments of first-comer
countries should pursue "offensive technology" pelicies in
semiconductors. As we shall see in the following discussion,
however, policies related to this "burden of the first-comer"”
might be radically different from policies in lagging
countries, aiming at reaching the technological frontiex.

EUROPE'S ADJUSTMENT PROBLEM: THE STRATEGIES OF EUROPEAN FIRMS
A fast rate of technical change, with fast substltutlon




e e

- 14 -

between old and new products, rapidly expanding markets for
the latter, shrinking markets for the former, and temporary
monopoly/cligopoly positions that can be exploited, is bound
to bring about continuous adjustment pressures on each. ‘
company. These pressures are at the core of the mechanism by
which technical progress diffuses throughout the economy and
induces incentives to innovate.

There is a basic asymmetry in the nature and the
degree of adjustment pressures placed upon countries,
industries and companies, This asymmetry reflects their
relative distance from the technological frontier ({including
both product and process technology}. It also affects the
set of possibilities that the country, industry or company
has in adjustment itself., Purely imitative responses and
attempts to catch up are more likely to succeed in industries
characterized by a stable basic technology, fairly easy

- transferability of that technology (for instance,. embodied

in equipment and not people) and a low degree of_internationdl
oligopolization. In the opposite case, as in the semi- !
conductor industry, the continuous adjustment induced by .. .
technical change seems to penalize imitators and reduce their
degrees of freedom., This appears to be the core of the '
adjustment problem facing Furopean semiconductor industries,.

The most immediate problem for many .of the existing
firms in Europe remains that of survival in the markets where
they are already operating. Capacity toc survive in the face
of American competition has been partly determined by the
cumulative efforts of each company in this field and
continues to depend on the capacity to finance both a
congiderable amount of research and increasingly high fixed
investment costs in a situation where most companies can
expect to continue making losses in semiconductors for a long
time.++ For each company in isolation, technological and
financial constraints are so powerful as to prevent any
possibility of catching up; at the same time foreign
competition and a high elasticity of substitution between new
and pld products prevent an easy survival on more mature
markets., This situation will continue to prevail as .long as
the rate of technical change remains high. Table 18 provides
an impressionistic overview of the relative strengths and
weaknesses of Furope's national electronics industries, while
Tables 16 and 17 indicate some of the time lags in first
commercial production that are behind these strengths and
weaknesses. ' ' '

Given the factors that contributed to the original
US technological lead, the rate of technological progress
in the industry and the consequent problems for European £irms

i e e =
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of surviving, let along closing the gap, we are arguing that
these problems are not primarily the result of poor .
decisions that are being made today. Indeed, Eurcpean f%rms
can be argued to be acting rationally within.the constraints
they face, The outcome may well have been dlffe¥ent had
these f£irms made different decisions in the earlier days of
the industries -~ in the '50s and '60s - when foreign )
penetration of national markets was smaller., The following
paragraphs recall some of the major aspects of company -
strategies which have led to the present s?ructure of the
European industry. There are now five ma;jox Euro?e?n )
producers: Philips (by far the largest, with subs%dlarles
in Holland, the UK, Germany, France and the US), S%emens
{Germany) , SGS (owned within IRI by STET, the Italian
telecommunications holding company), Thomson (France) and
AEG-Telefunken (German).

The, salient size and product characteristics of the
major European-owned £irms and recent developments in the
shares of producers in the Eurcpean semiconductor market
are detailed in Tables 14 and 15 respectively.

In the early stages Philips (Netherlands) and Si?mens
(Germany) had a’significant involvement in the new semi-
conductor technology; Philips is reported to have developed
its first transistor just a few weeks after the announcement
of its discovery by Bell Laboratories. AEIL (purchased by
GEC in 1967) and English Electric (merged with GEC in 1968)
in the UK were also relatively strong. MNonetheless, the
hallmark of the Eurcpean industry strategy in the '50s and
'60s was to follow an imitative path. Each company generally

" focusgsed on the range of applications in which it was already

specialized. As a result, Eurcpe's relative strePgth in.
‘semiconductors lay with consumer electronics and industrial

applications.

A major shake-up of the industry occcurred with the
emergence of ICs and their diffusion in diffgrent areas of
application from the mid-60s. Europe's lag in ICs was
very long and the effort of catching up particula;ly —
expensive, while competition from American companies was
bringing the price down to American levels, Faced with Fhls
situation, Eurcpean companies had the choice of withdrawing
from production and buying ICs on the market - a chgaper
option in the short to medium run - or trying to seize a
share in the new and fast growing market despite the high
cogts and high risks to be borne for a long time.
Conventional, shorter-run, profitability criteria wayld
have suggested the withdrawal of all European companies.
Thug, GEC is hardly to be blamed for leaving the standardized

L



 significant that the Buropean companies remaining in the high
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semiconductor market in 1970-71, despite its fairly strong
technological capability {in European terms) and
significant British market. Thomson (France) also partly
withdrew and, indeed, would have withdrawn further but for
the intérvention' of the French government (see below).

On the other hand, ICs were rapidly substituting for
many other electronic components that the big ihtegrated
electric companies of Eurcpe were already producing:- in
these circumstances getting out of semiconductors would have
represented not only a missed opportunity for growth, but
also a net loss of existing markets. This factor, plus
the possibility of internalizing the benefits from advances
in that far-reaching technology, helped explain the difference
between the strategies of GEC on the one hand and those of
?hilips and Siemens on the other. The size, vertical
1nt?gration, and technoclogical inter-relatedness amoﬁg different
activities enjoyed in large firms like Philips and Siemens are
thether likely to allow a firm, in a situation where the
timing and nature of future profits are far from certain,

t? move into growth areas on the assumption that profits are
likely to follow growth; they also allow a firm to manu-
facture clusters of interlinked products in order to exploit
demands that one product creates for another. It is

vo}ume semiconductor market maintained a relative specializ-
ation in the devices for which they alread had an in-house
gemand; {The Italian producer SGS, which is not de facto
integrated ineide its parent company, STET, is an_;kceptionq)

It is probable that size and vertical integration do not
pro?ide the entire explanation for the extent of a firm's
bormzons or its growth orientation., These might also be
influenced by the general environment in which the company
operates, for instance, the far-sightedness of natiocnal
financi§1 markets, the role of banks, and more sociological
and political variables such as relationships with labour and
government, :

Philips and Siemens have clearly emerged as Eurcpe's
stro?gest semiconductor producers. If production in ‘its
Amerlqan subsidiary Signetics is ineluded, Philips was among
the world's five largest semiconductor producers in 1978,

It has made a huge effort since the late '60s to improve its
technological capability in ICs: now it can be considered to
?e on the technelogical frontier in many areas, although it
is still relatively weak in some crucial £ields like micro-
pProcessors and general MOS technology. Philips has important
semiconductor facilities in Holland, the UK (Mullard),
Germany (Valvo), and France (RTC-Compelec). These companies

¢
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obtained considerable government help in the UK, Germany and
France (but not in Holland}, although the percentage of
government support to total R & D has probably been lower
than for other European companies. Philips' pursuit of the
technological frontier in semiconductors has basically been
independent of national government policies. '

As a result of its size and experience in the field
since the beginning of the industry, Siemens would probably
have been able to undertake the cost and effort of expanding
and improving its semiconductor activities alone. As a matter
of fact, it has been considerably supported by the German
government over the last decade (see below); yet even now
it still lags behind its American competitors in the field of
ICs and microprocessors.

As might be expected, radical technical change has
had important effects on the structure of the semiconductor -.
industry. The emergence in the US market of new innovative
companies during the '50s and '60s, among them today's market
leaders, is the best known feature.' Another aspect is the
threat posed to vertically integrated companies whose oligo-
polistic market power is based on the success of previocus,
and competing, technologies. This process of erosion and
the emergence of new vertical integrations on the basis of
new technologies has become evident very recently and must-be
expected to have an increasing impact upon companies and
industries.

A first aspect of this structural trend is the attempt
of existing electronics/electro-mechanical groups to maintain
their leadership in the new technology. The examples of
Philips and Siemens have been cited. Very recently, in the
late '70s, a strong tendency has emerged in the US towards the
vpward integration of computer, electrical and automotive
companies, among_them Honeywell, Sperry Univac, Xerox and
General Motors.l® Part of the same process is the buying up
of existing semiconductor companies: in the US “out of 36
semiconductor, startups since 1966..cnly 7 remain
independent". In this acquisition wavé, an important—-
role has been played by Eurcpean companies, principally
Philips, Siemens, VDO and Bosch from Germany and Schlumberger

from France (see Table 11).

A second aspect of the same trend towards vertical
integration based on the new technology is the downstream
expansion of semiconductor companies (examples among many
are Texas Instruments in miero and mini computers and watches,
and Fujitsu in industrial control) .13 since there is no

evidence that the process of expanding applications and
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substitution for old technologies is slowing down, it is
reasonable to forecast that these kind of adjustment
pressures, and with them the vertical integration trend,

will continue, Several European consumer electronics,
telecommunications and heavy electrical engineering companies
are already following this trend, though with different degrees
of commitment and technological capability. In addition to
Philips, Siemens, SESCOSEM (a subsidiary of Thomson-CSF), and
AEG-Telefunken, these include: Plessey, GEC and Lucas {(UK);
Ericcson (Sweden); Brown-Boveri (Switzerland/German); Bosch,
VDO (Germany); and, with a more recent involvement, Ansaldo
{Italy). The next drive towards vertical integration will
probably inveolve the autcomotive sector, following the early
lead of General Motors. An active interest already exists
among the major Buropean car companies.

The industry's increasing fixed capital requirements
per unit of output (by all appearances a recent phenomenon) -
has led it to rely more than before on outside capital to
finance its rapid expansion.l® This has encouraged the
integration of semiconductor producers with established
cash-abundant companies. Thus American semiconductor firms
have shown a greater willingness to set up joint ventures
with European companies in such cash-against-technology deals
as: Fairchild-GEC in the UK {a deal which may be in jeopardy
after Schlumberger's takeover of the former); Harris-Matra,
National Semiconductors - Saint Gobain Pont~a-Mousson in France;s
Fairchild — National Cil Company in Austria. Financial
constraints on the growth of US producers since 1979 have also
provided one of the main explanations of increased Japanese
penetration of their domestic market.

It has also been argued that financial motives underlie
the recently more liberal licensing of US technology to
European countries, especially from those firms without
productive facilities in Europe, such as Intel (licensing
to Siemens) and 2ilog {licensing to SGS), both in micro-
processors.l7 It is noticeable that the Zilog-5GS deal
covers a very early stage in the product's development and
involves a substantial technology transfer. It allows SGS
to compete on the American market in slightly more mature
licensed devices, while giving it the sole manufacturing
rights in Europe for the most advanced device.

The acquisition of existing American semiconductor
companies, the establishment of joint ventures in Burcpe -
especially for European firms that are newcomers to the
field - and the licensing of American technology are all
part of a defensive adjustment strategy for existing
European semiconductor companies or big conglomerates,
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electrical or not, loocking for diversification opportunities.
This strategy might be defined as defensive because, although
it will improve the competitiveness of existing companies
vis-a-vis American and Japanege companies and provide growth
possibilities for a few other large new companies, it will
neither completely bridge the technological gap nor reduce
the relative imbalances between European countries.

A prevailing opinion is that joint ventures are not
likely to bring about a marked transfer of technology; they
leave little freedom of action in technology or strategy to
the Eurcpean partner. (This also seems to have been the French
experience in computers.) A possible exception was the joint
venture of Olivetti, Telettra and Fairchild establishing SGS,
though controversy over strategies was among the reasons which
broke the marriage.' This experience is commonly believed to
constitute a very particular case, but a more empirical
judgement on the issue is impossible since we do not yet know
the outcome of the recent joint ventures of Saint Gobain and
National Semiconductors, and Matra and Harris.

ARGUMENTS FOR PUBLIC INTERVENTION

Before the '70s, the Ewropean semiconductor industry
operated in a broadly free market envircnment. (The public
intervention that developed in the '70s is the subject of
Part III.) We have sought to show in the preceding pages
that this free market environment has resulted in no more than
the gurvival of the industry which is, in effect, only running
fast enough to stay in the same place. The Japanese
strategy of catching up through a sequence of licensing,
creative imitation and improvement has proved beyond the
financial and technical capacity of most European firms,
circumstances justify a consideration of the ways in which
public intervention could be used in European countries to
relax the constraints on catching up that the free market has

imposed.

These

Before we present a range of possible policy options,

. we must first consider the reasons for a country wishing to

have its own competitive semiconductor industry. These
principally concern the general effects of the characteristics
of the industry on competitiveness in other related sectors, on
employment, on the balance of payments, and on national
independence, These arguments for public intervention, which
we consider below, bring about strong adjustment pressures,

not so much on the companies involved with semiceonductors, but
directly on governments and public institutions.
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: The Relationship of Producers and Users ’ result of the research and manufacturing activities of
: firms like Siemens in Germany.and £GS in Italy. Texas
: ) . In our view, the key argument favouring the existence Instruments has played a similar role in Europe, especially in
L of a technologically advanced domestic semiconductor industry, the UK. In some respects the attempt to integrate vertically
: ﬂ which partly subsumes other arguments we shall consider, into semiconductors by diversified electronics companies can
i;! : concerns the relationship hetween technical progress in semi- : actually be seen as the effort to internalize within the
| = conductors and that in component end-uses - computers, companies part of the gains from technological progress that
b industrial automation, consumer electronics, telecommunications, the invisible hand of the market cannot transform into
1;‘ automobiles, etc. There are few doubts that a strong and tradeable commodities. These are not cases of an exceptional
R} consistent relationship exists, but is a domestic, or even market failure in an otherwise smoothly working mechanism; on
Ci more a nationally-owned, semiconductor industry necessary to { the contrary, they are a permanent feature of the process of
;¢Tf” ‘reap its advantages? This guestion can be broken down into / technical change. 1In some respects an industry like semi-
i two parts: £first, to what extent is it possible to henefit conductors can be considered as a service activity whose
L from technical progress in semiconductors by buying the most ‘output goes beyond the simple measurable hardware it produces.
tﬂﬁki‘ advanced devices on the international market and second, is it ' :
T possible for a country successfully to specialize downstream - Our argument for the importance of non-market aspects
L relying solely on the market mechanism? Past studies on the ‘ relates to a cluster of industries actually or potentially
i.;!; sector are not unanimous on these questions,l8 . - affected by microelectronic technologies, and not so much to -
}‘l, ] individual companies (which might very well waste no time in
(:Li. : ‘The efficacy of the international market mechanism ‘ following new technologies) or even to individual industries,.
SR is strongly obstructed by the increasingly systemic nature . There are examples, especially from small countries, of
of IC technologies, by which we mean the embodiment within | successful electronics-related industries with no significant
the IC itself of specific functions related to particular local production of semiconductor components - for instance,
end-uges. This view is supported by much work that has been : the Norwegian robotiecs industry. Our argument applies
carried out at the Science Policy Research Unit, }? The : especially to big countries with a large number of inter-
greater the geographical and economic distance between producers related sectors and companies and refers to the effects of
and end-users, the greater the difficulties in the free flow , local semiconductor production on average rates of downstream
of knowledge, technicicans and scientists, technical information,f diffusion. '
perception of new technical possiblities, etc. C '
Even in the absence of geographical and ecconomic 7 , The Employment Argument
distance, it is not clear that market mechanisws alone will ]
fully allow the downstream diffusion of technology. Certainly, 4 It is necessary to distinguish between direct
traded aspects - changes in relative prices, product-embodied 3 employment effects in the semiconductor industry itself
technical advances, incentives and disincentives via the and indirect effects through the adoption of new technologies
allocative mechanism by means of changing profitability, etc. - § in end-user sectors. Direct employment in semiconductors
i are central to the transmission of technical change throughoht . accounts for a very small proportion of total manufacturing
. the economy. The limits of traded technological transfer as 3 employment (about 0.2% in the major European countries in
W: incorporated in licensing have been briefly discussed above 3 1978 compared to 0.6% in the US -see Table 3). The only
u and they apply to an even greater extent to other forms of 3 truly labour-intensive phase undertaken domestically in-the
ﬁ technology transfer, such as second-sourcing,20 " Equally 1 industry is R & D, which tends to be concentrated in the
E RNinT. essential, however, are the non-directly traded aspects - i country of ownership. (The ratio of R & D expenditure to
E,} .1 ik generally termed 'externalities' in orthodox economics. One 3 value of sales for European firms generally ranges between
- lh;‘ example of these non-market aspects is Silicon Valley, the _ 10% and 15%. The-equivalent ratio for American subsidiaries
ﬁ._; area south-east of San Francisco where a great number of 3 in Europe is generally below 5% and is between 5% and 10% in
{Vf{‘ semiconductor firms are concentrated, Mobility of technicians - their US parents.2l) Assembly is still partly labour-
HHIEE and managers, daily interchange of information, and the ease A intensive, but it is performed largely in South-East Asia
A of producer-user contacts are among the effects of this 3 or European peripheral countries such as Portugal or Malta.
idn“ concentration., Another example is the training effect for : The biggest European producers, ggilips, Siemens, SGS,
“Lfﬁ national electronics industries. This has been mainly the b SESCOSEM all assemble off-shore.
Ty "




‘technology is adopted vis-d3-vis other countries.
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Potentially the most powerful employment effect is the
indirect one which in turn crucially depends on the inter-
relationship effect discussed above. There is scme evidence

~of labour-saving effects in microelectronic techneolegies.

However, the net total employment effect of the adoption of the
new technology might logically be categorized as follows:
{(a) labour-displacement in downstream industries; (b)

(b) domestic employment-creation in semiconductors and in

downstream sectors as a result of new products and new
activities; {(c) domestic employment-creation as decreasing
cogts increase domestic demand in semiconductor and downstream
activities; and (d) effects on internatiocnal competitiveness,
i.e. on foreign demand, foreign penetration on domestic
markets and the maximum rate of growth compatible with the
balance of payments constraint. The first three effects relate
to the adoption of the new technology as such in one country,
while the fourth relates to the relative speed at which the

In the short
run the net total effects are difficult to assess a priori.
Nonetheless, in the long run, other things being equal, the
effect is certainly positive. If a country does not choose to
¢cloge itself off completely from international trade, a
permanent lag in the adoption of a superior technology implies
declining shares of foreign markets and an increasing foreign
penetration of the domestic market. Both would result in a
declining maximum rate of growth compatible with the balance
of payments constraint.24

The Trade Argument

There is convincing evidence of a strong positive
direct and indirect relationship between international trade
performance and domestic technological levels, This evidence
can be seen both in a micro analysis of the relative success
on export markets of countries (and companies) in relation to
their technological strength and weaknesses and in '
econometric tests of the relationship between countries’
export shares and their patenting activity (used as a proxy
of innovative output).25 In terms of direct effects, the
trade balances of most European countries, as a ratio of
total internal demand, showed an increasing deficit around
the mid '60s, a decreasing deficit around the turn of the
decade (associated with the big wave of American investment
in Europe), and a deficit worsening in absolute terms, while
rather stable again thereafter, as a ratio of internal
consumption. (See Figures 2 to 7 for the evolution of output

and trade in semiconductors for the major producing countries
from the

'50s to the '70s.)
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The impact of competitiveness in semiconductors on
national trade balances is obviously strongest in its
indirect effects but a precise assessment is difficult.
Competitiveness in semiconductors is certainly not a
necessary or sufficient condition for competitiveness in
electronics more broadly, even if it appears to have a strong
facilitating effect,

There are other important adjustment pressures which
cannot easily be located in an economic framework. One of
the basic driving forces for industrial policies in
electronics has usually been a national perception of the
strategic importance of the industry in terms of military
objectives, national prestige, a desire for technological
auvtonomy, etc,26® This national drive, which has certain
important connections with our interrelationship argument,
does not necessarily introduce distortions or inefficiencies
as .compared to situations in which the strong political
objective is absent; but it does contribute to shaping the
patterns of intervention in certain directions rather than
others.

i

The development of a strong electronics industry has
been seen by many governments as a form of long-run insurance
enabling the domestic industry to reap the benefits of a fast
changing technology throughout the economy. The importance of
electronics has been compared to that of steel in the last
century and a half in industrialized economies (see OECD,
1968) . HNobody could have quantified the eventual returns
from the development of that industry, i.e. the trade-offs
implied in developing a heavy industry or a more traditional
pattern of specialization. While the steel industry turned
out to be an important ingredient of industrialization, the
prime motivation for its expansion was often politieal.

Finally, the case of semiconductors could be taken to
be representative of other high technology industries such
as computers, electronic instruments, or even some chemical
sub-sectors. Together, these industries may account for an
important part of future developments in trade balances_and
employment, National performance in these industries will

"~ have an important effect on national industrial structure and

position in the international division of labour.

Options for Intervention

If cne accepts the arguments for the need for a

‘domestic semiconductor industry and the inability of market
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H forces alone to achieve this end in a satisfactory manner, scme
v of the options for a strategy of intervention can be briefly
' considered. These options are essentially related, in the first
instance, to the electronics industry as a whole because of
Ithe.lnterrelatlons?lp argument. We can‘rank the p0331?le conflicting answers can be advanced. On the one hand, if
cptions from the first to the n-th best in accordance with . £ the E ind
- some criterion of technological capability and strength in we agsume that the technological lag.o e uro?ean industry
oo i : | is given and unchangeable, then American direct investment
the set of user sectors: the ambitiocusness of the policy N . . % i i tributi
targets contributes to defining semiconductor policy. Three ’ 3 will, °th9r thlng? be19g equal, make a positive contribution
. strategies can be tentatively defined:- -k to the sp?ed of dlf?u51on-and consum?tlon of t@e most advanced
s technologies., US direct investment in Burcpe is partly
] motivated by the use of direct manufacturing as a point of
sale which allows greater market penetration.27 This and
the very short lag in the commercialization of new US -
products in Europe suggest that US foreign investment
accelerates the consumption of the most advanced items,
compared to a situation in which there is no foreign
investment and local industry still lags in manufacturing.
On the other hand, if we assume as one of the main policy
targets a successful national or European industry on. the
technological frontier, foreign investment may appear a
second best alternative: a fully national or European
industry will locate more R & D at home, and will have
higher feedbacks of innovative stimuli, flows of information
and technologies. Whether this first best alternative is
a practical one is, of course, a different matter.

As a qualification of these intervention strategies,
it is important to discuss the relative role of national
ownership and foreign investment in Europe. Quantifiable
evidence on this issue is difficult to obtain and i

[
NI i. an_across-the-board offensive strategy aimed at
|] . the technological frontier in most of the related
\.lg£ electronics industries. The implication is a
| ﬂi,‘ forced accumulation of knowledge and manufacturing
[ capabilities and a substantial catching-up effort
I in semiconductors. This strategy appears well
1 beyond the reach of European firms in isolation and
| would involve a comprehensive set of industrial
J T policies almost necessarily at a European level.
" With regard to semiconductors, it would imply the
AR TR maximization of the technological fall-out from  §
|j; 0 semiconductors upon the related sectors and the
s taking on European shoulders of part of the
o burden of the first-comer; : ]
ii, a_ strategy of picking the winners in ) !
electronics-related sectors and a substantially
imitative strategy in the others. This would
still imply an effort to improve the technological
levels and size of the EBuropean semiconductor
industry, but on more selective grounds - for
example, with greater stress on industrial and
consumer applications rather than computers. A
. . set of research and structural policies would
Iy almost certainly still be needed but on a lower
! " . scale and with different degrees of intervention in
1T the various countries. This strategy could be
L : implemented on a national, not necessarily European,
" level:
iili. a strategy of fostering the already existing market
! j‘_ forces. In many respects this is similar to the
[ previcus strategy. Here, however, neutral trends
i ‘ ' already existing in the industry {(in some sense
|
|

i the industry's revealed comparative advantage)

-ﬂ:‘ are stressed rather than exogenously defined

ﬂ,' objectives, ‘There would still be a need for

L; policies regarding both semiconductors and

J ‘ applications, but on a more limited scale, aiming
vl at incremental improvements of the existing

Eik_ ' situation.
\




. in structural change and government intervention in 1964-79.
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III., PUBLIC POLICIES

A HISTORY OF PUBLIC POLICIES IN EUROPE

Public intervention in semiconductors has grown k
significantly in the UK, France, Germany and Italy. Table
19 provides a record for each country of public money ear-
marked for major relevant programmes in 1964-82 (in national
currencies and US $), while Figure B records the major events

Despite considerable national differences in timing and scope,
the history of intervention divides into three phases.

Three Historical Phases of Public Policies

First phase: laissez-faire and (limited) military-
related policies (UK and France), 1950 - mid'60s.

This non-intervention phase occurred precisely during
the period when the technological trajectories of the industry
were being established on the American market. FEurcpean
industry, broadly speaking, followed an imitative pattern,
with fairly stable imitative lags and substantial imbalances
among countries (see Table 16). In the UK and France,
accompanying a non-interventionist attitude toward industry as
a whole, military-related R & D support and procurement
policies date back to the '50s. The limited size of such
measures in European countries in general as compared to
their American equivalents seems to have produced little
effect in improving innovative capacities.

In imitating countries where military-related interven-
tion fails to reach the comprehensiveness of the American .
model, it does not allow any leap-frogging hut, if anything,
helps a guicker imitation in the military field, without any
substantial effect on other sectors of application. Many

industry representatives still advocate an increased military
involvement as part of the cure for the European industry.
This is understandable, since it guarantees riskless R & D

k. programmes.

E . with the second programme.
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funding and a strictly protected market, but the entire
argument seems somewhat suspect. If the f£inal aim is to .
develop civilian technologies, a much more straight-forward
way seems to be to apply efforts directly to them. Japan.

- provides an example of a successful effort concentrated

directly on civilian applications, without any military
involvement. It must be said, however, that military-
related policies, especially in the UK, probably gave a
significant stimulus to companies to remain in the industry
and encouraged the maintenance of R & D activities in the most
advanced fields.

) Until the late '60a, amcong the four countries considered,
only the UK and France show any significant R & D funding and
procurement; in Italy and Germany public support was
irrelevant.

Second Ehase- computer—related policies (UK, France, and
Germany), mid '60s to mid '70s.

Eesides the military, an additional reason for public

.- interest in semiconductors in the UK (since 1964}, France
k. (since 1966} and Germany (since 1967) has been a by-product
. of government interventicn in the computer industry. :

Concurrently with the creation of a Ministry of

- Technology in 1964, the UK started an Advanced Computer

Technolegy Projeéct, with finance of £5m. (US $14m.}, to
share on a 50-50 basis the cost of applied research in

" computers and computer-related technology, a little of it

for semiconductor research (see Table 20}. All through the
'60s most of the publicly funded research came from military
In France the Plan Calcul (1967) provided
FF9l1.6m. (about US $18m.) for the period 1967-70 to the
component industry (Table 22}, mainly to the semiconductor
company SESCOSEM, belonging to the Thomson group and

} constituted in 1968 through the government-fostered merger
‘¥ of SESCO (Thomson) and COSEM (CSF).

Germany's first Data Processing Programme (1967)

i provided some minor R & D support to the semiconductor--

industry. Only in 1969 did state support become important,
All through the '60s Italy had

no specific plan for electronics, the only public provision

:‘being the technological evolution fund (1968) aimed at
' providing long-term low interest loans and R & D subsidies

to the entire manufacturing industry. The semiconductor

i“industry (i.e. SGS and Ates) obtained over 10 years .(1968-78) '
.. as little as L3.6bn.

(about $5m.,), comprising L3bn. as a
5% interest loan and L600m. of subsidies, All through the




- 28 - 3

'60s a state-owned company operated in- the semiconductor
industry (Ates belonging to STET, i.e. IRI). It merged with
SGS in 1972-73,

In fact, public policies seem to explain few of the
differences in innovative capacity existing among European
countries in the '60s. A more convincing explanation is
the technological strength of the companies involved in the
sector and their autonomous research. efforts, ete.

. Third phase: semiconductor-specific policies and
application-related policies in all four countries from 1975§

As the pervasive effect of semiconductor progress bec.ﬁj
clearer, public institutions started to focus on technologlej

inter-relatedness within the electronics industry.

In Germany, with the second Data Processing Programme ¥
(1969-70), the scope of intervention came to cover the majorf
areas of high technology and of fast development (semi- E
conductors, computer hardware, perlpherals, software, computy
applications). Table 21 gives an impression of the wide scal
of industrial policies in electronics, which, in terms of ‘
activities, cover basic research, applied industrial researcy
applications of both computers and semiconductor components.f
and education and training. Beginning in 1974, the
provisions for semiconductor components were separated in a §
specific plan (1974-78). A comparison with other countries §
shows the much bigger size of German support to the
electronies industry in general and the semiconductor
industry in particular (see Table 19}.

In the UK a specific programme related to semiconductdf
was introduced in 1973 to support R & D projects in the {
naticnally~-owned semiconductor industry (see Table 20).
In 1977 and on a bigger scale in 1978, the Department of 5
Industry introduced two support programmes, to the componentf
industry in general (1977 - Component Industry Scheme), and §
to semiconductors specifically (1978 - Microelectronic
Industry Support Program-MISP). 1In 1978, the National
Enterprise Board (NEB) launched a new company (INMOS),
meant to establish R & D and production facilities both in
US and UK and to enter the standard VLSI market. Another
measure taken in 1978 related to semiconductor applications

in the Microprocessor Application Scheme, financed with anlp

estimated £55m (about US $110m.) available for training
programmes, industrial consultancies in microelectronics
applications, and R & D projects involving the use of
microprocessors,
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The strategy of the present Conservative government
towards industrial policies in electronics is not completely
clear. There are signs that the basic provisions of the
previous administration will not be radically reversed. The
new government has fulfilled the engagements of the NEB
towards INMOS and intends to pursue a policy towards new
investments in semiconductors similar to the previous one:
the new National Semiconductor plant in Scotland will be
financed for £12.-14m. (about US $30m.) and so will the joint .
venture of GEC-Fairchild for £7m. (about US § 7m.) if the
investment plan will ever come through.?8 tThese measures add
to the support already given to ITT in 1978 (£7m.). Both
the Microprocessors Application Scheme and the Microelectronic
Industry Support Programme will be retained.

France did not have a specific programme related to
semiconductor components until 1977. Actually, what were
sometimes referred to as "Plan Composants” in the late : -
'60s and early '70s were essentially a series of measures
related to the Plans Calcul (see Table 22) and primarily

‘concerned with the subsidy of semiconductor activities in

the Thomson group. A comprehensive plan specifically aimed
at the development of IC technologies and production was
introduced in 1977, giving finance for R & D activities in
both French companies and joint ventures. In addition,
inside the plan 'Informatisation de la Société' there is a
part deveoted to the applications of microprocessors in end-
user sectors. The plan 'Circuits Intégrés' involves a total
of FF600m. (about US $130m.) over four years. The plan N
'Informatisation de la Soci&té', net of the amount also
appearing in the IC plan, is arcound FF400m. (about

US $90m.} per year, for four years. Inside the latter

there are provisions, for FF10-15m., for MPU applications.
These figures do not include the regional development grants
for new investments and the long-term interest loans by the
Credit National.

Finally Italy, as mentioned, did not have any major
intervention in the electronics sector until 1978. At this
time, the electronies sector was.among those sectdrs- afifected
by the Industrial Restructuring, Rationalization and
Develcpment Law (Law 675/77) which was meant to provide
guidelines and financial support, in terms of R & D and
investment grants and long-term low-interest loans, to a
dozen industrial sectors, either because they were
technologically strategic or because they were facing strong
adjustment pressures., Among the sectors are electronics,
machine tools, food processing, paper, gteel, chemicals,
fashion garments, anti-pollution plants, energy saving and
alternative energy sources and materials recydling.
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. Inside the electronics plan, one of the sub-sectors
considered is electronic components, of which semiconductors
are the most important part. Table 23 details the public
financial commitments over four years (1978-82). Although
‘there is no special provision for micro-electronic
applications, the other parts of the electronics plan

{concerning computers and office equipment, telecommunications, §

consumer electronics, automation and industrial electronics),
ag well as the machine tools plan, may be understocd as
fulfilling this task.

At the time of completing this work (February 1981},
hewever, none of the financing has reached the industry yet,
due to the lack of administrative procedures and the chaotic
state of Italian civil sexrvice. Moreover, one must notice
that the amounts proposed and approved - shown in Table 23 -
significantly exceed the actual cash at the moment
available.

A Comparison of Instruments

There is an obvious relationship between the
cbjectives, instruments and effectiveness of policies. It
is useful, therefore, to undertake a brief survey of policy
jnstruments. Generally, Buropean industrial policies for
semiconductors take six forms:

i. R & D support through subsidies, research contracts
or low interest loans.

This has been by far the most important instrument of
interventicn in all Eurcpean countries. In addition, some
research activities have been undertaken directly in public
institutions and government agencies. This was especially
jmportant during the 'S50s and '60s in the UK (military
research establishments) and France (military research,
Centre National d'Etudes des Telecommunications and Atomic
Energy Agency). In the '70s, the Atomic Energy Agency
itself set up a manufacturing activity {(EFCIS) in a joint
venture with the Themson group. In Germany, a significant
amount of research (pure and applied, generally non-
military) is undertaken by the institutes of the Fraunhofer
Gesellschaft. The Association of German Engineers (VDI) has
recently established a technology centre in Berlin, mainly
operating as an advisory/consultancy bedy for small and
medium firms. A similar role is performed by the Technology
Advisory Services of the Chambers of Commerce and by the
RKW (das Rationalisierungskuratorium der Deutschen Wirts-
chaft). In Italy some research projects have been undertaken
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by the National Research Council (CNR), either autonomously

or in collaboration with private firms.

Custom design centres, available for research and

" design contracts from private firms, publicly sponsored

either through universities or government agencies, exist
in the UK (WMI), Germany {Aachen High School and Dortmund
University), France, Belgium, Denmark and Switzexland.

ii, Procurement policies, mainly in the military and
telecommunication fields.

Military procurement has been relatively important in
the UK and France, much less so in Germany and Italy. Its:

| impact as a percentage of total demand shows, however, a
E. general declining trend.

Telecommunication procurement
generally follows a buy-national-whenever-possible prolicy in
all the major European countries, The telecommunications ™~
market is following a fast growth trend due to the drive
towards fully electronic equipment. It mugt be noted, however,
that total public procurement (military, aerospace and
telecommunications) in Eurcpe is around 20% of the total

t market, although there is some variance among countries.
" Prance is at the top, due partly to military procurement,

but primarily to telecommunications, followed by the UK,
Italy and Germany. Inside IC markets the percentage of

3 total procurement is, on average, below 20%, again with some
' variance, following the same ranking as the total semi-

conductor market.

iii. Investment grants and gubsidies, transfers on
capital account.

These policies are not generally related to semi-

§  conductors but mainly to macro-economic policies of invest-

ment incentives and regional policies. For the semiconductor

|- industry they seem to play a substantial role in the UK,
f - especially with regard to location in Scotland.

Recent
semiconductor investments in France, both nationally-owned
and joint ventures, are believed to be financed on -

. preferential terms and to be granted regional incentives.

Italian electronics, as well as other manufacturing invest-

| ments in the South, are generally aided on a fairly automatic

hase under the auspices of Cassa del Mezzogiorno. Regicnal
(L4nder) provisions are significant also in Germany, though
it seems that they have not been of much relevance in

: gemiconductors.
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b iv. Tariff and non-tariff protection. ‘ i MOS s Matra-Harri; in CMOS polar ICs); St. Gobain-NS in
= __ All the EEC countries apply a 17% ad valorem tariff, f: In semiconductors the British government followed no
Pl which is the highest amongst Iindustrialized countries, The § explicit structural policy until the constitution of INMOS
e EEC did not agree to bargain any reduction of this tariff inf by the NEB. In the '60s it favoured the merger between the
| biis the recent TOkYng°“n§ of iA:f' H°¥e:§r' th: tzrlff does  § gsemiconductor divisions of Eliot and Marconi in Marconi
S Eot'appear to : ec; lmzo; E ows o e mo§t advanced f Eliott Microelectronics. The attention of the British
ol evices not yet produced in Europe. Even with respect to § government has been, moreover, focussed for a long time on
i devices algo produced in Europe, it is Vell below the cost 1 computers: there, it had a direct or indirect role in the
A differentials betwe?n Japanese and American 1ndu§try on one § series of mergers that lead to the constitution of ICL, in
i“.i hand, and European industry on the other. More important, | ; which the government itself kept a share until 1979,
A a high protection in components decreases the degree of ¥ . .
Ve effective protection in electronic goods. A form of non- - §. man s i .
jﬁf b tariff proiection is the existence gf national technical -i and thz:eegies gétngpgzgzl:;cgztasﬁzzgt;zzlizolzcy tock place
{iﬂw P standards, especially for telecommunications and military *
lr}; - bomponent§. A European set of technicql standar?s is on thef ‘In Italy, although any kind of conscious supply side
L way to being approved by EEC members. Some American (and § policy has been absent for a long time, the most important <
‘5‘ . Japanese) producers claim thatllmport %lcensxng in France | action in this respect has been the purchase by STET (the
_! - . and Italy represents a protective barrier, k= telecommunications and electronics holding of IRI) of SGS,
o . f after Fairchild left the joint venture with Olivetti and
I v. Promotion of structural change through mergers, &. pajettra. 1In the same period STET acguired other electronics
! o constitution of new firms, nationalization ! . . .
S Lanni £ th cas of ;ctivit of ’ 3 companies, either from other holdings of the same IRI group
il P g?n_gg ? fir;sar . Y %  or from third owners (SELENIA, ELSAG, ELTEC). These actions
i;i‘_q‘ individua r BEC. . } must be seen primarily as part of a strategy of a company
il f 3 ti 1 ly ind d i i i
i .. . F 3 acting largely independently from industrial policy
et In FFagce. public institutiocns have_always favoured ‘ considerations, like any other private company It is
P merger policies These led to the formation of SESCOSEM y -
':J‘! . (1968) and finail to the concentration in the Thomson groupl doubtful, however, whether any other Italian company would
f”‘ﬁm | Y : . grovpg have intervened in SG$ and covered its persistent losses,
IR of almost all French-owned semlconduct?r produc?lon.by 19781; were it not at that time in a great and financially solid
”“H‘ T Furthermore, the government had an active role in first holding. In the Italian electronics field@ only the state—
’J;“‘wﬁ ‘ authorizing and then financing and bargaining the terms of [ 3 owned telecommunications company seemed to h thi
T the agreement in the joint ventures of Saint Gobain Pont-d- pany  1ave This
AT . . < . . c¢haracter. 1In the SGS case, the STET acquisition met the
i Mousson with National Semiconductors and Matra with Harris willingness of the latter to expand in the electronics areas
ALL‘ . {both 1978). Both agreements resulted in a 51% share for that of thé'two other partners (Olivetti and Telettra) to fi;d
?lw‘ - , the French partner and 49% for the American one. They are new funds and a risk-sharing partner, and that of the unions
TR believed to imply the provision of the technology by the to achieve eater Sob securii in alfirm in £i ial troubl
| ‘ American companies and the financial backing by the French g J Y inancia © €-

‘ partners and from the government. Continwing public ! K s s . . -
P support is conditional on the achievement by the new B v. Policies towards direct foreign investments. —_—
. companies of the targets agreed in advance with the DIELI { Y : i
| O (Directicn des Industries Electroniqgues et de 1'Informatiquellf
V!. in terms of transfer of technology and levels of production.f
1 . St. Gobain and Matra are notably not electronics companies
; but diversified groups willing to expand into the most
I
o
|
|

All these four European countries, with the exception
of France, had a non-discriminatory policy towards American
investment. France always tried to bargain the access to
its market against some technology transfer {the
establishment of local R & D facilities etec.} and to
increase import substitution and export capabilities of
foreign subsidiaries. More recently it favoured the
establishment of joint ventures. In Germany and Italy
foreign semiconductor investment has not been discretionarily
controlled but foreign companies did not have any role in

3
K 3

o promising areas of electronics (recently St. Gobain acquiredl .
the majority share of CII-Honeywell Bull and more than 20%

in Olivetti). Finally, the last IC plan provides a pattern

' of specialization among French firms, joing ventures and =

the Philips subsidiary (RTC): SESCOSEM in linear (and some J§

digital) bipolar ICa ; EFCIS in MOS, CMOS and SOS; RTC in“'i




public plans.
electronics was limited to national companies, while the
more recent ones are not. A unique feature of the UK (and
Ireland) is that the regional development provisions
represent a major incentive to foreign investment.

SIMILARITIES, DIFFERENCES AND EFFECTS OF PAST PUBLIC

POLICIES

The analysis that follows will try to assess more
exactly the degree of similarity or difference between
national semiconductor policies and, at a more specific
level, the relationship. between policies and the behav-

“iour and objectives of firms.

The conventional wisdom is that the electronics sector
confirms’ a supposedly general pattern differentiating
Germany's more market related policies from more intervent-
ionist and discreticnary French and British policies, with
Italy somewhat in between, having very interventionist
policies in some sectors and no policy at all in others.

The hypothesis proposed here is that beneath the dlfferences
there are strong similarities among European policies.

Leaving aside for a moment the timing and comprehen-—
siveness of industrial policies in semiconductors, the
actual philosophy that appears to be common to European
Policies seems based on two connected assumptions, The
first could be summarized as 'you cannot tell firms what to
do', and the second, related to the first, assumes the
strategies of the firms as generally consistent with the
public cbjectives themselves - 'the objectives of the
companies are the cbjectives of the country.*®

As far as semiconductors are concerned, there appears
to be a correspondence between the strategies of domestic
companies and the provisions of policy actions which to some
extent have been acting as a reinforcement. The most
striking example, not only in semiconductors but generally
in electronics, of the inability of European governments to
implement an autonomous strategy, is the French case. Here,
the actual policies and their outcome can be represented as
the result of a stalemate between part of the government
{namely the Délégation & 1'Informatique), expressing
objectives and targets from a national point of view, and
those of the companies themselves. In this stalemate the
Délégation & 1'Informatique seldom had the power to
implement political decisions, Often the final government
decision turned out as a compromise between conflicting

In the UK, the first scheme (1973) for micro-

j- 2lso produce customized devices.
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private interests,30

French electronics is sometimes taken as an example
of the failure of industrial planning, in so far as it
conflicts with the working of the market mechanism.3l we
would argue that, on the contrary, it represents the failure

" to pursue coherent planning, in so far as it conflicts with

the strategies of each company. To put it in more orthodox
economic terms, whenever there occurred a conflict between
private and social returns, public institutions tended to
show themselves incapable of pursuing the latter.

In other countries the conflict does not seem to arise,
simply because the tasks and aims of industrial policies are,
more or less, made to be coincidental with the already
ex1st1ng structures and strategies of the companies operating
in the field. If we lock at the main strategic options
facing policy-makers in each country - i.e. {a) leaving the
semiconductor sector altogether and concentrating on
applications: (b} maintaining a design and custom
manufacturing capability: (e} improving and/or developing
‘technological and manufacturing capability in the standard,
American-dominated market - we notice a fairly close
correspondence between the chosen policies and the original
structure and features of the industry itself. In this,
we are trying to aveid any value judgement: it may well
be that this choice is actually unavoidable, the other more
offensive strategies being impractical or very difficult.

The likely consequence of all this, however, seems to be the
maintenance of the relative differences between the American
and European industry and also among European countries

B . themselves.

&s shown at the outset, there is no great homogeneity
among European companies and, furthermore, they can be sub-

i divided between those operating in the standard markets and
, * those operating in custom markets.
g distinction made by Sciberras (1977) between firms belonging
i: - to the 'big league'

This corresponds to the

and those belonging to the 'little league'’
Of course, there is no sharp distinction between standard

E; and custom markets since the various devices possess just a

smaller or bigger degree of customization in terms of |

applications. Furthermore, all the 'big league' companies
However, the distinction
maintains its usefulness in terms of volume of production,

‘;-competition faced from American companies and range of
g~ products which a company tries to cover.

> To apply the
distinction in a restrictive sense, just thrae Buropean

‘ilﬁproducers belong to the 'big league’, namely Philips,

+ .
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Siemens and SGS. For most of the European companies the : e e . . K
only reasonable strategy is defemsive, i.e. the maintenance § =~ Some significant results have been achieved by German
of the relative distance from American competitors, followin§y Policies. The imitative lag of German industry is probably on
a more or less imitative pattern, Broadly speaking, this isf ©verage somewhat.shorter; one of the ?1r@s (szemenﬁ) is reaching
also the objective taken up by public industrial policies, f the breakeven point; the coverage ratio in ICs defined as .
Given these similarities in the philosophy of public inter- 1 dONE?tIC German—co§troll§d ?roductlon over naFlo?al conaumption
vention the differences are impressive. They mainly concernff Das increased. This ratic is an approximate indicator of the
the comprehensiveness, the timing, and initial structural g competitiveness of domestic firms 1n.both internal and external
conditions industrial policies have to deal with, and the markets. In the '60s to early '70s it decreased, to different
size of the intervention. . degrees, in all the major Eurcpean countries. (For each country
. ) g the numerator of the ratio is production by national firms plus,
. R for Germany, France and UK, the Philips subsidiary.)
Germany g According to some estimates, it continued to decrease in the UK
.. X until recently, as well as in France. 1In Italy, after a .
With respect to all four indicators, Germany emerges § decrease until the mid‘70s, it is now slightly improving. In
as the best placed. First, the comprehensiveness of German J Germany, it passed from 26% 51974! to 38% (1978). For Germany
support programmes in data processing, components, applicatiff N0 reversal of Fhe lnlt%al situation of Fec?n?loglcal lag has
and software has already been mentioned. This feature appeaff,. O¢curred, but signs of improvement are significant.
extremely important given the strong interactive mechanisms
between users and producers. Specifically, with respect to K
semiconductor components, German policies {(primarily R & D
support) have been implemented in an environment in which:

(i) the relative specialization of the biggest German [ % . -
manufacturers is fairly clearly established: (ii) some ¥ case, which could be called a balanced path of technological

companies (primarily Siemens and Valvo~Philips, but also AEGHE: adv?nce, anq t?e British. Having the bulk of lnFefventlo?

have _the possibility, due to their size and vertical integ- J§ until the mid 70s concentrated on computers, British semi-

ration, of internalizing to a greater or lesser extent the J§ conductors had a secondary place in industrial policies. Our

advantages of improvements in semiconductor technologies § View is that given the British situation on the supply side,

and they actually showed, since the '50s, a willingness to § with a great num?er of réthe¥ small producers mainly interested

develop in the semiconductor field. f. in their own special applications, not much more could be done.
¥ Had more funds in any form been made available, they could hardly

-have been . used by British firms., In fact, the limited

as already mentioned, R & D support in semiconductors, initié‘?Microelectxonics Suppo¥t Scheme (1973 - funding £10 million or

around 1969, has been substantial enough since 1972 to financll 200Ut US $21m,) took six years to be used. The scheme

several projects in products, productive technologies and ] ;Provided sgpport only for British firms and for.projects which,
applications. Among the favourable conditions listed above,“ﬁllt was ?elleved,.w9uld POt b? under taken otherw1?e. .In other
the necessary one was the existence of companies which seemedrlwords' in the B;ltlsh s;tu?tlon before the constitution of INMOS,
autonomously ready to remain and develop in the sector. An .};any greater and mor? itious policy WOUId a%so yave required
indirect indication of the relative willingness of the major’]isome structural po}lcy of merger and/or con§t1tut%on"of a new
German companies to undertake their own risks and financial J COWPany. Some believe that the INMOS experiment is tog _little,

B " 3 :
burden might be the percentage ratio of company-financed to | g:g; tg::s (:rzz: :26 g?:: (13732é tInbotﬁei flelds' naﬁeiy. th
total R & D. There is evidence that in Germany it ranges frof SO pd ger b Y pro ¢ be fairly successful in the

between 60% and 80%. According to some estimates the percent fﬁﬁ:ﬁigf igié ai:hgﬁfh :Sn::e §r§HCh Simlcon::?t?r zase 32?:?'
in French industry is as low as 20% to 30%.32 German stratechE’ P ¥ ¥ gssary, not a sufficient, condition.

has not been that of an ambitious leap-frogging, as opposed # *ggaggiigzzzrf::ndabiicm:;gzizui;mp;y T:ﬁn i sum ;f two net
the recent Japanese targets, but of a pattern of quick imitatfi’ P s ons without any long-run

in a wide range of products and technologies, the speeding-up) ;i h:tTenF b{ prlvEFii:vnershtp, the outidEe in tEZT:fOf
the rate of diffusion in applications, an advancement in basi] ﬁ_ec orogleal capadbilities, ete., may not be very different.

<.

United Kingdom

It is interesting to note the difference between the German

Second, the timing and the size of industrial policies:

research and in new and promising technologies, such as opto-

electronics and solid state solar cells. In' the United Kingdom, after the withdrawal of British

ccompanies from the big markets, the limited policies until
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recently probably just enabled the domestic prodicers to remain &

where they were, while military and telecommunications pro-

curement protected two of the main areas of activity of British-

owned semiconductor firms. On the other hand, the recent con-
stitution of INMOS is a large, ambitious attempt to leap-frog
inte VLSI. The results cannot be evaluated yet, since INMOS
will not sell its first devices before 198L. The risk is high,
but, given the remarkable staff of technicians recruited on
both sides of the Atlantic, the bet appears worthwhile.

France
" The French case has already been discussed as a striking
instance of conflict between national objectives and private
strategies, Policies certainly had a decisive role in the
survival of a_French industry, although they largely failed to
accomplish the more ambitious task of .increasing its relative
technological and market strength. It could well be that, in
cases like the French one, where for a long time private
companies did not show any deep commitment to sharing the risks
and the costs of catching up, "the act of safe-guarding the
appearances of a purely private solution, when it is an artifice:
gsince the beginning" prevented any more ambitious and/or more
efficient industrial policy.3

There are signs that the dituation is changing.
Thomson group sSeems much more committed than before to semi~
conductors., Second, the massive programme of development in
the telecommunication network has provided a push toward
technical improvements in the field and at the same time a pro-
fitable market, guaranteed through procurement policy. Third,
big diversified companies such as St, Gobain and Matra are now
entering the field.
with the Plan Circuits Intégrés (1977) and the institution of
the co-ordinating and monitoring Mission pour les Circuits
Intégrés.

Italy

are probably not "too little" but certainly "too late". Italian
planning confirms the impression that it is actually a self-
planning of the industry itself. The STET group in general and

have been asking for some kind of industrial policy since the
beginning of the '70s.

ion, the central obijective in semiconductors seems to be the

strengthening of the technological and manufacturing capabilitiesp

gpclicies that appear very keen to subsidize foreign investment.

First, th

Apart from the delay in their introduct-]
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‘Bf SGS-Ates over the entire spectrum of ICs (and especially MOS
and micro-processors, where the Italian company has been
Felatively weak). Two crucial issues are still unsolved.
First, the structure, the strategies and the technological
Eptions of the STET group are totally nuclear (for example, the
frelationship between the utility and the manufacturing companies
tbelonging to the group, which telecommunications system to
mdopt and the relationship with Olivetti). Any decision is
mctually held up by the disputes between the different involved
findustries and by the political fights over the attributions
of the managing posts. Second, there does not seem to be any
jpublic agency capable of managing rather complex industrial
tpol:l.c:.es. The provisions of Law 675 are meant to be
poministered by IMI, a public-owned long-term credit institution.
*-t seems to be a technically efficient and competent body
ghut is not meant to take political decisions on industrial
trategxes. Beside that, no part of the c¢ivil service seems to
l ave an outstanding expertise in managing industrial PollCleS. R

-

In spite of differences in timing, administrative
éﬁpabilities, etc., the Italian plan appears to aim in semi-
conductors at cbjectives similar to German plans - a stronger
Ishowing in the stahdard market, fast imitative reactions, etec.

fFurthermore, both are focussed on domestically-owned producers.

Bgain, it must be stressed that this is allowed by an already

xisting structure which makes it possible. In other sub-~
fsectors, like consumer electronics and electronic instruments,
‘rhe lack of any supply side policy will certainly make the
fglan largely helpless.

- The results of Italian policies, of course, cannot be
'udged yvet, The impression is that they could somewhat rein-

. 13 nd manufacturing capability of SGS,
Fourth, there is renewed government interesf orce the technological and ma ac g P ol

which - by European standards - is already fairly good. The
Diory of the electronics plan after its approval, however, is
. interesting illustration of the total incapacity of the

;Jtéllan state administration to implement consistently and
fefficiently any kind of complex industrial poliey.
fthe approval of the provisions of each sectoral plan {(for

After

electronlcs,see Table 23), the total financial outlays on

: i a
Finally, thére are the Ttalian industrial measures. which \ulffere9t sectors reguired under the Law turned out to be well
,

Helow the sum of the amounts required in each sectoral plan.
oreover, the lack of administrative guidance on the procedures

"qf application for the funds up till now (early 1981)

. . > . N - #orevented their utilization.
5GS in particular, together with other private electronics flrmsﬂ=":

Anoether central feature of industrial policies concerns
titudes toward foreign (mainly American) companies. In some
Zountries, especially the UK, there seems to be some kind of

a

olicy schizophrenia between national objectives and actual

E
" !

A
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In the case of joint ventures the single most important

explanation is probably the strong pressure that Eurcpean f?

firms themselves recently began to put upen public authorities
in this direction. It cannot be denied that in some countries

this second-best alternative might be the only practical one ij

in cases where the development and/or establishment of a
significant and independent industry appears too late or
politically impracticable. It needs pointing out that there

is in this case, and even more s¢ in the case of 100% American @E

direct investments, an apparent large waste in heavy public

subgidy of investments which would have probably occurred anywaﬁi?

This is almost certainly the case of the joint ventures of{
GEC with Fairchild {the former could be suspected of everythingllf

but of lacking liguid assets),. St. Gobain with National Semi-
conductor and Matra with Harris.

can reach up to 60% of the total cost of the capital. With

respect to investment decisions, however, capital costs are justi

one of the influencing factors, and often not even the most
important one.

Ireland, but with significant differences. France is ready to.
give special subsidy, besides the usual and fairly automatic

regional development schemes, to joint ventures after a complex:f

bargain on technology transfers and production targets. The ) 2
other two seem ready to finance any electronic investments. | 8
Possibly in all this the only positive net outcome might be forge

Ireland, which, apart from differential lahour costs, does not W
appear otherwise to have big allocative incentives., Germany

does not seem to be in the race at all, the provision of its &
plans being confined to German firms and to Valvo, an honorary [

German firm. MNeither is Italy. In the past Texas Instruments

benefitted from Cassa del Mezzogiorno funds which are, however,
available to investments in the South .through a fairly automatid
procedure, (Some Italian policy makers, however, have also ;
been tempted to ride two horses and finance the expansion of
Texas Instruments through the electronics plan as well. The

net effect on national technological and manufacturing potentiall

is probably near zZero, the only apparent outcome being a |
substantial diminution of the cost of capital for the investin
companies. . C

As already mentioned, the main policy instrument in Europe
has been R & D subsidies to projects more or less defined by thg
firms themselves. As far as research objectives are concerned,f
European governments have at best been able to define the '
major areas of development to which public funding was appli-
cable, and then monitor the actual implementation of the projec

i

One estimate is that sometimeqf;
through various support schemes, public funds (in the UK case) ¥

Other important determinants are the proximity
to an important market, the availability of technical staff, etcl

This net zero sum game is mainly played among the UK, France andii: would have achieved otherwise.

to pursue these tasks anyhow.

.

., industry undertook a huge catching-up effort.

|

“market.,
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themselves. The effectiveness of R & D subsidies has been a

~topic of considerable discussion in the literature, especially
.in relation to their effectiveness in fostering innovation. -

The problem is whether subgidies are an appropriate tool of
industrial policy for the acceleration of technological
imitation and the development of competitivenesa in Burcpe's
national semiconductor industries, In the case under
consideration, R & D policies alone seem to present various
weaknesses. First, in our opinion, there is a paradox in R & D
policies as they have been implemented in Europe: on the

one hand, it could be argued that firms know better than the
governments in which directions to develop technology; on the
other hand, the technological tasks that each firm is likely to
undertake, and their ambitiousness, is generally a direct
function of the already existing strength of the firms concerned,
the markets they are in, their past R & D efforts, etc. The
slightly paradoxical result is that policies conceived to
reduce relative technological lags are likely, in the end, to
reproduce these same relative differences, i.e. to reinforce "
already existing trends.

Furthermore, R & D subsidies risk being substitutes for
private financing, without adding substantially to what a firm
The very limited evidence on the
subject is contradictory. The French case suggests that it has
been partly substitutive. In Germany, it seems to have had a
positive net effect, although it could be argued that large
companies like Siemens had the strength, if not the willingness,
The impression is that, in the
Italian case as well, the provisions of the plan will produce
a net increase in the R & D efforts of Italian industry
{i.e. 5GS8). The problem of public policy in innovation becomes
even more complicated when the aim is not to follow a well-

‘defined imitative pattern, but to encourage innovations and

developments in new fields.

In this all Eurcpean policies
seem fairly weak.

THE JAPANESE SEMICONDUCTOR INDUSTRY

Starting from a position in the mid '60s that wad;-if
anything, behind that of Europe, the Japanese semiconductor
By the very
end of the '70s it had completely eliminated its technological

“gap with the US in some areas such as ICs for consumer.

applications and memories and significantly reduced it else-
where, From the mid '70s, Japan's share of world production
increased at a rate above the relative growth of its internal
By the turn of the decade Japan had achieved sub-
stantial market shares in the US in some devices, especially
mgmories. It is evident that the next stage of Japanese export
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-entire industry; (c)
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growth will be a penetration of the European market, with
resulting direct effects on European producers.

. It is worth noting the similarities and differences ;
between the targets, instruments and results of Eurocpean and
Japanese semiconductor policies.
and some European countries do not seem to go beyond the common’
target of decreasing the lag in technological and manufacturlng
capabilities in the entire range of products composing the
semiconductor industry and, till recently, followed an
imitative pattern. 3

The similarities appear to stop here, for there exists
a significant different in the philesophy of planning,
European planning seems generally to adapt to the existing
structure and strategies of the industry, the impression is
that in Japan, given certain long-term objectives, part of
industrial poliecy is the task of removing the structural
constraints which would make those objectives unprofitable
for private companies., These kinds of institutional measures
include:
(formally until 1974 and informally thereafter); (b) ihstitut]
ional definition and public monitoring of the terms of licensinl

agreements, which were required to benefit not one firm but the
import controls (stopped in 1974); i

{d) setting of technological targets (for example the recent K
VLSI plan) and establishment of adequate research facilities tm_h

fulfill them (for example the institution of Jjoint research k
centres between the major companies, with direct government |
participation).

Our argument is that these industrial and trade policies |
allowed a definition of company strategy consistent with the
national objectives and not the other way round, as has often |
happened in Europe. Furthermore, to implement the policy

objectives an extensive and discretionary role is played by
the publicly controlled Japan Development Bank and a set of ]
powerful, although seldom used, cocercive measures exist,34 ]

As has been noted elsewhere, Japan is also characterized|
by an apparent closeness between policy-makers (especially in
MITI) and companies, which partly explains the success of '
Japanese industrial policies. This closeness, however, is not
uncommon to some European countries (notably France, but also
Germany}. What is striking in the Japanese case is the
capability of policy-makers and institutions to represent the
long-term interest of Japanese industry as a wheole - to a
certain extent forcing it upon each individual company -
rather than the sum of the interests of individval companies,
as often in Europe. Here also the environmental conditions
come into play. Japanese pelicy has generally succeeded in

Similarities between Japan ‘

¢ semiconductor industry.

| 3
while &

3

i

i

(a) very restrictive regulations on foreign investmenjik

g

¥, loans (see Table 25).
}. have been non~tariff import protection, control over foreign
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making rewarding for each firm what is considered necessary
‘for the country. One could, in fact, say that while most
: other coumntries have considered their place in the

; international division of labour as given at each point in

time by the international market mechanism, the Japanese have
conquered it. The Japanese case is notable as the only

- example of the success of industrial policles nearly
eliminating the technclogical lag vis-d-vis the American

In our view, very consistent and
comprehensive policies are an important part of the explanation

- of the different performance of Europe and Japan, for the

_ starting points were not very different. The choice of
. instruments has also been crucial: wvariables that in Europe
' had to be congidered among the constraints (like foreign

k. investment or licensing policies by American firms), in Japan

could parly become instrumental variables subjected to
institutional control. ZEuropean policies, for their part,

. generally emphasized just one main instrument - R & D subsidies.

on the Japanese side, indeed, subsidies never played a
major role until the recent four year {(1979-82) VLSI plan,
" publicly financed for $360m. of which $250m was government
Much more important to Japan seems to

investment and monitoring of technology transfers, On top of
. this .came a process of building industrial consensus around
. technological and manufacturing targets, agreed in a detailed

§ - bargaining process between companies, state, and unions., In
k,the Japanese scenario, it seems particularly difficult to

.. asgess who is the prime mover, i.e. how much of Japanese

'p dynamism can be attributed to government policies and how
3 much to private companies.

Cne cannot attribute to MITI
“ alone the general difference in performance between Japan and
. Burope: more correctly, the difference seems to consist in a
-strlklngly effective relationship between institutional

{ settings {(including MITI) and an extremely competitive internal

market environment (ollgopollstlc competition amongst the major
Japanese groups).

To some extent the problem is that of éhicken-andeegg.

',Certainly Japanese companies have shown a strikingly aggressive

- attitude, both in technological and market aspects, together
with a high degree of far-sightedness. However, one can be
very entrepreneurial in a broad set of activities, ranging

from marketing very sophisticated computers to selling oranges
in Naples. The fact that the Japanese followed the first route
certainly depends also on a set of structural and institutional
factors. Government policies provided some of these., Others
probably derive from the structure of Japanese society as such,
and two features here are worth mentioning. First, the
mmobility of manpower and the system of life-time employment,
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instead of being paralysing factors:, probably represent a
strong motivation for strategies of long-run planning and a
search for growth sectors. What in Western econcmies,

especially in the US, is left to macro-economic mechanisms andl

at micro level to the working of some kind of Schumpeterian
.competition (individual entrepreneurship, emergence of new
innovative companies, etc.) is internalized in Japan in the

companies themselves in what appears to be both a social and

economic commitment. Second, there is a more fundamental

issue which relates to the degree of social acceptance of the.ﬁ:

rules of the game. It is, in our vigw, a crucial aspect of |
the definition of the relation of state, firms and social groy
(and the relation of planning and market mechanisms) in the
various countries considered: the greater the consensus on
the basic rules of the game, the greater appears the
consistency of individual {company) behaviour with a commonly
accepted set of objectives. Generally, a cohesive social
structure is associated with an entire set of institutions
within a social hierarchy for managing shared objectives. At
the same time, again not very surprisingly, planning does not!
need to show up in its authoritative form, but appears much
more as natural harmony between social groups and between
individual decisions. ‘This apparent paradox emerges in a !
comparison of German and French electronies policy. If cne i
defines planning as the conscious setting of goals, i
instruments, and behavicur, as opposed to the ex-post ]
harmonization of behaviour induced by market mechanisms, then
probably there has been much more planning in Germany than inl
France., In France, nonetheless, lower degrees of rule—shariné
and target-sharing make planning more evidently an authoritatil
force, while in Germany it appears much more as an endogenous
mechanism.

Japan's electronies policies could perhaps be defined in
three propositions: (a) "one country's position-in the
international division of labour need not be accepted but
can be conquered"; (b) ‘"what is good for the country'has

. . i

To summarize: with a Eurcpean comparison in mind, j
|

]

to -be made profitable for the companies"; (c¢) "market
competition is a positive stimulus, as long as it occurs
among national companies on the domestic market or with
‘foreign companies on foreign markets",

- 45 -

Iv., THE FUTURE OF EUROPEAN SEMICONDUC'I‘ORSI

The analysis of history, structure and past government

'policies in the semiconductor industry helps to define the

long-run trends and the set of constraints that each company
and each industry will have to face in deciding courses of L
action, strategies, policy targets and instruments. In other
words, an attempt has been made to assess how the complex
set of institutions, strategies and past policies have .
materialized in the present structure of the industry. This
determines, so to speak, the limitation that companies and
governments face in decision-making in the present and in

the medium future, together with the nature of the incentives
and forces that are likely to shape behaviour. Even under
these limitations, however, some behavioural degrees of
freedom exist.

CONSTRAINTS ON FUTURE DEVELOPMENTS

Possible future scenarios will depend on present
constraints. Before some scenarios are proposed, it might
be useful to summarize the important features that
constitute constraints for the European semiconductor ‘
industry. These can be divided into technological conditions,
structural features of the industry and policy trends.

Technological Conditions

— .

A very rapid pace of technical change has been the main
driving force in the process of growth and structural change
in the industry. Moreover, as was argued above, technical
change appears to follow along technological trajectories so
that - so long as the rate of ¢hange remains very high - an
industry which is already placed on the technological frontier
is more likely to produce future advances than industries
lagging behind. This factor will tend to reproduce over timeg
a rather stable pattern of lags and leads among national !
industries, 1In the medium future, one can expect technical 1
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' progress to remain as high as in the past, although somewhat
mere forecastable and incremental, e.g. the progress from

16K to 64K to 256X memories, Areas where major and radical
breakthroughs still appear likely are supercconductors, sensors,

s0lid state magnetic memories and opto-electronics. Given
these trends, one might expect the European average
technological lag to remain, All this, of course, is under

the ceteris paribus assumption: the discussion below will
precisely concern the conditions which would allow a catching-
up effort,

In recent years (the late '70s8), static economies of
- seale increased in importance, due to increasing capital
requirements and minimum R & D thresholds, This trend, which
is likely to continue, will make it very difficult for new
small firms to enter the industry. This barrier to entry will
not apply to big conglomerate firms and one can expect the
number of lateral entries to grow.

Microelectronies technology is affecting an increasing

number of industrial sectors both inside the electro-mechanical |

industry and outside it. Today one can observe the beginning

of a process that will develop extensively over the next decade, ]}

Due to the increasingly systemic nature of semiconductor

technology, linkages and interdependence between semiconductors
and downstream sectors are becoming crucial. This factor also
underlies the tendency towards vertical integration, both
downward from semiconductors to user-sectors, and upward.

In many respects, semiconductor technology will remain
the driving force of technical progress in downstream sectors,
This feature, together with the above-mentioned technoclogical
interdependence, led us to argue (in Part II) that the y
existence of a demestic semiconductor industry represents a |
facilitating factor in the development of the cluster of down-~
stream industries, although by no means a necessary or sufficient
one. ]

Structural Features of the Industry

|
. The semiconductor industry is, and will remain, a high ‘
growth industry. High market growth in itself allows the

existence and development of a rather large number of Ffirms. \

The pressures which lead towards changes in the industrial |

structure come from other sources. PFirst, firms which cannot E
keep up with the pace of technical progress see their markets

rapidly shrinking. Second, increasing financial requirements, l

because of higher marginal capital/cutput ratios, are allowing |

: '

|

r

|

Rteatures.
penetration policies by the first-comers brought about,
¥oughly speaking, a unified world price.

findustry.
Gonceive the existence of a semiconductor company purely

j

]
|
i
I
!
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take-overs of semiconductor firms by big and financially sound
conglomerates - for instance Fairchild by Schlumberger,
jZilog by Exxon and Mostek by United Technologies.

The semiconductor industry has been progressively
ified in a world market. This process has two related
First, international trade and aggressive

Second, international
investment forced a rapid international integration of the
As far as Euwrope is concerned, it is hard to

inside one national market. It is much easier to conceive
three regional markets (European, North American and Japanese)

gs "the primary environment for the respective companies.

The technological trends cutlined above, and in particular
t‘he dominant role of technical change in semiconductors and its
impact on downstream sectors, are progressively disintegrating

fthe 0ld electro-mechanical oligopoly and permitting the slow

lemergence of a new electronics-based oligopoly. The semi-

fconductor industry itself, after three decades of very rapid

changes due to successive waves of Schumpeterian entries and

itemporary oligopolies in innovative products, appears to be

heading towards a relatively more stable structure of supply.

~

One of the features of the industry is a somehwat

[dichotomous structure, between mass-market producers and

specialized (custom) ones. Note that most of the discussion
fabove has been concerned with mass-producers, under the
aAssumption that they have a much greater impact on the
competitiveness of downstream sectors, changes in the industrial
gtructure, balance of trade, employment, ete. v

: - The 1970s saw the Japanese attempt to catch up with US
ftechnology. In some fields they have been entirely successful
E(in, for example, memories) while in others they are still
somewhat behind (for example,. microprocessors). Over the next
decade, one can expect a Japanese sharing of world technologl-
bcal leadership with the American industry, although the US
probably will keep some lead in the most innovative and
lsophisticated products. One effect will probably be a wave

flof Japanese investment in Europe, if European governments allow

fit. Moreover, if the Japanese effort to conquer a major

market share abroad induces a Japanese-American war in semi-
conductors, this will probably put a lot of strain on the much
weaker Buropean industry.

o The average European technological lag vis-i-vis the
US and Japan las already been mentioned. One of the
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consequences is the relative weakness of the Buropean semi-

conductor industry, Moreover, significant divergences exist .
inside Europe, between Germany and Philips on the one hand anfé

the rest of Eurcpe on the other. In the latter, a domestic
gemiconductor capability is provided by (weaker) naticnal
companies (Italy and France), joint-ventures (France) or

foreign subsidiaries (UK and France). ({Note that Philips ham -

implicitly been considered here as a "country®., Actually it ]

behaves to some extent as a national company in four countrle

the Netherlands, Germany, the UK and France.)

The more active attitude of European companies in semi-
conductors in the late '70s {e.g. take-overs of American
companies, joint ventures, technological agreements), togethe
with the effects of existing national policies, is likely’ to}
improve their relative position, somewhat increasing (or at

least stabilizing) Europe's share of world markets and 3

slightly decreasing the average initial lag.36

The impact of the semiconductor industry as such on § £

employment is negligible and that on trade balances relat1ve1
limited. However, the indirect effect of technical progress;
in semiconductors on employment and competitive capabilities
in the related sectors appears to be quite substantial.

Policy Trends

In the discussion on the objectives and impact of
industrial policies in Western Europe {Part III), the
existence of a similarity among national policies was argued,
P011c1es have often showed a rather low degree of autonomy
vig-d-vis the interests and strategies of the private sector’
and have essentially had a reinforcing effect on already 3
existing trends in the industry. France has been for scme |
time a partial exception and the stalemate which emerged ]
between the national interest and companies' strategies
illustrates the difficulty of implementing strategies which
represent, so to speak, the long-run interests of the ¥
gesamtkapital of a country as opposed to the more partlcular~
interests of each company. Given the institutional Fframework
of each European country, one has to rule out as extremely ;
unlikely some of the possible future scenarios. The most j
obviously excluded scenario would be a Japanese-style
industrial policy, characterized by a very wide and consisten
set of policy instruments, a rigorous definition of ]
objectives and a powerful commitment of companies and states1
to the same targets. Moreover, since this kind of MITI-like;
policy would have much greater likelihood of success con a i

1l
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European level, as opposed to a purely national one, it belongs
more to science fiction than to practical realities.

Even after allowing for a broad similarity, significant
differences in the scope and effectiveness of public inter-
vention can be observed. Germany is placed at one end of the
spectrum, with rather well-timed and bread-front policies
affecting the entire filiére micro-electronique (semiconductors,
computers, software, applications etc.) and Britain was, until
recently, at the other end, with rather specific and narrow
policies {military applications, computers, the attempt to
leap-frog in semiconductors with INMOS). France is attempting
to develop an across-the-board policy, focussing on the sub-
sectors where public leverage 1s more direct (telecommuni-
cations, military electronics) and trying to strengthen the
domestic semiconductor industry through joint-ventures with
American companies. Italy until recently did not have any
significant intervention. The electronics plan, which is only
now beginning to be implemented, looks somewhat like the German
one, although there must be strong doubts about its practlcal
outcome,

POSSIBLE SCENARIOS FOR THE FUTURE

One way to devise likely European scenarios is to vary
the behaviour of two of the main actors involved, companies
and governments, and to describe different comblnatlons,
together with the possible outcomes. These scenarios will
have different levels of generality and will overlap to '
some extent. 1In Part II.the range of possibilities open to
Furopean countries was defined. 1In particular, given the
relative weakness. and technological lag of European industry,
we tried to show that options open to big integrated
companies were relatively greater than for smaller ones: the
former have greater research capacities and resources to
finance the expensive effort of catching-up, and might be
motivated by the synergetic effects between semiconductors and
other in-house activities. In the European context two—-
companies, Philips and Siemens, appear to have the financial
and technological strength to be, at least to some extent,
masters of their own future, while the possibility of choice
appears more limited for the other European companies involved
in the sector. To Siemens and Philips one could add, with
much smaller degrees of freedom, Thomson and recently St.
Gobain in France, GEC in the UK and perhaps the STET group in
Italy (in the unlikely event that it starts performing as an
integrated company and not as a holdlng company for a series
of dispersed firms).
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For the Eurcgpean industry as a whole we suggested that
the set of options is significantly limited, the only
reasonable target being survival. However, the greater the
limitations on the scope of strategies that companies can
pursue, the greater also is the role of government policies,
which can relax the structural constraints individual
companies face and/or set targets and instruments. Not -
surprisingly in the semiconductor industry, several of the
differential features among possible scenarios relate to
different policy choices. The general set of possible
European policy options was briefly outlined in Part IXI. It
must be re-emphasized that the definition of future scenarioes
in semiconductors has to be considered along with some
electreonics industry scenarics because of linkages 1nvolved.

Scenario A:

A European Qffensive

Supposé that we start from the actual European situatiocn
and that.the following developments take place:

a) the major European companies (above all Philips and
Siemens) keep increasing their commitments to semi-
conductors;

b) a series of European collaborations is started in
the areas of major R & D projects, technological

. exchange, reciprocal second-sourcing, etc. (an

. example, still fairly limited in scope, is the
Philips-Siemens collaboration); European
collaborations would also mean development of
significant technological, research and manufacturing

" agreements between major European users and producers
(for instance Olivetti, St. Gobain, CII-Honeywell};
one might conceive some Airbus-style agreement
amongst some of the above producers on major
research and manufacturing projects;

¢) the present naticnal policies continue, although
more focussed on the supply-side {structure of the
industry, strategic research projects) and on the
relation between semiceonductor and downstream
sectors;

d) at the Eurcpean level an effort is made to:

{i) increase the degree of consistency amongst
national policies {aiming at only limited dupli-
cation of research effort, some partial speciali-
zation ete.); (ii) achieve some European sharlng
of the R & D results obtained under national

public fundlng;3 {(iii) use the effort towards the
creation of a European telecommunications network
also as a procurement tool in favour of European
-semiconductors; (iv) establigh a European basic

% permitted by the coincidence of two factors.
‘involve a strong commitment on the part of the companies to
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regearch fund, like Euratomy (v} intervene in
electronics sectors which are under strong
restructuring pressures (consumer electronics,
computers), This latter is not' conceived in purely
defensive terms (such as protectionist barriers
against Japanese TVs, etc.) but as one of the
instruments to allow the Eurcpean electronics
industry to grow and to improve its technologi-
cal level;

e) the policy of internationalization (not only inside
Europe, but also overseas) by Eurcpean companies
gains momentum.

These developments could be roughly defined to constitute
an offensive European scenario. Given the relevant set of
practical and institutional constraints, this kind of strategy
would be heading towards a stronger European participation in
the new international electronics oligopoly based on micro-
electronics technology. In particular, in relation to semi-
conductors, it would allow not only the survival but some growth
of the European-controlled industry, although certainly not
world leadership.

' Note that the occurrence of this scenarioc would be
First, it would

expansion in semiconductors and semiconductor-related sectors,
together with a strong Eurcpean preference in their choice of
technological and manufacturing partners, commercial agreements,
etec. Second, it would involve a determined volenté politigue
on the part of each European government to define their

ﬁ industrial policles inside a common philoscphical framework.
It is likely that, in the medium future, under any kind of
" reasonable scenario, most of the publiec funds to the

electronics industry will continue to be provided by national
governments to their own naticnal companies. There is room,

. however, for important harmonization policies at the European

level. To give an example, it appears doubtful that a policy
of incentives to American and Japanese investment, like that
implemented by Ireland and the UK, would be consistent with a°
Eurcopean offensive strategy. On the other hand, it would
appear necessary to introduce some monitoring of the allocation

. of Buropean investments, to prevent major imbalances among
. countries.

.

The kind of scenario described above would proceed on a

'? narrow political path, along with decision-making would
E' continue to be mainly in national hands, but with two °
. .significant features:

first, a2 capability of action by
national governments at least partly independent of the
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immediate interests of national companies, and .second, a
commitment to some kind of concerted action with the other
European governments and/or the recognition of an autonomous
role of some EEC technical body.

One result of this scenaric would be the disappearance
of national champions in the strict sense and the tendency
towards more international conglomerates, somewhat on the
pattern of Olivetti-5t. Gobain. Again, in terms of industrial -
policies, it would be a narrow path, since autonomous
decisions of the private sector would have to be weighed
against the need to maintain a rather balanced distribution
of power and control among countries,

'

Scenario B: An Optimistic View of the Conbinuation of
Present Trends

Suppose that:

a) no international co-ordination of national iqdustri;l,
policies becomes possible; :

b) national policies continue on the present trends,
mainly focussed on R & D funding, reprodecing the
differences in terms of targets, instruments, etc.,
outlined in Part III;

) industrial strategies are primarily company-led,
especially in the UK, Germany and Italy, while in
France an effort is made to increase the consistency
between company strategies and national goals;

d) the commitment to a gap-clesing strategy by the
existing European companies varies significantly;
-apart from Philips, which already belongs to the

world's biggest producers, Siemens pursues with 3 i

the world's higgest producers; SGS, too, tries hard
to cateh up, but from a much weaker financial
position, much lower co-ordination with downstream
activities and facing great uncertainties in govern-
ment strategies and even in the strategies of the
holding company to which it belongs; Theomson in
France and GEC in the UK maintain their half-hearted
attitude, on the one hand willing to increase their
role in semiconductors, but, on the other, eager to
minimize their risk:38

e} some more joint-ventures with American and Japanese
companies emerge; . some of these might be spontanecus
and some other might be blessed by national govern-
ments, as has already happened in France for National'|

determination its attempt at joining the league of [

"in one country.

i
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Semiconductors - St. Gobain, Matra-Harris
and Motorola-Efcis,

In this scenario, the existing companies are the main dri-
ving force, while national governments maintain a reinforcing
rele.

Let us have an optimistic view of the Ffinal outcome, In
this case we may suppose that all the national champions survive:
Siemens in Germany, INMOS in the UK, S5GS in Italy and a collec-
tive championship in France, shared between Thomson (SESCOSEM
and EFCIS} and the joint-venture of National Semiconductors with
St. Gobain, plus the supranational champion Philips. In more
detail: Siemens joins the group of major worid producers; S@GS
survives as a rather important European company, although without
any prominent international role; Thomson and, even more, GEC
remain rather specialized producers in addition to sharing some
manufacturing facilities with foreign companies, In the optimig-
tic view, only some tails would be cut off (AEG—Telefunken?) and
this would be more than compensated by new joint ventures and
the growth of the existing companies. A European semiconductor
industry would survive and even somewhat improve its performance
on world markets, without however becoming a major competitor
vig-d-vis American and Japanese industries. The imbalances
among Eurcpean countries would tend to be reproduced, Moreover,
the European role in what was defined above as the international
electronics oligopoly {including not only semiconductors but also
the linked downstrean sectors) would follow much more the pattern
of already existing strengths and weaknesses amongst companies
and countries.

Note that cne of the possible variants in both the above
scenarios is represented by the entry into electronics (and
particilarly into semiconductors) of big Eurpgpean companies
trying to expand into a fast growing sector. It is difficult to
assess a priori whether this kind of conglomerate entry will
represent just a portfolio investment or whether it will modify
the structure of supply in semiconductors and electronics
It is possible, furthermore, to imagine
circumstances in which money-against-technology deals. {like™-
St. Gobain - National Semiconductors) provide a country with
the chance of strengthening its position despite a relative
weakness of the existing companies,

Scenario C: A Pessimistic View of the Continuation of Present
Trends

Most of the assumptions may remain the same as in the
previous case. It is easy, however, to imagine an opposite
outcome. Suppose:
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a) that national policies fail to affect technological
levels and manufacturing strengths of national
champions;

b) that in Eurcpe just two companies survive in the
gemiconductor mass-market - Philips and Siemens;

¢) that all other Burcpean companies, (SGS, Thomson,
INMOS, etc.) either retire into small specialized
niches of the market or disappear as autonomous
firms.

Such a scenarioc would imply some kind of polarization
in Europe between a "Germany + Philips" area and the rest of
Eurcpe, where the main semiconductor manufacturing facilities
would beleong to joint ventures or to foreign svbsidiaries.

Under this scenario, Philips and Simens would somehow
represent the European champions, although with a big
difference: a proper champion is generally linked, for its
strategic decisicns, to some political commitment with the
institutions of the country of which it is a champion. In our
case, these two companies would not necessarily have a European
commitment in terms of allocative decisions, strategies, etec.,
but simply happen to be the two major Eurcpean participants in
an international electronics oligopoly.

The EBuropean failure supposed in this scenario would
probably alsc have significant negative downstream effects on
ugser-sectors, in the same way as the European offensive
scenario would increase, other things being equal, European
strength in related electronics sectors.

How relevant is the Semiconductor Industry?

These three hypothetical scenarios have been defined in
a somewhat extreme form to highlight the different possible-
policies and the different likely outcomes. Actually, all \

three scenarios must be conceived on a continuum,., All three

 share most of the behavioural assumptions about companies'
gtrategies and about government policies., A difference
between the first one and the other two lies in the attempt in
the former to affect, through policies, the environmental
conditions in which European companies operate.

Note ‘also that each shares the assumption of a trend
‘towards pan-electronics companies, in which semiconductor
manufacturing capabilities would represent an important and
technologically strategic part. Scenario A implies a greater
degree of internationalization than Scenario B. In both,
however, each country would participate in the big league of
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major electronics producers, despite cbwious differences in
relative strength and despite sectoral weaknesses in each
country. In both scenarios, Germany and France are likely

to emerge as better off than the UK and Italy. The underlying
hypothesis, then, is of a tendency towards a new micro-
electronics-based international cligopoly, led by the
technological convergence of different electronics subsectors
and the synergetic effects provided by in-house manufacturing
of components and final goods. Some arguments in support of
this view were put forward in Part II. These 'arguments relate
mainly to the untraded aspects of the mechanisms of trans-
mission of technical change.

) This trend towards a new internatiocnal oligopoly will not
prevent intra-electronics specializatlion amongst countries and
regions: certainly the US and Japan will remain strenger than
Europe in semiconductors as well as in computers, while

Furope will maintain a relative strength (vis-a-vis the US) in
consumer electronics, ete,
{a) a strong pattern of inter-country intra-electronics
specialization will prevail, so that someone will produce the
components (e.g. the Americans and the Japanese), someone else
will produce the final goods, while trade and international

- investment will take care of the reciprocal interdependence;

and that (b} the traded aspects of the transmission of
technological advances (those embodied in physical products or
sold through licences, patents etec.) are overwhelmingly
important., This view could be described as the 'international
general equilibrium' scenarioc. Even without discussing the
theoretical foundation of this view, it is useful to recall
that in the past an early lead in, and a significant vertical
integration arcund, the elctro-mechanical technology yielded
a rather stable German-American dominated oligopoly which
lasted around 80 years. One can now observe the emergence

of a different international structure of supply based on a
new technology. In this process, the capability of success-
fully mastering the core of the process of technical change
(i.e. semiconductors) will give a significant long-run advan-~
tage that will be only partly compensated by international
specialization. e

On the Likelihood of Different Scenarios

The occurrence of one scenario or the other will depend
on the nature and the effectiveness of the pollcies discussed
above. Trying to guess which scenario is most likely implies
a guess as to which policy is most likely. Our views on
this issue are rather pessimistic. The evidence on which this

" relative pessimism is based is set out below.

One could on the contrary argue that:

b
i
1
ii
g
i
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First, a fairly consistent European policy is unlikely. ;
Philips and Siemens believe they are able t6 go it alone. Thui
the German and Dutch governments have always been very scepticil

"about any kind of European policy. Germany has always

preferred, moreover, to deal with support programmes on
national levels, without any international monitoring ox
bargaining. This attitude was reinforced after the failure of3
UNIDATA. The French government has always had a somewhat £
schizophrenic attitude, reflecting the conflict of interests
and strategies between the public planning bodies and private §
companies. So, for example, it always favoured some kind of ¥
European microelectronics plan {(at least until it defined its
own plan around 1977}, but at the same time the coup d'état
against UNIDATA sabotaged the only European venture. The
coup 4'état was carried put by pro-American interests in the
French industry, supported by those French companies unwill-
ingly involved in the venture, and by the sectors of the
government nearest to the big financial-industrial groups
(see Jublin and Quatrepoint, 1976). The British appear to )
have nothing to lose and nothing to gain, so they are much |
more interested in a Eurcpean computer plan (for ICL) than in |
any comprehensive electronics intervention. The Italians are !
still in favour of Eurcpean action but their bargaining power |
is very low.

i
i
i

b |

2
f

Second, the effectiveness of national policies shows the{
limitations discussed in Part ITI. Probably they will succeed!
in allowing the survival of a nationally-controlled industry
and some expansion of a domestically-based industry. The main!
problem is how this survival is achieved: by remaining in !
specialized markets or joining the big league, or by maximizing]
the fall-out effects of semicenductors on downsitream sectors?

To summarize: the view taken here is that the most
likely outcome will be somewhere between scenarios B and C. ;
Kote that the pessimism is justified in relation to what could}
be achieved, given the envircnmental constraints. An optimist:
could find, however, some satisfaction: ]
a) Philips and Siemens will participate in the inter-

national oligopoly;

b) each major European country will retain a semi-
conductor industry, through joint-ventures and
foreign subsidiaries;

c¢) the increasing discussion about the need for
European and/or national intervention will have .
some deterring effects on American companies, which
may give rise to a more integrated approach in host
countries - i.e, more local production, more R & D
and stronger links with local industry;

- 57 -

d) ' some performance indicators for the European semi-
conductor industry will probably improve; the
European share in world semiconductor production
should improve moderately; trade balances will
also probably stabilize; the achievements of
slightly inecreasing market shares and stable trade
balances is not contradictory, since European
markets are forecast to grow faster than world
markets.

Is all this enough? The semiconductor experience can

be generalized to other high technology sectors. First, patterns

of technical change appear to derive from a complex interplay
between institutions and reactive market mechanisms; second
there is a general correlation between technological
capabilities and economic performance; third, technological
progress, associated with leads and lags in the various
countries, tends to yield international oligpolistic structures
with uneven participation from the various countries. Market
mechanisms do not seem to operate toward a convergence of
technological capabilities and industrial strength as long as
the rate of technical change remains very high and its nature
somewhat cumulative. This should not be understood as a

static vision of the world: economic structures, markets and
institutional conditions keep changing and with them also the
relative position of the various countries. BAmong the various -
possible set-ups, laissez fajre is just one of the possible
economic environments, and at least in high technologies,

it appears to suit much more the winners than the late comers: .
it is easy to forecast that in the next few years the

Japanese will tend toward a liberal ideology.

Conversely, it is symbolic that some representatives of
the American semiconductor industry started advecating MITI-
style collaboration between companies and government. The
role of government in this picture can certainly have opposite
signs: it can be, so to speak, part of the problem (the
Italian experience probably belongs to this category) or
it can be a strong factor affecting the structural conditions
in which private industry operates (as it has been - in our
view - in Japan). Policies, however, have a crucial role to
play in two main areas: first, in the establishment of new
technological trajectories and even major advances on the
established ones (i.e. what has been called above the burden
of the first comer); second, in the process of technological
catching-up. In these respects the semiconductor experience
f£inds many similarities in other existing high-technology
sectors {e.g. computers) and its relevance might be tested in
newly emerging technologies such as various fields of -
opto-electroniecs, super-conductors, optical fibres and bio~
engineering.
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KEY TO TABLES

- : nil

"

negligible
() : estimated

¢t a space signifies infor-
mation not available

'‘World' in Tables 1 to 5 excludes the centrally
planned economies.

N.B.: Official statistical data for semiconductors are seldom §

available. Many figures are therefore based on company and
consulting organizations' estimates. An effort has been made
whenever possible to keep the data from the various sources
consistent with each other. Many discrepancies still exist,
however, and one should be extremely cautious in interpreting

the data as anything more than a simple indicator of the orders]

of magnitude. 1In particular:

a) estimates of markets and market shares are often downward
biased by the underestimate of in-house consumption;

b} different countries give slightly different definitions of
semiconductors, with respect to border-line products such as

opto-electronic devices, magnetic bubble memories, and semi-

finished parts;

c)‘Japanese figures on employment and productivity are - in ny 3

view - somewhat underestimating the former and overestimating '
the latter, since in multi-divisional firms activities indirect]
related to semiconductor production may not be accounted for

(some research aﬁ? mar Fting activity, ete.): '
- way - : §
d) semiconductor " is a rather wide-spread phenomenon, |

at least in EBurope (bur estimates in the Italian case suggest
it represents around one quarter of the Italian market! This
reduces the size of recorded trade flows and of internal appa- .
rent consumption.
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TABLE 1

BSTIMATES OF MAJOR WORLD SEMICONDUCTOR MARKETS 1974-80°%

(US $ m. in current prices)

1974 | 1975 | 1976 |1977 |1978 (1979~ |1980°

us

Total semicond-
uctors 2,345/1,801| 2,904|3,253|3,937|5,061|6,360

of which ICs 1,236 938|1,909(%2,223/2,694(3,684(4,876

Western Europe

Total semicond-
uctors 1,333|1,139|1,564|1,826(|2,527|2,820 3,105

of which ICs 520 471 720 B8851,336|1,566|1,788

Jagan

Total semicond- , -
uctors 1,171|1,126|1,866 (2,008 2,331(2,714 (3,044

of which ICs 593 625 862 92711,289|1,590]1,838

Notes:

a. Figures include estimated in-house market of firms which
also produce for the open market but exclude consumption of
firms exclusively producing for in-house use {(e.g. IBM, West-
ern Electric).

b. Estimated.

i a

¢. Foreacast.

Source:

Electronies
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TABLE 2

WORLD PRODUCTION OF SEMICONDUCTORS BY REGION

AND BY OWNERSHIP, 1973, 1576 AND 1978°

All Semiconductora of which ICs
1973 1976 1978 1973 1976 1978
Froduction ir $m
world totel (6,000} (7,450) (10,4000) [(2,700} (3,900) (6,000)
By _xegion: '
{2} us 3,640 4,470 (5,800) | 2,000 2,749  (3,950)
(2a) cof which estimated
' in-house consumption 1,200 1,400
(3) Western Europa 1,100 1,250 1,700 280 418 (660)
(4) Japan 1,280 1,500 2,500 400 660 1,330
Shares in Production_ (%)
(5) wWorla : 100 100 100 100 100 100
By reqicn:
(6) Us 61 60 56 74 70 66
| (6a} of which estimated
in-heouse consumption 20 19
-(7) Western Buropa 18 17 16 10 11 11
{8) Japan 19 20 24 14 16 22
By ownership:
(9} US-owned 71 69 79 76
{10) W, European-owned 11 12 [ ]
(11} Japanese-owned 18 19 13 15
Nptar:

a, This table excludes cantrally-planned economias, includes estimated US production
for in-house consumption, and includes asemi-finished parts. It excludes assembly in
daveloping countries in rows (1} to (4), but includes the latter in (9) to (11}.
World production (row (1)) is thus underestimated to tha extent that items assembled
in developing countries are not returned to the originazl country. The underestimata
ia about 10% for all semliconductors and 15% for integrated circuits. Control of dev-
eloping country assambly cof semiconductors is estimated to ba 78% in tha hands of US
firms, l5% Japaness, and 5% Europoan.

Sourges:

Rowa (1}, (2) and (2a): Dataquest {1978), corracted for US in~housa production using
data £rom US Census and Annual Survey of Manufactures and interviews,

Rew [3) : Mackintosh Consultants (various years), Dataquest (1l978), interviews:
Row (4): Nomura Research Institute (1980), Datacuest (1578): '
Row [9) to {11}: Dataguest (1978).. Homura Research Institute (1980}, interviews.

Due to different eatim-ateu of in-house production and to the underestimate of LDCs
asdembly, production (Tabla 2) and markets (Table 1) do not necassarily match.
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TABLE 3

EMPLOYMENT IN WORLD SEMICONDUCTOR INDUSTRY BY REGION AND OWNSERHIP, 1958-78

('000)

1958 1963 1966 1969 1972 1973 1994 1975 1876 1977 1978

(1) world Total

By_Region:

(2a) US (Department
of Commerce)

(263.0)

23.4 56.3 B82.2 98.8 97,6 120.0 133.1 96.7 102.5

{2b} US (International 106.0 84,7 102.2 112.4 131.6
Trade Comuission) )
(3) Western Europe 69,3 ‘ (.";6.7)
[4) of which ux 15,2 (12.2)
(5) Germany 21,2 (16.6)
(6} Franca 15,2 (iS.O)
(7} Italy 8.1 5.8
(8) Japan {33.0)33.9 31.9 33.1 232.9 33.3

By COwnership:

(9) US-owned 58.4 90.8 165.5 173.7 202,9 150.4 175.8 185.5{210.9)

{19) of which outside US 2.1 8.6 66.7 89.1 69.2 58.7 78.3 81,1 89.3

(11) Western European- (54.8)
owned .

(12) of which outside {i8.0)
Europe

Notas and Sources

‘Row (1} World estimates are cbtained by the sum of rows (2b), (3) and (10) less the share

of row (3} included in row (10) (estimated from Mackintosh {various years)) plues Far Eastern
e::p:oyg;;;:. in European facilities {astimated at 10,000} and Japanese facilities (estimated
at 15, H

Row (2a) US Department of Commerce, Bureau of the Census, Census of Manufactures
8 and Surva
of Manufactures, various years: oe===s L Sanntserires and Suyrvey

Row (2b) Unifed States Internatiocnal Trade Commission (1979) (data are obtaineq through a
durvey covering practically the entire statistical universe in 1978, but not in 1974 and
1975; hence discrepancy in these yeara between rows {2a} and (2b);

Rows (3) to (7): for 1973: unpublished data from Italian consultants; for 1978 own astimates,
Row (8}: United States Internatiocnal Trade Commisaion (1979);

Rew {9): 1963-72: Finan (1975); 1974-78: United States International Trade Commission (1979);

j. Row (1l): Own estimates.
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L 3 TABLE 5
TABLE 4 | | WORLD MARKET SHARE AND GEOGRAPHICAL DISTRIBUTION OF MARKETS
E OF MAJOR WORLD SEMICONDUCTOR PRODUCERS 1978a
VALUE OF SEMICONDUCTOR SHIPMENTS PER EMPLOYEE 1K S
FOR VARIOUS COUNTRIES, 1973 AND 1978% = (56)
13
' f
(US § '000 in current prices) 'I.
R world Geographical Breakdown of Sales
fi' Market grap
1973 1978 nw 5 Share USA  Japan - Eurcpe Other
7 k|
(1) us 30 0 :;[I Texas Instruments 11 55 10 31
aif Motorocla 8 62 5 25
2) Europe : 17 30 & | : ,
( ° . 3 Philips 7 24 4 63
(2a) European-owned companies 15 ] :
(3) — 12 23 ] i Nippon Electric . 7 77 4 11
(4) Germanyb 16 34 { 4 Hitachi 5 80 2 12
(5) France® 14 29 iE 1312122:1 Semicon- 5 65 5 19 11
(6) 1taly® ' 11 24 3 _
“n c 19 25 1R Toshiba 5 6 70 4 20
7 Japan
P ! 3 Fairchild 5 63 3 18 15
Notes Intel 4 59 3 27 11
otes:
i Siemens 3 12 o 78 lo
a. Figures in this table represent rough orders of mag- 2 .
nitude only. Apart from the problem of reliability of the : Others 40
original deta, different degrees of vertical integration !
and product mix, together with exchange rate fluctuations, Total . 100
affect comparability. i
b. Buropean figures tend to be overstated due to American
assembly in Europe (the added value of which is rather low 3
while the final output is high). Estimates on some Euro- ) Note:
pean companies suggest that output per employee (ineluding f - . .
overseas employees in ILDCs) ranged in 1978 between ‘ a.Excludes in-house production.
Us § 12 and 20,000. ’ | 3 Source: Nomura (1980)
c. Figures are likely to be substantialiy overatated because ] ]
of the restrictive way that semiconductor employment in con- -
glomerate companies is estimated. Nonetheless, for 1978 at o
least, this does not change Japan‘'s ranking.
Source:

Calculated from Tables 2 and 3.
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‘ _ TABLE 7
..
R A TABLE 6 ] US: INDICES OF SHIPMENTS, PRODUCTIVITY AND PRICES IN
P 1
ol . ‘ k3 THE SEMICONDUCTOR INDUSTRY, 1958-78%
} *; INDICATORS OF CONCENTRATION IN THE WORLD SEMICONDUCTOR | { (1972 = 100)
|e . INDUSTRY, 1970-78 . |
g : = i
b (% of total shipments) ¥ s g VA P
L P c m-h m-h I
i
1970 1972 1974 1976 1977 1978 ﬁ" 1958 D 9.3 36.8 1.8 2114.0
| ‘ .
. k| 1963 4.6 25.4 41.5 8.1 555,86
Semiconducto H
(excluding irohouse i 1964 6.7 26.5 45.5 12.5 392.8
production) : 1965 11.3 33.7 47.0 17.6 298.4
= 1966 19.6 41.5 48 .4 24.5 215.4
largest company k. 3 1967 21.9 42.2 47.5 26.1 192.7
.(Texas Instruments) 13 13 12 11 11 { 1968 31.8 48.7 51.9 35.4 152.9
4 ]_argest companj_es 33 33 33 3 i 1969 49.5 58.2 52.3 43.8 117.5
. 1 k 1970 45.1 - 55.5 59.2 46.6 123.0
8 largest companies 47 5 49 i l971 50.0 ° 59,1 8l.2 - 71.8 118.2
int ted Ci " A 1972 10C.0 100.0 10c.0 100.0 100.0-
(Le—‘l’%s%l‘:‘“—s 1973 158.5 134.9 107.3 120.4 85.1
roductiog) s e | 1974 189.9 159.2 115.3 123.0 83.8
, it 3 P : ; 1975 172.3 121.2 140.8 203.3 70.3
K I largest company F A 1976 249.5 165.4 l161.1 235.9 66.2
; i g {Texas Instruments) 17 19 15 20 19 1R 1977 (196.0)
; 4 largest companies 38 37 36 36 ‘ (236.0)
8 largest companies 55 57 57
f s = Shipments at constant prices
: Micropreocessors: AN P
i ' s = Shipments at current prices
: 4 largest companies e ’
: ibir 1. VA n = Value Added per man-hour of production worker (at
i 4 75-80 ® current prices)
N b
; Bﬁh‘ﬂ 45-50 ) k| 3 Pm--h = Produetivity per man-hour of production worker
g 16i33rﬁ 80 g (estimates)
ﬂ I = Price index of semiconductor output.
g S . T Ty
_Durce Note:

Estimates based on Dataguest data published in Business Week,

19 March, 1979, plus interviews. a. The price and productivity indexes do not take into account

the rapidly increasing complexity of the devices profiuced. Had
this been possible, productivity would have shown a greater
inerease and prices a manifold greater decrease.

Sources:

Calculated on the basis of data in US Department of Commerce,

' f : Census of Manufactures, and Annual Survey of Manufactures, !

; various years. Own elaboration for the price index and value
i ;h added deflation, For the procedures, Dosi (1980).
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Notes and Sources:

Column l: Tilton (1971), estimated on the basis of US Department of Commerca,
BDSA, Electronig Components and Related Data, and Shipments of Selected Blac- ]
tronic Components, various years; Electroniec Industry Association, Elactronic -
Industry Yearbook, 1969 (military uses include Department of Defence, Atomic
Energy Commission, CIA, Federal Aviation Agency, National Aercnantical and
Space Administration).

Columns 2 and 3: US Bureau of the Census, Current Industrial Report: Shipments |

of Defence-Oriented Industries, varicus Years: except 1974 and 1978 in column °

2; Electronic Times, 14 December 1978,

Column 4: 1960: Pinan (1975); 1966 OECD (1968): 1972: J.P. Ferguson Associates.
estimates, quoted in Pinan (1975). (Figures for all three years include semi-
conductor inputs in government purchase of military equipment,) ;

_Column {5): See Notes and Sources for Column 1 except 1974-78: United States

International Trada Comnission (1379} {(this source includes all government
purchases) .
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: ? TABLE 9
) TABLE 8 I END-USERS OF SEMICONDUCTORS ON
) . US AND WESTERN EUROPEAN MARKETS, 1978
US: ESTIMATES OF MILITARY AND DIRECT GOVERNMENT DEMAND |
FPOR SEMICONDUCTORS AND INTEGRATED CIRCUITS, 1965-1978, ] ' (#)
AND 1979 VHSI PLAN
Western
. us Eurcpe
Military FPederal government Amarican Military »
semiconductor: circuits Military demand for | 4§ ;
% of total (% of total| demand (diract | ICs as % of | § Computers 56 20
Year | production $m. industry & indirect) ag [ total ship- | .
by value shipmenta) % of shipment | ments j Consumer products 9 } 30
’ 1 2 3 4 . 5 .
) ¥ Automotive
1955 38 . N .
1958 36 1B Industrial 11 18
1957 36 L3 . .
1958 | 39 i Communications 9 14
1959 45 E| 3
1960 48 © 50 B Government 13 5
1961 39 l 3 . B a
1962 39 100 Distributor 13
1963 35 213.1 35.5 94 l
1964 28 -' 8s ! Total 100 100
1965 . 28 193,6 22.0 -72
1966 27 254 .4 24,1 30 53 :
1967 27 296.8 27.6 _ a3 3
L1968 25 273.9 23.0 37 i g
1969 246.5 16.9 . i Note:
1970 274.9 20.6 3 . .
1971 o 192.9 12.7 | 3 a. attributed to estimated end-user
1972 228.1 11.9 ‘24 ]
1973 201.4 5.8 . El 3 Sources:
1974 217.0 13.7 E . R
1875 : 15.0 US: Arthur D. Little, Inc.
1976 11,7 : SG8-Ates,
1977 123 Western Europe: S
1978 437.0 {11y 9.0 .
1979-84 VHSI Plan and related military projects: eatimated £150-200m
subsidies and contracts.
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TAELE 10 I
= TABLE' 11 i
— i
MAJOR US SEMICONDUCTOR PRODUCERS, 1978 _ ) ‘ b
POREIGN INVESTMENTS IN THE US SEMICONDUCTOR INDUSTRY, - |
- SELECTED YEARS 1969-79 b
Semiconductor K
Total Turnover {$m) ﬁ
Turncver In-housa Major Areas of Firm 5 Equity Own-| Investment 1
{ Stm) Total., Use Spacialization S ¥ aar ership (%) [¢)]) i
1 2 3 4 i — i
#1969 Monolithic Memorxies| Northern Talecom Ltd Canada ) 12.4 285,000 )
Texas 2,350 1292 112 Semiconductoxs, consumer electronics, /[l 1971 Micropower Daima Seikosha {Seiko) Japan 77,0 3,385,000 :
Instruments data processing. ) - i
) 1972 EXAR- Toyo Electronics Japan 53,0 1,673,000 o
. - il
15M 21,076 (750} (750) Computers, office equipment, tele '1975 Maruman Mansei Kogyo Kabushiki-~ | Japan 60.0 2,700,000 i
communications, Kaighi : i
-| Motorola 2,220 732 i4o) s_erf:f.:onductor. congumer electronics Signetics N.V. Philips Netherlands 100,0 43,850,000 ;}‘
military. i £
. a . ¥ k| 1976 Supertex Hong Kong Interests Hong Kong, n.a. n.a. ;J
Fairchild 534 389 6 Semiconductors, consumer electronics
MOS technology Commodore International-| Bahamas 100.0- n.a.
g:;:zg:éucto " 719 364 337 | Semicenductors Led.
. 1977 Prontier Commodora International—-| Bahamas 100.0 10,000,000
Intel 400 298 (30}, | Semiconductors, miero-computers. Ltd,
Western Electric 41,744‘:. (2000 (200 Telecommunications utility, telecomm- [ Intersil Northern Telecom Ltd Canada 24,0 10,865,629 !
- unications equipment... B Interdesign Ferranti Ltd. United Kingdom 100.0 3,500,000 i
Signaticsh 180 180 n.a, See Philips (Table 14) of which it is " American Micro-- | .Robart Bosch, Gmbh, West Germany 25.0 14,230,000 l!
a subsidiary. i syastems Ir{
N H
ITT 15,261 170  n.a. | Telecommunications, military, consumer;| Litronix Siemens, Gmbh, West Germany 80.0 16,200,000 | i
{Total of electronics, diversified activities, Advanced Micro Siemens, Gmbh. West Garmany 20.0 26,723,087 it
the group) : Davices o
i 1
RCA 6,601 (130) n.a. [ Consumer electronics, housshold appli- Solid State Scien- | VDO West Germany 25.0 4,500,000 g
ances, military, data processing. tifie .
Siliconix Lucas United Kingdom 24,0 6,100,000
1978 Electronic Arrays Nippon Electrie Co. Japan 1loo,.0 8,905,000 :
Hotes: 1979 Fairchild Camega | Schlumberger Ltd. 100.0 ~1363,000,000 [ .
a. Taken over by Schlumberger (France) in 1979, and Instrument . A
b. Taken over by Philips (see Table 14) in 1975,
¢. Total for ATT.

Sources: Reported in Electronics News, May 1979,

P Source:

‘United States International Trade Commission (1979), p.l06, based on hearing before the
-Conmittee on Commerca, Science and Transportation, United States Senate on Govermmental
fPolicy and Innovation in the Semiconductor and Computer Industxies, (95th Congress, mecond
| session) . Serial No. 95-138, 1978, PR.96-97

Truel (1980), p.269; Brezzi (1980), p.197; company reports; estimates of US turnovel
for in~house consumption, based on the report Integerated Circuit Enginearing (1979
appears only to refer to in-house production within the US and not to the total fgt}
the firm. .
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TABLE 12

WESTERN EUROPE: PRODUCTION OF INTEGRATED CIRCUITS,
BY COUNTRY, 1974-782

(US $m)

Country 1974 1975 1976 1977 1978

.

g .. .b
European Economic Community:

Belgium 8 6 3 3 3
Ffance . ' 74 65 78 78 84
Itaiy . 29 15 49 55 84
Netherlands 7 16 14 20 23
Unitéd Kingdom lo0 100 100 118 147

' West Germany ‘ 112 115 "134 191 250
Subtotal ' 330 317 378 465 591

Other European countries:

Austria 4 4 - - -
Spain 2 2
Sweden : 3 4
Switzerland 4 4 25 27 40
Subtotal ' 13 14 34 37 51
TOTAL 343 331 412 502 642
Notes:

a. A slight divergence between this table and row (3) of
Table 2 is due to different accounts for semifinished parts

and European assembly of imported parts by American' companies.

b. This does not include data for Luxembourg, Ireland or
Denmark.

. Bource:

United States International Trade Commission (1979), p.1l19,

e mr——
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TAELE 13

EUROPEAN ECONOMIC COMMUNITY :
PRODUCTION, IMPORTS, EXPORTS, AND APPARENT CONSUMPTION
OF INTEGRATED CIRCUITS, 1974-78>

Year Pro%gc— Imports Exports Apparent| Ratio of Ratio of
tion Consump~ | Exports Imports
tion to Pro- to Appa~
duction rent Con-
sumption
($m) (%)
1974 | 330,0 226.1 58.6 497.4 17.8 45.4
1975 [ 313.0 183.8 72.8 424.1 23.2 43.3
1976 | 378.0 380.2 121.5 636.7 32.1 59.7
1977 |4865.0 328.5 107.5 685.9 23.1 47.9
1978°(691.0) 630.0) £16.3) @1,005.0) | (36.6) (62.7)

Notes:
a, Excludes intra-Community trade.
b. Does not include data for Luxemboury, Ireland or Denmark.

¢. Our elabroations on Eurostat for 1978.

Sources:

United States International Trade Commission (1979), p.123,
based on Mackintosh Yearbock of West European Electroni@s’ and
Eurostat, Analytical Tables of Foreign Trade, and our elbator-~
ations on Burostat foxr 1978.
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TABLE 14

MAJOR WESTERN EUROPEAN-OWNED SEMICONDUCTOR PRODUCERS, 1979
TAHLE 15

: - E | WESTERN EUROPE: SHARES OF MAJOR FIHRMS IN

Pirm Location of Compatty Turnovar ($m) - ‘Main Area of Firm Specialization X MAJOR NATIONAL SEMICONDUCTOR MARKETS, SELECTED YEARS
{esuntry off Semiconductor R .
ownership) | Production; A (%
{* dneluling Total W sue ‘ICa Within Sca Al) firm activities :
R & D) :
Philips® | Netherlandst, | 15,121 | s00® | -250° [ 1es (11 & digi- | o tel ni l ALl H.
@ ’ ' : near gi- | Conaumer, telecommuni- 1 : Germant France Ttal iss
{Nathex- Garmany*, [100%) |(3.3%} | (L.7%} | tal. bipolar} & dia- | eations, professional, E | EL-'IOPG mary ) ¥
lands) Prance*, UK+, crate 5Cs(consumer):|military, paripheral/ | 1978 1968 1972 1978 | 1968 1972 1978} 1973 1978 | 1962 1968 1973 1977
U&*, Par Bast standard & custom terminals. |
' : -] . i <
. (n-house) . . | ehetips® : 19 25 18 15 | 22 16 14| 7 10 | 40° 22° 17 18
o :
Siemena Garmany®, 13,860 3c0 120 ICa (bipolar, MOS, Industrial, mlilitary, ! ‘Instrumenta’l’ 14 16 12 13 20 12 13 ‘15 14 13 23 18 22
(Garmany) | (Prance) (100%) ({2.2%) | (0.9%) | MPU) & dimcrete 5Cs | heavy electrical, j| Taxan e
{Italy) {induatrial) ; telecommunications, | Siemens 11 22 26 21 . 6 5
Far Eagt standard & custom cffice equipment, . 13
(in-house) #0me consumer, data T 8 io 8 7 . 3 . ? 9 2 ? 8
procassing. X
Thomeon® | France* 5,075 | 160" |25-30° | 1cs (mainly dise- | Consumer. mi_litﬁry, l ¥otorola 7 6 7 6 5 1 12 1o 8 6 1 U
{Francas} N. Africa {1loo%) [(3.1%) | {(0.5%) [ rete & analog, . telecommunications, o] ARG-TelsFunken 6 9 12 3 3
mainly custom} for | small data proceas- b .
, consumer & mili+ ing sguipmant. '} 5G3=-Ates 5 6 3 7 6 ) 20 19 14 2 3
Fary- ' I} sescosen 4 : 20 15 16| 6 5§
SGS-—J\tesd Italy* 120° 120 (65} ICe {analog digi- Specialization of i @
(Xtaly) France, UK, (100%) |{100%) | (54%) | tal bipolar) for haolding company i
Par BEamt - consumer & mili- (STET) : telecommuni- ! | Pairchila 3 3 13 1o 1 o 4
. . tary cations, military ) Intel 3 3 2 8
AEG-Tale- | Garmany* 6,000 150h (50)h Discrate 5Ca (& Consumer, electrical - o roa 3 2 3 a
£funken (2.5%} | {0.8%) | soma ICA} consu- engineering, military }
{Germany) mer, military, | ¥ational 2 6 314 Y26 4 5
industrial, cus- | Semiconductors 26 38
tom & standapd k13 16
GEC (UK} UK* 4,204 | 20 Custom SCs for Electrical engineer— }| Parranti ) 12 10 5 4 1
{0.7%) military and - ing, military, con- i : . a
industrial sumar, industrial | GEC 18 28 7 4
0 - - ®'locher . 19 19 28 18
Plessey oK~ 1,100 20 |[10-15 [ Custom SCe’for Military, telecomm- || .
{UR) (1.8%) military and tals- | unications i
ecmunications At | ToTaL 100 100 100 100 [100 100 100 | 100 100 | 100 100 100 100
Semikron Garmany® 40 Discrete SCe~for '
{Garmany) industrial -
f | Of which v&- 3% 51 43 | 33 55 60 |n.,a, 61 [n.,a, 53 59 64
Perranti UK* 25 12 custom IC¢s for Military, data pro- ¥ | owned firms:
{UR) military & tele- ceguing, telecommu- R s,
: . communications . nications [,
T B votes:
Hotas: . ' ’ ' 1 llard in the UK
‘a. Includes Signetics {US) and all Buropean subsidiaries ¥ 8- Valvo in Germany, RTC in France and, from 1962 Mullard in the UK.
b. Including in-house consumption . g
£, Includes SECOSEM, SILEC (70% Thomson-owned) and EFCIS (owned S0% Ly Thomson, 50% by Adence X b. 565 waa originally established as a joint venture betwean Fairchild, Olivetti and Telettra.
‘Atomigque) e

8. Preduction in ASM, a joint ventura of Mullapd (Philipe) and GEC, entirely taken over by

4, Part of 5TET holding company Mallard in 1968

a. For STET: $£3,495m

-Sources 1 d. Production in AEI, purchased by GEC in 1967. ",
Brezzi {1980), Truel (1980), company reports. : a. Included under "othar*. i

. .J Sourcas: : ' ‘
.3 2Qurces ‘
b ror UK: Golding (1971). Sciberras (1977) and (1980} for shares of US-owned firms in other countries:

. 1968, Finan (1975), 1978, interviews; for othaer figures: Tilton (1971) and intexviews. &
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TABLE 16

AVERAGE NATIONAL LAGS IN
FIRST COMMERCIAL PRODUCTION OF COMPONENTS,

1951~63
Average lag (in years)
Country 13 Innovations 13 Innovations
1851-60 1951-63
1 2
UK 1.9 2.2
Germany 2.7 -
France 2.8
Italy 3.8
Japan 2.5

N.B. The sets of innovations covered in each column do
not coineide, but are similar. In column 1, one inno-
vation was first introduced in the UK {(germanium recti-
fier), the Italian lag refers to only 9 innovations, and
the German lag to only 10. In column 2, one innovation
was first introduced in Japan (tunnel dicde) and the
American lag was one year.

Notes and Sources:

Column 1: Freeman, Harlow and Fullexr (1965), p.64 (inno-
vations previous to transistor are excluded) .

Column 2: Tilton (1971), pp.25-27.

Original sources for both columis are: US Department of
Commerce, Patterns and Problems of Technical Innovation
in American Industry, Report to National Science Found-
ation, 1963; interviews by C. Freeman, T. Golding and
J. Tilton,

e
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TABLE 17

. . a
LAGS IN FIRST COMMERCIAL PRODUCTION IN WESTERN EUROPEAN

COMPONENT INDUSTRY BY TYPE OF PRODUCT, 1970-78

Estimated minimum
Class of products and technologies and maximum lags
' in years
b
Analog ICs 0/2
c
Digital ICs (other than MOS) o/3
. da
MOS ICs (incl. MPU) and memories 2/4

Notes:

a. Located in Europe and European-owned.
b. Average is nearer to O than 2.

c. Average is nearer to 3 than O.

d. Average is nearer to 4 than 2.

Source:

Interviews.

Ll
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TABLE 18

WESTERN EUROPE: RANKING INDICATORS OF CURRENT
TECHNOLOGICAL LEVELS AND COMPETITIVENESS OF NATIONALLY-OWNED
ELECTRONICS INDUSTRIES®

' ’ Ger- Nethe-2
‘UK | many | France | ITtaly | rlands | Sweden | ¥

Semiconductors c/p° | B/C c B/c | a/s®
Telecommunicationsb B/C B A/B C A/Be A/B
Big computers B
Small'computers, peri-
pherals, terminals etc. Cc- B C+ B
Software A/B B B C
Office equipment c/D B
Professional/medical
electronics B/C B B/C D A/B
Industrial controls,
(NCs automation, ete,) D B C B A/B
Consumer electronics c/D B/C c D B
Military electronicsb A/B B A/B B/C

A = on the technological frontier, i.e. in a strong .competitive
position.

B = above the European technological average and/or in a good
competitive position.

C = imitative technological capability, substantial adjustment
problems, but still competitive.

D = increasing technological lag, declining competitiveness and
shrinking markets.

Notesg:

a. National industries are ranked from A-D in descending order of
technological levels and competitiveness. The ranking is broadly
impressionistic.

b. Implies a good competitive position, rather than above average
technological levels.

€. Refers mainly to markets for standard components, considers

Philips and ITT as foreign companies, and excludes consideration of

INMOS,

d. Philips® subsidiaries in other Western European countries are
considered to be Dutch.

e. To the extent that Philips is inwived in this field.

Source: own estimates.

o -
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TABLE

GOVERNMENT SUPPORT TO THE SEMICOMDUCTOR INDUSTRY IN

UK,

GERMANY, PRANCE AMD ITALY, 1964-82"

1967 '68 <69 '70 'TL '72 '73 '74 *75 '76 '77 ‘78 '79 'B0 '8l ‘82

UK

(1) Miercalsctreonics suppert
achema

I
£10m {$21m) :
]

(2) Component indumtry
schemsl

]
' £5m ($10m)
L]

{3} Microelectronics support
programae® )

eat, E55m ($1lim)

{4) Establighment of
INMOS

' £50m ($101m)

(5} Microprocessors Appli-
cation Programme’

ent £55m {$111lm)

(6) Support to microelactro-
nics under Product. and Pro-

£2.8 (1979)

|
I
1
t
|
1
T
1
1
]
; ($0.6m)

cegd Davelop

in ot!\ar‘

annual averagai Rl-2m ($2-3m)

{8) Military

annual averaga,for” '70s (cst‘.)' £2-3m {$4-6m)

{9} Non-bueinesa institu-
tiong and unlversities

anoual aversge for late ‘G0s & for '70s {est.):%2-3m {§4-6m}

GERMANY®

(10) BMPT (Research & Tech-
nology Ministry) support

{11) BMPT Elsctponic Comp-
onent Programma

{12) 2nd & 3rd Data Pro-
cassing Programmes

{13} Synchrotron Radiation
Project

1
|
DMA4m ($23m) ¢
1
] 1
] M7 ($1l6m)|  DMM3Sm §74d
]
T T j
' DHIgm [$32m) { na.
DMASm
(326m)

{14} Militcry and spaceh

! DM10Om {$33m)

{18) German Research Aaso-
clatien

DMBdm {$22m)

n.a,
{1964=7T)

FRANCE N
(16} First plan caleulld

1j

{17) Sacond Plan Calecul

{18} Plan Dravelopment Cir-
cuits Intdgrée

{18) Non-businees institu—
"tions & govermuent labor-
atories

{20} Military

PF92m {$18m)
(1964-70)

FP155m ($33m)

annual average (est.): PF1l55m {§lom)

n.a, T
(1965=76)

T
1
|
: PPECOm ($434my
1
|

ITALY
{21} Technological Evolution
Funds a)grants b)loans

{22) Electronics Plan
{Law 675) %7

{23} Military

{24) National Resaarch Coun-
cil project on solid state

T
grants LEOOm ($lm) H
loans L3,00m {$m) 1

grantal 180,000m (596m)
loans !LSD,OOOm ($60m)

‘nia. [but limited)

..

phyaice -
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Notes:

a., Values are in natiomnal currencies, rounded with approxXimate | p

-equivalents in US dollars. Unless otherwise specified, fiquras : ﬂ

cover grants, subsidies and transfers on capital acecount and ' ‘
. mostly refer to R & D support. Regional incentives are exclu-

ded, as also (except in ITtaly) are low interest loans. Note that

support measures to other parts of the electronics industry, : TABLE 20

which are not listed here, can represent implicit support to the :

semiconductor industry itself. Since only in the UK case such a i
' measures are grouped in a specific prograﬁ-lme, the above figures . UK: ELECTRONICS SUPPORT PROGRAMMES, 1969/70C to 1‘974/75

tend to over-state government intervention in the UK relative 4 [+

to other countries. The figures in this table differ somewhat 1 ' (em)
. from figures to be given for the UK and Germany (Tables 20-21)

as a result of different definitions of the industry and classi-

fications of R & D projects.

70 1970/1 197i/2 1972/3 1973/4 1974/5
b. The total Component Industry Scheme involved £20 million of 1969/ /

. which the amount shown in the table went, until mid-1978, to

semiconductors. . International Computers 325 2.25 11,05 o.45 10.20
i : e i td. (ICL 4.00 . . .957 . .20
€. Our estimate of the amount that the Conservative government (Holdings) Ltd. (ICL)
is likely to retain from schemes introduced by the previous gov- §|Advanced cml’:t“r Tech- 0.43 0.63 0.45 0.67 0.61 0.40
ernments. The degree of overlap with row (6) is not clear. nology Projec )
: . . | software Products
d. There might be some overlapping between (3}, (5} and (&). Scheme - - - 0.03 0.06 0.15

e. Included under this item are funds from the Advanced Computer §| Systems and Software

- - - 1.45 ¢.78 0,45 i
Tachnology Project of 1964. 41 pavelopment _ ‘
i " i . .| central Computer Agency ) .
f. The f:.gurs‘as fc.>r G?rmany include R & D performed by industry . Expenditure on Develop- - 0.09 0.11 0.20 0.20 0.53
and by other institutions.

|
i

g. Subsidies after 1979 are sometimes referred to as "VLSI Plang"

ment Studies

Other extra-mural - .
contracts 0.44 0.36 0.23 0.17 0.14 0.17 i

. i n i .
h Includes expenditure on other elef:tronlc components computer Aided Design

) _ i : . 0.67 0.97 1,32 i
i. Figures refer to total component, most of which is believed § | Centre 0.45 0.49 0.42 1 .06 i1s i
to have been attributed to semiconductors. l National Computing Centre 0,60 0.64 0.60 0.77 . 1. . ;
) 2 A4 . : - . .B6 0,91 n.a. n.a. i
J. Covers grants, subsidies, and other transfers to the business | Science Research Council 0.70 0.8 g
nly. - E :

sector only. [ roras 5.92 6.16 4,92  16.82  13.27  14.37
k., Proposed amounts going to total components, mestly in semi- § =
conductors (actual amounts available are believed +o he somewhat i 1
lower) ., ‘ — X
Notes: .
Sources: a, Figures exclude regional industrial development aid and computer-rzl:tet.idlzn:ie i‘§
OECD {1968); Golding (1971); Treille (1973) ; General Technology ;);p;;ld;].ture in government research establishments {(which is not separately i ;M
Systems (1979); Maclean (1979)}; Ministere dell 'Industria (1978} ; | ablel . . 68, the 3
data from German Ministry of Research and Technology {BMFT),  b. Including purchase of shares: undeg zgelggﬂgggrﬁllg’%;?gigzr :;:'ptgch;se of .
French and Italian Ministries of Industry; various issues of the f§ government paid 2350,000 in 1968/69 and 3,130, [

i i if i 3.5m £1 shares in ICL.
Einancial Times and Mondo Economico. m .

e

Source: : M
Grant and Shaw (1979)
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TABLE 21

GERMANY: ELECTRONICS SUPPORT PROGRAMMES,

1967 - 1979

(DM m,)

lst programme 1967-70

2nd programme 1970-75

3rd programme 1976-79

R & D Support to Hardware Manufacturers Manufacturers DM554.0
Min, of Economics & Min, of Economics & System architecturae & DM 73,0
Finance DM112.4 Financa DML88.0 programme languages | DM 73.0
Min. of Education Min, of Education Data procesaing technology DM 76.3
& Science DM128.2 & Science DML57.4 Remote peripherals DM 62.0

Data Processing Applicationy Small systems DM149.0
DM57 Min. of Economics & Medium & large asystems DM194.0
Finance DM7% for s
pp .
software packagas A }lcationa DMS61.6
Min. of Bducation Information systems DM165,0 |
& Science DM479 for | Medical information DM141,3
systems & develop- Teaching . DM 15.5
ment:
Computer alded design bM 66.0
Basiec R 'h & Special [}
Basic Research & Scecial Prodrammes Process Hontrol DM 94.8
| bMa2 DM226.6 Tele-processing DM 31.5
Data Progessing Education Ajd to usars DM 42.0
Higher education Higher education Shape recognition DM 5.5
Du43 DM757.9 Training DM264.2
Profesasional train- Professional train- Supra regional research
ing centres DM4 ing gentres DM162 progr o DM 86.5
Scientific data exchange DM 6.0
Regicnal computing centres DML68.0
Professional training :
cantras DM 3.7
Gesellschaft fir Mathe-
matik und Datenvaraxr-
beitung DM194,.8
TOTAL DM386.6 TOTAL DM2,409.9 TOTAL DML,574.9

Source:
Grant and Shaw (1979)
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TABLE 22

FRANCE: DATA PROCESSING SUPPORT PROGRAMMES
1966 - 1975

(frs. m)

'66 '67 '68 '69 '70

'71 72 73 '714 '75

'76

First Plan Calcul

Second Plan Calcul

Computers 411.5

‘Peripheral 9G.0 910
Equipment *

Components 91.6‘ 155
Software 15.9 165
seifies | m

C.R.T. 9.0 35
IRIA Budget 86.1

| roran 726.1 1,315
Source:

J.M, Treille (1973)
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TARLE 23

ITALY: PROPOSALS FOR CURRENT ELECTRONICS SUPPORT PROGRAMMES

{ thousand million Lire)
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TABLE 24

MAJOR JAPARNESE SEMICONDUCTOR PRODUCERS, 1978

Tuxrnovar {$m)

Major Areas of Firm Specialization

Total | Semi-
Total Barent| cond-
- Group®| company] uctor within 5Cs All Pirm Activities
Support to be provided under Law 675 for the pericd 1978 ~.B2 (prdviéional'figurea)a i 2 4 5
Subaidies to| Grard Nippon 3,765 | 2,932 581 | MDS, linear. Telecommnicationk, compu-
Firat First rationaliza- | Total Elactric ters, semiconductors.
i produ—- Research produ- tion and ra- Law . - i e
R & D ction contracts Total (R & D ction Tokal stryeturing 675 Hitachi 12,260 ) 7,187 450 ﬁgﬁoiiz; bipolar digital f:g::’:::a;h::;;::::;'
. ’
Computers and. . . telecommunications.,
Office Equipment | 115 14 20 149 55 28 83 - 232 ‘Toghiba 9,110 | 5,905 386 | Very diversified. Linear | Consumer electronics, ind-
Talecomminicas. for consurrfer.application, ustrial, d:ta Exocessing,
tions 1co - - 100 100 - 100 _ 200 . . ﬂgi;au;g:g;:::sapplica— telecommunicaticna.
B mone 614 't 14 £ con lectronics
. i i sum -1 -
corpanants ® - | s - s oars | zosf] | mteeits 10210 | 7,614 | 252 | Diseretes, Lnesr for o o
Consumer
Electreonics B - b 1 b _ b Mitaphishi 4,85 4,451 197 | Very diversified. MOS, Industrial electronics,
) . - " Electric memories, diacrata. consumer, data proceasing,
Automation and B telecommunications.
Instruments - - - - |
» » b b b | Tokyo Sanyo 2,520 23 Linaar bipeolar. Censumer electronies.
. I
TOTAL 2 _ N Fujitsu 12,634 2,100 106 M08 (especially memor— Computers, telecommunica-
> 1 * 329 | 205 28 233 100-125 | e62-687 ' ) iag) digital bipelar, tions, industrial elec-
tronies, semiconductors.
Jational Research Council Sony 1,977 11 | pigscretes, ICs for con- Consumer elactronics.
Projects on informatics - 25 X sumer electronics, _
! Sharp 1,311 37 | MO8 (especially for cal- | Consumer electronics,
Projects on solid-state physics n.a. i culators, ete.) calculators.
i
Hotes: Notes:
a. These fiqures were proposed by a group of independent experts and approved by the gov- a. Consoclidated. T

arnment,

However, the total financial outlay
onent. parte (whosme sum exceeds the total),
broad indicators of industrial regquirements

under Law 675 im inconsistent with its comp-
Therefore the figures can only be taken to bae
that will be fulfilled socner or later by the

government. Actual amounts under the finally allocated present law to computers and off-
ice equipment are not far from the figuraes in the abovae table,

b, HNot guantified.

Source:

Minigtero dell'Industria (1978) .

Sourcas:

Nomura (1980); except column 2 figures for Tokyo Sanyo, Sony and Sharp from Brezzi (1980) :
columns 3 and 4 also supplemented by information from interviews.
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TABLE_25

JAPAN: MITI'S PLANS FOR THE

FIGURE 1
PROMOTION OF THE DATA~PROCESSING INDUSTRY, 1972-82

" (Million Yen) A CLASSIFICATION OF ELECTRONIC COMPONENTS

elaboration on Tilton (1971), p.8.

!
A. Programme for 1972-76
1972 1973 1974 1975 1976 _ L
- ; ) -Componem:s k
General promotion of _ Hi
computer development: : v
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FIGURE 2

SEMICONDUCTOR PRODUCTION, EXPORTS AND IMPORTS

SEMICONDUCTOR PRODUCTION,
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FIGURE 3

EXPCRTS AND IMPORTS
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Note on Figure 2: The difference between 'production plus
imports' and 'imports' represents domestic production and the
difference between 'production plus imports' and 'exports' shows.
domestic apparent consumption.

Note on Fiqure 3: The difference between 'production plus
imports’' and 'imports' represents domestic production and the
difference between 'preoduction plus imports®' and 'exports' shows
domestic apparent consumption.

Key to Pigure 2:

Key to Figure 3:

production + imports

+

A R L L L LTI =b g eTe) of of

———ee production + -imports
mmmwmwsmms= 2XpOrts

...uuu-imports ..u......‘imports

Source: Up to 1968: Tilton (1971).
b From 1969: own estimates based on US Department of

Commerce, US General Imports and US Exports, plus ]
sources listed in Table 2.

Source: Up to 1968: Tilton (1971).
From 1968 own estimates based as follows:; for trade
data: Eurostat Analytical Tables of Foreign Trade:

for production data from 1968 to 1973: data from

Bundesministerium f£iir Forschung und Technologie;

; for production data from 1972 to 1978: Mackintosh
- ; Consultants.
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FIGURE 4 ) FIGURE 5

SEMICONDUCTOR PRODUCTION, EXPORTS AND IMPORTS SEMICONDUCTOR PRODUCTION, EXPORTS AND IMPORTS
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Note on Figure 4: The difference between 'production plus ) Note on Figure 5: The difference between 'production plus
imports' and 'imports' represents domestic production and the = ] imports' and 'imports' represents domestic production and the
difference between 'production plug imports’ and 'exports' shows : difference between 'production plus imports' and 'exports' shows

domestic apparent consumption. domestic apparent consumption.

Key to Figure 4:

Key to Figure 5:

i T

‘ ——— Droduction + imports . production + imports

mmmammm=——= @XPOT LS mmmmmmmam—— EXPOLtS

: --.‘....-..Jmports n---u---imports
y Source: Up to 1968: Tilton (1971). _ Source: Up to 1968: Tilton (1971).
: From 1968: own estimates for trade bagsed on UK . Fxrom 1968: own estimates Ffor trade based on Eurostat

national trade statistics, company estimates, and Analytical Tables of Foreign Trade: fox production,

N - Eurostat Analytical Tables of Foreign Trade: own own estimates based on data from Ministere de
i estimates for production based on company data and 1 ' 1' Industrie and Mackintosh Consultants.

L Mackintosh Consultants.
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FIGURE 6

SEMICOﬁDUCTOR PRODUCTICN, EXPORTS AND IMPORTS
’ ITALY
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Note on Figure 6: The difference between 'production plug
imports' and 'imports' represents domestic production and the

difference between 'production pPlus imports' and 'exports' shows

domestic apparent consumption.

Key to Figure 6:
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Source: Own estimates for trade based on Eurostat Analytical

Tables of Foreign Trade: for production data from

Ministero dell 'Industria and Mackintosh Consultants.
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FIGURE 7

SEMICONDUCTOR PRODUCTION, EXPORTS AND IMPORTS
JAPAN
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Note on Figure 7: The difference between 'production plus

imports' and 'imports' represents domestic production and tlie

‘difference between 'production plus imports' and 'exports' shows

domestic apparent consumption.

Key to Figure 7:

—— production + imports
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Source: Up to 1968: Tilton (1971}. _
From 1968: own estimates based on data from MITI

and Nomura Research Institute.
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10.

11.

12,

13.
14.

i5.

ls,

17.

1s8.

19.

20.

See Freeman, Harlow and Fuller (1965), Kleiman (1977, and
Braun and MacDonald (1978).

A notion of Western Eurocpe's average time lags is given for
the '50s to early '60s in Table 16 and for the '70s in
Table 17. The most innovative and fastest-growing product
in the '70s, MOS-ICs, had an average lag approaching four
years, compared to average lags of well under three years
for major products in the earlier period.

Tilton (1971), among others, argues causation in the
cpposite direetion.

According to the fragmentary evidence, only Philips seems
to have made profits on semiconductor production. All the
other large and medium manufacturers accumulated consider—
able losses in the '70s. Siemens' losses decreased in
recent years, till near the break-even point, SGS saw scme
recent slight improvement but is still in the red; SESCOSEM
has had stable losses and AEG-Telefunken is still running a
deficit. Some experts suggest that many of the smaller,
more specialized companies, among them the IC divisions of
Plessey and Ferranti, are not much better off.

Qn the worldwide oligopolistic structure of the electrical
industry, see Newfarmer (1979). L

See Business Week, December 3, 1979.
Ibid., p. 66.

A detailed discussion of these features of the semiconductor

-industry can be found in Truel (1980), who suggests the

emergence of a cluster (filiére) of micro-electronic
activities,

See Business Week, op. cit., and United States International
Trade Commission (1979). :

See United States International Trade Commission {1979),

For'a view supporting the efficacy of national and inter
natlonal_market mechanisms see, inter alia, Ergas (1978).

See Sciberras (1980), Sciberras, Sword-Isherwood and
Senker (1978), MacLean and Rush (1978), and Maclean (1979).

Second-sourcing is the term for customers who, seeking
greater security of supply, require that a given component
be manufactured by a second company. In the US this

21.

22.

23.

24,

25.

26.

27.
28.

29,

30.
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procedure has, tended to speed up the rate of diffusion
of inncvation. It occurred, however, among companies
at similar technological levels which would probably
have reproduced the device even without a second-
sourcing agreement. : .

Based on interviews and Webbick (1977). The egquivalent
ratio for U3 subsidiaries in Europe is generally below
5% and is between 5% and 10% in their US parents.

Assembly is now becoming partially automated and being
returned to the home country. Among Eurcpean countries,
Siemens appears to have gone furthest in this direction,
partly as a result of trade union pressures to bring back
some assembly from the Far East.

See MacLean and Rush (1978), Freeman (1977}, Minc and
Nora (1978).

See Dosi (197é b) for a formal treatment of this problem.

For a discussion of the evidence see the author's longer
study on semiconductors (in preparation).

De Gaulle reportedly became very interested in the future
of the French electronics industry after the US refusal
to sell a big CDC 6600 computer on which the -simulations
for French H-bomb testing were to be made. :

See Finan (1975).

See Financial Times, 23, 24 July, 1979.

General Technology Systems (1979) has made an unpublished
survey of these centres. .

French Ordinateur, by Jublin and Quatrepoint (1976),
provides a fascinating description of “planning” in
French electronics. Public decision-making was often

a compromise between CGE and Thomson, the two major
electronics groups. For instance, when the establishment
of CIT in computers was set as a national target, the new
entity was considered by CGE and Thomson (which retained
formal ownership in spite of an overwhelming share of
funding from the state) as an unwanted child to be sent to
. the orphanage as soon as possible. The stalemate was not
only between the private and public sector, but within the
private sector itself. Often the objective of both
companies was to prevent the other from expanding in
electronics, rather than to pursue its own expansion. The




31.

32.

33.

34,

35.

36.

37

38.
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story is not so different in semiconductors. CGE had
already sold its semiconductor division to Philips in
1968 and Thomson was going to sell SESCO to General
Electric. SESCOSEM is, at least partly, a child of the
bDélégation. Thomson's more solid commitment to semi-
conductors is fairly recent.

See, for example, Zysman (1974, 1975).

Based on interviews. Preferential loans are excluded from
the German figures, It is possible that the French ratio
is particularly low because government financed R & D may
include low interest loans from Credit National. Even if
account is taken of this, the German ratio is likely to
remain higher. :

Quoted from a memorandum of the Délégation, cited in Jublin
and Quatrepoint (1976).

The Japan Development Bank has not played an important
part in financing the semiconductor industry, but it
appears to play a critical role in indicating areas of
priority to the private sector.

Conclusive supporting evidence for our thesis on the

sources of Japan's competitive strength is difficult to
find. Our argument has been based both on general works

on the Japanese economy and on sources that specifically
treat semiconductors. On semiconductors, see Bltman and
Cohen (1977}, Tilton (1971), EDP Industry Report (1978), and
United States International Trade Commission (1979); on
technology transfer, see Goode (1978).

In this respect one should bear in mind the remarkable
role of Philips in world semiconductor markets and the
relatively successful attempts oOf Siemens to improve its
levels of technology and market penetration in semi-
conductors.

This was one of the proposals suggested during the 1976-77
discussion on the possibility of a Eurcpean micro-
electronics plan. It had the support of the French and
the Italians, but not of the Germans and the Dutch (i.e.
Philips}).

This implies a degree of specialization in custem devices
plus joint ventures with American companies in the mass
market., Such joint ventures are already taking place;
for instance, the Thomson-Motorola and GEC-Fairchild
agreements.

- 99 -

BIBLIOGRAPHY *

Altman, L., and Cchen, C.L,, (1977), 'The Gathering Wave of
Japanese Technology'. Electronics, 9 June.

Braun, E., and MacDonald, S., (1978}, Revolution in Miniature:
The History and Impact of the Semiconductor Industry,

Cambridge.

Boston Consulting Group (1973), Perspectives on Experience,
Boston.

Brazzi, P., (1980), La Plitica dell'Elettronica, ;Rome,
Editori Riuniti,

Dataquest Inc. (1978), Market Shares EsFimates, as guoted in
US Senate (1978) and in the specialized press,

Dosi, G., (1979a), The Semiconductor Industry: ;nstitutional
Factors and Market Mechanisms in the Innovative Process,
mimeo, SERC, University of Sussex.

‘Dosi, G., (1979b), A Simple Illustrative Model of the Impact of,
Increasingly Labour-Saving Technical Progress, mimeo,
SERC, University of Sussex.

* The Bibliography comprises works directly quo?ed in t@e text
and tables and does not acknowledge contributions ofIdeas
and evidence from various other sources. Some data have
been drawn from: official statistical sources (3eg Tables);
various publications and perscnal communications from the
Ministries of Industry in France, Italy and Fhe UK, and the
Federal Ministry of Research and Technolo?y in G?rmany and
from various Eurcpean and American compan%es. F%na}ly,
extensive use has been made of the following pericdicals:
Financial Times, The Economist, Busines§ Week, Fortune,
Electronic Times, Electronics, Electronics News and

Mondo Economico.




- 100 -

Dosi, G., (1980), Structure of the Industry and Pricing
Policies: Some Theoretical Hypotheses and the Evidence

from the Semiconductor Industry, mimeo, SERC, University
of Sussex.

EDP Industry Report (1978), 'Ten Billion Yen for VLSI Develop-
ment'.

Electronic Industry Association (1969), Electronic Tndustry
Yearbook 1969,

Erga§, H., (1978), The Role of Information Goods and Services
in International Trade, mimeo, Paris, OECD.

Finan, W. F., (1975), The International Transfer of
Semiconductor Technology through US-based Firms, NBER,
Working Paper No. 118.

Fogiel, M., (1972), Modern Microelectronics: Basic Principles,

Circuit Design, Fabrication Technology, New York Research

and Education Association.

Freeman, C., (1974), The Economics of Industrial Innovation,
Harmondsworth, Penguin.

Freeman, C., {1977), Unemployment and the Direction of Technical
Change, mimeo, OECD.

Freeman, C., Harlow, C. J., Fuller, J. K., (1965), 'Research and
Development in Electronics Capital Goods', National
- Institute Economic Review, No. 34.

Gener?l Technology Systems (GTS) (1979), Netherlands
Micreoelectronics Study, Brentford.

Golding, T:, (1971), The Semiconductor Industry in Britain and
the United States: a Case Study in Innovation, Growth and
the Diffusion of Technolegy, D.Phil. thesis, University
of Sussex.

Goode, J. M., (1978), Japan's Post-War Experience with Tech-
nelogy Transfer, Technological innovation Studies Program,.
Dept. of Industry, Trade and Commerce, Qttawa,

Grant, R. M., and Shaw, G. K., (1979), Structural Policies in
West Germany and the United Kingdom towards the Computer
Industry, mimeo, City University.

Hittinger, W. C., (1973), 'Metal-oxide Semiconductor Technology',
Scientific American, August.

- 101 -

Jublin, J., and Quatrepoint, J. M. (1876), French Ordinateur,
Paris, Alain Moreau,

Kleiman, H. S. (1977), The US_Government Role in’ the
Integrated Circuit Innovation, mimeo DSTL/SPR/77.15,
QECD, Paris.

Kuhn, T., (1963), The Structure of Scientific Revolutions,
Chicago, Chicago University Press.

Lakatos, I., (1978), The Methodology of Scientific Research
Programmes, Cambridge, :Cambridge University Press.

Mackintosh Consultants (1978), A Profile of the European
Semiconductor Manufacturers, Luton.

Mackintosh Consultants (various years), Yearbock of West
Eurcpean Electronics Data, Luton.

MacLean, M. (1979), The Impact of the Microelectronics Industry
on the Structure of the Canadian Economy, Montreal,
Tnstitute for Research on Public Policies,

MacLean, M., and Rush, H., {1978), The Impact of Microelectronics
on the UK: A Suggested Classification and Illustrative
Case Studies, Brighton, SPRU Occasional.Papers No. 7.

Minc, A., and Nera, S. (1978), L'Informatisation de la Societé§,
Paris, Documentation Frangaise,’

Ministero dell'Industria (1978), Piano Finalizzato Elettronies,
Rome.,

Nakayama, H. (1979), Japanese Industrial Policy, Sussex European
Research Centre, University of Sussex, mimeo.

Nelson, R., and Winter, S. {(1977a),'Dynamic Competition
and Technical Progress',in B, Belassa and R. Nelson (eds.),
Economic Progress, Private Values and Public Policy: Essays
in Honour of William Fellner, Amsterdam, North Holland.
e
Nelscn, R., and Winter, S., (1977), 'In Search of a Useful Theory
of Innovation', Research Policy, No. 6.

Newfarmer, R. {19879), 'International Oligopoly and Uneven
Development in the International Eccnomic Order', Nordic
Symposium on Development Strategies in Latin America and
the New International Economic Order, Vol. II, Lund

{Sweden) .

\




- 102 -

Nemura Research Institute (1980), Microchip Revolution in Japan,
Tokyo, mimeo.

OECD (1968), Gaps in Technology: Electreonic Components, OECD,
Paris.

CECD (1977), Impact of Multinational Enterprises on National
Scientific and Technological Corporations, Computer and
Data Processing Industry, DSTI/SPR/77.39 - MNE.

OECD (1279), Science and Technology in a New Socio-Economic
Context - Final Report. SPT (79) 15, Paris.

Pavitt, K. (ed.) (1980}, Technical Innovation and British
Economic Performance, London, Macmillan.

Pavitt, K., and Scete, L. (1980), 'Innovative Activities and
Export Shares: Some Comparisons between Industries and
Countries', in K. Pavitt (1980).

Pavitt, K., and Wald, 8. {1971), The Conditions for Success in
Technological Innovation, Paris, OECD,

Pavitt, K., and Walker, W. (1976), 'Government Policies towards
Industrial Innovation: A Review', Research Policy, no. 5.

Rosenberg, N. (1976), Perspectives on Technology, Cambridge.

Rosenberg, M., and Mowery, D. (1979}, 'The Influence of Market
Demand upon Innovation: A Critical Review of Some Recent
Empirical Studies', Research Policy, 8.

Sciberras, E. (1977), Multinational Electronics Companies and
National Economic Policies, Greenwich (Conn.), JAI Press.

Sciberras, E. (1980), 'The U.K. Semiconductor Indastry', in
K. Pavitt (1980).

Sciberras, E., Sword-Isherwood, N., Senker, P. {1978},
Competition, Technical Change and Manpower in Electronic
Capital Egquipment: A Study of the UK Minicomputer
Industry, Brighton, SPRU Occasiocnal Paper No. 8.

Tilton, J. E. (1971), International Diffusion of Technology :
The Case of Semiconductors, Washington, The Brookings
Institution

Treille, J. M. (1973), L'Fconomie Mondiale de 1'Ordinateur,
Paris,

- 103 -

Truel, J. M. (1980), L'Industrie Mondiale des Semi-~Conducteurs,
Thése de Doctorat, Université de Paris-Dauphine.

v

United States International Trade Commission (1979), Competitive
Factors Influencing World Trade in Integrated Circuits,

Washington D.C.

US Senate {1978), {Committee on Commerce, Science and
Transportation), Governmental Policy and Innovation in
the Semiconductor and Computer Industries, Ninety-fifth
Congress, Second Session, 1978.

Webbick, D. (1977), Staff Report on the Semicondcutor Industry.
A Survey of Structure, Conduct and Performance, Federal
Trade Commission, US Dept. of Commerce, Washingten.

Zysman, J., (1974), The French Industry between the Market
and the State, Cambridge (Mass.), MIT Center for
International Studies.

Zysman, J., {1975) '‘Between the Market and the State:
Dilemmas of French Policy for the Electronics Industry',

Research Policy, 3.




BOQKS

The Chemical and Petrochemical Industries of Russia and
Eastern Europe 1960-1980. )
Cecil Rajana, Sussex University Press (1975). £25.

Winners and Losers: Pay Patterns in the 1970s. C.T. Saunders,
S. Mukherjee, D. Marsden, A. Donaldson. Published jointly
with PEP (1977}. £4.

SUSSEX EUROPEAN PAPERS

.. The Road to European Union. Donald Chapman (lLord Northfield)
(1975). £1.

2. The Mediterranean Challenge: I
comprising (i) Nine EEC Attitudes to Enlargement,
Michael Leigh; ahd {ii) European Political Co-operation
and the Southern Periphery, Nicholas van Praag {(1978). £2.

3. Engineering in Britain, West Germany and France.
C.T. Saunders (1978). £2.

4. The Mediterranean Challenge: II Eurocommunism and the Spanish
Communist Party. D.S. Bell (1979}. £2.

5. The Mediterranean Challenge: III EEC Enlargement - the Southern
Neighbours. Alfred Tovias (1979). £2.

6. Agriculture towards the year 2000: production and trade in
high income countries. Tibor Barna (1979). £4.

7. The Mediterranean Challenge: IV The Tenth Member - Economic
Aspects. A. Pepelasis, G. Yannopoulos, A. Mitsos,
G. Kalamotousakis, N. Perdikis (1980). £4.

8. Industrial Adjustment and Policy: I Maturity and Crisis
in the Eurcpean Car Industry: Structural Change and
Public Policy. Daniel T. Jones (1981}. £4.

SCHOOLS UNIT PUBLICATIONS (selected)

Europe Today and Tomorrow. EQ. Peggoty Freeman, Longmans (l977}.
£3.95.

European Studies Handbook. Peggoty Freeman and Heather Nichols
{1977). £3.50.

Eastern European Studies ;n the Secondary Schocl Curriculum. 40p.
Syllabuses for BEurppean Studies. £2.

Exploring Europe. Teaching materials and ideas. Termly. No. 1.
Direct Elections to the European Parliament. £1 per issue.

Teaching about Eurcpe. A journal on concepts, methods and
practical problems of teaching and learning about Europe.
£1 per issue.




fiinefastoundingfdeveloprentspinisemiconduciors¥en
dlzetnanies, on mevsiny bandly Ty yeom ol premits @
ihemNandleventindih chwesoctetygistorzanizedSSclrapiofare
iheseRdevelopmenisjan dfsoyspeaializedfarelmanygricyisemn i
O ANGLORPIC GUGISHNEin eagend:t sesRLhARGOUTLIN eSRWI thOUI
Selvestaa¥compediliveldisadyantagepuithelboroadianzecd
fndlngiies peinm e precheis,
ilifisks tudyMaral ysesgih edperionmancefofihcfseniconductos
industvainkthekmajoeounnesfoiWestemiEurcpealgarpues
thagm anceAforcesghayegnodbeentablcliofclosel BUropels)
tachnelegieal g and v priblie pelie s fasifiened e e
[G60slon watawerellcopanuallenalimitediiolvelrenvienestives
Eveniineimrelambiticusipaliciesoipesenigvesrs|iavestended!
ey cemehedtes v, IF Enmeme i e e uD, s

;wal—lﬁ ]7)'\ sl




