
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




1.0 '' illlli~ 11111
25 

3 2 111112 2 
I ]f} 

1_ I =--

I. I := : !~ 1111! 
2·0 

111111.a 

11111

1
·
25 

111111.
4 

11111 '-
6 

Ml(;ROr::OPY Flf.';01 I JrlON rt<; r Of Mn 
f'.J/l.flOM}\I HIHH /'llJ (Jf ',T/\Nfli\Hfl', 

', T ,\l'HJ/\Hfl fH f F Hf Nr:r ~.11i ff r!IJ\.I l()lf}.1 

11\N';I ,u1rj 1·,(1 ff ',f r;Hf\HT f\Jri /1 



J 
'~~lJ4 ,..,,--. 

UNITED 31'.TIONS 
IBDUSTRIAL DEVELOPMENT ORGANIZATION 

~-OF-THE-ART SERIES ON MICROELECTRONICS 

No. 1: VENEZUELA .:_j 

Prepared for the Technology Programme 

by 

Roberto C. Callarotti H 

UNIDO Consultant 

~istr. 

LTIUTED 
UNIDO/IS.489 
23 October 1984 

ENGLISH 

• The views expressed in this paper are those of the author and do 
not necessarily reflect the vievs of the secretari&t of UlUDO. 

Mention of firm names and commercial products does not imply an 
endorsement by UNIDO. 

This document has been reprcduced without formal editing. 

•• Fundaci6n Instituto de Ingenier!a, Instituto Venezolano de 
Investigaciones Cient!ficas, Apartado 1827, Caracas, Venezuela. 

V.84 92483 



CAD 

CAM 

CCD 

CMOS 

CPU 

IC 

LSI 

MOS 

MSI 

NMOS 

SS! 

VLSI 

ESPRIT 

IBM 

ICOT 

IVIC 

MCC 

MIT 

MITI 

OAS 

USB 

- ii -

E{PLA1lATORY NOTES 

Abbreviations 

Computer Aided D~sign 

Computer Aided.Manufacturing 

Charged-Coupled Device 

Complementary Metal-Oxide Semiconductor 

Central Processing Unit 

Integrated Circuits 

Large Scale Integration 

Metal-Oxide Semiconductor 

Medium Scale Integration 

ff-Channel Metal-Oxide Semiconductor 

Small Scale Integration 

Very Large Scale Integration 

Organizations 

European Strategic Programme on Research in 
Information Technology 

Interna1ional Business Machines 

Institute for Nev Generation Computer Technology 

Venezuelan Institute for Scientific Research 

Microelectronic and Computer Technology Corporation 

Massachussetts Institute of Technology 

Ministry for International Trade and Industry 

Organization of American States 

Simon Bolivar University 



- iii -

COll'I'ERTS 

Page 
1 INTROD~CTICN ••••••••••••••••••••.••••••••••••••••••.•• 
2 AREAS OF INTEREST IN MICROELECTRONICS •••• : •••••••••••• 
2.l Int~rated davices and circuits·····~··············· 
2.2 Hybrid circuit technology •••••••••••••••••••••••••• 
2.3 Micro~Ave integ~at•d circuits •••••••••••••••••••••• 
2.4 Fiber-Optic: compc:•ien-cs and systems ••••••••••••••••• 

1 - 4 

2.5 Po .... r d•vices ....................................... . 
2.6 Solar c•lls ......................................... . 
2.7 Computer aid•d d•sign •••••••••••••••••••••••••••••• 
2.8 Computer aided manufacture .•••••••••.••••• ~ •••••.•• 
2.9 Microprocessor applications •••••••••••••••••••••••• 
2.10 Softwar• d•velopment •••••••••••••••••••••••••••••• 
3 THE SITUATION OF MICROELECTRONICS IN VENEZUELA ••••••• 
3.1 Professional 6Ctivities •••••••••••••••••••••••••••• 
3.2 Industrial activity in electronics ••••••••••••••••• 
3.2.1 Telepnan• manufacture •••••••••••••••••••••••••••• 
3.2.2 Electronic ccnsum•r goods··········~············· 
3.2.3 Prof•ssional el•ctronics companies ••••••••••••••• 
3.3 Res•arch and D•v•lapm•nt in Electronics •••••••••••• 
3.3.1 History of electronic R&O in Venezuela ••••••••••• 
3.3.2 Actual R&D in microel•ctronics ••••••••••••••••••• 
3. 3. 2. 1 IV IC ••••••••••••••••••••••••••••••••••••••••••• 
3.3.2.2 CANTV-CET Laboratory •••••••••••••••••••••••••.• 
3.3.2.3 Engin••r"'ing Res•arch Foundation-FII •••••••••••• 
3.3.2.4 UNIVERSITY OF CARABOBO •••••••••••••••.••••••••• 
3.3.2.5 SIMON BOLIVAR UNIVERSITY ••••••••••••••••••••••• 
4 FUTURE PERSPECTIVES FOR LOCAL MICROELECTRONIC •••••• 
4.1 Pespectives in IC dev•lopment •••••••.•••••••••••••• 
4.2 Hybrid circuit p•rsp•ctiv•s •••••••••••••••••••••••• 
4.3 Microwav• IC p•rspectiv•s ••••••••.•••••••••••••••••• 
4.4 P•rspectiv•• in fib•r-optic syst•ms •••••• 
4.5 Pow•r d•vice p•rsp•ctiv•s •••••••••••••••••••••••••• 
4.6 Sal•r cells P•rspectiv•s ••••••••••••••••.•••••••••• 
4.7 CAD P•~•P•ctiv•s ••••••4••••••······················ 
4. B CAM P•rspmcti v•s •••••••• · ••••••••••••••••••••••••••• 
4.9 Hicraproc~•sor applic&tion p•rsp•ctives •••••••••••• 
4.10 P•rspectiv.s in software d•velopm9"t •••••••••••••• 
5 CO~ERATIVE EFFORTS ••••••••••••••••••••• · ••••••••••••• 
:5.1 Cooperativ• effor"'t~ in V•n•zu•l~ ••••••••.•••••••• •. 
s.1.1 ~ooperation amon9 compani•• •••••••••••••••••••••• 
:5.1.2 Caopmration b•t"9an R&O units and industry ••••••• 
S.1.3 Gav11rn,..,,t, Industry and R&D Cent•r"'s ••••••••••••• 
5.2 Coop.,-atio:i b•tN•.,, countri•s ••••••••••••••••••.••• 
5.l Int.,.national cooper"ation •••••••••••••••••••••••••• 
6 CONCLUSIONS AND P.ECOl'll'IENDATIONS ••••••••••••••••••••.. 
7 REFERF.l'CES • • • • • • • • • • • • • • • • • • • • • ••• , • • • • • • • • • • • • • • • • • • 

5 
6 - 11 

11 - 12 
12 - 13 
13 - 15 
15 - 16 
16 - 17 
18 - 19 

19 
20 - 21 
21 - 22 
22 - 24 
24 - 26 
26 - 27 

27 
28 - 29 
30 - 33 

33 
34 - 41 

41 
41 - 42 
42 - 4 ~ 
43 - 54 
54 - 55 
55 - 57 
58 - 59 
59 - 60 
60 - 61 

61 
62 

62 - 63 
63 
64 
65 

65 - 67 
68 - 69 
69 - 73 

74 
74 - 75 
75 - 76 
7t - 81 

82 
82 - 86 
86 - 88 
89 - 92 



-

- iv -

SUMMARY 

The study reviews the state of the art and anticipated future 

develop~ts of the Venezuelan aicroelectronics industry as well as 

research undertaken; applications of aicroelectronics products nationally 

developed and existing as well as possible co-operation at regional and 

international levels in this field. 

In the main subsectors of llicroelectronics industry developed in the 

country, such as telephone production, the country is virtually self­

sufficient and, as of recent tilles, t~hnologically independent. In the 

field of professional and consu•r electronics goods, the market is 

dominated by many foreign-based companies. A nU111ber of recently established 

indigenous electr~nic companies is producing capital goods in the areas 

of telephones, electricity, control and instrumentation. The developaent 

of this last category is regarded as a very significant first step in 

the development of an autonomous electronic industry J.n the country. 

National R and D in the field :f.s carried out in government and 

government-sponsored agencies and national universities; areas in \Illich 

expanded Rand D activities are foreseen include microstrip elements; 

gallium arsenide technology; fibre optic systems and components; solar 

cells; digital image processing (where personnel is expected to increase 

tenfold in the next five years); and software. 

Manpower and training: The number of professior.al engineers 

trained end the quality of their training is not a barrier to the achievement 

of ind1genous technological development. 

A global approach to technol~gy acquisition has not yet been fully 

defined for Venezuela. There is a consciousness of the need for a more 

systematic approach to techn~logies acquisition in the field. 

Venezuela sees scope for technology agree::aents betweea& !!!i ddle-tier 

developing countries in Latin America and for trade ~greements, policital 

treaties and natural reso~rce supply c~ntracts between developing and 

developed countries. 

• 

J 
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1 INTRC10UCTION 

de;1elopment, professional and 

activities which hav• been carried out in Venezuela up to the 

present in the differe~t areas of microelectronics are di9cus9ed 

in this study. The natural evolution of these ·acti~ities in the 

near future (five years> is also discussed. Po9sib~e strategies 

and policies that will accelerate such an evolution are pres•r1ted • 

. 
There is no question concerning the strategic importance of 

microelectronics in a developing country like Venezuela, an oil 

producer which has established definite government policies 

whereby oil revenues are dedicated mostly towards the improved 

efficiency and growth of the oil indust~y as well as towards 

investments for an accelerated industrial developm•nt in other 

areas. Thus, the different techniqu•s of automati~ation, 

sup•rvisary control, instrum•ntation, telecommunications, and 

informatics are rel•t•d to the technologicai 

dev•lopment of th• country. If this d•valopm.,,t is to b• 

autonomou~, a significant knowl•dg• of th• areas mentioned before 

must b• sufficiently m•stered by V•n•zu•lan techNical personnel. 

This knowledge nec•ssarily encomp~ssas many of the fields of 

microelectronics. 
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Any person who might qu•stion the requlremiFtnt for autonomy 

mentioned above, needs only to examine the amount of money that 

Venezuela has spent in th• pas~, and is still spending every y•ar, 

in the purchas• of foreign designs, goo~s and services rel•t•d to 

the electronic complex <electronics, telecommunications and 

informatics>. Local design of certain items, as well as their 

total or partial local manufacture, would certainly a~fect the 

balance .of payments in a positive way, just as it would retiuce th• 

dependencr on foreign suppliers. 

Even though the last two statem~nts are rather obvious, 

several important and not so obvious questiQns arise inmediately 

from them: 

Which systems should be designed locally? 

Which services should be provided lo~ally? 

Which goods should be produced locaily? 

Th• answ•rs to these questiot.~ ~r• not easy, since they 

depend in a complex manner on a larg• vari•ty of national factors: 

th• actual technological level of the country, the l•v•l and the 

amount of th• technolo;y which is now being imported, th• 

available qualified human resources and their evolution, and mAny 

others. 
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Th• answ•rs also depend on international factors whose 

exact assesm•nt is difficult: the international 1!volui:ion of the 

related technologies, as well as the behavior of the price of oil 

in futur9 years. 

The present study will attempt to answer th•!Se questions, 

since it is true that once a reason-abi.e answe,.. is defined, thi!! 

required microelectronic dis~iplines to be pursued ir~ the country 

will become apparent, together with the mixture of rese~rch, 

developmant and professional activities required in eac:h case. 

The previous concept is quite often misunderstood by many 

Third World technology planners who dedicate untold .amounts of 

tiMe to discussions related to whether their country should 

dedicatP more ef~orts to research, o,.. to development, or to 

profession~! activities. In general these planners fail to 

realize that a much more difficult question is involved in 

defining th• fields that mig~t be developed in a given country 

with reasonable prob~bility for technological and economical 

success. 

In s.c:tion 2 of the report, those diFferent technical areas 

encomp.-ssed und•r- the term "mic:roelectronics" which are of local 

intarest are discussed, in~luding a brief perspective of the 

international developmr.'lt of the technology iri each area, as well 

as an analysis of their possible national development, in view cf 

the prevalent Venezuelan =ondi~ions. 
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The history of 

activiti&s sine~ 1958 are describ•d in Section 3, togetnar with 

the local sit~ation or professional and industrial activities in 

several areas of mi~rovlactronics. Research and development 

projects which are currently carried out.at major national centers 

are described in great detail~ including some reflections on the 

availability of human resources technically trained. 

In Section 4 the perspectives for the future devel~pment of" 

the various areas of microelectronics in Venezuela are Giscuss•d. 

In view of the general situation of microelectronics in 

Venezuela, it is clear that a major coordinated efTort is required 

in ord~r to accelerate the tech~ological development of this are• • 
., 

The concerted effort, requires effective national cooperative 

schemes betwe•n the national industries, between natio~al research 

and development organizations, the universities, as wall as 

effectiv3 int•raction with the national government. These 

coop•ration schemes ar• discussed in Section 5, toQether with th• 

discussion of raquir9d multinational or international coope~•tiv• 

activities. th• need for 

coop•r~tion amo11g countries with similar tachnologic:al problems. 

.. 
Finally in Section o, on Conclusion~ and Raccmmendations, 

th• strategy that a country like Venezuela should follow in order , 

to achieve a more balanced technological profile, will be 

outlined. 
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2 AREAS OF INTEREST IN MICROELECTRONILS 

The term microelectronics encompasses such a variety of 

different fields and activities that •t is seldom utilized as such 

in technical journals, where much more specific labels are used. 

For the purpos• of the present study ~.,e wi 11 refer to the 

following specific areas of activ:ty: 

1> integrated analog and digital devices and circuits Clow 

power>, 2> thin and thick film hybrid circuits and their 

related technologies, 3> microwave integrated components and 

circuits. 4> optoelectronic und other components for fiber 

optic systems, 5> power devices <diodes, transistors, and 

silicon controlled rect·ifiers>, b> photovoltaic solar cells, 

7> comput~r aided design, 8> computer aided manufacturing, 

9> microprocessor applications, 10> software development. 

In publication• of a gen.,.al character Cll, these and oth.,. 

ar••• ar• usually· associated with th• activity termed 

microelectronics. The areas selected for analysis in this study 

are those most relevant to lccal d•v•lopment in Venezu•l• in th• 

near future. 
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2.1 Integrated devices and ci~cuits 

~~ong the various ar~as within microelectronics, the sector 

of integrateo circuits has really been responsible for the 

inc1~edible development _of the field. Starting wit~ the invention 

of the tran~istor at Bell Laboratories Cin 1947>, followed by the 

develop~ent at Fairchild Cin 1958> of a planar silicon transistor 

utilizing silicon dioxide as insulator, and the inclusion in 19~9 

of two transistors on the same silicon substrate Cdt Texas 

Instruments and at Fairchild>, the density of devices on edch 

crystal chip has increased systematically. In !976, Intel already 

announced the production of an eight bit computer with twenty 

thousand transistors on the same chip. The development in 1960 of 

the field effect, or unipolar transistor <whose basic princ~ple of 

operation had been introduced in 1927>, as well as the development 

of new types of integrated devices CMOS, CMOS, NMOS, CCO's and 

others> have added to the vari~ty of circuits that can be 

implem•nt.ct on a single chip. The developm•nt of the Metal Oxide 

Semiconductor field effect transistor CMOS or insulated gate 

transistor> was particularly important for the achievem•nt of 

higher po~sible device d•nsities per chip, due to th• lower pow.,.. 

consumption for thi<s type OP devic.es. Of cours• in order to 

reduce the siz• of the device the resolution o~ the litogr3phic~l 

process requi~ed in the definition of the device on the silicon 

substrate had to b• improved. This improvement was such thAt 

.. 

" 
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starting with linewidths of the order of 6 microns in 1972, by 

19e1 lin~widths of 2.5 microns were achieved, and it is estimated 

that by 1988 ol"e micron linewidths will be com111on. The limit in 

linewidth for the insulaed ga~e field ef~ect transistors is 

e~pected to reach the value of 0.25 microns by th@ year 2000. 

According to the number o~ components that carry out a 

determir.ed logic function in each chip, different scales of 

integrations have been define~ E2l: 

SSI-Small Scale Integration <2 to 64 components> 

MSI-Medium Scale Integratior. (64 to 2048 components> 

LSI:-Large Scale Integration <2048 to 65536 components> 

VLSI-Very Large Scale Integration, (65536 to 2097152 > 

The development of the larger scale integration techniques 

allow•d the development of the microprocessor, which is a single 

chip containing all the central processing unit <CPU> of a 

computer. Ea~ly microproc•ssor chips w.,.• d•v•loped towards th• 

end of th• 1960's with 500 to 1000 components per chip. Since 

then th.,.• has b•en an approximate doubling of components per chip 

ev.,.y two years. By 1981 the number of componentY reached 64000 

and by 1988 th" number of components per chip should r-each one 

mi 11 ion [21. 
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Th• rapid time evolution of the production of integrated 

circuits can be appreciated by quoting J.Allen. director of the 

Research Laboratory o~ Slectronics at the Masg•chusetts Institute 

ov Technology C3l: 

"Memory cap•city--thal is the number of bits that we can 

put on an integratgd circ:uit-~s growing at the rate 'Jf 70:~ a year 

<even though we know that memory chips are going up by a factor cf 

4 per year and most of us are awaiting the 256K variety right 

now>~ Logic density--the amount of logic th3t we C4n put in a 

qiven space is increasing by 2SY. a year. Integrated circuit 

c.irea-or the area of the chi p--i s going up by ~OY. a ye. 1r ••••• A 

figure of merit that is often used to describe ~ircuit 

perfor~ance--the power-de!~y product--is decreasing by a factor of 

two evel"'y yeal"'" 

Allen expects that by the year 1990, chip . sizes of 600 

square millimiters will be available, obtained with standard 

lithographic dimensions under a micron, and one million bits of 

memory pal" chip. Considering this prosp•ctive davelopm•nt, it 

becom•• obvious th•t th• quality of the silicon single crystal 

substrates will ~e a ~ritical factor for the production o~ th• 

chips to be economically feasibl•. 

The fact that most of the world pl"'oduction of low pow.,­

integrated circuits is concentrat•d in a l"'ela.tively small number 

of very larg• companies clearly indicates that this production is 
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subj.ct to major international comp•tition, r~quir\ng laroe 

investments and huge human resources. 

This fact has b•en certainly stressed by the decision of 

the Japanese government <through its Ministry for International 

Trad• and Industry - MITI> together with major Japanese electronic 

compani•s, to support high risk joint rese~rch efforts in VLSI 

circuit• and other high technology areas. More that four years 

ago MtTI began the effort to determine the status of the society 

of the 1990•s and the computers reQuired for the expected 

d•velopm•nts. MITI proposed the creation of a speciali:ed 

institute dedicated to the creation of the new technology, thus in 

1982 Japan's Institu'.:e for New Generation Computer TP.chnology 

<ICO:> w.s inaugurated. The money for the the new institute was 

contributed by the following companies: Fuj~~su Ltd., Hitachi 

Ltd., Matsushita Electric Industrial Ca., Mitsubishi Electric Co., 

NEC Corporation, Oki Electric I~dustry Co., Sharp Co., and Toshiba 

Corp. Ttt•se companies share the costs of running ICOT ~qual 1 y and 

they exp•ct equal shares of the results achiev•d by the institute 

[4]. 

Si•ilar efforts h•v• be.,, mad• in the United States. where 

the S..iconductor Research Corporation <formed in 1982 by a dozen 

electronic firms> is now considering the development of a 4 

million bit random acce9s m•mory ~t a cost of some 100 million 

dollars C4l. Th• US QOv•rnement is also sponsoring VLSI research 

centers at major universities, to be accessible to major 
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industries in the fielJ. Th• St&nfclrd Uni v•rsi ty Cent9r for 

Integrated Systllft'ls in Pala Alto is a joint venture res•arch center 

for VLSI, which is suppQrtltd by 19 corporations at a cast of some 

1~ million US dollars. Additionally the Micro•lttetranics Center 

uf North Carolina combines th• resources of fiva universities, a 

res&arch institute and a 30 mil!ion dollars industrial research 

facility. The center has been assigned a budget of 50 million 

dollars. for the ye~rs 1981-85. 

The· Microelectronic and Computllt"' Technology Cor~oration 

<MCC> has ~e•n established in Austin <Texas> in the summer of 

1983, and is similar in structure and purpose to the MITI 

sponso~ed Japanese efforts. MCC is dedicated to research and 

development for the production of the next generation of 

computers. It is sponsored by 13 companies which contributed 

funds and personnel, with a budget of 50 million dollars for the 

first year of operation. 

Similar structures are und•r discussion in W.stern Europe, 

wher• the European Strategic Programme on Resarch in Information 

Technology <Esprit> w•s formed under th• auspices of th• Europe.n 

Common Ma~ket organization. Esprit is formed by some twelve 

companies, research laborat~ri•s and ;ov•rnment agencies of the 

different memb•rs. The budgat planned for th• next fiv• Y••rs is 

of th• order of 1.5 billion dollars 3nd the project is undergoing 

a firs~ year pilot program C4l. 

' 

.. 
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In spite of this fact, all countries should study and 

consider s•riously the possible production of integrated 

semiconductor components. Developing countries reali=e in general 

that their future development will depend significantly on th• 

unres~ricted availability of these components and systems. All 

developing countries should carefully evaluate the te:hnological 

and financial difficulties involved in the development and 

production of integrated circuits, weighting these difficulties 

against the gains to be obtained. Third Word countries might find 

it to their great interest to think about the possibility of 

reducing the ~ndividual difficulties through international 

cooperation in this ~ield. 

2.2 Hybrid circuit technology 

A 

includes 

hybrid 

thick 

int99rated circuit 

or thin film ~aths 

is a microcircu!t which 

circuit elements on a 

supporting insulating substrate, to which active or passive 

microdevice elements are attached either prepackaqed or in an 

uncased form as chips, usually all enclosed in a suitable herm•tic 

or epoxy type package. The nature of this type of circuits is 

such that their manufacture requires lass stringent production 
J 
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facilities than thos• n•eded for integrated 

Among 0th.er things modest quality clean 

necessary. 

circuit production. 

room facilities are 

Thick films hybrid circuits r~fer tc conductive, resistiv•, 

or capacitive networks which are defined on the insulating 

sutstrate by serigraphic: techniques. Conductivg, rgsistive or 

capacitive pastas are then forced through the mask defined on a 

sc:,.een struc:tur!!. In the thin film version of a hybrid circ:uit 

the same networks are d•posited ~y means of thin film techniques 

either by evaporation or r-f sputtering technique~ through 

suitable masks C5-6J. 

Hybr-id technology represents an intermediate 

miniaturization step betweon printed and integrated circuits. It 

represents a most interesting technological alternative for Third 

World countries in view of the simpler technology involved and the 

smaller investments required. 

Historic&lly microw&ve devices hav• be•n th• p~i•~Y 

driving forces in the d•v•lopment of micron and submicron 

lithography, since th• s••rch for d•vices with higher frequ•ncy 

reponse is equivalent to th• se&rc:h for a logic&l d•vic• with the 

shortest possible transition time C7J. With th• advent o+ th• 
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Gunn died• in 1965, and the !MPATT diode a few years later 

two-termin•l devices played a very important ~nitial role in the 

development of high frequ1tncy structures. In the early 1970"s the 

Gallium Arsenide field effect transistor became a prime contender 

in th• developm•nt of high frequency devices <up to 25 GHz>. This 

planar device is deposited on in~ulating substrates, a technique 

which allows the construction of both passive Cmicro9trip 

couplers> and activ~ <GaAs 

components. These integrated devices, either encapsulated or in 

chip form, can be added to microstrip line circuits for the 

configuration of high frequency communication circuits. Once 

again, as in the casR of the hybrid circuits discussed above, the 

incorporation of commercial active devices to locally designed 

passive circuits represents an economically attractive 

intermediate technology suitabl• fc~ Third World countrias. The 

design and th• construction of the passive microstrip networks is 

relatively simple and in some instances designs used during the 

last thirty Y••rs h•• been rather empirical CBl. 

2.4 Fib•r-Optic components and systems 

During th• past ffilt v••r• major progress has been made in 

th• design of fiber-optic communicatian syst•ms. This progress 

was mad• possibl• by a major development which occurred in 1970 

when Corning Glass Works manufactured fibers of essentially pur• 
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silica <silicon dioxide> which showed attanu•tion loss•s inferior 

to 20 db/Km at optical wavelengths of 0.8~ nanometmrs. The 

quality of the fibers has been steadily improving since then. and 

in 1979 a~t~nuaticn losses of 0.2 db/Km, at wavelengths of 1.55 

microm•ters C9l ware reported. The achievement of thes• low 

losses, close to th• theoretical loss limit, together with the 

fiber bandwidth characteristic3, are such that the use of fiber 

optics ~or local data communication systems implies a thirty-fold 

improvem9nt over digital radio telecommuni~ation sysytems C10l. 

The improvement in fiber optic attenuation characteristics, 

as well as other intrinsic properties of these components (freedom 

from elect~omagnetic pulse and other electrom3gnetic 

interferences, minimum crosstalk between communication channels, 

ground loop inmunity, intrinsic small size and weight, ar;d long 

term cost reduction>, coupled with the evolution of microcomputers 

and their reduction in price, have definitely established the 

importance of fiber optics communication systems. Their massive 

use is clearly foreseen whithin the next five years. 

For a country like Venezuela, whos• actual communication 

network is limited but will be greatly expanded curing the n•~t 

few years the i~partanc• of fiber optic systems is clearly 

defin•d. The field is particularly app•aling for the country 

because the technology of fiber manu~acturing is not as difficult 

•s th•t associ•ted ta integrated circuit production. Moreover th• 

d~si9n of optical communication syst•ms doesnt imply 
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unsurmountable difficulties. 

The technology associ~ted with the manufacture of the other 

components of the optical fiber sysytem, mainly the light sources 

and th• light datectors, is of co~rse rather complicated. Light 

sources which are actually being used are •ither gallium arsenide 

injection lasers, or light emitting diodes. Local production o~ 

the3e items requires careful consideration even though the 

experience of Bra:il in the development of injection lasers h&s 

been very positive C11l. 

The optical detectors are semiconductor PIN diodes <P-type, 

lightly doped N type, and N-t..,·pe>, and avalanche photodiodes 

<semiconductor diodes with a hig~ field reqicn ~hare electron 

multiplication occurs due to impact ioni=ation>. Once again, the 

local production of these devices ~•rits careful discussion in 

view of the difficulties involved. 

2.~ Power devices 

The technolo9y associ•ted with th• typical pclllHtr" devices 

Cdiod .. , transistors, and silicon controlled rectifiers> impli•• 

lar9er litho9raphically defined devices· <sev.,.al micron!\) which 

c•n be obtained with convention•! photolitoor•phy. Difficulties 

arise in th• selection of the proper materials ta b• utilized as 

contacts as well as in the development o+ devices th•t can handle 
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larger voltaQas and largltr" currents. It is a field which is less 

cont.stt!!d internationally, and it is a field which has evolved in 

tim• at a slow•r pace than th• cas• of integrat.c1 digital 

circuits. The positiv• evolution shown by relatively small 

European companies <such as the· Societa General• di 

Sllftliconduttori-SGS of Milan , Italy> indicates th• factib1!ity of 

such enterprises. The amount of power components whicn are used 

in Ven~zuela, both in th• automotive industry, as well as in the 

rectification process•s associated with the energy conversion in 

the aluminum industry, and the general use of power devices in 

industrial control systems, attests to the potential of a local 

activity in this area of _microelectronics. 

2.6 Solar cells 

Even thouQh solar cells are ess•ntially power devices, her"e 

they are discuss9d separately from the prev.ious point, since they 
. 

involve technolog~•s other than silicon.· Besides the usual 

crystalline , poli crystall in• or amorphous silicon c•l 19. which are 

amply discuss9d in the technical lit•rature C12l on• must 

necessarily consider the •volution of amorphous chalcag•nid• solar 

cells such as those d•v•lop9d by S. Ovshinsky at the Energy 

Conv•rsion D•vic• Company· of Troy <Michigan>. ThtK• cells h.-ve 

on• major adv~ntage, in that their production is obtained by means 

of a continuous process of vacuum deposition on a metal substrat• 
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or.e foot wide, and a rate of 4 feet per minute. The cost of peak 

watt power .. produ~•d by thes• c•lls was of 10 dollars in 1982. 

Ovshinsky's estim•ted cost for the sam• cell produc&d at faster 

... 
watt, for 1987 C13l. If this ~stioat• proves to b• correct, 

ce~tainly this typ• of cells will play a major role in 

photovoltaic energy conversion. 

· Although it is that the V~ne~ualan energy 

requirem1mt~ for the next decad~s Hill be satisfied by 

conventional power generation Coil and hydroelectric> the fact 

remains that large portions ~f nation's territory are scarcely 

developed. The need for ncn conventional ~ewer sources for remote 

nor electrified regions exists today, and it will grow in the 

coming years. Actual examples for such requirements are the power 

supplies for the network of seismological recording stations which 

is now being implemented, th• power supplies for navigational 

buoys along several isolated Venezuelan rivers, power supplies for 

t t · k a•t instrumen a ion pac •Q•s remote installations for the oil 

industry and power suppli•s for ex~•rimental cathodic protection 

-· at isolated installations. For th•'• reasons as w•ll as for 

pot.,,tial long-t.,-m energy production, research and development in 

photovoltaic solar .,,.,..gy conversion is beinq seriously considwr•d 
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2.7 Coeput.,.. aidttd design 

This •re& of knowledge represents one o+ the major 

applications of computers. Once again th• evolution in the 

perform.nee and the pric• of computers during the last decade. has 

stimnlated the~.r application to many fields of design in many 

medium •nd small-sized companies. Most of th• engineering design 

firms of Venezu•l• •r• heavily involved in many aspects of 

industrial plant _design. most of which are related to th• oil 

industry <refineries, pumping stations, gasducts, pipelines, steam 

injection stations and petrochemical plants>. Most of the work is 

nuw carried out without local computer aided design, and it is 

obvious that a significant development will have ta occur in order 

to achieve a greater degre• of automatization. The Venezuelan 

civil construction industry, which already has been using CAD for 

building and road construct\on since 1970, requires more and more 

tec~nol09ical support in this field. 

Addition&! use o~ cofnput.,.. aided design will b• r.ciuired in 

th• •ctivities rel&ted to the design of masks for int119rated and 

hybrid circuit technolooies if these technolooi•• .re to be 

significantly impleQented in the country. _Computer aided design 

is also needed in printed circuit manufacturing which is already 

industrially developed locally. 
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In Vene:u•la great amounts of geophysical and geographical 

data must" be converted into qraphical form and interpreted, in a 

process which is essentially the inverse of digital image 

processing. This is another very important a1Jplicatic1n where 

computer aided design is of fundamental importance. 

2.8 Computer aided manufacture 

For countries which prClduce large quantities of 

manufactured goods, the area of computer aided mar.ufac~uring js 

t~rning out to be the key factor in establishing and mantain 

production leadership. The effectiveness of the use of robots in 

the Japanes automotive industiy has induc!!d the American 

automotive industry to follow suit in crder to remain competitive, 

as it has been demonstrated by the Chrysler Corporation. Research 

and development in numerical control machines hag also shown their 

industrial importance. 

In th• case of a ~ountry with limited manuf•cturing, •s in 

the case of Ven•zuela, the intensity and extension of efforts that 

should be dedicated to this field is not readily evident. It 

certainly appeArs reasonable that some efforts must be dedicated 

to the conversion of existing industrial machinery in order to 

incorporate numerical control facilities in their operation. In 

this restrict•d s•ns• th• area of computer aided manufacture is of 

actual inmediat• inter•st in the country. 
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2.9 Microprocessor applications 

Microprocessor applications are already axtrem•ly num•rous 

and their number- increas•s every year. The reader is referred tCJ 

the review articl~ by D.J. David (14] for a partial listing. The 

redu~ed cost of these components have made it possible for their 

application in almost every aspect of human activity. Many 

possible applications are still unexplored; in es~ence the range 

of th• applications is limited only by the imagination of the 

engineers. The flexibility inherent to the use of microprocessors 

allows their application to problems o~ a particular country or 

region. Applications can easily-~e customi:ed in order to find 

original solutions to specific local problems. 

In the case of Vene:zuela, the supervisoa·y control of sparse 

oil walls in regions of very low population, the control of 

polyducts, as well as the control of remote installations offers 

the most fertile ground for original microprocessor applications. 

In the fiald of education the microprocessor finds ·sev.,.al 

applications in vie" of special Vanezuelan conditionsa the 

existence of a limited number of tec:hnical libraries, a rapidly 

growing stud•nt population at ev•ry level, and a sizable 

percentage of students which require r•medial •ducation. Th••• 

characteristics pose problems whose solutions require effective 



- 21 -

and inexp~nsiv• original local microprocessor applications and 

designs. 

Th~ development of automated office operation in the 

country will require many sp•cial designs for data t~ansmis3ion 

systems ~ith distributed intelligence, in in accordance to local 

customs· and requir@ments. 

2.10 Software developm•nt 

In !9~0 the cost cf software represented 10Z of t~~ total 

cost of a computer, while by 1990 the cost of software will reach 

901. of the total C15J. These figures lead us to the following 

obvious reflection: the local software proauction will redu~e the 

magnitude the costs associated to the importation of computer 

goods by one order of magn1tuda. Any person who has acquired a 

person•l computer can easily exp•rience this reality when he find~ 

that th• purchase of a word processor program for his computer 

will cost.&lmost the same as the comput•r itself. 

If the person d~scribed above happens to live in a Third 

World COWltry, h• will additionally find out that his ward 

prQcessor proQram must be modified to adjust to th• peculiar 

characteristics of his own langua;e Cif at all possibl•>. He will 

also realize, if he is som9'1W1at technically qualified, that th• 

writin; of the necessary pro9ram is indeed • task that lies within 
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his own capacities <conc,ptually at least>. · 

The simple examcle given clearly indic~tes the impo~tance 

that must be attac~ed to the loc~l production of software programs 

specifically designed for r~gional conditions. The same reasoning 

also applies to the developm~nt of firmware, that is programs th~t 

can be directly ir.corp~rated in a m~mcry chip to be us~ together 

with a microprocessor in the applications described in section 2.9 

above. 

The international tecttnol oc;ical per spec ti ves for the 

different microelectronic areas have been briefly described. In 

the following section the situation of those areas in Venezuela 

will be described from the point of ~iew of research and 

develop~ent, professionai and educational activities. In or~ar to 

place some of these activities in a proper perspective in time. & 

brief historical summary will be included. 

3 THE SITUATION OF MICROELECTRONIC~ IN VENEZUELA 

Venezuela is a country of some 16 million inhabitants, with 

a territt.Jrial e::ter-"Jion of some nin• hundrmd thousand squar• 

kilometers. Its main industry is th• production and the refining 

of oil, with a current production of 1.7 million barrels a day. 

Additional major industries are based on the production of iron 

and aluminum since th• country possess•s import~nt deposits of 

• 

.l 
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iron and of bauxite. 

Since 1958 the government has been electad through 

de~ocratic elections. Not coincidentally, since 1958 there has 

bettn a substantial educational and scientific development mark9d 

of the School Sciences at the Central 

University in Caracas Cin 1958>, and the creation in 1959 of The 

Vene:u•lan Institute for Scientific Research CIVICi. 

insti~utions have proved to be very significant in the 

establishm•nt of organized research an~ development efforts in the 

basic sciences in the country. Prior to 1958, rP.search efforts 

were limited to clinical research in medicine, and some R~~o 

~activity in civil engineering. This fact is particularly 

surprising since the major industry in the country, the petroleum 

industry, has operated in Venezuela since 1920; yet no research 

and deve~opment existed in any of the fields a~sociated with it, 

until thP industry was nationali=ed in 1976. The American and 

European oil c9mp~nies operating in Venezuela were never concarned 

with local R~O. All their res~arch and dev•lopment was carried 

out at their hom• laboratories. 

In ord•r to d•scrib• th• •volution of electronics in th• 

country, the national characteristics of th• professional and 

industrial activities in this gen•r~l field will be described 

first. The history cf the research and developm•nt activitiss in 

describ•d. Finally a 

d••cription of most of th• mAin 1·es••rch and develapm•nt proj•cts 
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~hich are currently being carried out at several 

institutes-will be given. 

3.1 Professional activities 

Venezuela has now some 40000 engine•r• in different are•s; 

some 8000 of them are in the areas of electric:al engine11ring •nd 

computer' sciences. Engineers are trained in a five-year 

undergraduate program at 15 major national universities <all but 

four of these universities have been established since 19~8>. 

3200 engineers are e>:pected to graduate in 1984, one fifth of them 

being electrical or computer engine~rs. The number of graduates 

is now increasing at a rate of 5 7. per year. In g~neral the 

undergraduate education received is of good quality; among other 

indices· this fact is indicated by tne positive-performance of 

those Venezuelan stu~ents who have registered for graduate work at 

major foreign universities. The general evolution of high.,. 

education in the country has been particular:y acc~lerated during 

the last twent~ years. This fact is evidenced in the short but 

effective history of the Simon Bolivar University CUSS>. It w•s 

created in 1970, initi~lly accepting 500 students in the fields af 

electrical, mech•nical, and chemical eng!neering, mathemathics and 

chemistry. Th2 university now has so~• 6000 students enrolled, 

and it has add•d the fields of physics, bioloqy, materials 

science, comput•r science, architect~re and urban studies. The 
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professional training that th••• stud•nts receive is one of the 

best in the country, and many of the USB graduates have be•n the 

founders of a number of· successful electronic companies. 

The intensive scholarship programs that Venezuela has 

mantained through the years for graduate and undergraduate studies 

abroad have been the crucial factor in the training of the 

professors required for the new universities. Under these 

schol~rship programs 6792 graduate scholarships were awarded by 

the mai~ funding agency <Gran Mariscal de Ayacucho program> 

between the years 1975 to 1981 C17l, together with several 

thous.ands ur.dergra:::fuate scholarships. Some additional 500 

gradudre scholarships are funded every year by other agencies. 

Appr6ximately a third of all the scholarships are given to 

5tudents in the different en~ineering fields. 

The number of professional engineers trained in Venezuela 
-

and the quality of their training -are quite acceptable, thus 

satisfying a maj~r requirement for the achievment of an autonomous 

technological ~•v•lopment-. Unfortunately most of the trained 

enoineers find employment in activities related to mana;ement, 

sa~es or purchasing, where their engineering skills are us•d 

minimally. This situation is not uncommon to many unde~d•v•lopltd 

countries and it reflects an imm•ture industrial rea1ity wher-ein 

most of th• established industries merely assemble products 

only s•ll i~port•d products. This is the cas• for thos• 

• 
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electronic companies that assemble consumer electronics products. 

One significant exception is found in the engineers 

employed by the ten or so major engin•ering ~onsulting firms. 

These consulting comp.anies are dedicat•d m~inly to the design of 

industrial plants underwriting joint design partnership 

agreements with foreign companies <in several instancgs). These 

agreements have made it possible for a significant number of 

V!!nezuelan engineers to achieve i111portant e>:perienca. In the 

specific ·case of control system engineering, most of the designs 

for plant control and supervision are handled locally Ceven though 

the hard and software component~ us•d in the sys~em are still 

beinq purchased from comp~nies like Honeywell or Foxboro>. 

Other exa111ples of significant local design activi,ty are 

found in the petroleum industry, and in some of the ~lectronic 

Venezuelan companies that will be described next. 

3.2 !ndustrial activity in electronics 

There are three 

mi:ced comp.sni es with 

telephone manufacturing 

major cas.. that atUSt be discuwsed2 a> 

large state participation <mainly the 

comp~ny MAPLATEX>, b>tha privately own!9d 

companies which ar• associated to foreign "firms and 1~htch are 

mainly dedicat•d to the sale of imported products and th• local 

asaembly o~ consumer electronic products (radio, TV, sound 



- 27 -

equipment and others>, c>the privately owned Venezuelan comp•nies 

where local· design is utilized, here defined as profes~ional 

electronic companies. Each sector presents quite differ~nt 

characteristics. 

3.2.1 Telephone manufacture 

·The MAPLATEX company has an installed production capacity 

of 2~0000 telephones a year, whose production reached 180000 units 

in 1982. MAPLATEX is largely owned <4~7.> by CANTV,the national 

telephone company. MAPLATEX b~gan producing regular dial 

telephones under license agreement with Ericson. Thg agreement 

expired' in 1979, and now the company is tgchnologically 

• independent, producing some 887. of the telephone parts in the 

country. Only four engineers out of a total of 300 employees are 

dedicated to development work related to pushbutton telephones and 

other more complicated phones with additional local intelligence. 

In order to achieve these goals in a competitive manner, the 

management of the company is undersigning agreements with local 

R~D org&nizations. The MAPL;tTEX production market is mainly 

oriented to fullfilling th• internal requirements posed by the 

installation of some 2~0000 new telephone lines every year by th• 

CANTV. The importation of telephones into Venezuela is not 

restricted, so that th• operation of MAPLATEX is indeed 

competitive in quality &nd price. 
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Electronic consumer goods 

Many foreign based companies operate in Venezuela. Their 

listing, and the volume of their sales is beyond the scope of this 

study. However we will mention some significant facts concerning 

some of them and th~ir operations. 

1> IBM.of Venezuela is co~pletely dedicated to the sale and the 

servicing of their·products. No local assembly or design is 

.c1rried out. However, this company has ~reated a Sciantific 

Center dedicated to digital image processing and personal 

computer applications, and it supports local R~D efforts at 

other centers. 

2> Industrias Philips de Venezuela is mostly dedicated to the 

sale of Philips products and to the local assembly of TV sets 

and sound equipment. High-level executives of this company 

recoQnizas that no element of local is used in the assembly 

procedure. Fortunately this company is b•ginnin9 to support 

local R~O institutions through equipment donations. 

3> Siemens da Venezuela is mostly dedicated . to the sale of 

Siemens equipment ~ut the company is considering the 

possibility of local ass•mbly of digital telephone exchanges. 
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4> Hewlett Packard de Ven•zuela is dedicated only to the sale of 

Hewlett Packard products. No local design is undertaken but 

at least a very efficient local maintenance group has bee-n 

established. Most of the equipment sold is thus supported by 

the activities of a significant group of Venezuelan tecnicians 

and engi~eers. 

Due to th• reduction of the international price of oil and 

the strict currency control applied by the Venezuelan government 

sine• February 1983, most o~ these companies are re-evalu•ting 

their activities and their role in Venezuela. They realize that 

the level of manufactured gocids imported annually will have to 

decrease drastically and that many products will have to be 

manufactured locally. For many of the companies mentioned above, 

all of which have large organizations in the count~y, fhe new 

conditions established me•n that they will hav• to restructure 

their local opltr"'ations. Som• of them might conside:- as a 

reason•bl• chang• in activity the local manufacturing of some of 

th•ir pr-oduct91. The occurr•nce and extent of the new ac:tiviti•s 

is by no means certain or predict•bl•. 
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During th• last dec:ad• a group of entirely Ven•~ua1.,, 

electronic c~p.nies hav• been established. .nd they ar• now 

dedicat.cf to th• production of capital goads in th• a~••• of 

telephony, electricity, control a~d instl""Wll8ntation. These 

ccmp.nies are inherently innovative and their physical and hwaan 

rescurces structure has been established so that th•Y c.n have a 

high deQree of adaptability to market changes. A significM1t 

number of their founders hav• received state support in th• form 

of schol.r-ships during th•ir graduate studies, M1d mast of th9fll 

have been associated for some years to state supported R&D 

organizations or to local universities. 

The description that follows will rely heavily on the 

.r-ticle of C. Pere: et al C18l, which describes thes• promising 

enterpris•s. The main Venezu•l.,, companies that produced products 

based on local design are t~e following: 

AETI C.A. 

AVTEK C.A. 

Data adquisition systems for supervisory control. 

Microprac•ssor systems ·;or real ti•• operations. 

Voltage regulators wit~ 

Ininterruptibl• 

insulators. 

Power 

microproc:•••ar control. 

Suppli.s. Power lin• 
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IiISTEL.CA C.A. 

ltuta.n.tiz&tion. 

• EyT. C.A • Digital tel-cJhone di&l•rs. control 

syst .. for traffic contr~l. Telemetry syst:HtS for 

data adquisition • 

FONOLAB C.A. ..,.elaphone exchange interfaces and adaptations. 

Cocn111unication consoles. In-dialing equipment. 

INTERSA-· C. A. Microprocessor based electronic taxi meter. 

Electrcnic: velocity control system for '10tor 

vehicles. 

MICROTEL C.A-:. Electronic telephone transl a tors. Telephon• 

exchanges <120 and 1000 line PBAX•s>. Telephona 

custom.,- identification system. Elevator control 

CIRCUITEL C.A.. Print•d circuit production for most of the 

country. 

TECHNIELCA C.A. Electrical motor ov•rload protectors. 

VOLTEJ< C.A. Electronic: sport and display•. 

Electronic: public display systltfltS. Electronic: 

display ·clocks and centrali~•d time syst•~•. 
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SOVICA C.A. Building security and al.,.~ syst .. s. 

Avail~l• information far th• fiv• major comp.ni•• •bove 

indicates th• following; 

a> Total ~ltl'"'sonn•l is of th• ord•r uf 200 emplaye9s. 604 o+ 

th.. a.r• univ.,.sity graduates, and 337. of the total .r• 
engin • .,.s. 

b> Total as3&ts ~ these fiv~ companies i$ of the ordltr' of 

4.5 million US dcllitrs. 

ci Their total sale~ fo~ 1983 amounted to 11 million US 

dollars. 

d) Sal~s have increased 201. from 1980 to 198i, 50'l. from 1981 

to 1982, and 66'l. from 1982 to 1983. 

Even if th• numb•rs are r•lativ•lY low, the economic projection 

for th•s• companies is very healthy. These firms certainly 

repres9"t a very significant first step. in th• autonolllOUS 

electronic industry of th• country. A nMit company re'.:ently 

founded in 1983 will produc• a 16 bit personal computer for th• 

Venezu•lan market, incorporating considerable local design ~nd 

importing . all of th• •lec:troni; basic components. Th• estimatad 

m.v-keting d&t• 1~ s•t for early 19SS. 

.. 
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Th• re•lity for the electronic industry in Venezuela can 

thu~ be summ~ized in th• following manner: the effect of private 

professionill companies with strong local design activities, as 

well as the activities of the government related telephone company 

hav• been very useful in aiding Ven•zuela•s technological 

development. The rol~ of both these groups will increase with 

time. On the other hand the role played so far by the larger 

foreiqn based companies, has been indifferent at best; whether 

these comparj~es will play a significant role in the cievelo?mttnt of 

the country will depend on the evolution of their activities in 

the future. 

3.3 Research and Development in Electronics 

The current re~earch and development activities in 

microel.c:tronics in the country will be preserited in accordance 

with the followinq schemes the brief history of Venezuelan R&O 

since 1958 will be reviewed first. then the present R&D 

microel.c:tronic:s projects will b• discussed. and finally,the 

proj.c:tion of thes1t activities. ~or the next few years will be 

pr1nent9d. 
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3.3.1 History of •lectronic R~D in V.,,•%uela 

?rior to 19~e •l1DOst no R~D activities exist•d in th• 

country in any engin•.,.ing fi•ld. In 19~6 a N.urolagical Research 

Institut• CIVNIC> was founded under th• •uspic•s of th• military 

gov.rm•nt th•t was then in pawer. This institut• was direct•d by 

Dr. Humb•rto Ftlt"'n•nd•z Moran <now a divisional professor in 

biophysics at th• Univ•rsity of Chicago>. Since th• main activity 

of IVNie was oriented toNards biophysical research, •quipm.,,t for 

studi•~ in nucle&a· naagn•tic resonance,. electron paramagnetic 

resonance, thin film ev•poration, and lo"* temp.,-ature production 

facilities <liquid helium and liquid nitrogen>, ..,.re purchas•d as 

research support tools. Plans were also mad• for th• purchas• of 

a 3 megawatt water cooled resmarch nuclear reactor. By 19~8 when 

the governm•nt was replaced by th• pras1tnt democratic system, th• 

staff of the institute had only one v.,,ezuai"an research.,. <th• 

dir.c:tor> and 18 for•ign researchers. D•spit• this unfartunat• 

situation, a •ignificant physical plant had n•v.,-th•l••• b..,, 

provided .nd th• need for a research institute had b..,, 

•stablish.ct in th• public opinion. Amang oth...- scientific 

achiev9'11ents, Dr. Fernande% Moran developecf a d!..and knife, 

mainly far us• in microtom .. for th• pr-saaration a~ sampl.s for­

trans.ission •l•etron microscopy. MAny ye.rs lat.,. this knif• 

wcul~ find quit• different •PPlic•tion• in th• prepar•tion of 

sub•icron structures for Josephson Junction studi- in th• 

EngineerinQ Research Foundation FII Cl•t,.,- described in this 
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report>. 

Wh1tr1 the neto1 democratic government took office, Dr. Marcel 

Roch• was named director of IVNIC, with th• mandate to chang• th• 

structure of th• institute in order to incorp~rate mar~ Ven•zuelan 

res•archers as w•ll as to increasa th• fields of research covered. 

As a result of th•s• efforts th• Venezuelan Institut• for 

Scientific Res•&rch CIVIC> was created in 1959 on the sam• sit• as 

the previous institut•. 

by the availability of 

The initial research fields w•re dictated 

qualified Ven•zuelan scientists. Thes• 

fields initially includ•d: biology, medicine. chemistry and 

anthropology. Th• decision to purchase the reactor was mantained 

and it was decided to open a physics section oriented towards 

experim1tr1t~l solid state res•arch Cin vieN of the equipment that 

was already available>. It was also decided that the r·eactor 

should be cp.,-at•d by Venezu•lan •ngin•ers. Since no specialized 

personnel for these fields was then available. an intensive 

recruiting of rec.,,tly graduated electrical engineers was 

und.,.taken by IVIC. Th~ students wer• s•nt abroad for gradu•t• 

training in thr .. main ar•••s nucl•ar 11ngin••ring for the reactor 

op.,.ation <at th• Master of Scienc• lev•l>, solid state physics 

for ,. ... arch in this .,. • ., <.at PhD l•v•l >, •nd electronic 

1tr1~ln.-rinQ Cat the Mast.,. of Sci.,,ce level> for th• m•inten•nc• 

•nd dev•lop..,,t of r•actor ei•ctronic• A group of som• 1~ 

stud.,t• ·left th• country •round 19~9-1960 and the r••ctar was 

c1099d pendinG"thetr return C19l. 

------- -----
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After successfully completing their studies, the two groups 

trained at the masters level were th• first to return to the 

country C1962». After spending one year working with the reactor 

electronic sysytems, th• electronic enginears diversified th•ir 

activity creating two separated groups: on• to be dedicat9d to 

electro~ic maintenance and development {for the whole institute>~ 

and the othe~ to develop electronic instrum90tation for th• 

researchllt"s of the physics section. The activity of thes• two 

groups represanted the initi~l steps for electronic design in the 

country., They established the first printed circuit facilities 

and designed quite a number of instruments and apparatus, from 

simple power supplies and t~4nsistor testers, to more complicated 

pulse generators, digital word generators, and quite a variety of 

specialized electronic equipment designed for support of IVIC 

researchers in other fields. Furthermor~ these engineers carried 

out intensive recruiting among electronic technicians (train~ at 

local ~echnical high schools> and other electrical engin .. rs. 

Significantly, one of these recruited engineers would later b• the 

ownar-found•r of th• ccmp.ny CIRCUITEL <described above> th• 

manu~acturar of most of th• printed cit•cui ts us•d in the country 

today. 

After wor~ci ng for a certain number 01; years at IVIC. the 

technician• were sent to th• United Kingdom for thre• ye~rs• 

addition~l training. in a program equivalent :o an undergradu~t• 

Bachelor of Science dagr••· 
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The group 

section, started 

of students train~d fo~ research in the pnysics 

returning to Venezuela around 1964, after 

completing their PhD education. Som• receivE:td their graduate 

degrees in electrical engineering, others in physics or materials 

science. By 1967 the physics section numbered ten ~ctiv• 

Venezuelan researchers. By 1968 one of those researchers <trained 

as an electrical engineer> indicated the need to include 

engineering as a major research activity at !VIC. He also 

detected the extremely limited number of engineers that dedicated 

most of their efforts to research activities in Venezuela. An 

intensive campaiqn was organized in order to influence 

undergraduate engineering teaching at local universities so as to 

increase the numbers of students that would be willing to continue 

their studies at a doctoral level abroad. At the sa~e time, the 

creation of a technological institute to be concerned with all 

fields of engineering was suggested C20l. As a r~sult of 

efforts IVIC implemented the following fundamental 

measures: 

these 

policy 

1-Th• inclusion o+ engin••ring omong th• fields to b• covered 

at th• institute. 

2-A massive PhD level scholarship program in engineering. 

3-Th• cr•ation of a technologic•l center at IVIC, wh•r• the 

activities of th• research groups. mar• ori•nted towards 
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eng1n-.ring wou!d coexist h~moniously wit~ thos• of th• 

design· and development engin .. ring groups th•t were farmed 

around th• nucl•ar reactor. 

4-The hiring a+ a limited nwnb•r af foreign res•archers in 

areas r.ot activet in V..n•zu•la <such as mechanical engint~ering 

and metallurgy>. Thes• for·e1gn research.,.s w.,-• to be hired 

with th• clear understanding that they w•r• •xpec::ted to carry 

out res•arch as w•ll as intensiv• training o~ Ven•Zu•lAn 

students in th• n•w fi•lds. 

5-The re-orientation of som• members ~f th~ cnemistry center 

of the institute towards more applied research topics Coil and 

petrochemistry>. 

As a result of th•s• policies . IVIC had two additional 

centers in 1974: th• Engineering Center and the Petroleum &nd 

Chemistry Center. By that tim~ som• twenty engineering PhD 

students w.,.e studying abroad under IVIC schol•rships. 

!~••• 1~t1goa §Ct ~;01id•c•~ fYnd1m.at•l fgc tb• •~glwtign 

gf th• c••••c•h 10~ ~•Y•lgam90t ia th• ~••c1 that fgllg~~ 

After the nationalization of the oil industry which 

occurr.cf in 1976• th• gov•rnm•nt founded • specialized rese.,-ch 

and d•velop,...nt institute for P•troleum. INTEVEP • which start9d 
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operations in 1977. Its technical personnel was drawn frOlll th• 

persannGl of th• P•trol•um and Chemistry Cent.r of IVIC, as w•ll 

as from the roster of engine•rs employed untill then by th• 

diff.,-•nt oil compani•w. This institute now has 1100 employ•••• 

and it is funded ~t a lev•l of 100 million US dollars p•r Y•ar. 

The organization of lNTEVEP is such that both technical p.,.sann•l 

frOlll th~ institute and represent•tiv•s of th• oil industry sh.,-• 

its m.ilag•••nt. T~is •ssential link b•tw..,, an R&O organization 

and its us•rs is thus clearly astAblished. 

In 1979, a n•w res•arch and dev•lopment institute for thas• 

engine.,..ing areas other than petroleum w.~s proposed to the 

~overnm•nt, and in 1982 th~ new institute, the Foundation for 

Engine•ring Res•arch and Development. !FII>, beg~n operations, 

starting with most of thr.r technical personnel of the Engine•r-ing 

Cent•~ at IVIC. The organiz~tional structure of the Fii is such 

that several of th• larg•st state OWl•d corporations have acted as 

found•r-s, and their repres•ntativas are memb...-s of the boArd of 

dir•ctors ~f th• foundation, thus •stablishing a clos• ti• b•tween 

&n R&O center &nd th• productive sector. INTEVEP has ••tabli3hed 

that R&O pr-ajects in •l•ctronics, control, instrwn•ntatian and 

telecOMmU.nications. r•lAted to th• oil industry ar• ta b• cAr"ried 

out by th• FII. 

Th• gover-nmentaJ structure of Ven•%uelan science and 

technology and the diff...-ent ~unding arQanizatians for R&D 

projects Nill be discussed next. Since 1979 th• country has had a 



- 40 -

State Minister for Science .ind Technology. who acts as advis.,- to 

the president of the country on related matters, and as such ts 

present at Cabinet meetings. In principle at least. the State 

Minister is able to influence policy of the differe~t ministries; 

in practice. the day to day problems faced by the other ministers 

limits their understanding of the long-term planning which is 

required in order to effectively incorporate the science and 

technol~gy variable into the economic life of the nation. Of 

course these difficulties are comm~on to many developing countries 

as well as to some developed ones. 

In addition to the State Minister, the National Council for 

Science and Technology, CONICIT • bears the responsibility for 

science and technology policy planning CCONICIT was founded in 

1967 when the 

proposed by a 

government 

group of 

accepted and supported the initiative 

scientists>. The Council started 

operations in 1969. Mo~t of the academic and R&D institutions, 

both private and official. are represented in the directive board 

of CONICIT. This institution operates m•inly as a funding agency, 

directly supporting R&D projects with an assigned budg•t o~ 20 

million dollars CUS> for 1983. The First Congress on Sctenc• and 

Technology was organi:ed by CONICIT in July 1975, and repres.,,tltd 

a first major scientific policy meeting which counted with the 

massiv• pM"ticipation o? scientists. industrialists, government 

representatives, and a~adomic institutions. On• of th• major 

recomm•ndation referred to th• Rstablishment o+ tax directed at 
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the national industry for the support of scie~ce and technology 

R&D. Unfortunately this recommen~ation was not accepted at th• 

time by the government. 

3.3.2 Actual R&D in microelectronics 

The different R~D projects in microelectronics which are 

now under way at different national institutions will be described 

in this section. In each cas• the structure of the various 

institutions where the projects are carried out and the technical 

qualifications of the personnel involved will be included. Those 

projects that are considered to be particularly significant for 

the technological development of microelectronir.s in the country, 

will be described in detail. 

3.3.2.1 IVIC 

IVIC has 1100 employees, 110 of them being re3earchers <PhD 

level> ~d 140 are research assistants <Master or professional 

degrees>. Th• are dedicated to research in th• following fields: 

medicin•, biophysics and biochemistry~ cellular bi~logy and 

virology, 

engineering. 

ecology, chemistry, physics~ 

The engineering group is composed of 

and 

those 

rese•rch.,..s which were not tr•nsferred to th• Engineering Research 

Found•tion. Amonq them, only res••rch•~ is dedicated ta 
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micro•l.ctronicsi h• is • B•lgian 9ngin-.r Nha, •fter sp1tnding an• 

ye•r •t th• Foundation, has opted to return to full tim• b•sic 

reseAt"ch at IVIC. Th• work which he h•s carried out is mainly 

concerned with theoretical asp.cts of th• operation of integrated 

devic.s: the natur• of th• numerical solutions that apply ta a 

semiconductor wh•n tha exact conduction equations are consid•red, 

not neglecting diffusion currents. and fully solving Poisson•s 

equation.. This work follows the pioneer work of H.K. Hanisch and 

co-workers C21l. Additional work is r•l•ted to the structure 

propos•d for a novel field eff•ct transistor, th• accumulation 

mosfet. The probabl• evolution of micro•l.ctronics at IVIC will 

continue to be oriented towards theoretical analysis of existing 

and new semiconductor devices. 

The e~perimental facilities which were developed at IVIC by 

members of the FII ar• new being used by the Foundation under a 

rental agr•ement. 

3.3.2.2 CANTV-CET ~&bor•tory 

Th• National Telephon• Company op.,.ates a training c.nt.,. 

for telecommunication technici.,,s <Centro d• Entren.,.iento Tecnico 

CET>. This c•nt•r has been concerned with signific.nt 

development work related to the telephone industry. Sp•cializ•d 

el11etronic tnstru•ents for the measurem9nt of telephonic traffic 

have been desiQnad and built at the center, •• w•ll •• several 
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microprocessor applications for automatic speech recoQnition Mld 

other •quipment. 

The technical training level of the engineers emplcy9d at 

the center is mostly that of first degree engineers although sam• 

of the mtttnbers of the group have been trained at th• mastmr- ~ 

science lev•l. Since most of their work is related to th• 

develop•ent of systems associated with the normal operation of th• 

telephon• company, they have shown little interest tow.rds 

publishing ·original research activities. 

3.3.2.3 Engineering P.ese•rch Foundation-Fil 

As mentioned before 1 most of the members of the engineering 

cent.,. at IVIC, moved to this new institution early in 1982. FII 

now has some seventy engineers and physicists dedicated to 

research, development and professional activities. The technical 

level of the personnel is evenly distributed: on• third have been 

trained at doctoral level, one third have master•s degrees, and 

th• remaining third are first degr•• engin••~s. During the ne~t 

five years th• rate of personnal growth is expected to be such 

that by 1988, th• Foundation will hava 200 enginears. Fii now has 

five centers: electrical and electronic engineering, metallurgy, 

mechanical engineering, system engineering and digital tmag• 

processinQ. This latter center represents a joint-venture betw..,, 

IBM of V.nezuela, IVIC, the Central Office far Statistics and 

---
j 
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Informatics, and the Foundation. The FII be~rs th~ t1tehnic•l 

r&spansibility for the operation of th• center. The folloNing 

techn~c•l units exist in th& different centers: 

ELECTRICAL ENGINEERING: 

Instrum.nt•tion and microprocessors 

Telecommunications 

Hybrids and cryogenics 

Microelectronics 

METALLURGY: 

-Physical metallurgy 

Chemical metallurgy 

MECHANICAL ENGINEERING: 

Thermal 

Fluid mechanics 

SYSTEM ENGINEERING: 

Inform•tion And control 

Systems 

DIGITAL IMAGE PROCESSING: 

ProJ.cts 

Digital proc~sing 

Fro• the 14th to the 16th of Oec•mb.,. 1983, the Foundation held Art 

internal technical meeting in C•racas; 607. of the papers present.ct 

by the technical personnel of th• FII ~Nre r•latad to fields of 

microalec:tronics C22l, out of a total of :53 p•pers. The specific 
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topics w•r• the following: 

1> GENERALIZED CONTROL MODULE: this modular intelligent svstem is 

based on the central components of a Zilag Z-80 8 bit system, 

additionally incorporating a DIA converser to the microprocessor 

bus. The fol lowing progra1ns are stored in thg ROM: coaxial 

cable comm•..micat~on program, and optional progra~s for local or 

distributed control. The module has the following I/O 

characteristics: a coaxial cable input for sequer.tial 

communication at a rate of 4600 bits/second~ 8 digital bits 

inputs and outputs, 8 AID channels C8 bits>, and two channels 

for standard RS-~32 ccmmunicatio~. 

2> LOCAL MULTIPROCESSOR NETWORK: the system described refers to 

the interconnection of several Appl~ II computers to a PDP1l-60 

system. The connection is mad~ by coaxial cable and the 

communication protocol is based on the RAMA <Red de Arbitraje 

Multiple y Aleatorio> system. All participants in the net~ork 

can conmunicate with eachother. 

3> COMPUTER NETWORKS IN THE CONTROL Or INDUSTRIAL PLANTS: a 

prototype for a control system with computer networks is 

described. The system comprises two generalized control modules 

and thr~• APPLE II minicomput9rs, connectad along a length of 

800 meters o? co•xial cable. The APPLE can act as a displ•y 

unit, as an actuator, or as • supervisory unit. 
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4> HI-SPEED COMPUTER NETWORKS: this paper describ•s the d•sign cf 

a 2 Megab•ud computer network developed •t FII. 

5> MICROPROGRAMMED CONTROLLER DESIGN: desion techniques which 

improve the operation of microprogramm•d cont~ollers using 

PROM's, EPROM~5 or EEPROM~s, are discussed. 

o> MICROCOMPUTER COMMUNICATION PROTOCOL: the interconnection ci 

the different computer~ which operate at each subw•y station in 

the Caracas rapid transit system is described. 

7> FREQUENCY CODER-DECODER: in order tc obtain maximum rate cf 

data transmission for a given band width, a novel ceding scheme 

i5 discussed. 

S> REMOTE HEXADECIMAL KEYBOARD LECTURE: a system for the lecture 

o-f several he~adecimal keyboards at a distance from a 

microco1nputer, is described. The system is so designed so as to 

minimize the number of interconnecting lines, it is based on the 

use of an analog voltage signal <instead of the usual sweep> 

which. is then decoded at th• processor unit. This system is to 

be usad in the autom•tization of part of an aluminum producinQ 

pla.nt. 

9> DATA ADQUISITION AND ANALYISIS SYSTEM: an 8 channel data 

adquisition system h~s be~n developed for speciali=ed 

underground applications, together with tha required firmwar• 

for data analysis at the surface. 
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10> 1'1ULTISERVICE FIBER-OPTIC TRANSMISSION NETWORK: a 3.7 Km 

fib•r-optic system for the tra~smission of vid:!O, telephony, 

so~nd and data is describ•d. All the componwnts required 

<modulators, demodulators, concentrators , etc> hav• been built. 

All the signals trav•l through onP. fiber, using LED~s as optical 

sources and avalanche diodes as det~ctors. One TV channel is 

transmitted, together with 32 telephone- channels, one audi a 

channel and dat• at a rat• of 4.8 Kbits/sec. The system will 

provide supervisory control, videoconference 

telephone and · computer interconnections at 

facilities • 
three different 

locations. Network control is possible equ.dly from each of the 

nodes. The comput~rs to be interconnected include a VAX system, 

an IBM 370-145, a PDP 11-60, and seve~al personal computers. 

11> CONTROL UNIT FOR A FIBER-(IPTIC NETWORK: the detailed design of 

a central unit bas•d en a Commodore 64 computer and a color 

·monitor is pres•nted. A special circuit is incorporated for th~ 

centre\ of the c•m•ras, microphones, speakers, alarms, and the 

flow of the input and output PCM signals. 

12> ANALOG FIBER-oPTIC TV MODULATION SYSTEl't: th• circuit for 

modul•tion and demodul•tion of th• different sign•ls for th• 

fib•r-optic network is described. Th• b•ndwidth for th• LED 

saurc• is 20 MH:, and th• optic•l power modul•tion ind•x is 0.2. 

Th• APO d•tectcr is us•d with • transimpedance pr••mplifi•r 

followed by • vid•o •mplifier with 9•in up to 4~ db. 
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13> DIGITAL FIBER-OPTIC CODER: a full-dupl~x 2 megabits/sec system 

is described where syncrcnizing signal, clock and data ar~ 

transmitted along the same channel. The system was achieved 

implem•nting data coded in the Manchester code. Error rat:!s 

were measured to be less than 10 to the minus 12, and jitter 

rates obtained were cf the order of 67.. 

particularly designed for economy. 

The system was 

14> LOCAL OSCILLATOR FOR A DIGITAL RADIO: the design for a 

dielectric resonator oscllator system is discussed, with the 

resonator section located at the input of the active device. 

15> MICROSTRIP LINE WITH THREE OR NORE DIELECTRICS: the 

characteristic impedance and the effectiv~ di~lectric constanc 

for a planar microstrip line with three <as in th~ case of 

microstrip with overlay> or mere dielectrics wa~ derived. The 

calculation is based on the exact determination of the curve 

which separates the different dielectrics in a plane transformed 

by two successive Schwarz-Christoffel transformations. The 

capacitance of the transformed plane geomet~y is then obtained 

by numerical finita alaments procedures. 

lb> SUPER~SEMI-SUPERCONDUCTOR JOSEPHSON JU~CTIONS: this pap.,. 

presents a new proc8dure for the reproducible fabrication of 

thes• types of Josephson juctions which are manufactured with a 

novel geom•try utilizino convention~! 

fabric&tion procedur•s. The advantages 

integr~ted 

achieved 

circuit 

in th• 
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structures obtained are due to the geometry {negligible 

capacitance•, better film separation control. better union 

ccoling properties and simpler fabrication procedure>, and to 

the semiconductor silicon subst:"'ate (rel ati vel 'i high 

normal-state resistances, controlled electrical properties as 

functions of doping, coherence lengths below one thousand 

Angstroms, and IC compatible fabricati~n techniq~~s>. Th~ 

structur~s have lead films deposited on a crystalline silicon 

CN+) substrate on which a step of ccntrolled height is achieved 

by ion milling. 

17> Pb-Te-Pb JOSEPHSON JUCTION FABRICATION, CARACTERISTICS AND 

CHAOTIC BEHAVIOR: the chaotic behavior of these Josephson 

junctions under variable microwave ir~adiation is measured. The 

• junctior.s were fabricated by high vacuum deposition en sapphire 

substrates, and then irradieted at variable power levels with 35 

GHz microwaves. The effect of chaotic behavior on the Shapiro 

steps of the devices• IV characteristics was measured. It was 

confirmed to be related to chaos by means of noise measurements 

in the 100 KHz:· range. These noise measurements indicatad device 

camperaturas of tha order of 10000 K, which is a characteristic 

of ch•otic ph•nomena. 

18> COMPUTER SIMULATION OF IV CHARACTERISTICS FOR TUNNEL 

SUPERCONDUCTING STRUCTUnES: using the RSJ model with 

quAsiparticle resistance curves, varying the parasitic current 

below th• gap energy, and varying the union capacitance, the 
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behavior of a tunnel typ• Josephson Juction is simulat•d in a 

computer. Th& IV charactaristic3 are calculdted under the 

presence o+ irradiated microwave, therm•l nois•. shot noise. ~d 

in the absence of noise. 

19> SOLID DIFFUSION AMORPHOUS SILICON DOPING: as a first step 

towards the production of an amorphoys silicon sol~ cell of the 

PIN type~ this project has dealt with the RF sputtered 

evaporation of: 1- amorphous silicon, 2-.,,timony, and 3-

amorphous silicon in an hydrogenated . 
The 

evaporation is fellowed by a thermal treatm.nt. The material 

produced presented resistivities of the order of 0.02 ohm-cm 

which are comparable with other .amorphous silicon dopinq 

proc~dures • 

• 

20> HYBRID THIN AND THICK CIRCUITS: several circuits pr~duced 

mainly by thick film techniques are described. The circuits 

refer to systems develcp•d und•r contract with sev.,..al local 

companies under propiatary no disclusio" agree..,,ts. 

21> POWER INTEGRATeD DIODES: the production of po....,. diodes of the 

abrupt juction n+p and p+n typ•s with protective rings •nd the 

electrical aharacteristics of th• dwvic .. produced in th• FII 

laboratories are described. 

equipm•nt which is raquired for the production of diod•s ~ith 

higher br••kdawn volt~g•s is includ•d. 

J 
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22> AUTONOMOUS POWER SUPPLY SYSTEMS: the production of crystalline 

silicon solar cells of the type MIS with natural inversion 

layer, of the type P+/N3, 3nd of the type P+/N/P+ and N+/P/N+, 

are described. Also described are the electrical 

characteristics of the cells obtain~d~ as well as the control 

circuits required for the charging of batteries~ and the 

dif?erent techniques for solar pan~l interccr.ection and 

encapsulation. One of the Vene~uelan application for th~ p~n@ls 

produce~ refers to the power supply for remote stations· to be 

used in the national seismographical network. 

23> DESIGN OF A NAVIGATIONAL SOLAR RIVER BUOY: the discovery of 

commmercial deposits of bauxite at the Piriguao mountains, sc~e 

700 kilometers up the Orinoco river from the aluminum producinq 

plant~ of ALCASA and VENALUM, requires the transportation of tha 

raw materialby barges. This procedur~ implies river navigation 

aided by a system of luminous buoys to be powered by solar 

energy. In this project the electrical Qnd mechanical 

requirements for the control system of each buoy are discussed. 
-

A system based on locally produced solar panels is di~cussad and 

24> MAINTENANCE OF THE CL~CTRONIC CONTROL OF THE CATATUMBO DREDGE: 

the accass ch•nnel to the major Vene%uelan ail fields in the 

larQest dredger, the ship Catatumbo, possesses a rather cnmplcx 

system of sluices which •re electronically controlled in order 
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to mantain a proper ship balance. The project described re~ers 

to the redesign of most of the ship electronics which never 

operated properly since the purchas·e of the unit. 

25> REAL TIME ADAPTABLE DIRECT CONTROL ALGORITHM: some of the 

details for a novel control adaptable algorithm for systems with 

delay is described. !t is an adaptable proportional-inteqrat1r.g 

control whose object is the maintenance of the system output 

near a· set point in spite of variations of the operating point 

and in the presence of constant perturbations. In order to 

avoid the problems associated with the lack of a positive 

covariance and the divergence of the identifying filter, the 

algorithms are modified with alternate numerical mehods which 

tend to cancel the residue correlation and improve the 

convergence. 

26> ELECTRICAL GENERATION AND DISTRIBUTION SYSTEM: the ne~d of 

supplying electrical power to an instrumentation platform in the 

lake of Maracaibo has motivated the present project under 

contact from INTEVEP. 

27> DEVELOPMENT OF A BASIC GRAPHIC COMPUTATION PACKAGE: Hithin the 

framework of the developm•nt of a graphic computation package, 

to be useful in the area of computer aided design, a group of 

subroutine!I have been developed. They are cap.able of e::ecuting 

translations, rotation!I, sc:alinq, pardllel or perspective 

projections, and the elimitation of hidden lines in polyhedra. 
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26> CLASSIFICATION OF N~TURAL RESOURCES: the ·:::>bjective of this 

project is the classification of available n3tural r~sources 

<water and vegetation> utilizing the information derived from 

remote sensors. The techniques utili~ed are based on the 

digital processing of images and photointerpretation. The area 

considered has an extension cf 800 sq~3re kilometers in the 

Sucre state. Tlie results obtained are presented as maps shcHing 

the.different classified areas together with their boundaries~ 

their perimeters and areas. 

~9> ALGORITHM FOR THE FOLLOWING OF BORDERS AND FOR THE VECTORING 

GF LINES: frcm the digitalized sat~llite image a second 

two-tcned image <black and white> is obtair.ed; th~ white regions 

are assigned to the levels of gray which correspond to the 

regions whose definition is required in the original i~age. ~ 

vectorying algorithm for closed contours is also presented. The 

joint •pplication of these techniques to digitalized images 

allows the definition of information which is not perceivable by 

the human eye. The application of these techniqu•s to 

metallurgy C~ptical and electron microscope images>, to medicine 

ex-ray and microscope imag9s>, and to automatized cartography is 

e~trem•ly important. Several practical examples are discussed. 

30> SEMI-AUTOMATIC DIGITAl.IZING OF DRAWINGS: the digitali=aticn of 

cartographic maps <or any civil en~ineering drawing>, for their 

inclusion in a data bank is normally carried out throu;h a 

' 
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manual process which uses a digitizing tablet. This type of 

manual process requires lengthy procedures where the op•rators 

must dedicate tar~• amounts of time to the point by point 

following of a given contour <or in more modern systems, to th• 

identification of the end poits of a given straight line or 

arc>. A time saving semi-automatic technique for the processing 

of the ima~es mentioned is presented. 

In addition to the s•v•ral projects reported in th• Proceedings of 

the First Technical Meeting, numerous other projects are being 

developed at Fil und•r contract agrltt!!!tents with strict 

confidentiality requirements. One of thes• projects refers to the 

design and construction of an automatic machine voting system to 

be ready at the time of the next ~cheduled national elect.ions 

which are going to be held in december 1989. Some thirty thousand 

units of the basic system will be required. This project will be 

handled by the Fil together with the major professional electronic 

companies of the country. 

3.3.2.4 UNIVERSITY OF CARABOBO 

This univ•rsity is locat•d in Valencia, in the central part 

of Vene:u•la. The technical activity relat•d to microelectronic 

R~D is rather limited since only five professors are dedicated to 

it. It is however very significant because in 1977-78 one of th• 

\ 
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first microprocessor applications 

univ•rsity. in the design of a taY.i 

was 

meter. 

developed 

Not only 

' 

this 

this 

~icroprocas~or application original, b~t the prototype which was 

developltd is currently industri~li=ed in the country and it is 

used i r1 Ven•zuel an taxis. 

Current prcJ•Cts underway ~t the university of Carabobo 

are: 

1> A microprocessor based ultrasonic fetal diagnostic unit, 

desiQned specifically for the detecticin of medical anomalies 

specifically found in the country. 

2> A microprocessor data acquisition unit for the 

characteri~ation of the transient response of the respiratory 

system. 

3> A microprocessor control unit for professional U-Matic video 

tap••· 

4> A •icroco.-put•r for microprocessor developing systems. 

3.3.2.5 SIHON BOLIVAR UNIVERSITY 

Three major depArtMents are related to microelectronic 

activiti•sa the computer science departm•nt, the systems 

depart•ent, and th• electronics and circuits department. Th• fist 
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two groups are mostly dedicated to the design and implement•tion 

of new algorithms and general software, while the electronic and 

circuit group de~ls with the design and construction of hardware 

units and some R&D work related to solar cells <in collaboration 

with the physics department>. 

electronic and circuit unit are: 

The current projects in the 

1> Thi~-film solar cells production by serigraphy and pyrolitic 

pulverization. 

2> Compound semiconductor thin-film structures. 

3> Design and construction of si·gnal generators by means of 

additive synthesis. 

4> Design and construction of directive microstrip couplers with 

stepped impedance lines. 

5> Wide band microstrip coupler analysis. 

6> Dynamical optimization of multidimensional filters. 

7> Linear prediction for the detmction o+ plan• ~v•s. 

S> Detection and burst error correction in receivers. 

9> Image ceding by means of linear spectral prediction from the 

Fourier· transforms. 

\ 

j 



- 57 -

10) Class E amplifier design with unipolar transistors. 

11> Robotic arm design. 

12> Real time EEG data acquisition and processing. 

13) Data ac~uisition system for the detection of waves in the 

cardiac cycle. 

14> Fetal monitoring system. 

Due to teaching duties the staff at the Simon Bolivar 

University dedicates only part of their time to the R~D activities 

described. Most of the emphasis is dedicated to development or 

design work. A great deal of work is carried out by the studEnts 

in their fifth year thesis project. 

Microelectronic R&O at other Venezuelan academic 

institutions is mainly concerned with microprocessor applications 

Cat the University of Oriente, at the Universidad Central de 

Venezuela, and at the Instituto Cniversitario de Tecnologia 

Region Capital>, and softw•r• development for microstrip systems 

design <Institute Universitario de Tecnoiogia As 

evidenced by the papers presented at the last meeting of the 

Venezuelan Society for the Advancement of Science C23lp the 

activity of these institutions is limited and it should be 

increased in the future. 

\ 
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4 FUTURE FERSPECTIVES FOR LOCAL MICROELECTRONIC ACTIVITY 

On dec:•mb...- 4th, 1983, • new administration ._... elected in 

Ven•zu•la. On• ~f th• exp.ctltd m••sures to b• tak11n by the n .... 

government will b• th• d•v•luation of th• nation•l currency unit 

sometimes in thu first half of 1984. Th• current foreign currency 

exchange controls a.re •lso expected to be continued. If so, the 

situation will be such that the .mounts of foreign imports will be 

greatly reduc•d• and local industrial prodw:tian will be 

strenghtened in ord•~ to cover the n••ds of th• local market as 

well as for possible exports. 

Under this schem•, the circunstance5 will be optimal for an 

increase in the industrial activity related to microelectronics 

and the corresponding required increase in th• local R~D and 

design efforts. It it important to estimat• the rang• of 

activities that can b• re•son•bly develop•d in view of the actu•l 

situation, w?th th• •xisting human and mat•rial r•saurces for th• 

different micrelectronic fields. 

Th• .analysis to be presented is derived fr0ta the discussion 

.-nd th• results of a wokshop fin.need by CON?CIT and organized by 

th• Flt, h•ld in Caracas during th• days from June 31, to July 2nd 

1983 C24l. This workshop benefit•d fro~ th• participation of most 

of th• Ven•zuelan researchers in the field, representatives for 

most of th• prof•••ional electronic companies, r•pr....,tatives of 
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Dev•lop•ent <Ministerio d~ Fomenta>. Th• objectiv•s of the 

meeting Ner• th• following: a) an evalu•tion of all of the 

micro•lec:tronic past activities in ~h• country, b> an evaluation 

of th• possibl• futur• activities i11 microelectronics during th• 

next fiv• y•ars, ~d c> a summary of possible governmental 

reco.,...nd&tion for the definition o+ a real policy for the 

accelerated d•v•lopment of the field. 

4.1 Pespectiv•s in IC dev•lopment 

Future developm•nt in this area is particularly difficult 

to estimate. Not only is the international de~elopment of low 

pow•r analoo and digital integr~ted circuits~ a process which is 

highly acc•lerat•d and highly ccmp•t•d. but also it requires major 

financial and human r•sources. Only one IC laboratory eKists in 

V•n•zuela •t present Cwith available resolution of 5 microns in 

silicon technclogy>, with a total of some ten engin..r"s with PhD 

training in th• field. Major st•ps must obviously be taken if IC 

m&nuf&cturino is to b~ accomplished in th• country. The level of 

•xpenditur• required for th• conversion of the existtno laboratory 

facilitia. to an industrial scale operation is certainly of th• 

ordet" of several million dollars, i+ improved circuital resolution 

is to b• achieved. This fact together with th• limited trained 

manpoNer, implies that signi~icant development will occur only 
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thr-ouoh major govef"'nm.nt sponsor9d action or through 

international agreements. These possibilities will be consid•red 

further in the following sections. 

Probable developments which will occur independ•ntly of 

major initiatives, will be related to th• local production of 

photodetectors <with silicon technology> and the creation of a 

gallium ars•nid• research and developm•nt laboratory. The 

pr-ob•bl• evolution of silicon power device production is decribed 

separately. 

4.2 Hybrid circuit perspectives 

This sectcr of microelectronics offers one of the best 

perspectiv•s for its massive development in Venezuela within the 

next few years. The country has decided on an intensive expansion 

in itg communication system <telephony~ data, etc.> so that the 

application of hybrid r.ircuitry is assured. Th• technology 

required for hybrid circuits is relativ•ly simple and the l•v•l of 

requif"'ed investm•nts is more accessible for the country Cone ar 

two million dollars>. 

Sevef"'al prof•ssional electronic companies have established 

their int•rest in producing hybrid circuits, both thick and thin 

films. There is a siQnificant local ef?ort in R~D Cat FII> and 

this effort will be incf"'eased. A consortium formed by several 
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electronic companies and the FII. for the manufacturing of hybrid 

circuits is being considered at present. The role of the FII will 

be concentrated in R&D. Most of the hybrids currently imported 

will be produced locally. This is certainly the case of thos• 

r11quired by the telephon• industry. 

The experience obtained by Vene:uala during the last 

fifte.,, years of production of printed circuits <mainly by 

Circuit•l>, establish•s an excellent base for the definition of 

thos• circuits that should be hybridized. 

Even the local production of pastes is now being considered 

together wi.th the economics of the process. 

4.3 Microwave IC perspectives 

A significant increase in local R&D activities will also 

occur in this field together with some limited manufacturing 

efforts in n•ar future. Passiv• microstrip elements will 

c•rtainly ba produced. incorporating imported active devic•s. 

Local designs for telecommunication networks will also increase. 

Local R~D efforts in gallium ars.,,ide technology will ba 

d•velopad in relation to studies concerning high frecuancy active 

d•vic:es. Th• results of these studies will determine 

possibility of futur• industrial future dev•lopm.,,t. 
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4.4 Persp•ctiv•s in fiber-optic systems and components 

There is no doubt that optical communication system design 

will strongly increas• for large &nd small scale ap~licatians. 

Optical buses incorporated to telephone automatic exchanges are 

being design9d now, and supervisory control sysytems for hostile 

environments Crefineri•s and other industrial plants> will b• 

completed soon. 

Several cable manufacturing firms are now evaluating the 

economics for the local production of fibers, in view of the plMls 

of the telephone company regarding extended use of optical 

com~unication links in the country. 

Local R~D concerning detectors and light- soi!rces will 

increase. Efforts are being made in order to re-orient-th• 

activity of physics res•archers who are now involvltd with studies 

on ternary and cuaternary semiconductor materials, towarcls gallium 

arsenide technology. 

4.~ Power device persp.c:tives 

The local production cf pow•r diodes, transistors and 

silicon controlled rectifiers is de•m•d possibl• in vi-.. of th• 

large device areas involved, and in view of the pote~tial markets 
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_, _,_ ............. ,... ................. ,. 
~ ....... ._..... .......... -··----· , 

.nd the aluminum industry. A m.ajcr increas• in th• actual Rt.ED 

efforts must b• dev•loped in order to be able to hava a b•ttar 

industri.al perspective particularly in the case of ScR•s 

and signific:~nt research in metal ta silicon contacts fo~ high 

current levels has b••n carried out. · 

Th~ dev•lopm•nt of this area will require some sort of 

\nt•rnational collaboration scheme, eithar with established 

foreign companies who might wish ta carry out local construction 

under joint-venture schemits, or through the support of 

international development agencies. 

4.6 Solar cells perspectives 

of solar c•lls in the country will not be dedicated to massive 

energy conversion schemes in vie~ OT th• availabl• oil and 

hydraelectri~ energy potential. 

mAl"ket of so•• 4 ~illion dollars is currently estimated for soln-

call r9fft0t• v-••• applications. Th• production of solar panels 

using imported cells is under way now, togeth•r with som• !imited 

local production of crystalline silicon solar cells. Possible 

international joint R&D activities in amorphous cells are being 

considerd in proj•cts with the company Energy Conversion Davie••· 
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4.7 CAD perspectives 

Local computer aided design will grow without any doubt in 

the next decad•. The country has ~lready a significant 

infrastructure of computers, as ~ell as a sufficient poo\ of hu111M1 

resources in the area. Furthem~re, national indcstrialization 

plans will grow, and they will require continues growth in CAD, 

particularly in the oil industry. 

The largest engineering private companies in the country 

are aware of the need for e~panded CAD activity, if they want to 

be competitive with foreign firms. These engineering firms are 

presently discussing interactive schemes with local R&D 

organization for the optimi~ation of human and financial national 

resources. 

A modi~ied CAO application, of great importance for 

Venezuela, is the development of strong groups in digital imag• 

processing with two purposes: a> the evaluation of the resources 

of the national territory, and b) th• production of maps fro• 

digital data banks mostly related to geographical and geophysical 

data. The personnel employed in actual groups in this field Ar• 

expected to grow an order o~ magnitude Cfrom 15 to 150> within the 

next five years. 

J 
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The automotive industry is the major national i 1dustry 

which could require comouter assisted manufacturing. However the 

nature of this industry in Ve~ezuela, is ~ased on the assembly of 

imported parts. If this industry were to install robots in their 

producti~n lire they would in all probability purchase the 

autom•tic systems abroad. A local activity in computer aided 

manufacturing, includir.g supported R~D activities, would require a 

major change in the attitude of the industry. This major change 

is hard to predict, and very hard to induce since this national 

industry is still s~rongly tied to foreign car manufacturers. 

In the case of smaller manufacturing industries the grad~al 

modification of existing machi~ery, so as to i~crese their 

numerical control and automati~ features, represents a development 

which is totally feasible. This development will certainly occur 

and the design and production of the required electronic systems 

will b• local. 

4.9 Microprocessor application perspectives 

We hav• already discussed that th~ development of this area 

·is ~lmost inflnite, being bound•d only by the ingenuity of th• 

designers. Sp•cial regional cond~~ion~ might induce a local 
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dev•lopm•nt of microprocessor applications in thos• ar•as ...,,.,... 

international systems are unavailable or wh.n th• •vailabl• 

systems require major modifications. 

The technology 

directly available to 

involved in microprocessor applications is 

all countries with a r•asonably good 

~ngineer-ing er scientific training. This is certain'~/ the casct of 

Ven•zue!a, where all of the major academic institutions off.,. 

microprocessor cours•s in the r-egular- electrical engineering study 

programs. 

in 

The major specific fields of microprocessors 

Venezuela ara related to the oil industry, 

communications industry. Supervisory control and 

applications 

and to the 

automatic 

operation of oil fields, pumping stations, oil and gas pipelines, 

refin&ries,and processing plants offer a wealth of exampl••· 

Furtnamore if one considers that the international oil industry is 

undergoing a mod•rnization proces• at pres•nt, one realizes that 

th• technological gap betw••n develop•d and und•rdev•lcp•d 

count~i•s is still not tea gr•at in this ar•a. A r•asonabl• 

chanc• •xists for th• •stablishm•nt of local d•signs which can 

comp•t• economically and technically with those d .. igns 

originating from the mer• industrialized countries. Th• 

revolution occurring in the tel•communication 

industry in th• industrialized world, has shown a tend.ncy towards 

systems with more distributed and local intellig1tnce, and it 

points out to a potential window for designs produc•d in 
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accordance to local needs and specifica~ions. 

Anoth•r exampl• of specific: microprocessor local 

application in telacommunic:ations, is representttd by the design of 

an automatic voting network for Ven•zu•la. If th• network wer• to 

be used only for voting, then its cost will probably be th• major 

factor against its implem•ntation. On the other hand th• 

additional facilities that can be incorporated into such a network 

<seismic data network, hydrological data network, library 

interconnection system, m•dical data network, etc.>, indicate that 

a special design incorporating local conditions would be of great 

use for Venezuela, or for countries similar to it. 

Additional microprocessor applications which require local 

designs are obviously requir&d in the field of automated office 

ope~ation, •nd in educ~tion. It is particularly in the field of 

education wh•re the different local conditions must weight he~vily 

on the systems used. 
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4.10 Persp•ctiv•• in softw.ra development 

As in the case cf microprocessor applications, software 

development is well suited for local activities, due mainly ta 

these re•sons: a> the financial resources required for tha 

establishm•nt of a software ccmpany are much more accessible to 

Third World countries than in the case cf hardware companies, b> 

software production is a labor intensive activity, c> most of the 

technological knowledge required is easily accessible, and d> 

programs developed for one specific applicat·ion are 

directly transferable to other cases. 

seldom 

The problem of_software development in developing countries 

is described in detail in re~erence C25l, where it is stated that: 

"UNIOO-s preliminary investigation has shown that in th• 

d•v•loping countries such as Arg•ntina, Brazil, China, Egypt, 

India, Malasia, Mexico, Republic of Kor•a and a few others, th• 

potential for th• development of a camputer software indu•try 

exists." 

This is also the case for V•nezuela, where train•d human 

resources are available in suffici•nt numb.,.• and wh•re the 

industrial developm•nt plans currently under way require more and 

l 

J 
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more special programs for specific local applications~ The 

relative si:e of the computing centers and computer sections in 

the various nationali:ed oil companies clearly points out th• 

importanc• of this type of ar.tivity in the petroleum industry. 

5 COOPERATIVE EFFORTS 

The maxim of strength through union is certainly an old and 

proven concept which also applies to the technological development 

of one or more countries. If the available national resources, 

both human and financial are scarce, it is obvious that their 

optimal utilization will require a concerted national action, 

avoiding the duplication of .efforts, and with maximal agreem.,,t 

between the different entities involved: th~ state~ the R~D 

community and the local industry. This first· step depends on the 

nationa~ will of each country and each country alone, and it 

reprttSents a minimal firs~ effort th~t must be achieved if a 

fAster ra~e of technological development is desired. 

Th• ••m• principle that applies to the different groups 

within a given country should of cours• also apply to di?fer11nt 

countries. Agre•ment should b• achi•ved in order to ration~lize 

individuAl efforts, to avoid unnec•••ary competition <if at •11 

possibl•>, or to reduce it through common agreements. Common ' 
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fronts shouid be established towards more industrialize~ nations 

Cas in case of OPEC>, as well as towards less industri•lized 

nations Cas in the case cf the agreement undersigned by Me~ico and 

Venezuela for the supply of oil at better rates for Caribbean and 

Central Am2rican countries>. 

Technological agreements for the accelerated developm•nt of 

microelec~ronic or other advanced technologies, should be possible 

for countries with similar development levels and similar 

problems. Within the Latin American scene, possible similar 

partners could be Brazil, Mexico and Venezuela which were 

identified as "middle-tier developing countries" by a study 

carried out by the U.S~ House of Representatives in November 1980 

(26]. Considering the development undergone. by Argentina since 

then, this country should also be considered under similar 

conditions. 

Efforts should always be continued in order to &chieve truly 

effective agreements between ind~str1alized and less developed 

countries, even though the number of examples of effective 

technology transferences are not abundant. In fact in most 

instances of technical relations between countries of different 

technological levels, the label of "technology transfer" is really 

applied to the process of mer• technology sale Cat high levels of 

profit>. 
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la tbi~ ~l~Yi~igo ~~~ Q~Yi9Y~l~ ~gogltigo@g ~~ th@ @~i!t~o~~ gf 

tb§ w•t•R!i!hwg Y~!tgg int~~~!t~~ 

In the telecommunications industry alone there is a 

perspective ea billion dollar market within the ne:~t five years. 

Although a significant percentage will be spent by Third World 

countries, .no Third World manufacturers are to ba found among the 

le•ding group of Western Electric, ITT, Siemens, Ericsson, GTE, 

Northern Telecom, NEC, GEC, Thomson CSF, and Philips. 

While pointin~ out some dr•wb•cks in the relationship betw.-n 

developed •nd l•ss develop•d countries, one should n•ver f•il to 
' 

point nut one of th• most positive ••P•Ct in these relation~hips, 

that is, th• op•n accessibility of Third World students, 

professors and researchers to most of the academic institutions in 

the more •dvanced developed countries,, This aspect of true 

technolo;ic•l transfer must b• recognized •nd properly v•lued 
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since it repres.,,ts on• of the most effective factors for ch.nge 

in less develop•d regions. 

countries are particularly 

Some institutions in some industri•l 

excellent and open to foreign 

participation, and in this sense it is pertinent ta quote Dr. 

Paul E. Gray, tha president of the Massachussetts Institute of 

Technology on the subject of scientific and technical information 

transfer among countries C27l: 

"My own view is that while there is a legitimate concern 

about the transfer of scientific and technical information to 

countries which would use it to their military and strategic 

advantage, there is f"r less understanding of the degree to which 

quality and progress in science depend on openess and sharing of 

information within the educational and research communiti~s. The 

research universities of this country are, already, 

communities of students, faculty, and research 

in~~~n~tign~l 

staff who are 

selected on the basis of ability and premise not on national 

origin." 

It is cbvious that th• fr•• acc•ssibility to institutions of 

great acadamic standards in developed countries, has been a strong 

factor for the technological improvement of many countrie9. If 

the different industrial establishments of the more advanced 

countries were to follow a mer~ concerted and open action with 

respect to their operations in less dev•loped countries, the 

technological world situ•tion would suffer major ch•ngas. It is 
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of cour"se r"ather utopian to expect these changts to take place 

spontanttasly, but Third World gover"nments should be aware of the 

r"ange of possible tec:hnological agr"e.,..ents that could be induced 

through trad• agr"eements, political and natur"al 

resources supply contracts. 

International or"ganizations have played and must continue to 

play a significant role in order to achieve a more balanced 

technological distribution. These organizations 

difficult task of achieving-agreement among sev1H'"3l countries, and 

the degree cf difficulty incr"eases as the number of countries 

involved incr"eases. On the other" hand they can count on the 

concerted support of many Third Wor"d countries which are united in 

their intention of achieving a higher technological level in spite 
• 

of national differences of economies and tyoes of governments. In 

the case of microelectr"onics, and in particular in the case of the 

production of integrated devices · and circuits, the corporate 

nature of moder"n effor"ts for the production of these items clearly 

points out to the desirability of a concerted action on the part 

of Third World countries. 
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5.1 Cooperative e~forts in Venezu•l~ 

Three major areas of internal cooperation should be stronly 

increased: cooper~tion among th• local professional electronic 

companies, cooperation among the R~D community and 

companies, and cooperacion among the government, the R~D community 

and industry. 

5.1.1 ·Cooperation among companies 

As we have described above most of the major electronic 

companies which develop local design in electronics are dealing 

with similar tasks where there exists a certain degree of local 

competition. Although these elements of competition are highly 

desirable for • healthy industrial development, th• companies 

should develop common strategies for handling major national 

electronic production goals. A positive development along th••• 

lines seems to exist in th• case of th• proposal for the 

production of automatic voting machines, which is to b• handled by 

a consortium of the different ~ompanies. To the extent that this 

joint mechanism .~ill b• succeafull, th• strength and visibility of 

th• local electronic industry will b• enhanced. Other projects 

that might b• handled jointly by th• companies is related to the 

production of basic telecommunication equipment, basic 
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microprocessor control modul•s and th• local fabrication of 

electronic components. 

5.1.2 Cooperation between R~D units and industry 

The size of the different professional electronic -companies 

in Venezuela is still rather reduced, and most of their effort is 

dedicated to dasig~, marketing and sales. Their R&D efforts are 

reduced, and they are limited to the products which are 

manufactured. The major state controlled telephone and telephone 

manufacturing companies have little development and no research. 

On the other hand the major R~D state sponsored organizations have 

invested substantial amounts of money in personnel training and 

for the purchase of specialized equipm•nt. It is rather.obvious 

that th• interaction of the different sectors should be increas•d 

for the common good. The R&D groups must prove .to the 

satisfaction of the compani•s, that they can handle different 

projects with total confid•ntiality, •nd with total imp•rtiality. 

One major st•p along th• line of· increased cooperation will be 

tak•n with th• •stablishment of a joint venture between FII and 

two el•ctronic compani•• for th• production of hybrid circuits. 

Equally important cooperative proQrams might b• dev•loped in the 

production of optical fib•r•, in th• m&nufacturinq of solar cell 

panels and in the d•velopment of microprocessor applications. In 
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all of these fields the R&D groups Hould concentrate on the 

designs and their constant improvement, while the companies would 

concentrate .on the manufacturing. 

5.1.3 Government, Industry and R~D Cent~r5 

Government has a major role tc play in inducing the desirlfd 

interaction, since it controls several large companies while at 

the same time it regulates the operation of all the private 

companies as well as the operation of most R~D orgnizations. 

Government also regulates most of the goods and services which are 

used in the country every year; it also authorizes the importation 

of those goods and services that are purchas•d abroad. A clear 

governmental policy for microelectronic developm•nt, based on 

objective technical analysis. would greatly help change the 

t•chnological situation of V•n•zu•la in a relatively short time. 

During th• last thirty yeArs the Venezuelan gov•rnment h•• 

certainly supported the est•blishment of local R&D institutions, 

as w•ll as th• founding of several universiti••• and • central 

pulley and financing institution CCONICIT>. No specific policy 

concerning the establishment of priorities amonq the different 

technical and scientific fields was ever implement.cl until 1979 

wh•n the Petroleum Technological Institute <INTEVEP> was created 
J 
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with the mandate to carry out research and developmttnt in th• 

areas directly rel~ted to the p&troleum industry. The lev•l of 

financing for this new institute was definitely higher (far 

sal~~ies for the personnel as well as far the purchase of 

laboratory equipment and materials>, than in the case of other R~D 

institutes. The government clearly indicated that it considlH"ed 

petroleum related research as fundam~ntal for the development of 

the country. No other fields have be~n declared as having special 

priorities up to the present time. Research and development 

projects supported by CONICIT are judged on the bases of their 

technical quality, and the funds are apportioned equitably a~ong 

the different fields. 

Every five y~ars the platforms of the major political parties 

have reflected several suggestions for science and technolcgy 

pro~rams. Up to the last election, these suggestions referred 

mainly to diff~rent organizational schemes for the secto. of 

science and technology C2Bl. In the last election <December 

1983>, th• pro~rams of the major political groups established some 

priority guidelines for those topics that should be dev•loped 

nationally with greater in~ensity. Significantly enough, ~11 

parties coincided on th~ importance of mod•rn electronics for the 

national development. In some of the programs, reference was made 

to th• electronic comple~ Celactronics, telecommunications and 

informAtics>, while other programs stressed the importance of 

electronics or that of microlectronics. No detailed plans were 
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pr•sent.ct r9gArding th• procedure to be folloNed for achi•ving the 

desired accelerated microelectronics dev•lopm.nt. In order to 

re•ch this goal the government ~ust establish a clear and coherl!f1t 

policy, which could b~ bas•d on th• following actions: 

An official declaration defining microele.o:tronics as 

priority al"'e:l. 

2> An official definition of a major. goal to be achiev•d in 

electronics <i.e. the reduction of foreign microelectronic 

imports by SOX in five years>. 

3) The establishment of a national microelectronics commission 

formed with government representatives, representatives from 

industry, and fl"'om the R~D community. The main objective of 

the group would consist in 

detailed policy for the 

the tentative definit!on of a 

accelerated expansion of 

microelectronics in the country. This tentative policy would 

later be ratified officially by the government. 

4> The inclusion of R~D personnel in th• bo•rds of directors of 

the major st~t~ own•d or mixed industries, wher• mast of tha 

more important decisions concer~ed with th• purchasinq of 

equipm•nt and technical s•rvices are made. 
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As a matter of fact, during the last th1·e9 years of the 

previous gov~rnment th• la~t recommendation conce~ning the 

inclusion of R&D personnel in the directive boards of m3jor 

industries 01· state c~rporations, was implP.mented in four 

instances. Researchers were appointed to the Telephone Company 

<CANTV>, to the Public Utility Comp~ny <CADAFE>, to the telephone 

manufact~ring company CMAPLATEX>, and to the board of a major 

company for the production of seamless steel pipes Tor the oil 

industry. As a dir~ct result of these appointments, several 

decisions were influenced by scientific technological 

criteria, and projects which would have been designed ou~side the 

country were developed locally. 

All the recent Venezuelan administratio~s have been in fact 

~ware of the ne~d for an industr~al policy aimed at the 

substitution of imports. T~e level of global imports has been 10 

billion US dollars yearly, during the years 1977 until 1980. An 

additional 8 billion dollars has been spent in the same four year 

p•riod in technology contractsC29l. With this spending profile ~t 

is obvious that the government should encou~agP. local production 

by all means. One of the ~easures taken by th• government along 

th••• lines has been the Decree 1234 of the 8th of Octob~r of 1981 

C30l. The whole document is directed towards limiting th• 

purchase of foreign goods and services, as clearly shown by tha 

text of th• first article: 
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"The diff•rent Ministers will not be able to ~uthorize th• 

purchas• of foreign goods <either consum•r, intermediate or 

C3pital goods>, nor the approval of consulting c~ntracts, or the 

construction of different public or industrial works, or the 

hiring of technical personnel outisde of the cpuntry, when there 

exists a national offer with adequate =onditions of quality, 

opportunity, and cost, regardless of whether the purchase is 

direct, er whether it is car~ied out through a private or public 

bidding process.~ 

This decree certainly establishes strong ~egal bases for the 

development of local technical activiti~s. although it~ effective 

3pplicaticn depends on the intelliqent evaluati~n of the phra5e 

adequate conditions of •.. 11
• 

The adminis:::--.aticn ~·Jhich has recentlv been inaugurated 

<February 2nd 1984> has taken some additional positive steps that 

will also tend to increase the local technoloqical effort: 

1> Th~ office of the State Minister for Science and Tachnology 

has been m.antained. The new minister is an ex-director of 

IVIC, and he has announced plans to c~nvert CONICIT into a 

formal Science and Technology Minis~ry. 
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2> The new minister has named a highly trained ~ng1neer !PhD in 

computer sciences and director of one of the major 

professional electronic ccmpanies>, as a l13son ~fficer 

between the miniscry and the productive sector. 

3> Ccnv~rsations are under way in the new qovernment fer tne 

establishment ef a tax aimed at the productiv~ sector. to be 

directed toward the financing of local R~D activities. 

Should this measure be implemented it will represent ~ major 

significant step in the country's development. 

The new minister for the Environment and the Natural 

Non-Renewable Resources <MARN>, is also a qualifi~d ~cientist 

wnose activity will help in establishing closer ties cetwEen 

tha R~~D community and the government. 

Some researchers Cin biology and ecology> have been name~ to 

the new boards of dir·ector9 of some c:.f the st.ate owned or mi::ed 

companies, it is hoped th~t this very effective measure will be 

extended in the n~ar future so as to include researchers in more 

technical fields related to the basic national industries. 
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5.2 Cooperation between countries 

7he ggneral lines of interaction between countries in Latin 

America should be established alonq the fo!lowinq lines: a> a 

~a1or joint R~O ef fcrt between Argentina, B:-a:;: i l • Me~:ico and 

and b> a major effort in the traininq of R~O qroups of 

~he other couneries. The differences in technological leval among 

the four countries might be a limitinq factor in th~ devalopm~nt 

of joint projects (8ra:;:il is definitely more developad in sev~ra! 

of the areas of microelectronics, particularly in 

circuits>. However, a careful selection of topics sucn that each 

ccu~try i5 the major responsible for a qiven area. .::tnd th~ 

~ossible or;anization of companies oparat!ng in the rc~r countries 

;ni c;ht successfully induce the r~quired cocperaticn. As an 

additional binding factor. the cooperation might b~ establish~d 

under an international organization umb~ella as it will be 

discussed in the ne::t section. 

5.3 International cooperation 

The subject of international cooperation in the field of 

mic~celectronics is not a new topic for the va~ious speci~li:ed 

United Nation a9encies. In the particular cas9 of UNIDO, the rol• 

of Third Worid countries in the field of microelectronics has been 
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discussed at several international confer2nces. It is cl~ar th.at 

~hatever schemes might be develcped, the efforts of sRveral 

nations must be involv~d: it is also clear that the rapid 

evolution of the technical knowledge in the field requires a large 

component of R~'.D acti vi ti es tcqether \·d th the purely ccmmerci .31 or 

industrial .aspect;;. The design of chips fer customi:ed 

applications has been considered economically and ~echni~ally 

feasible in a number of countries [31J. 

Within· the Ame~ican continantal scene, the Org3ni:at1on of 

Americ~n States has supported several collabor3tive crqanizations 

maity dedicated to conventicnal technoloqies or to the transfer of 

information and professional kno~ledge (32J. No major R~fr joint 

ventures have been establi;;hed. 

The time seems appropiata for the proposal of a m~jor 

transnational effort in microelectronics to be.~ponsored through 

an international organization such as uNIDO, or the OAS. As a 

matter of fact Venezuela has p~oposed t~ UNIOO the establishment 

of a Regional Center for Applied Microelectronics to be hosted by 

the Fundacion Institute de Ingenieria <The Engineering Research 

Fcundaticn- FII>. The a~tivities to be covered at the new center 

wculd ~2 the following: 
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1> Research and development in the following areas: integr•ted 

circuits and devices, hybrid circuits, components ans system 

design for optical fiber communications, solar cells, power 

devices, and components and systems desi9n for microw•ve 

integrated systems. These R~D activities would ba directed 

towards designs and applications particularly suit~d to the 

realities of a partially developed country. 

2> Technical assistance to Vene~uelan and foreign industries in 

their plans for the establishment of new industries related 

to the different microelectronic areas. It was felt thet the 

experience already gathered by the Foundation in its dealings 

with Vene=uel3n industries was iffipcrtant, and it could be 

used by other developin~ cc~ntri2s, mast of which experience 

similar problems. 

3> Technical training at all levels, from that of laboratory 

technician to the level of a researcher. This activity can 

be carried out in collaboration with local and foreign 

univarsitie3. These activities are considered fundament•l in 

view of tha lev~l of investments required and due to th• need 

for on th• job training which is fundamental to 

microale~tronic activities. This type of training is 

difficult to obtain at establish~n companies both in 

developed and in underdev9loped countries. The proposed 

center can be conceived ag center for the training of 

• 

• 

J 
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trainers, that is, .those professionals from other countries 

who will later create other regional centers in their 

respective nations. 

4> An information center fer the collection of technical data 

and technical experiences to be freely available to other 

groups and nations. Thi2 :ctivity should cover from 

collections of techni~al books and periodicals, to technic•l 

reports, computer programs and video recordings for technical 

training. 

The FII was considered as a suitable base for tha proposed 

Regional Center in view o? the substantial investments already 

carried out both in equipment, buildings and trained personnel. 

Additionally, the legal structure of the Foundation al°lows the 

establishm•nt of a center such as the ona •~visioned, to be 

founded by the FII together with an international agency. 

Th• g•ographic•l position of Ven•zuela has influftf1c•d.its 

tr•dition~l Latin Americ•n and C.,-ibbean cooperation role, •• 

evidenced by its actions from the tim• of the wars for 

the supply of 

hydroc•rbons to n•ighbourin; countries. Additional evidence is 

;iven by th• signing of technical collaborative agr•ements withs 

Ar;•ntin• (1972>, Bolivia <1973>, Brasil <1973>, Ecuador C1~73>, 
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M~xico <1973>, Haiti <1974>, Dominican Republic <1974>. Guatemala 

<1976>, Peru C1976>, and a complementary Sciance and Technology 

a~reement with Brasil in 1977. 

The Regional Center propo9ed for Venezuela could be one amon9 

other Regional Centers to be established in other countries. The 

various centers would all interact along guidelines established in 

common accord by the different countries and by the sponsoring 

international agency. The guidelines would be drawn on th@ basis 

of a maximal common good. There is no doubt that th~ individual 

countries's activities in microelectronics would be strengthened 

by this scheme, the collaborative efforts of the different members 

would increase, and, perha~hs, the st~ucture of a united ~~fort in 

microel~ctronics by Third World countries might bring about naw 

avenues of effective collaboration with more advanced countries. 

o CONCLUSIONS ANO RECOMMEND~TIONS 

The description of the reality o~ micro•lectronic activity in 

Ven•zuala has bean the assence of this paper. Although limited at 

th~ moment; thi3 •ctivity has a reasonabl• potential for Qrowth i~ 

vigw of the educational development of the country durin~ th• last 

forty years. The nature of the Venezuelan economy, which is bas•d 

on the industrial development of natural resources lik• oil. iron, 

• 

J 
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aluminium, coal etc., implies a need for an active local development 

of the electronic complex (electronics, telecommunications and 

• informatics>. In this sense, even without considering military 

implications, the strategic development of most of the fields of 
• 

microelectronics is a national necessity. The task might seem 

almost impossible in view of the fast rate of evolution of the 

international knowledge in the field, and in view of the large 

resources>, and investments required Cboth in human and financial 

yet the country has no other alternative but to try to achieve 

the fields. This reasonable technological autonomy in some of 

autonomy can only be achieved with a strong research and development 

effort, with a well co-ordinated national effort and with constant 

improvement in the quality and intensity 

standards. 

of the educational 

Transnational and 

be of great 

development of 

importance 

international technological agreements will 

in the ac=eleration of the technic•l 

the area of microelectronics in the country, and they 

might prove to be of importance for the collective development of 

other countries. 

The distinguished economist Lester C. Thurow, in discussing 

the actual technological situation faced by the United States in 

view of fierce Japan••• competition in many high technology fields 

and the loss of American industrial leadership during the last 

thr•• decades, stat•• th• American situation in the following 
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terms [33J: 

" ••• The problem is not how to get back to the effortless 

superiority that we had back in the 1950s, but how we run with the 

leaders of t~e pack -- behind in some activities, ahead in other 

activities, but averag~ with respect ~o the best economies of the 

world. That should be the goal you think about ••• " 

In the case of Venezuela, as in the case of many other 

underdeveloped countries, Thurow's statement also appli~s. The 

nation must saek to reach a passahle international level in some 

industrial activities, mainly those related to petrole~m, 
iron, 

and aluminum industries, as well as some of the more strategic 

areas of microelectronics which nowadays affect the whole spectrum 

of industrial endeavor. 

• 

' l 
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