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I. USSR
A. General

The rapid growth in the production of semiconductor devices in
the USSR is a national goal ?f high priority. 1In recent years the output
.of semiéonductors has grown at very high ratés (it is estimated that output
increased by L0 percent in 1966 compared with 1965), and statementsrby
leading officiels of the electronics industry attest to plans for continued
repid growth during the current Five Year Plan (1966-70). |

B:t Technology

Although the produgtion of transistors and integrated'circuits
) (IC‘s).ih fhe USSR currently enjoys a h;gh priority, Free World observers
find unususl trends-in the direction and rate of development of such
' produc;bion.- -'I‘h_e USSR has been slower than the industrial countries of the
" Free World in replacing tube components with transistors in industrial
iﬁbtruments, computers, communications equipment and probably in ﬁilitaff’"’
équipmént. Manufacturers snd users of electronié eqﬁipment aﬁpear to prefer
the use of tubes because of their esﬁéblished religbility. Much 6f tﬁe
prodﬁction of Soviet gardeh variety transistors is of uncertain quality,
probably caused by marginal standards for acceptance tésting. The cutoff
. point fqr,acceptanée df‘geqeral purpose trénsiétors probebly is set too low
and some devices of questiohdblé_rel;qbility may.not be rejected. The
transistors with the very best paremeters are probably set aside for

military-space use. Numerous complaints about the reliability end assortment




of semicdnductors, and about delays in thelr delivery appear in the Soviet
press. Soviet se@iconductors taeken from consumer enterteinment equipment
have been examined by US components experts and féund to be no more than
adequate for their intended purpose.:

It is somewhat surprising that at this time the USSR should not be
engaged in large scale production of silicon transistors and integrated
circuits. Silicon is the basic ﬁaterial for integraﬁed circuit fechnology,
a technology that Soviet planners edmit is crucial to asdvanced electronices
prégrams, particularly for the éevelobment of fasf computers with large
~memories. The.éxplanation for the apfarent dearth of silicon transistors
and IC's may be simply that the USSR has haa‘difficulty in defeloping
commercial;scale production pfocesses and equipment. There is convincing
;vidence,that Soviet semiconductor producers are quite anxious to obtain
information and equipment for integrated'circuit production either directly
from US producers or indirectly from their ovefseasv;icensees in Western "7
Europe and Japan. There is evidence that the Soviets have bought IC's from
& large electronics firm in the Netherlands.

The extent of availabiiity of high - purity - silicon in the USSR
cannot be determined from availsble evidence. In. 1966, the, USSR offered for
sale and solq intefnationally some small amounts of transistor-grade silicon.
On the other hand, most of the:silicog devices made in the USSR appear to be
diodes and rectifiers, and for this usehsilicon materials need not have the

high pudty required for transistors.
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C. Production
Analysis of the few offiéially published statistics available

indicates that the gross output of semiconductors in the USSR in 1966 was
about 1.1 billion units. Assuming & rate of rejection of finished devices
of about S0 percent (rates of up to 75 percent have been reported by Free
World visitors to Soviet semiconductor plants), the production of useable
devices in 1966 probably was on the order of 500 million units or about
25 percent of US proddétioﬁ in that year. Superficial evidence indiéétes
‘that most of the,Soviet'semiconductors are diodes. Moreover, Sbviet'semi-
conductors in mass production appear to be of the relatively ordinary point
contact, alloyed,. and diffused junction types. There is no evidence of mass
production of epitaxial mesa and planar types.

D. Application of Semiconductors

Semiconductors appear to be replacing conventional tubes at & slow
pace. Certain items of transiétorized and miniaturized consumer, industrial;
and communiceations equipment have éppéared in the USSR, but £he value of
" this product is relatively small compared with the value of the toteal. output
of the electronics industry. Moreover, very little transistorizedvmilitary
equipment has been noted. It is suggestéd that the self-sufficiency which
the Soviets q;aim for their semiconductor  industry is only justified because
only a minor part of.their elect;pgic fquipment is designed to incorporate
semiconductors. Western observefs haveﬂﬁoted that some of the very latest
Soviet equipment (for example, that displayed at Expo '67 and the Paris Air

Show) contains only tubes.




E. Production Machinery

In contrast to the mediocrity of its semiconductor devices, the
semiconductor production machinery that the USSR has exhibited at trade
fairs in recent years appears to be quite modern. Thig machinery is
oftéen cited as an indication of advances in Soviet technology because it
is presumed the USSR would not export its best -- hence must have some
better equipment whichlit is concealing. In ;any cases, however, the

_machines are direct-copies of US equipment, and the actual capabilities of
the machines, as well as their availability in the USSR, are known only by
Soviet claims., It ig known that the USSR hag imported semiconductor pro-
duction machinery from the Free World in recent years. Moreover, there
are continuiﬁg.attempts (and actual ‘orders) by the USSR to obtain more
spec1alized production equlpment and complete production processes from the
Free World and, in some cases, indirectly from the US. Tt appears that the
USSR, far from being satisfied with its semiconductor output would like t6 ™
expand its production with large inputs of Free World production equipment.

These facts are not con31stent with Soviet claims that the USSR currently

maintains a self-sufflcient semicondyctor industry.

L




II. EAST EUROPE
.A. General
The total ootput (includine rejects) of semiconductors in East
Europe in 1966 is estimated at about 81 million units, or abogt 7% of
the Soviet level of output. In all respects: size and assortment of
output, scope of research and development activity etc., collectively the
seniiconductor industries of East Europe cannot approach that of the USSR.

In theory, the Council for Mutual Economic Assistance (CEMA) directs
cooperation in semiconductor development and production throughout East
Europe under the leadership of the USSR. Under CEMA, the Academies of
Science of the member’ countries have working agreements for the exchange of
research and production technology. Czechoslovakia has been desig’nat_ed |
coordinator for semiconductor researcﬁ within EE; East Germany was tasked
to provide semiconductor materials, prototype eqoipnent and the technology
for the production of eemiconductor devices; Czechoslovakia end Poland, -~~~
are responsible for providing essential laboratory grade chemicals for
semiconductor research to all EE countrieg except East Germarv.

In practice, however,. the exchange of information between EE countries
is effective o_nly when it is mutually desired. The exchange of information
with the USSR is governed. by other considerations. For example, the USSR
had agreed in CEMA to provide -guigegce end assistance in semiconductor
production to other members; Experience ilas shown, howeve'r, that c00pér-
ation with the USSR is frequently a one-way street. The USSR has tended

f . .
to. incorporate the besf results obtained by the other member countries and
to assign such tasks to them as would benefit its own semiconductor program,

_5_

’«—(




including the designation of products to be manufactured in specific
factories. Over tipe, member countries have learned to protect their
research programs against unrequited exploitation nct only by the USSR, but
also by the other CEMA countries. The result is not cooperation and
specialization, but isoiation and dﬁplication of effort. The effectiveness
of CEMA is further diluted by restrictions on the movement of scientigts
and personnel within and between countries. This greatly reduces the
exchahge'of ideas. The mobility of people and the transfer of ideas

have ‘been extremely important to semlconductor development in the US.

According to present indications, not only are Czechoslovakia and
East Germany producing semiconductors, but Hungary, and, to a certain
extent, Pblend_have developed some competence in their production, It is
believed that these ‘countries now have sufficient materials, funding, and
qualified scientiets,'to carry on their own limited research and develop-
ment programs, independently of CEMA aggistance.

To a large extent, however, the success of future progrems in all the
East Europe countries may ﬁinge on their ability to acquire equipment and
technology from the West. During the early 1960's Bulgaria, Poland and
Rumania obtained equipment and technological assistance from Great Britain,
France, and Japan for the establishment of commercial scale production of
general purpose germanium devices. - By 1966 these countries were producing -
germanium transistors that were only slightly under Free World quality.

It has been reported that 80 percent of the semiconductors currently
produced in East Europe are made of -germanium, and that these are mainly

diodes. Virtually all of the silicon devices produced .in East Europe are
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pover diodes. Czechoslovakia and East Germany produce a very few silicon
transistors, At present these two countries are developing and attempting
to procure semi-automated equipment to permit commercial scale production
of integrated circuits.

B. Bulgaria

Bulgaria, the least important producer of semiconductors in Eagt
Europe, produced about 2 million semiconductor devices in 1966. Production
of semiconductors in Bulgaria effectively began only in 1965 with the
activation of a new plant in Botevgrad, built, equipped, and licensed by
the French firm Compangie cenergle ae Telegraphie Sa.os_ Fils (CSF), to
produce germanium~trahsistor§ and.dioqes. These semiconductors are
apparently'of acceptable quality, aﬁd & ~small number are currently being
exported to other Commmist countries. The plant vill satisfy one-third
of Bulgaria's domestic needs, when in full production.

A limited semiconductor research and development program has been - ---
carried on in Bulgarla since about 1963. 1In September'l966, at the Plovdiv
»ngr, Bulgaria displayed silicon planar devices fof operation‘in the
megahertz region; it was claimed that these were produced domestically.

In 1967 Bulgaria plans to produce tunnel diodes on a limited scale at the
Semiconductor Laboratory in Sofia, and silicon rectifiers and diodes in new
facilities at Botevgrad. - These hew facilities are reportedly being designed
with Soviet .assistance, ahé probably Qiii be outfitted with Soviet equip--
ment as well.

C. Czechoslovakia

In 1966, Czechoslovakia produced an estimated 11 million semiconductors,
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more than double ifs 1963 output. A new plant, reportedly equipped with
Soviet machinery ang organized with Soviet technical assistance is
scheduled to begin eper:ations in the fall of 1967. It is estimated £hat,
by the end of 1967, the annual rate. of production of semiconductors will
have nearly doubled compared with the previous year.

Czechoslovakia appears to be able to meet current domestic requirementsg
(whlch ‘with the exceptmon of consumer radlos and TV's, are not large since
end-equipments are only beginning to be designed around transistor
technology) with a residual available for export. However, the quality
of "its semiconductors, and of transistors in particular, is below that of
garden variety general purpese semiconductors produced in the West.
Semiconductors are still produced at g relatively high unitAcost since the
home market is.still relatively small. Ultra high frequency transistors
must be imported

-In part, the quality of Czechoslovek - semiconductors has been T
influenced by_tﬁe lack of moderp production.eqﬁipment and by the reletively
Poor quality of availabie supplies of silicon ang germanium. In prior
years, Czechoslovakisg depended upon 1mports of s1l1con and germenium from
the USSR which were generally of low quality. However Czechoslovakia now
has the essential technology to produce monocrystalline sllicon pure
enough for general purp0se semiconductors.

In addition to general purpose types Czechoslovakia now produces, on

8 small scale, backward bias and tunnel diodes as well as epitaxial and

planar devices using both germanium and silicon technology. Field effect




Czechoslovakia may soon become self-sufficient in the production of
general‘purposé semiconductors of adequate quality, but will continue to
require outside sources of supply for high performance and special types
of dioaes and transistors. .

D. East Germany

In 1966, East Germany produced about Lo million semiconductors,
accounting for near;y-half of all the semiconductors produced .in East
Eur0pe. In addition to high frequency mesa germanium transistoré, 5 watt
silicon audio frequency devices and silicon milliwatt drift transistors,
all of which have been in prOduct:Lon ‘since about: 1963, East Germany now
-produces, and reportedly is also producing for the USSR, field effect
trans1stors, high power rectlficers, solar cells and MOS/MIS transistors.
It also produces silicon zener diodes - and silicon planar teardrop
transistors. A recent technical evaluation of these latter devices in
thebpS indiéates that East German state-of-the-art in silicon planar s
technology is at the level reached by the US in 1960 and that the devices
are made in small lots.

East German semiconductor research and development is coordinated by
the Institute for Semiconducﬁor Technolééy of the Fast German Academy of
Sciences at Teltow. .Part of the activity of this institute is devoted
to acquifing and copying Free'WOrld semiconduqtor devices. East Germany
copies and reproduces high frequenc& tf;ﬁsistors that are embargoed by
COCOM and imports low frequency general purpose types that are not
embargoed. These caﬁ be imported at prices b61§w the level of domestic

manufacturing costs and are more"reliable than domestic transistors.

-G~



The. East German semiconductor industry has been built on the basis of
Western technology. The main semiconductor plant at Frankfort/Oder, for
example, attempted to begin transistor productlon on the basis of Sov1et
technology which proved to be faulty and which the East Germans later
learned had been abandoned in the USSR. Frankfurt/Oder was re-equlpped
by about 1963 with productlon machinery from the UK (this machinery,
purchased at a 50 percent premlum, turned out to be obsolete; reject
rates on thg order of‘80 peréent were reported). 1East Germany continues
ﬁo import some semiconductor manufacturing equipment from the Free World,
but is increasingly developing its own because of the difficulties COCOM
imposes on procuremeht from éhe West.

Prodﬁction capacity in Easthermany is Being expanded and modernized
to meet East German needs for both general purpose and advanced type
semiconductors. However, dependénce on Free World sourceg of supply for
highﬁquality general purpose transistors is expected to continue fdr the

immediate future. East Germany has developed some semiautomatic

machinery for the production of thin £ilm micro-circuits, which are believed

to be suitable for computer applications.
E. Hungary
The production of semiconductors in Hungary is concentrated in
two plants of the United IncandesCQQt Leamp firm: Gyongyos Semiconductor
Plant, which appears to have been equiﬁﬁéd, in part, with production
machinery from Great Britain; and the United Incandescent Lamp Plant,
Budapest. Production isg growing steadily although the level of output in

1966 was less than 10 million units.
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Hungarian radio gnd TV plants have made periodic attempts to utilize
domestic semicbnductors,Abut the poor quality of the devices has made
large supplemental purchases from the West necessary. Moreover, the small
assortment of tranéistors and their relatively high price, which makes
them non-competitive with tubes, has further discouraged their use by
domestic industry. It is believed that Hungary currently satisfies no
more than half of its domestic réquirements for general purpose semi;
conductors, and that dependence on imports, not only of advanced devices
but also of general purpose devices, will continue over the next-fev years.

Until recently, Hungary's research on semiconductors was limited to
studying and reproducing og a 1éboratory'basis the newer devices appearing
in Free World markets. It was only as recently as 1966 that Hungarian
research institutes started to do original work on semiconductor
develomment. Research is now proceeding-on materials technology, the
-deVelOpmeht of high frequency transistors, high current silicon rectifiers,
the development of mesa and planar transistors fabricated from silicon, and
on production technology, which was, and is, Hungary's most pressing
problemn.

Reinrts indicate that Hungary would like to purchase production lines
anﬁ'procésses from the West to ‘expard and modernize its production
facilipies; In 1966 Hungary, thropghﬁﬁést Germany, requested a tender for
.a US blant to manufécture germanium mesa transistors at the rate of one

million devices per year. The facilities were to include the latest

equipment for production, testing and evaluation of product.
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F. -Poland
All semicon@uctors produced in Poland are manufactured by the

TEWA Semiconductor Factory. It produces alloy and diffusion type germanium
diodes and transistors, rectifier diodes, and a few types of silicon diodes
in limited quantity. Substantial quantities of semiconductors are im-
ported from the Free World and from other Communist countrles to compensate
for the relatlvely narrow range of devices that are produced domestically.

By its own admission, Pbland is far behind Free World countries in'thé
development and production of semiconductors. The quality 6f Polish
produced devices does not measure up to Free World standards. Neverthe-
less, according to a technical evaluation made in the Us, Pblish germanium
transistors are fully adequate for use in low frequency civil electronic
end-items. | |

Substantisl reéearch on semiconductors has been underway in Poland since
1962 and some original studies have been carried out on transport phenomena s -
In addition, the University of Warsaw clalms to have developed new methods
of diffusing dopants into “N-type materlals. In 1966, the Baden Institute
for Nuclear_Resegrch, Warsaw, develbped & separation and recovery process
for the extraction of germanium from its compounds. Up to this time,
Poland had imported all the germanium required by its semiconductor industry.

While Poland could clearly benefit from Free Worid.assistance, there
is no evidence of any major effort to ﬁﬁfch&se Free World plants or
manufacturing licenses.

G. Rumania

Series production of semiconductors in.Rumania began in 1962, when
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the plant at Baneasa went into o‘peratior'x. This plant was reported to have
been established with the help of French, Ttalian, British and Japanese
technicians and eqﬁipment. It produces general purpose germanium

trénsistors and diodes uhder French license. A small number of$the transistors
produced have been given French transistor labeis for sale in France.

Within Rumania, the domestically produced semiconductors are used mainly

in civilian radios and, to a iesser extent, in'eléctronic equipment for the
Rumanian military establishment.

The quality of semiconductors produced in Rumania for general purpose
civil appiications is, reportedly, very_ poor. in 196h, for example,
transistor radios produced fbr export fell far below standards and, in fact,
could not even be sold locally ﬁntil fitted with imported transistors and
diodes (from Japan and Czechoslovakia). Severe complaints of the qﬁality
of the semiconductors have continued up to the present. There is some
indjcation that a small number of semiconductors destined for the military
and for export come under more rigid quality control, but these are believed
to be still of doubtful reliability.

All the evidence suégests that wi?hqut a further infusion of imported
equipment and technology, progress in the production of high quality
devices in Rumania will,cont%nue to be slow. In 1967 US industry was
approached to supply Rumania with the equipment and technology to produce
approximately 3 million semiconductors bér Year of advanced types. This
equipment currently uﬁder embargo, would enable Rumania to produce high
frequency germanium and silicon devices, using mesa and pianar construétion

techniques.
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Table 1
Estimated Gross Production of" Semiconductor Devices

in the USSR and Eastern Burope*

(Millions of Units)

1964 1965 1966 w67 T

USSR o 590.0 1820.0 1,100.0  1,540.0
EASTERN,EUﬁopE . 4.6 55,3 81.0 = 128.6
Bulgaria ;-*¥ © L5 2.0 3.0
Czechoslovakia 6.5 8.4 11.0 20.0
East Germany 19.0 24,0 Lo.o 55.5 o
Hungary 6.# 7.7 | 9.6 12.0
Poland 6.7 T-7 12.4 20.1
Rumania . 3.0 6.0 6.0 18.0
GRAND TOTAL 63;;6» - 875.3  1,181.0  1,668.6

*  Gross production includes Fejects.

** Pilot production.
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III. ROLE OF THE FREE WORLD IN THE DEVELOPMENT OF THE SEMICONDUCTOR

INDUSTRIES OF EAST EUROPE AND THE USSR

A. FEast EuroRe

The semiconductor industries of East Burope are based, in part,
on obsolescent equlpment and technology acquired in the Free World.

Moreover, the quantity, quality, and assortment of domestically produced
semiconductors bas been, and is, so wholly 1nadequate that large quantities
of Western devices are imported annually. While overall statistlcs on the
volume of:East Buropean imports of semiconductors from the Free Wbrld

are not avallable, it 1sAreported that, in many East Buropean countries,
Free World imports account for.more than 50 percent of the stock of useable
general purpose devices.

The fact that advanced semiconductors and equipment and processes
for their production generally have been denied to Commnist countries Bt
through the operation of the internatlonal COCOM embargo, has. severely
constralned the growth of technology and output in EFast Europe. The
alternative source of supply =- the USSR,f‘ has proved similarly unproductive.
Purchase requests to the USSR have been marked hy: prolonged delays in.
delivery (a year or more-in.many cases), the delivery of extremely poor

quality dev1ces, or by no dellverles at all.

R
.

East European manufacturers continue to be interested in acquiring
both advanced and reliable general purpose devices from the Free World.

They would prefer, however, to import the latest semiconductor production
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machinery and production licenses in order to escape long-term dependence
on Free World sources of supply and to stay ab#east'of modern ﬁechnology.

5. usse

The USSR, because of a deiiberate policy of economic self-

sufficiency, has not depended on Free World éuppliers to meet domestic
semiconducfor requirements. Imports are generally restricted to small l?t
purchases of advanced devices. The USSR, however does procure baterials
processing and production equ%pment; often at trade fdirs,'frpm Japanese and
West Buropean firms. Currently,-acéuisition of US integrated circuit tech-
nology and‘equipment'appéars to be a priority So;iet target.

2

C. TIllegal Procurement

East Europe and the USSR acquire manufacturing equipment and
semiconductor devices through legal, and illegal, channels. No estimate
can be made of the amount of illegal trade being carried on, but it is
certain thét this trade is extremely important to the Communist countries.
East Germany, because of -its ﬁhique position with respect to West Germany,
has been (and is) s filter for illegal shipment to other Communist
countries. Poland's role as an intermediary in illegal shipments to
Communist countries is uncertain although there is some evidénce that it
has asserted a willingness to obtain equipment for other Commﬁnist
countries. Trade fairs, ;t which the latest Free World technology is
often displayed, constitute an important illegal source of supply of small

numbers of embargoed equipment and devices.
8 i
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