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I. SR
A, General

The rapid growth in the producticn of semicondustor devices in
the US5R ie & national goel !_nt‘ high priority. In reeent years the output
.of semiconductors has grown et very high rates (it ip estimsated that output
increased by 40 percent in 1966 compared with 1965), and statements by
leading officiels of the electronice industry attest to plans for continued
rapld grewth during the current Five Year Plan (1966-T0).

B.s  Technslogy

Although the produ-’:t.im of transgistors and integrated circults
©(Ic's) in t;he USSR eurrently enjoys a high priority, Free World cbeervers
find u;hus.unl trends-in the direction and rate of developnent of such
I production. .Thc USSR has been slower than the industrisl countries of the
' Free World in replacing tube components with transistors in industrial
instruments, computers, comminiestions equipment and probably in military -
equipment. Manufacturers and users of el-nﬂtmnir.:. equipment appear to prefer
the use of tubes because of their esteblished reliability. Much o the
production of Soviet garden variety transistors is of uncertain quality,
probably epused by marginel standards for scceptance testing, The cutoff
point for -B.cc-l‘.‘:'pt.am:;e of general purpcee trenslistors probably is set too low
and some devices of questionable relisbility may not be rejected. The
transistors with the very best paremeters are probebly set aside for

military-space use. Numerous complaints about the reliability end assortment
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of semin::iun-:luct-ﬂra, and ahout -ie]_a._;rﬁ in their delivery asppear in the Soviet
press, Soviet ﬁ-eulicunﬂuntnra taken from consumer entertalmment equipment
have been examined by US components experts and found to be no more thon
edequate for their intended purpose,

It is somewhat surprieing that at this time the USSR chould not be
engaged in large scale production of sillcon transistors and integrated
circwite, Silicon is the baslc material for integrated ecireuit technolegy,
6 technology that Soviet planners sdmit ie erueial te advanced electronics
prt;:g;:'nms, particularly for the e:.:uﬂn';mnt of fast computers with large
memories. The explanation for the apparent dearth of silicon tremsistors
end IC's may be simply that the USSR hes had difficulty in developing
commercial-seale producticon processes end equipment, - There is eonvineing
;_-viﬂeme_ Lthet Soviet semiconductor producers are gquite smxlous to obfain
information and equipment for integrated circuit produstion either directly
from US producers or indirectly from their overseas licensees in Western —
Europe and Japan. There is evidence that the Soviets have bought IC's from
a large electronice firm in the Netherlands,

The extent of aveilebility of high - purity  silicon in the USSR
cannot be determined from available evidence. In 1966, the USSR offered for
sale and sold internaticnally some s=all emounts of transistor-grade silicon.
On the other hand, most of the 'E_il__"_l:.ﬂﬂl_l devices made in the USSR appear to be
dicdes and rectiflers, and for this use- gilicon materials peed not have the

high japdity required for transistors.
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C. Production
Analysis of the few officlally published statistics swailsble

indicates that the gross output of semiconductors in the USSR in 1966 wac
about 1.1 billion units. Assuming & rate of rejection of finished devices
of ebout 50 percent (rates of up to 75 parcent have bLeen reported by Free
World vieitors to Sovliet semiconductor plents), the production of ugeable
devices in 1966 probebly was on the order of 500 million units or about
25 parcent of US pruﬂﬁﬁtinﬁ in that yeer. Superficial evidence indicates
that most of the Soviet semiconductors are diodes, Moreover, Soviet semi-
conductors in mass production appear to be of the relatively crdinary point
contact, alloyed, and diffused junction types. There is no evidonce of mass
preduction of epitaxiel mesa and planar types.

D. Application of Semieconductors

Semiconductors appear to be replecing conventional tubes et & slow
pace. Certain items of trensistorized and ministurized concumer, industriel;
and ecomminicetions eguipnent have appeared in the U358H, but the walue of
this product is relatively small compared with the value of the totel . output
of the electronics industry. Moreover, wery little transistorized mﬂ.itn.ry
equipment has been noted. It 1s suggested that the gelf-sufficiency which
the Soviets claim for their semiconductor industry is only Justified because
only e minor port nf_their electronie _pquipnent is desligned to ineorporate
semiconduetors. Western nbservefs have -nnt.ed that some of the very latest
Soviet equipment (for example, that displayed at Expo '67 and the Parls Adr

Show) contalins only tubes.




E. Production Ma.r:hirlar"hr

In contrast to the medicerity of its semiconductor devices, the
semiconductor preduction machinery that the USSR has exhibited at trade
faire in recent years Eppears to be guite modern. This machinery ia
often cited as an indication of advwances in Sﬂﬁet technology because i+
is presumed the USSR would not expart 1te beet -- hence must have some
better equipment which 1t 1s concealing. In man;.r cases, however, the
machines are direct copleg of US equipment, and the actual capabilities of
the machines, es well ag their availebility in the USSR, are known only by
Soviet elaims, Tt 15 known that the USSR has imported semlconductor pro-
duction machinery from the Free World in recent yeare, MWoreover, there
Gre continuing ettempts (snd actual orders) by the USSR 4o cbtain more
tpecialized production equipment and complete production processes from the
Free World end, in some cases, indirectly from the US. It appears thet the
USBR, far from being satisfied with fts seniconductor output would like o=
expand ite production with large inputs of Free Warld production equipment,
These facts are not consistent with Soviet claims that the USSR eurrently
maintains & sellf-sufficient aenlacnﬂytcj:_p_r 1ndustry,




I1I. EBEAST EUROPE
A. General
The total ml.ltpl.[t (includine rejects) of semlconductors in Eazt
Burope in 1966 is estimated at about 81 million units, or abogt 7% orf
the Soviet level of output. In all respects:  size and agcortment of
output, scope of research and development activity ete., eollectively the
semi conductor industries of East Europe camnot approsch that of the USSH.

In theory, the Council for Mutual Economic Assistance (CEMA) directs
cooperation in semiconductor development and production throughout East
Europe under the leadership of 'l:]g.é USSE. Under CEMA, the Academies of
Science of the wember cuunt.r:fes bave working agreements for the exchange of
regearch end production technology. Czechoslovekia has been designated |
coordinator for semiconductor research within EE; East Germany was tasked
to provide gemiconductor materials, prototype equimpment and the technolomy
for the production of semiconductor devices; Czechoslovakis and Poland, -~ -——
are mapnn;ihlg for providing essentiel laboratory grade chemieals for
semiconductor reseﬁch to all EE countries except Eagt Cermany .

In practice, hnrwewrer,_ the exchange of information between countries
iz effective only when ft ig mybually degired. The axchange of information
with the USSR ig governed. by other considerstions. TFor exemple, the USSRE
hed agreed in CEMA to pn;\':lde -gui_@a.gf:el E‘.I‘Ii agsistance in gemiconductor
production to other members. Exp-erienu;:. has shown, however, that cooper-
atiocn with the USSRH {1 Trequently a one-way streel., The USSE has tended
to. incorporate the begt resul.‘;;a obtained by the other member countries and
to asslgn such tasks to them ag vould benefit fts own semiconductor Progress,
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including the degignation of prﬂduFtﬂ to be mamutactursd in epecifie
foctories, Over t.ilme, membor countrics have learned to protect their
research programs againgt unreguited exploitation not only by the U35R, but
elso by the other CEMA countries. The result s not cooperation and
specializetion, but isulﬁtian end duplication of effort. The effectivenegy
of CEMA is further diluted by restrictions on the movement of scientigts
and personnel within snd between E&untriEE. This greatly reduces the
exchange of ideas. The mobility of people and the transfer of idens
have been extremely important to ;amicﬁhﬂuctnr development in the US.
nccnfﬂing'tn present 1nﬁicatinna, ﬁnt only are Czechoslovakis snd
Eagt Cermany producing semiconductors, but Hungery, and, to & certain
extent{ Pblﬁnd have developed some competence in thedir produetion,. It ig
hélievcd that these ‘countries now have gufficient materials, funding, and
qualified sclentists, 4o ecarry on their own limited research and develop-
ment programe, independently of CEMA essistance,

To & large extent, however, the sucecess of future programs in all the
Bast Europe countrieg nmy-ﬁinge on their ability to acquire equippment and
technology from the West, During the early 1960's Bulgaria, Poland and
Rumanin obtained equimment and technological assistance from Great Britain,
France, and Japan for the establishment of commrelal senle production of
general purpose germanium devices. :By_lgﬁﬁ these countries were producing
germanium transistors that wers only slightly under Free World quality.

It has been reported thet 80 percent of the semlconductors currently
produced in Fast Burope are made of germanium, and that these are mainly

diodes. Virtually all of the silicon devices produced in Fast Europe are
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Power diodes. Crechoglovakis and Enzt Germany produce n very few giliecon
tramnsistors. At present these two countries are developing amd attempting
Lo procure semi-eutomated equipment to permit commercial scale production
of integrated circuits.

B, Bulgarin

Dulgaria, the least important producer of semlconductore in Engt
Burope, produced sbout 2 million semiconductor devices in 1956. Production
of semiconductors in Bulgaria effectively began only in 1965 with the
activation of a new plant in Botevgrad, built, equippaed, and licensed by
the French firm Compangie Generale de Telegrephie Sang Fils {car), to
produce germanium -transistors and diodee. These semiconductors are
apparently of acceptable quality, and o ~emal! nuzber are currently being
exported to other Commmigt nnuntlriea. The plant will satisfy one-third
of Bulgaria's domestic needs, when In full production.

A Limited semiconductor resemrch and development program hes been
carried on io .Eil.ga.riﬂ sinpe n’bi_::lut 1963. In September 1966, .u'l'. the Plovaiwv
Falr, Bulgaria displayed silicon planar devices for operation in the
meguherts region; 1t was olaimed thﬂ.t tfll-.tese were produced domestieally.

In 1967 Bulgeria plans to produce tunnel diodes on & limited scale at the
Semiconductor Laborstory.in Sofin, end eilicon rectifiers end diodes in new
fecilitics at Dotevgrad. Thege ey fa?uities Ere reportedly being designed
with Soviet .assistance, a.nﬂ probably tri]_l be outfitted with Soviet equip-
ment 2 well,

. Cze I:ht:rﬁlcl‘l."al':‘.l._ﬂ._

In 1966, Czechoslovakis produced an estimated 11 million gemicondustora,
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more than double its 1963 output, 4 ney plant, reportedly equipped witn

-

Boviet machinery and organlzed with Soviet technical assistance 1g
scheduled to begin operations in the fall or 196T. It is estimated that,
by the end of 1967, the anousl rate of preduction of semiconductors will
have nearly doubled compared with the proviows year,

Czechoslovakin appears to be ahie Lo meet ourrent domestic requirenents
(which, with the exception of conéuncr rﬁdiﬁs end TV'g, are not large since
end-equipments are only beginning to'be designed around transistor
technology) with & residusl available for export. However, the quality
of 1t semiconductors, and of transictors in particular, 15 below that of
garden variety general pnryésn semiconductors produced in the West.
Semiconductors are gtill produced ot a relatively high unit cost since the
home market 1s st411 relatively small. Ultra figh frequency trangistors
muet be Imported.

In part, the quality of Czechoslovak semiconductors hag been T
influenced by tﬁe lack of mnderp produetion equipment and by the relatively
poor quality of availahlﬁ supplies of gilicon and germanitm. In prior
years, Czechoslovakia depended upon imports of silicon and germanium from
the USSR which were generally of low quality. However, Crechoslovalkia now
has the essential technology to produce mangerystaliine silicon pure
enocugh for general purpoge semicnndyct?rﬂ,

In addition to géncral purpose types, Crechoslovakia now produces, on
& small scale, backward bles and tunnel dicdes az well ag epitaxiel and
Plamnr devices using huﬁh germanium and silicon technology, Tield effeat
transistors and varactors are uchedu.'l.e-d for limited production by the end
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Czechoslovekia may soon become self-sufficient in the production of
genaral pu.rpc-sel semiconductors of adequate quality, but will continue to
require outside sources of supply for high performance and special types
of dicdes and transistors. -

D. East Germany

In 1966, Bast Germany produced about Lo million semiconductors,
accounting for nearly half of all the semiconductors produced in East
Europe. In addition to high frequency mesa germanium transistors, § watt
silicon audio frequency deviess and silicon milliwatt drift transictors,
all of which have been in proﬂuc‘tinn--uinqe about, 195-3, East Germamy now
.p‘mﬂuues, end reportedly is.ﬁlm:r producing for the USSR, field affect
transigtors, high power mctifinérs, solar cells and MOS/MIS transistors.
1t algo produces silicon zensr diodes and silicon planar teardrop
transistors. A recent techniesl evsluation of these latter devices in
the US indicates that East German state-of-the-art in silicon planar -
technology is at the level reached by the US iIn 1960 and that the devices
nre made in small lots.

Fast Gorman semiconductor regesreh and development is coordinated by
the Institute for Eemimﬂucﬁr Technology of the Eapt Germn Academy of
Sclences at Teltow, hrl; of the activity of this institute is devoted
to scquiring and copying Free World semiconductor devices, Eagt Germany
copies and reproduces high frequencz;r tf:lﬁﬁ.sj;st.@rs that are embargoed by
COCOM end imports lovw frequency genernl purpose typee thet are nob
cmbargoed. These can be imported at prices below the level of domestic

manufacturing costs and wre more reliable than domestic transistors.
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The East German semiconductor induetry hos been built om the bagls of
Western technology. The main semiconductor plant at Frankfort/Oder, for
example, sttempled to begin transistor production on the basis of Soviet
technology which proved to be faulty end which the Fagt Germans later
learned had heén abandoned in the USSR. Frenkfurt/Oder was re-equipped
by about 1963 with production machinery from the UK (thie machinery,
purchased at a 50 percent premium, turned sut to he obgolete; reject
. rates on the order of Bo percent were reported). FEast Cermany continues
to import some semiconductor manufacturing equiment from the Free World,
but is increasingly developing its own because of the difficulties COCOM
imposes on Frocurement from '['.he: West,

Production capacity in Esst Germany is being expanded and modaernized
to meet East German needs for both genernl purpose and advanced type
eeniconductors, However, dependence on Free World sources of gupply for
high quality general purpose transistors ie expected to continue for the
lmmediate future. Eagt Germany has developed some semisutomatic
machinery for the productien of thin Film micro-circuite, which are beliewved
to be puitable for computer applieationg,

E. HuﬂﬂﬂIT

The production of semiconductors in Hungary iz concentrated in
two plants of the United Incandescent Lamp firm: Gyongyos Bemiconduetor
Plant, which appears to have been equipped, in part, with preduction
wachinery from Great Britain; and the United Incandescent Lamp Plent,
Budapest. Production is groving steadily glthough the level of output in

1966 was leas than 10 million units,
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Hungarinn radie and TV ploants heve pade periodic attempts to utilize
domestlc smimrﬂugtnrs,' but the poor quality of the devices has made
large supplemental purchases from the West necessary. Moreover, the small
agsortgent of transistors and their relatively high price, which makes
them non-competitive with tubes, hos further discouraged thelr use by
domestic Industry. It iz believed that Hungory currently satiesfiec no
more than half of ite domestic requirements for general purpose semi-
conductors, and that dependence on imports, not only of adwanced devices
but algo of general purpoge devigeg, wlll continue owver the next few years.

Until recently, Hungary's research on s:em}.mnductnrs VES 1initeﬁ tc:
studying and reprodueing :}nl a laboratory basis thoe newer devices appearing
in Free World markets. It was only as recently as 1966 that Hungarisn
resenrch institutes startsd to deo originel work on semiconductor
develomment, Research is now prm:eeﬂing-nn materials techmology, the
'dmm]ment of high fregquency transistors, high current silicon rectiflers,
the development of mesa and planar transistors fabrlcated from silicon, and
on production technology, which was, and is, Rungary's most pressing
problem.

He-p}rt,s indicate that Hungary would like to purchage production lines
nrﬁ' processes f‘r?m the West t0 ‘expand and modernize its production
facilities. 1n 19656 Hungary, thrn_ugh_'!vilﬁst. Germany, requested a temder for
u US plant to manuru-cturn:- germanivm mes-u trangistors at the rats of one
willion devices per year, The facilities were to include the latest

eguipment for produeetion, testing and evaluntion of product.
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F. Poland

ALl ﬂeminnm@uct&rs produced in fbland are mahufactured by the

TEWA Bermiconductor Factory. It produces alloy end diffusion type germanim
diodes and transistors, rectifier diodes, and a few typoe of gllicon dicdes
in limited quantity. Substentisl quantities of sericorductors are im-
ported from the Free World and from other Communist ¢quptries to compensate
for the rﬂlutive;y narroW range of devicez thaet are préduned domastically,

Ry its own admission, Poland is far behind Free World countries in %he
development end production of semiconductors, The quality of Polish
produced devices does not meagure up to Free World stendards, Neverthe-
less, Eccﬂrﬂiﬂé to a technieal eviluation made im the U5, Polish germanium
trangistors ere fully adequate for use in low Trequency eivil electrﬁnic
ehd-1tems ., -

Substantial research on semiecénductors has been underway in Poland since
1962 end some originml ptudies have been carried out on transport phiencmena . -
In addition, the University of Warsew claims to have ;:levelnped new methods
of diffusing dopants into N-type materiais. In 1966, the Baden Ingtitute
for Nuclear Research, Warsaw, developed a separation and recavery process
Tor the exiraction of germaniium from its compounds. Up to this time,
Poland had impn;ted all the germanium required by its semiconductor Industry.

While Poland could clearly bemefit from Free World asgistance, there
is no evidence of any major effort to I;t&'chﬂﬁf' Free World plante or
manufacturing licenses.

. Rumaniz

Serics production of semiconductors in.Humanis began in 1982, when
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the plant at Baneasa went into operation. This plant was roported to have
been established with the help of French, Itelian, British and Fapanese
technicians and eqtiipnent. It produces gehernl purpose germanium

trangistors and diocdes under French license. A small mumber of the transistors
produced have been given French transistor lebels for eale in Frahce,

Within Fumania, the domestically produced semicomductors are used mainly

in ¢lvilian radios and, to & lesser extent, :ln'electronic equipment for the
Fumanian militory establishment.

The quality of semiconductors produced in Emmiu. for geheral purpose
civil applicetions is, reporiedly, very poor. In 196k, for example,
transistor radios produced for export fell far below stendards end, in fact,
could not even he sold lucally'ﬁntil fitted with imported transfistors and
dicdes {from Japan and Czechoslovakia). Severe complainte of the quality
of ihe semiconductors have continued up to the present. There is some
indication that a small number of scmiconductors destined for the military
and for expert come ubder more rigid quality control, but those are believed
to be still of doubtful relisbility.

811 the evidence supgests that without a further infusion of imported
equipment and technology, progress in the production of high quality
devices in Fumanis will cﬂut%nue to be slow. In 1967 U3 Industry was
approached to supply Fumanis wilh the equipment ard technology to produce
approximalely 3 million semiconductors per year of advanced types. This
equipment currently under embargo, would enable Fumenis to produce high
frequency germanivm and silicon devices, using mesn and piamr construction

technigques.
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Table 1

Estimated Gross Production of Semi conductor Devices

in the USSR and Eastern Burope#

(Millions of Units)

USSR
P
‘Bulgaria
Crechoslovakin
East Germany
Rungary
Foland
Rumanin

GRAND TOTAL

13964
590.0

k1.6

5;5-

lgi-u

E“.l*

631.6

1965 196 1087

B20.0

. 55.3
1.5
8.4

“2k.o

1.7

77

875.3

1,100.0

f1.0
2.0
11.0
k.o
Q.E
124

6.0

1,181.0

L, 540.0

1268.6

3.0

20.0

5.5

12.0

AT

*  Gross production includes rejects,
1

#¥  Pllot production.
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II1. ROLE OF THE FREE WORLD IK THE DEVELOPMENT OF THE SEMICONDUCTOR

INDUSTRIES OF FAST EUROPE AND THE USSR

A: East Europe
The semiconductor industries of Fast Eurape are based, in part,

on obsolescent egquipment and technology acquired in the Free World.
Moreover, the quantity, quality, end assortment of dotestically produced
semiconductors has been, and 1s, B0 wholly inadequate that large quaqtities
of Western devices are imported nnnuglly. While overanll statistics om the
volume of East Burcpean imports of semiconductors from the Fres World

ere not availaeble, it is rePuréed that, in many East Buropean countries,

. Free World imports sceount for more than 70 percent of the stock of useable
gencral purpose devices. .

The fact that advanced semiconductors and equipment, and processes
for thelr production generally have been denfed to CﬂﬂﬂmjdEt-cﬂuaniﬂﬂ ==
through the operation of the internsticnal COCOM embargo, has severely
cnustfnined the growth of technology and cutput in East Earope. &he
alternntive source of supply -- the USSR -- has proved similarly unproductive.
Purchase requests to the USSR have been marked Ey: prolonged deleys in
delivery (& year or more in many cases), the delivery of extremely poor
quality devices, aor by no ﬂgliveries ut'all. |

Erst Buropean manufacturers c;nfinun o be interested in aequiring
both advanced and reliable general purpose devices from the Free World.

They would prefer, however, to fmport the latest semleonductor production
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machinery and production licenses in order to escape long~term dependence
on Free World scurces of supply and te stoy obreast of modern technology.

ﬁ. J55R

The USSR, because of a deliberate poliey of economic self-
sufficiency, has not depended on Free World suppliers to meet domestic
semiconductor requirements. Imports are generally restricted to small l?t
purchases of advanced deviees, The USSHE, however doesg procure materials
processing and production eqpa?mgnt, often at trade fairs, from Japanese and
West Buropean firms. Currently, scquisitien of U3 integrated circuit tech-
nology and equipment appears to be a priority Sc;iet targat.

C. Illegal Procurement

Enst Europe and the USSR acquire manufaeturing eguipment and
semiconductor devices through legel, and illegal, channels. Ho estimate
can be made of the amount of illegal trade being carried on, but it is
certain that this trade is extremely important to the Commnist counbries.
Enst Germany, because of its unique position with reapect Lo West e rmany,
has been {and iz} a filter for illegal shipment to ether Communist
countries. Foland's role &5 an intermediary 1o illegal shipments to
Communi st ecouantries is uncertain although there is some evidence that it
has asserted & willingness to obtain cquipment Tor other Enmmﬁnist
countries. Trade Fairvs, ;t wiilch the latest Free World technology is
arften disployed, constitute an important illegel source of supply of small

aumbers of embargoed equipment snd devices.
I
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