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EXPLANATORY NOTES

Abbreviations
CAD Computer Aided Design
CAM Computer Aided Manufacturing
CCD Charged-Coupled Device
CMO0S Complementary Metal-Oxide Semiconductor
CPU Central Processing Unit
IC Integrated Circuits
LsI Large Scale Integration
MOS Metal-Oxide Semiconductor
MSIT Medium Scale Integration
NMOS N-Channel Metal-Oxide Semiconductor
SEI Small Scale Integration
VLSI Very Large Scale Integration
Organizations
ESPRIT European Strategic Programme on Research in
Information Technology
IBM International Business Machines
ICOT Institute for New Generation Computer Technology
IVIC Venezuelan Institute for Scientific Research
MCC Microelectronic and Computer Technology Corporation
MIT Massachussetts Institute of Technology
MITI Ministry for International Trade and Industry
0AS Organization of American States

USB Simon Bolivar University
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SUMMARY

The study reviews the state of the art and anticipated future
developments of the Venezuelan microelectronics industry as well as
research.undettaken; applications of microelectronics products nationally
developed and existing as well as possible co-operation at regional and
international levels in this field.

In the main subsectors of microelectronics industry developed in the
country, such as telephone productiom, the country is virtually self-
sufficient and, as of recent times, technologically independent. In the
field of professional and consumer electronics goods, the market is
dominated by many foreign-based companies. A number of recently established
indigenous electronic companies is producing capital goods in the areas
of telephones, electricity, control and instrumentation. The development
of this last category is regarded as a very significant first step in

the development of an autonomous electronic industry in the country.

National R and D in the field is carried out in government and
government-sponsored agencies and national universities; areas in vhich
expanded R and 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 professioral engineers
trained end the quality of their training is not a barrier to the achievement
of indigenous technological development.

A global approach to technology acquisition has not yet been fully
defined for Venezuela. There is a consciousness of the need for a more

systematic approach to technologies acquisition in the field.

Venezuela sees scope for technology agreeaents between middle-tier
developing countries in Latin America and for trade agreements, policitai
treaties and natursl resource supply ccntracts between developing and

developed countries.
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1 INTRODUCTION

Research, development, praofessional and industrial
activities which have been carried out in Venezuela up to the
present in the different areas of microelectronics ars discussed
in this study. 7The natural evolution of these activities in the
near future (five years) is also discussed. Possib'e strategies

and policies that will accelerats such an evolution are presented.

There is no question concerning the strategic importance of
microelectronics in a developing cauntry.like Yenezuela, an oil
producer which has established definite government peolicies
whereby oil revenues are dedicated mostly towards the improvad
efficiency and qrowth of the o0il industiy as well as towards
investments for an accelerated industrial development in other
areas. Thu;, the different techniques of automatization,
supervisary contral, instrumentation, telecommunications, and
informatics are inseparably related to the technological
develcpment of the country. If this development is to be
autonomous, a significant knowledge of the areas mentioned before
must be suffi;ieﬁtly mastered by Venezuelan technical personnel.
This knowledge necos;arily encompasses many of the fields of

microelectronics.




Any person who might question the requiremant for autonamy
mentioned above, needs only tg examine the amount af money that
Venezuela has spent in the past, and is still spending every year,
in the purchase of foreign designs, goous and services ralated to
the electronic complex (electronics, telecommunications and
informatics). Local design of certain items, as well as their
total or partial local manufacture, would certainly atrfect the
balance,qf payments in a positive way, just as it would reguce the

dependence on foreign suppliers.

Even though the last two statements are rather obvious,
several important and not so obvious questicns arise inmediately

from them:
vhich systems should be designed locally?
Which services should be provided locally?
Which goods should be produced locaily?

The ans=wers to these question=T are not easy, since they
depend in a complex manner on a large variety of national factors:
the actual technological level of the country, the level and the
amount of the technology which is now being imported, the
available qualified human resources and their evolution, and many

others.




The answers also depend on international factors whose
exact assesment is difficult: the international wavelution of the
related technologies, as well as the behavior of the pric2 of ail

in futur= years.

The present study will attempt to answer thiase quesions,
since it is true that once a reasonabie answer is defined, tha
required microelectronic disciplines to be pursued ir the country
will Secomn apparant, together with the mixture of research,

development and prcofessional activities required in each 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 ccuntry should

dedicate more efforts to research, or to develcpment, or %o
professional activities. In general these planners fail to
realize that a much more difficult. question is involved 1in
defining the fields that might be developed in a given country
with reasonable probability for technological and economical

success.

In section 2 of the report, those different tachnical areas
encompassed under the term “microelectronics” which are of local
intsrast are discussed, ingluding a brief perspective of the
international development of the technology in each area, as well
as an analysis of their possible national development, in view of

the prevalent Venezuelan conditions.




The histary of Venezuslan research and development

activities since 1938 are described in Section '3, together with
the locaf eituation of professional and industrial activities in
several areas of microuwlectronics. Resgsarch and development
projects which are currently carried ocut at major naticnal centers
are describsd in gr=at dstail, including some reflectians on the

availability of numan resources technically trained.

In Section 4 the perspectives for the future develupment of’

the various areas of microelectronics in Venezuasla are ciscussed.

In view of the general situation of microelectronics in
Venezuela, it is clear that a major coordinated efrort is required
in order to accelerate the techrological develogmeant of this area.
The ‘concerted effort, requires effective naticﬁal cooperative
achemes between the natiocnal industries, between national research
and development organizations, the universities, as well as
effectivae interaction with the national government. These
cooperation schemes are discussed in Section S, together with the
discussion of required multinational or international coocperative

activities. Special emphasis is placed on the need for

cooperation among countries with similar technological problems.

Finally in Section &, on Conclusions and Racommendations,
the strategy that a country like Venezuela should follaw in order
to achieve a more balanced technological profile, will be

ocutlined.




2 AREAS OF INTEREST IN MICROELECTRONICLS

The term microelectronics encompasses such a variety 66
di fferent fields and activities that ‘t is seldom utilized as such
in technical journals, where much more specific labels are used.
For the purposa of the present study we will refer to the

following specific areas of activity:

1) integrated analog and digital devices and circuits (low
power), 2) thin and thick film hybrid circuits and their
related technologies, 3) microwave integrated components and
circuits, 4) optoelectronic and other components for tiber
optic systems, 35) power devices (diodes, transistors, and
silicon controlled rectifiers), &) photovoltaic solar cells,
7) comput~r aided design, 8) computer aided manufacturing,

9) microprocesssor applications, 10) software development.

In publicaticns of a general character (1], these and other
areas are usually' associated with the activity termed
microelectronics. The areas selected for analysis in this study
are those most relevant to lccal development in Venezuela in the

near future.




2.1 Integrated devices and circuits

Aaiong the various areas within microelectronics, the sector
of integrated circuits has really been responsible for the
incredible development of the field. Starting with the invention
of the transistor at Bell Laboratories (in 1947), follcwed by the
develop@ent at Fairchild (in 1938) of a planar silicon transistor
utilizing silicon dioxide as insulator, and the inclusion in 19%=9
of two transistors on the same silicon substrate (a: Texas
Instruments and at Fairchild), the density of devices on each
crystal chip has increased systematically. In 1974, Intel already
announced the production of an eight bit computer with twenty
thousand transistors on the same chip. The develapment in 1940 of
the field effect, or unipolar transistor (whose basic principle of
operation had been introduced in 1927), as well as the development
of new types of integrated devices (MOS, CMOS, NMOS, CCD’s and
others) havé added to the vari=ty of circuits that .can be
imglamnntod on a single chip. The development of the Meatal Oxide
Semiconductor field effect transistor (MOS or insulated gate
transistor) was particularly important for the achievement of
higher possible device densities per chip, due to the lower power
consumption for this type o devices. .OF course in order to
reduce the size of the device the resclution of the litographical
procass required in the definition of the device on tﬁe silicon

substrate had to be improved. This improvement was such that
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starting with linewidths of the order of & microns in 1972, by
1981 linewidths of 2.5 microns were achieved, ?nd it is estimated
that by 1988 ore micron linewidths will be caoamwon. The limit 1in
linewidth for the insulaed gare field effect transistors is

expected to reach the value of 0.25 microns by the year 2000.

According to th2 number of components that carry out a
determired logic function in each chip, different scales of

integ}ations have been defined [21:
§GI-Small Scale Integration (2 to 64 components)
MSI-Medium Scale Integratior. (64 to 2048 components)
LSi-Large Scale Integratien (2048 to 655346 components)
YLSI-Yery Large Scale Integration, (65536 to 2097152 )

The davelopment of the larger scale integration techniques
allowed the development of the microprocessar, which is a single
chip containing all the central processing unit (CPU) of a
computer. Early microprocessor chips were daveloped towards the
and of the 1960’s with S00 to 1000 components per chip. Since
then there has been an approximate doubling of components per chip
avery twa years. By 1981 the number of componenty reached 64000
and by 1988 the number of components per chip should reach one

million [21.




The rapid time evolution of the production of integrated

circuits can be appreciated by quoting J.Allen, director of the
Research Laboratory of Slectronics at the Mascachusetts Institute

o¢ Technalagy [3]:

"Memory capacity--=that is the number of hits that we can
put on an integrated circuit——is graowing at the rate nf 70% a year
(even though we know that memory chips are going up by a factor cf
3 per ‘'year and most of us are awaiting the 25&K variety right
now). Logic density—-—the amount aof logic thaﬁ we can put in a
given space 1S increasing by 237 a year. Inteqrated circuit
area—ar the area of thé chip--is going up by 20%Z a year.....A
figure of merit that 1is often used to describe circuit
performance-—-the power-delay product——is decreasing by a factor of

two every vear"

Allen expects that by the y=ar 1990, chip . sizes aof 600

square millimiters will be available, obtained with standard

lithographic dimensions under a micron, and one million bits of
memory per chip. Considering this prospective development, it
becomes obvious thaf the quality of the silicon single crystal
substrates will ULe a critical factor for thes production of the

chips to be economically feasible.

The fact that most of the world production of low power
inteqrated circuits is concentratad in a relatively small numbar

of very larga companies clearly indicates that this production is

-




sub ject to major international competition, requiring large

investments and huge human resources.

This fact has besen certainly stressed by the decision of
the Japanese government (through its Ministry for Internationai
Trade and Industry - MITI) together with major Japanese electronic
companies, to support high risk joint rasearch effcrts in VLSI
circuits and other high technology areas. More that four years
ago MITI began the effort to detarmine the status of the society
of the 1990’s and the computers required for the expected
developments. HITI proposad the creation of a specialized
institute dedicated to the creation of the new technology, thus in
1982 Japan’# Institu’ze for Mew Generation Computer Technolagy
(ICOT) was inaugurated. The money for the tne new institute was
contributed by the following companies: Fujitsu Ltd., Hitachi
Ltd., Matsushita Electric Industrial Ca., Mitsubishi Electric Co.,
NEC Corporation, Oki Electric Industry Co., Sharp Co., and Toshiba
Corp. These companias share the costs aof running ICOT equally and
they expect equal shares of the results achieved by the institute

Csl.

Similar efforts have been made in the United States, where
the Semiconductor Research Corporation (formed in 1982 by a dozen
electronic firms) is ﬁou considering the development af a 4
million bit random access memory at a cost of some 100 million
dollars (4], The US governement is also sponsaoring VLSI research

centers at major universities, to be accessible to ma jor




industries in the field. The Stanford University Center for

Integrated Systems in Palo Alto is a jeint venture resesarch center
for VLSI, which is supported by 19 corporations at a cost of some
13 million US dollars. Additionally the Microelectronics Center
of North Carolina combines the rescurces of five universities, a
rescarch institute2 and a 30 million dollars industrial research
facility. The center has been assigned a budget of SO million

dollars for the years 1981-8S.

The Microelectronic and Computaer Technology Corporation
(MCC) has been established in Austip (Texas) in the summer of
1983, and is similar in structure and purpose ta the MITI
sponsored Japanese efforts. MCC is dedicated to research and
devel opment for the praduction of the next generation of
computers. It is sponsored by 13 compan;es which contributed
funds and personnel, with a budget of SO million dollars for the

first year of operation.

Similar structures are under discussion in Western Europe,
where the European Strategic Programme on Resarch in Information
Technology (Esprit) was formed under the auspices of the European
Common Market organization. Esprit is formed by some twelve
companies, research laboratories and govsrnment agencies of the
different members. The budget planned for the next five years is
of the order of 1.5 billion dollars and the project is undergoing

a first year pilot program (41].




These corporate approaches tg modern integrated circuit
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design and produgtion clearly limits the scope that most Third

Word countries can expegt to achieve individually in this field

In spite of this fact, all countries should study and
consider seriocusly the possible production of integrated
semiconductor components. Developing cauntries realize in general
that their future development will depend significantly on the
unrestricted availability of these components and systems. All
developing countries should carefully evaluate the technological
and finmancial 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 field.

2.2 Hybrid circuit technology

A hybrid integrated circuit is a wmicrocircuit which
includes thick or thin film gaths and circuit elements on a
supporting insulating substrate, to which active or passive
microdevice elements are attached either prepackaged or in an
uncased form as chips, usually all enclosed in a suitable hermetic
or epoxy type package. The nature of this type of -circuits is

such that their manufacture requires less stringent production




facilities than those needed for integrated circuit productian.

Among other things modest quality clean room facilities are

necessary.

Thick films hybrid circuits r=2fer tc conductive, resistive,
or capacitive networks which are dafined on the insulgting
sukbstrate by serigraphic techniques. Conductive, resistive or
capacitive pastes are then forﬁed through the mask defined on a
screen structure. In the thin film version of a hybrid circuit
the same networks are depqsited S5y means of thin film techniques
éither by evaporation or r—f sputtering techniques through

suitable masks [5-41.

Hybrid technolaogy represents an intermediate
miniaturization step betwecn 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.

2.3 Microwave integrated circuits

Historically microwave devices have been the primary
driving forces in the develaopment of micron and submicron
lithagraphy, since the search for devices with higher frequency
reponse is equivalent to the search for a logical device with the

shortest possible transition time ([(7]. With the advent of the




Gunn diode in 1963, and the IMPATT diode a few vyears later

two-terminal devices Played a very important initial role in the
development of high frequency structures. In the early 1970’s the
Gallium Arsenide field effect transistor became a prime contender
in the development of high fEequency devices (up ta 25 GH:z). This
planar device is deposited on insulating substrates, a technique
which allows the construction of bath passive (microstrip
impcdpnc-. Couplers) and activa (GaAs FET’s transistors)
components. These integrated devices, either encapsulated or in
chip form, can be added to microstrip line circuits for the
confiquration of high frequencY communicatian éircuits. Once
again, as in the cases of the hybrid circuits discussed above, the
incorporation of commercial active devices to locally designed
passive circuits represents an economically attractive
intermediate technology suitable fc~ Third World countries. The
design and the construction of the Passive microstrip networks is
relatively simple and in some instances designs used during the

last thirty years has been rather .mpirical-tBJ.

2.4 Fiber—0ptic components and systems

During the past few ysars major progress has been made in
the design of fiber—optic communication systems. This progress
was made possible by a major development which occurred in 1970

when Corning Glass Works manufactured fibers of essentially pure




silica (silicon dioxide) which showed attenuation losses inferior

to 20 db/Km at optical wavelengths of 0.85 nancmeters. The
quality of the fibers has been steadily improving since then, and
in 1979 actenuation losses of 0.2 db/Km, at wavelengths of 1.55
micrometers (91 were reportedf The achievement of these low
losses, close to the theoretical loss limit, together with tﬁe
fiber bandwidth characteristics, are such that the use of fiber
optics for local data comﬁunication systems implies a thirty-fold

improvement over digital radio telecommunication sysytems [10].

The improvement in fiber optic attenuation characteristics,
as well as other intrinsic properties of these caoamponents (freedom
from electromagnetic pulse and cther electromagnetic
interferences, minimum crosstalk betwaen communicatiocn channels,
ground loop inmunity, intrinsic small size and weight, ard long
term caost 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, whose actual communication
network is limited but will be greatly expanded curing the next
few years the importance of fiber optic systems is clearly
definad. The field 1is particularly appealing for the country
because the technology of fiber manufacturing is not as difficult
as that associated to integrated circuit production. Moreover the

design of optical communication systems doesnt imply




unsurmountable difficulties.

The technology associatad with the manufacture of the other
components of the optical fiber sysytem, mainly the light sources
and the light datectors, is of course rather complicated. Light
sources which are actually being used are either gallium arsanide
injecticn lasers, or light emitting diodes. Local production of
these items requires careful consideration even though the
experience of Brazil in the development of injectiaon lasers has

been very positive [(11].

The opéxcal detectors are semiconductor PIN diodes (P-type,
lightly doped N type, and N-type), and avalanche photcdiodes
(semiconductor dicdes with a high field reqicn where electron
multiplication occurs due to impact ionization). Once again, the
local production of these devices merits careful discussion in

view of the difficulties involved.

2.3 Power devices

The technology associated with the typical power devices
(diodes, transistors, and silicon controlled rectifiers) implies
larger lithographically defined devices (several microns) which
can be obtained with conventional photolitaography. Difficulties
arise in the selection of the proper materials to be utilized as

contacts as well as in the development of devices that can handle




larger voltages and larger currents. It is a field which is less

contested internationally, and it is a field which has evolved in
time at a slower pace than the case of integrated digital
circuits. The positive evolution shown by relatively small
European companies -(such as the Societa Generale di
Semiconduttori-SGS of Milan , Italy) indicates the factibility of
such enterprises. The amount of power components whicn are used
in Venezuela, both in the automotive industry, as well as in the
rectification processes associated with the energy conversion in
the aluminum industry, and the generalrusé of power devices in
industrial control systems, attests to the potential of a local

activity in this area of microelectronics.

2.4 Sclar cells

Even though solar cells are essentially power devices, here
they are discussed separately from the previous point, since they
involve technologies other than silicon. Besides the usual
crystalline , policrystalline or amorphous silicon celle which are
amply discussed in the technical literature (12] one must
necessarily consider the evolution of amorphous chalcogenide saolar
cells such as those developed by S. Ovshinsky at the Energy
Conversion Device Compnny of Troy (Michigan). These cells have
one major advantage, in that their production is obtained by means

of a continuous process of vacuum deposition on a metal substrate




ocre foot wide, and a rate of 4 feet per minute. The cost of peak

watt power produced by these cells was of 10 dollars in 1982.
Ovshinsky’s estimated cost for the same cell produced at faster
rates on wider substrates is of the order of 1 dollar per peak
watt, for 1987 [131]. If this astimate proves to be correct,
ce-tainly this type of cells will play a major role in

photovoltaic energy conversion.

* Although it is clear that the Vaenezuelan energy
requirements ;or the next decades will be satisfied By
conventional power generation (oil and hydraelectric) the %act
remains that large portions of nation’s territory are scarcely
developed. The need for ncn conventional power sources far remote
nor electrified regions exists taoday, and it will grows in the
coming years. Actual examples for such requirements are the power
supplies for the netwark of seismological recording stations which
is now being implcmcnt-d; the power supplies for navigational
buoys along several isclated Venezuelan rivers, pﬁu.r supplies for
instrumentation packages at remote installations for the oil
industry and power supplies for -xp.riﬁcatal cathodic protection
at isolated installations. For these reasons as well as for
potential long-term energy production, research and development in
photovol taic solar energy conversion is being seriously considered

in Venezuela.




2.7 Computer aided design

This area of knowledge represants one of the major
applications of computers. Once again the evolution in the
performance and the price of computers during the last decade, has
stimlated the.r application to many fields of design in many
medium .and small-sized companies. Most of the engineering design
fifms of Voneiu.la are heavily involved in many aspects of
industrial plant design, most of which are related to the oil
industry (refineries, pumping stations, gasducts, pipelines, steam
injection stations and petrochemical plants). Most of the work is
ncw carried out without local computer aided design, and it is
cbvious that a significant development will have to occur in order
to achieve a greater degree aof automatization. The Venezuelan
civil construction industry, which already has been using CAD for
building and rocad construction since 1970, requires more and more

technological support in this field.

Additional use of computer aided design Qill be required in
the activities related to the design of masks for integrated and
hybrid circuit technologies if these technologies are ta be
significantly implensnted in the country. _Cobput.r aided design
is also needed in printed circuit manufacturind which is already

industrially developed locally.




In Venezuela great amounts of geophysical and geagraphical

data must be converted into graphical form and interpreted, in a
nrocess which |is essentially the inverse of digital image
processing. This is another very important application where

computer aided design is of fundamental importance.

2.8 Computer aided manufacture

For countries which produce large quantities of
manufactured goods, the area of computer aided marufacturing is
turning out to be the key factor in establishing and mantain
praduction léadership. The effectiveness of thea use of robots in
the Japanes automotive industry has induced the American
automotive industry to follcw suit in order to remain ccmnpetitive,
as it has been demonstrated by the Chrysler Corpcration. Research
and development in numerical control machines has also shown their

industrial importance.

In the case of a country with limitad‘manufacturing, as in
the case of Venezuela, the intensity and extension of efforts that
should be dedicated to this field is not readiiy evident. It
ceartainly appears reasonable that some efforts must be dedicated
to the conv.r;ion of existing industrial machinery in order to
incorporate numerical control facilities in their operation. In
this restricted sense :“he area of computer aided manufacture is of

actual inmediate interest in the country.




2.9 Microprocessor applications

Microprocessor applications are already extremely numerous
and their number increases every year. The reader is referred to
the review article by D.J. David (141 for a partial listing. The
reduczed cost of these components have made it pbssible for their
application in almost every aspect of human activigy. Many
passible applications are still unaxplored; in essence the range
of .thl applications is limited only by-tha imagination of the
engineers. The flexibility inherent to the use of microprocessors
allows their application to problems of a2 particular country or
region. Applicatipns can easily bte customized in order to find

original solutions to specific local problems.

In the case of Venezuela, the supervisory control of sparse
0il wells in regions of very low population, the contral of
polyducts, as well as the control of remote installations offers

the most fertile ground for original microprocessor applicatians.

In the field of education the microprocessor finds several
applications in view of special Venezuelan conditions: the
existence of a limited number of technical libraries, a rapidly
growing student population at every level, and a sizable
pearcentage of students which require remedial education. These

characteristics pose problems whose solutions require effective




and inexpensive original laocal microprocessar applications and

designs.

The development of automated office operation in the
country will require many special designs for data transmission
systems with distributad intelligence, in in atcordance to local

customs and raquirements.

2.10 Software development

In 1930 the cost cf software represented 107 of tnha taotal
cost of a computer, while by 1990 the cost of software will reach
90% of the total [15). These figures lead us to the follawing
obvious reflection: the local software prodguction will reduce the
magnitude the costs associated to the importation of computer
goods by one order of magnitude. Any person wha has acquired a
personal computer can easily experience this reality when he findg

that the purchase of a word processor pragram for his computer

will cost.almost the same as the computer itself.

If the perscn dascribed above happens to live in a Third
World country, he will additionally find out that his ward
processor program must be modified to adjust to the peculiar
characteristics af his own language (if at all possible). He will
also realize, if he is somewhat technically qualified, that tha

writing of the necessary program is indeed a task that lies within
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his own capacities (caonceptually at least).

The simple example given clearly indicates the importance
that must be attached to the loczl production of saftware programs
specifically designed for rzgional conditions. The same reasoning
also applies to the developm2nt of firmware, that is programs that
can be directly irncorpnrated in a mamery chip to be used together
with a microprocessor in the applications described in section 2.?

above.

The international technolagical perspectives ;or the
different microelectronic areas have been briefly describad. In
the following section the situation of those areas in Yernezuela
will be described +rom the point of view of research and
developnent, professional and educational activities. In corcdar to
place some of these activities in a proper perspective in time, a

brief historical summary will be included.

3T THE SITUATION OF MICROELECTRONICS IN VENEZUELA

Venezuela i1s a country of some 16 milliaon inhabitants, with
a territorial e:teradion of some nine hundred thousand square
kilometers. Its main industry is the 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 the country possesses important deposits of




iroan and of bauxite.

Since 1958 the government has been electad through
democratic elections. Not coincidentally, since 1958 thera nas
been a substantiai educationral and scientific develocpment marked
bY the creation of the School of Sciences at the Central
University in Caracas (in 1958), and the creation in 1959 of The
Venezualan Institute for Scientific Research (IVIC). These two
institutions have proved to be very significant in the
establishment of organized research and develgpment etforts in the
basic sciences in the country. Prior to 1958, research efforts
were limited to clﬂnical resaarch 1in madicine, and some ED
activity in civil engineering. This fact is particularly
surprising since the major industry in the country, tha petrcleum
industry, has operated in Venezuela since 1920; vy=2t no research
and deve'!opment exiséed in any of the fields azsociated with it,
until the industry was nationalized in 1976. The American and
Eurocpean oil companies operating in Venezuela were never concarned
uigh local R&D. All their research and development was carried

out at their home ! aboratories.

In order to describe the evolution of electronics in the
country, the n;tional characteristics oaof the professional and
industrial activities in this general field will be described
first. The history cf the research and development activitiss in
electronics will then be described. Finally a detailed

description of most of the main -esearch and develaopment projects
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which are currently being carried out at several national

institutes ' will be given.

3.1 Professional activities

Venezuela has now some 40060 angineers in different areas;
some 8000 of them are in the areas of electrical enginesering and
computer sciences. Engineers are trained in a five-year
uncergraduate program af 15 major national universities (all but
four of these universities have been established since 1958).
3200 enginecers are expected to graduata2 in 1984, one fifth of ths=m
being electrical or computer engineers. The number of graduates
is now increasing at a rate of 5 % per year. In goneral the
undergraduate educatioﬁ received is of good quality; among other
indices this fact is indicated by tne positive performance of
those Venezuelan students who have registered for graduate work at
major foreign universities. The general evolutian of higher
education in the country has been particulariy accalerated during
the last twenty years. This fact is evidenced in the short but
effactive history of the Simon Bolivar Urniversity (USB). It was
created in 1970, initially accepting S00 students in the fields of
electrical, mechanical, and chemical engineering, mathemathics and
chemistry. Tha Qniversity now has sorne 60090 stﬁdents enrol led,
and it has added the fields of physics, bioloqgy, materials

science, computer science, architecture and urban studies. The




professional training that these students receive is one af the

best in the country, and many of the USB graduates have been 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
protessors required for the new universities. Under these
scholarship programs 4792 graduate scholarships were awarded by
the main funding agency' }Gran Mariscal de Ayacucho program)
between the years 1975 to 1981 (171, together with several
thousands undergraduate. scholarships. Some additional So00
graduare scholarships are funded every vyear by other agencies.
Approximately a third of 2all the scholarships are given to

students in the different engineering fields.

The number of professioﬁgl engineers trained in Venezuel a
and the quality of tﬁeir training -are quite acceptable, thus
satisfying a major requirement for the achievment of an autonomous
technological development. Unfortunately mast of the trained
angineers find employment in activities related to management,
sa.es or purchasing, where their engineering skills are used
minimally. This situation is not uncommon to many underdevel cped
countries and it reflects an immature industrial reality wherein
most of the established industries merely assemble products
developed and designed eslsewhers. Many local technical companies

only sell inported products. This is the case for those
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electronic companies that assemble consumer electronics products.

One significant exception is found in the Venqineers
employed by the %ten or so major 2nginaering consulting firms.
These consulting companies are dedicated mainly to the design of
industrial plants s underwriting joint design partnership
agreements with foreign compani=as (in several instances). These
agreements have made it possible tor a significant number of
Venezuelan enginears to achieve important experience. In the
specific case of_control system engineering, most of the designs
for plant control and supervision are handled locally (even though
the hard and software components used in the system are still

beinqg purchased from companies like Honeywell or Foxboro).

Other examples of significant local design activity are
found in the petroleum industry, and in some of the =2lectronic

Venezuelan companies that will be described next.

3.2 Industrial activity in electronics

There are three nmajor cases that must be discussed: a)
mixed companies with large state participation (mainly the
telephone manufacturing company MAPLATEX), b)the privately ownad
companies which are associated to foreign firms and which are
mainly dedicated to the sale of imported products and the local

assembly of consumaer electronic products (radio, 7TV, socund




equipment and others), c)the privately cwned Venezualan companies
where local design is utilized, here ‘defined as professional

electronic companies, Each sector presants quite differant

characteristics.

3.2.1 Telephone manufacture

* The ﬁAPLATEX company has an installed production capacity
of 250000 telephcnes a year, whoses production reached 190000 units
in 1982. MAPLATEX is largely owned (45%) by CAMTY, tre national
telephone éompany. MAPLATEX b=gan producing regular dial
telephones under license agreement with Ericson. The agreement
expired: in 1979, and now the company is technologiczally
indepéndent, producing some 88% of the telephone parts in the
country. Only four engineers out of a total of 300 =mployeses are
dedicated to development work related to pushbutton t=lephones and
other more complicated phones with additional lozal intelligence.
In order to achieve these goals in a competitiQe mann-r,- the
management of the company is undersigning agreements with local
R&D organizations. The MAPLATEX  production market is mainly
orisnted to fullfilling the internal requirements posed by the
installation of some 250000 new telephone lines every year by the

CANTV, Tha importation of telephones into Venezuela is not

restricted, soc that the operation of MAPLATEX is indead

- competitive in quality and price.




3. 2.

2 Electronic consumer goods

Many foreign based companies aperate in Veneazuela. 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 their operations.

1)

IBM of Yenezuela is completely dedicated to the sale and the

servicing of their products. No local assembly or design is

carried out. However, this company has created a Sciantific

Center dedicated to <cdigital image processing and personal
computer applications, and it supports local R%D efforts at

other centers.

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 ofv this company
recognizes that noc elament of loc;l is used in the assambly
procedure. Fortunately this company 1s‘b¢ginnihq to support

local R&D institutions thrdugh aquipment donations.

Siamens de Venezuela is mostly dedicated  toc the sale of

Siemens equipment bHut the company 1is considering the

possibility of local assambly of digital telephone a:changes.




4) Hewlett Packard de Venezuela is dedicated only to the sale of

Hewlatt FPackard products. No local design is undartaken but
at lzast a very efficient local maintenance group has bheen
established. Most of the equipment sold is thus supported by
tha activities of-a significant group of Venezualan tecnicians

and enginreers,

Due to the reduction of the international price of oil and
the strict currency control applied by the Venezuelan government
since Fabruary 1983, most of these companies are re—evaluating
their activities and their rolé in Venezuela. They realize that
the level of manufactured goods impartad annually will have to
decrease drastically and that many products will have to be
manufactured lccally. For many of the companies mantioned abave,
all of whizh have large orgénizations in the country, the new
conditions established mean that they will have to restructure
their local operations. Some of them m;ght consider as a
reasonable change in activity the local manufacturing of some of

their products. The occurrence and extent of the new activitias

is by no means certain or predictable.




3.2.3 AProfcssional electronics companies

During the last decade a group of entirely Venezuelan
electronic companies have been established, and they are now
dedicated to the production of capital goods in gh- areas of
telephony, electricity, contral and instrumentation. These
companies are inherently innovative and their physical and human
rescurces structure has been established sa that they can have a
high deqree of adaptability to market changes. A significant
number of their founders have received state support in the form
of scholarships during their graduate studies, and most of them
have been associated for some ysars to state supported RD

organizations or to local universities.

The description that follows will rely heavily on the
article of C. Perez et al £181, which describes these promising
enterprises. The main Venezuelan companies that produced products

based on local design are the following:

AETI C.A. Data adquisition systems for supervisory ‘control.

Microprocessor systems J‘or real time operations.

AVTEK C.A. Voltage regulators with microprocessar control.

Ininterruptible Power Supplies. Power line

insulators.



GISTELCA C.A.

EyT. C.A.

FONQLAB C.A.

INTERBA-C.A.

MICROTEL C.A-.

CIRCUITEL C.A.

TECHNIELCA C.A.

VOLTEK C.A.

Telex-Computer interfices. Software for QOffice

Automatization.

Digital telephone dialers. Adaptive control

system for traffic control. Telemetry systsms faor

data adquisition.

Telephone exchange interfaces and adaptations.
Communication consoles. In-dialing equipasent.

Software for telephone exchanges.

Microprocessor based electronic taxt metar.

Electrenic velocity contrcl system for wotor

vehicles.

Electronic telephone translators. Telephone
exchanges (120 and 1000 line PBAX’s). Telephone
customer identification system. Elevator control

systems.

Printed circuit production for mast of the

country.
Electrical motor overload protectors.

Electronic sport tabulators and displays.
Electronic public display systems. Electronic

display clocks and centralized time aystems.




SOVICA C.A. Building security and alarm systems.

Available information for the five major companies above

indicates the following:

a) Total personnel is of the order of 200 emplayees, 60%Z of

them are university graduates, and 33% of the total are

engineers.

b) Total assets of these five companies is of the order of

4.5 million US decllars.

¢y Their total sales for 1983 amounted to 11 million US

dollars.

d) Sales have increased 20% from 1980 toc 1981, 507 from 1981

to 1982, and b67% from 1982 to 1983.

Even if the numbers are relatively low, the econamic projection
for these companies is very healthy. These firms certainly
represent a very significant first step in the autonomous
eloctrqnic industry of the country. A new campany recently
foundad in 1983 will produce a 1& bit personal computer for the
Venezuel an market, incorporating considerable local design and
importing  all of the electronis basic caﬁpanonts. Tha estimatad

marketing date is set for early 198S5.



The reality for the electronic industry in Venezuela can

thus be summarized in the following manner: the effect of private
professional companies with strong local design activities, as
well as the activities of the gavernment related telephone company
have been very usaful in aiding Venezuela®’s technological
development. The role of both thesa groups will increase with
fimn. ﬁn the other hand the role played sa far by the larger
foreign based companies, has been indifferent at best; whether
these compar.ies uill play a significant role in the development of
the country will depend on the evolution of their activities in

the rtuture.

3.3 Research and Development in Electronics

The current research and development activities in
microelectronics in the country will be presented in accordance
with the following scheme: the brief history of Venezuelan R&D
since 1938 will be reviewed first, then .the present R&D
microcl.cgronics projects will be discussed, and finally,the

projection of these activities <or the next few years will be

presented.




3.3.1 History of electronic R&D in Venezuela

Priﬁr to 1952 almost no R&D activities existed in the
country in any engineering field. In 19586 a Neurolagical Ressarch
Institute (IVNIC) was founded under the auspices aof the military
goverment that was then in power. This institute was directad by
Dr. Humberto Fernandez Moran (now a divisional professor in
biophysics at the University of Chicago). Since the main activity
of IVNIC was oriented towards biophysical research, equipment for
studies in nuclea magnetic resonance, electron paramagnetic
resocnance, thin film evaporation, and low temperature production
facilities (liquid helium and liquid nitrogen), were purchased as
research support tools. Plans were also made faor the purchase of
a 3 megauatt'water cocled research nuclear reactor. By 1938 when
the government was replaced by the present demacratic system, the
staff of the institute had only one Venezuelan researcher (the
director) and 18 foreign researchers. Despite this unfortunate
situation, a significant physical plant had nevertheless been
provided anq the need for a research institute had been
established in the public opinién. Among other scicﬂttfic
achieveaents, Dr.. Fernandez Moran developad a dianond knife,
mainly for use in microtomes for the preparation of samples for-
transmission electron microscopy. Many years later this knife
would fiﬁd quite different applications in the preparation of
submicron structurss for Josephsaon Junction studies 1in the

Engineering Research Foundation - FII (later described in this
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report).

When the new democratic government toak office, Dr. Marcel
Roche was named director of IVNIC, with the mandate to change the
structure of the institute in ord=r to incorpuarate mora Venezuslan
researchers as well as to increase the fields of research covered.
As a result of these afforts the Venezuelan Institute for
Scientific Research (IVIC) was created in 1959 on the same site as
the prnvioﬁs institute. The initial research fields were dictated
by the availability of qualified Venezuelan scientists. These
fields initially included: biology, medicine, chemistry and
anthropology. The cecision to purchasc-the reactor was mantained
and it was decided to open a physics section oriented towards
experimental sclid state research (in view of the equipment that
was already availabie). It was algo decided that the reactor
shquld be cperated by Venezuelan engineers. Since no specialized
personnel for th.?. fields was then available, an intensive
recruiting of recently graduated electrical engineers was
undertaken by IVIC. The students were sent abroad for graduite
training in three main areaa: nuclear engineering for the reactor
operation (at the Master aof Science level), solid state physics
for research in *this area (at PhD level), and electraonic
engineering (at the Histor of Science level) for the maintenance
.and development of reactor electronics . A group of saome 13
students ‘'left the country around 1939-1960 and the reactaor was

closed pending their return [191.




After successfully completing their studies, the two groups
trained at the masters level were the first tao return to the
country (1962). After spending one year workiné with the raa;tor
electronic sysytems, the electronic engineers diversified their
activity creating two éeparated groups: one to be dedicated to
electronic maintenance and davelopment {for the whola institute),
and the other to develop electronic instrumentation for the
researchers of the physics section. The activity of these two
groups repressnted the initial steps for electronic design in the
country. They established the first printed circuit facilities
and designed gquite a numbar of instruments and apparatus, from
simple power supplies and transistor testers, taoc more complicated
pulse generators, digital word generators, and quite a variety of
specialized electronic equipment designed for support of IVIC
researchers in other fields. Furthermore these engineers carried
out intensive recruiting among electronic technicians (trained at
local technical high schools) and other electrical engineers.
Significantly, one of thesa recruited engineers would later be the
owner—-founder of the company CIRCUITEL (described above) the
manufacturer of most of the printed circuits used in the country

today.

After working for a certain number o+ years at IVIC, the
technicians weare sent to the United Kingdom for three yezrs’
additional training, in a program equivalent “o0 an undergraduate

Bachelor of Science degree.
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The éroup of students trained for research in the pnysics
section, started returning %to Venezuela around 1944, after
completing their PhD education. Some received their graduate
degrees in electrical engineering, others in physics or materials
science. By 1967 the physics section numbhered ten active
Venezuelan resaarchers. By 1968 one of thaose researchers (trained
as an electrical engineer) indicated the need to include
engineering as a major research activity at IVIC. He also
detected the extremely limited number of engineers that dedicated
most of their effaorts to research activities in Venezusla. An
intensive campaiqgn was organized in order tao '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 sane time, the
creation of a technological institute to be concerned with all
fields of engineering was suggested [20]. As A r=2sult of these
efforts IvVIC implemented the following fundamental policy

measures:

1-The inclusion of engineering among the fields to be covered

at the institute.
2-A massive PhD level scholarship program in engineering.

3I-The creation of a technological center at IVIC, where the

activities of the research groups. mare orisnted towards
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engineering would coexist harmoniously with those of the
design and development engineering groups that were formed

around the nuclear reactor.

4-fhe biring of a limited number of foreign researchers in
areas not active in Vanezuela (such ;s mechanical engintvering
and metallurgy). These foreign researchers were to ba hired
with the clear understanding that they were expected to carry
out research as well as intensive training of Venezuelan

students in the new fields.

5-The re-orientation of some members of the chemistry center
of the institute towards more applied research topics (oil and

petraochemistry).

As a result of these policies . IVIC had twa additional
centers in 1974: the Engineering Center and the Petroleum and
Chemistry Center. By that time some twenty engineering PhD

students were studying abroad under IVIC scholarships.

These actigns are consjidered fundameatal for the evoluytion
of the rasearch and development in the years that followed,

After the nationalization of the oil industry which
occurred in 1976, the government founded a specialized research

and development institute for petroleum, INTEVEP , which started
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operations in 1977. Its technical persconel was drawn from the
personnel of the Petroleum and Chemistry Center of IVIC, as well
as from the roster cf engineers empioyed untill then by the
different: o0il companiex. This inétitute now has 1100 employees,
and it is funded at a level of 100 million US dollars per year.
The organization of INTEVEP is such that both technical personnel
from the institute and reprps.ntativcs af the oil industry share
its management. This essential link between an R&D organization

and its users is thus clearly astablished.

In 1979, a new research and development institute for those
engineering areas other than petroleum was proposed tao the
government, and in 1982 the new institute, the Foundation for
Engineering Research and Development., (FII), began operations,
starting with most of thz technical personnel of the Engineering
Cente~ at IVIC. The organizational structure of the ?II is such
that several of the largest state owned corporations have acted as
founders, and. their representatives are members of the board of
directors >f the foundation, thus establishing a close tie between
an R&D center and the préﬁuctiv. sector. INTEVEP has established
that R&D projects in electronics, caontrol, instrumentation and

- telecommunications, related to the o0il industry are tc be carrisd

out by the FII.

The governmental structure of Venezuelan science and
technology and the different funding organizations for R&D

projects will be discussed next. Since 1979 the country has haad a
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State Minister for Science and Technology, who acts as adviser to
the president of the country on related matters, and as such is
present at Cabinet meetings. In principle at least, the State
Minister is able tao influence policy of the different ministries;
in practice, the day to day problems faced by the gther ministers
limits their understanding of the long—term planning which is
required in order to effectively incorparate the science and
technclogy variable into the economic life of the nation. o+
course these difficulties are commmon to many developing countries

as well as to some developed ones.

In addition to the State Minister, the National Council for
Science and Technolagy, CONICIT , bears the responsibility for
science and technology pelicy planning (CONICIT was foundesd 1in
1967 when the government accepted and supported the initiative
proposed by a group of scientists). The Council started
operations in 194&9. Most of the academic and R&D institutions,
both private and official, are represented in the directive board
of CONICiT. This institution operates mainly as a funding agency,
directly supporting R&D .projectﬁ with an assigned bﬁdg-t of 20
million dollars (US) for 1983. The First Congress on Science and
Technnlogy was organized by CONICIT in July 1975, and represented
a first major scientific policy meeting which counted with the
massive participation of scientists, industrialists, government
representatives, and academic institutions. One of the major

recommendation referred to the establishment of tax directaed at
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the national industry far the support of science and technolagy
R&D. Unfortunately this recommendation was not accepted at the

time by the government.

3.3.2 Actual R%D in microelectronics

The different RXD projects in microelectronics which are
now under way at different national institutions will be described
in this section. - In each case the structure of the various
institutions where the projects are carried out and the technical
qualifications of the personnel involved will be included. Thase
projects that are considered to be particularly significant for
the technological development of microeiectronics in the country,

will be described in detail.

'3.3.2.1  1VIC

IVIC has 1100 employees, 110 of them being researchers (PhD
level) and 140 are research assistants (Master or professional
degrees). The are dedicated to research in the following fields:
medicine, biophysics and Biochcmistry, cellular biology and
virology, ecolaogy, chemistry, physics, mathematics, and
engineering. The engineering group 1is camposed of thase

researchers which were not trinsferred to the Engineering Research

Foundation. Among them, only researchear is dedicated to
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microelectronics; he is a Belgian engineer whao, after spanding one
year at the Foundation, has opted to rnturn- to full time basic
research at IVIC. The work which he has carried out is amainly
concerned with theoretical asp.cfs of the oporatién af integrated
devices: the nature of the numerical solutions that apply to a
samiconductor when thas axact conduction equations are consideread,
not neglecting diffusion currents, and fully solving Poisson’s
equatioq. This work follows the pioneer work of H.K._ Henisch and
co-workers [21]. Additional work is related to the structure
proposed for a novel field effect transister, the accumulation
mosfet. The probable evolution of microelectronics at IVIC will
continue to be oriented towards theoretical analysis of existing

and new semiconductor devices.

The experimental facilities which were developed at IVIC by
members of the FII are ncw being used by the Foundation under a

rental agreement.

3.3.2.2 CANTV-CET Laboratory

The National Telephone Company opsrates a training center
for telecommunication technicians (Centro de Entrenamiento Tecnico
- CEM. This center has b;cn concerned uith significant
development work related tao the telephone industry. Specialized

electronic instruments ¥or the measuremeant of telephonic traffic

have been designad and built at the center, as well as several
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microprocessor applications for automatic speech recognition and

aother equipment.

. The technical training level of the engineers emplcyed at
the center is mostly that of first degree engineers although soae
of the members of the group have been trained at the master of
science level. Since most of their work is related tao the
d?volopment of systems associated with the normal operation of the
tel ephone company, they have shown little interest towards

publishing ‘original research activities,

3.3.2.3 Engineering Research Foundation—-FII

As mentioned before, most of the members of'the engineering
center at IVIC, moved to this new institution early in 1982. FII
naow hag some seventy engineers and physiciasts dedicated to
research, development and professional activities. The technical
level of the personnel is evenly distributed: one third have been
trained at doétoral level, one third have master’s degrees, and
the remaining third are first degree engineeers. During the ne:xt
five years the rate of personnel growth is expected to be such
that by 1988, the Foundation will have 200 engineers. FII now has
five centers: electrical and electronic engineering, metallurgy,
mechanical engineering, system engineering and digital image

processing. This latter center represents a joint-venture between

IBM of Venezuela, IVIC, the Central Qffice for Statistics and
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Informatics, and the Foundation. The FII bears the technical
responsibility for the operation of the center. The following

technical units exist in the different centers:

ELECTRICAL ENGINEERING:
Instrumentation and microprocessors
Telacommunications
Hybrids and cryogenics
Microelectronics
METALLURGY:

Fhysical motalluray
Chemical metallurgy
MECHANICAL ENGINEERING:
Thermal

Fluid mechanics

SYSTEM ENGINEERING:
Information ;nd control
Systems

DIGITAL IMAGE PROCESSING:
Projects

Digital processing

From the 14th to the 16th of December 1983, the Foundatian held an
internal technical meeting in Caracas; &0% of the papers pressnted
by the technical persondnl of the FIl were relatad toc fields of

microelectronics (221, out of a total of 33 papers. The specific
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topics were the following:

1) GENERALIZED CONTROL MODULE: this madular intelligent system is
based on the central components of a Zilag ZI-80 B‘ bit systam;
additionally incorporating a D/A conversor to the micreprocessor
bus. The +following programs are stored in th2 ROM: coaxial
cable communication prdgr#m, and opticnal praograms for local or
distributed contrel. The module has the +following I70
characteristics: a coaxial cable 1nput far sequertial
communication at a rate of 4600 bits/second, 8 digital hits
inputs and outputs, 8 A/D channels (8 bits), and two channals

for standard RS5-232 cecmmunication.

2) LOCAL MULTIPROCESSOR NETWORK: the Eyste& described refers to
the interconﬁection of several Appl2 Il camputers to a PDRP1L1-&0
system. The conrection 1i1s made by coaxial cable and the
communication protocol is bgsed on the RAMA (Red de Arbitraje
Multiple y Aleatoriao) system. All participants in the network

can conmunicate with eachother.

3) COMPUTER NETWORKS IN THE CONTROL Of INDUSTRIAL PLANTS: a
prototype for a control system with computer networks is
described. The system comprises two generalized cantrol modules
and three AFPLE II minicomputers, connectad along a length of
800 meters of coaxial cable. The APPLE can act as a display

unit, as an actuator, or as a supervisory unit.
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3) HI-SPEED COMPUTER NETWORKS: this paper describes the design of

a 2 Megabaud computer network devaloped at FII.

s) MICRUPROGRAMMED CONTROLLER DESIGN: design techniques which
improve the operation of microprogrammed controllers using

PROM° s, EPROM’s or SEPROM’s, are discussed.

&) MICROCOMPUTER COMMUNICATION PROTOCOL: tha2 intsrconnection of
the differant computers which operate at each subway station in

the Caracas rapid transit system is described.

7) FREQUENCY CODER-DECODER: in order to obtain maximum rate of
data transmission for a given band width, a novel ccding scheme

is discussed.

3) REMOTE HEXADECIMAL KEYBOARD LECTURE: a systam for tha lecture
of several hexadeciﬁal keyboards' at a distance from a
microcomputer, is described. The system is so designed so as to
minimize the number af interconnecting ljnes, it i{s basad aon the
use of an analog voltage signal (instead of the usual sweep)
which. is then decoded at the processor unit. This system is to
be used in the automatization of part of an aluminum producing

plant.

9) DATA ADQUISITION AMD ANALYISIS SYSTEM: an 8 channel data
adquisition system has be2n davelcpad for specialized
underground applications, together with the required firmware

for data analysis at the.surface.
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10) MULTISERVICE FIBER-OPTIC TRANSMISSION NETWORK: a 3.7 Km
fiber—-optic system for the transmission of vid=g, telephony,
sound and data is described. All the components required
(modulators, damodul ators, concentrators , etc) hava been built.
All the signals travel through one fiber, using LED’s as optical
sources and avalanche dicdes as detzsctors. One TY channel is
transmitted, togother with 32 telephone channels, one audio
channel and data at a rate of 4.8 Xbits/sec. The system will
provide supervisory contraol, videoconferenﬁe facilities ,
telephéne and computer interconnections at three different
locations. NMetwork control is possible aqually from =ach of the
nocdes. The computaers to be interconnected include a YAX system,

an IBM 3I70-145, a PDF 11-60, and several personal computers.

11) CONTROL UMIT FOR A FIBER-CPTIC NETWORK: the detailed design of
a control unit based on a Caoammodore 64 computer and a colar
-monitor is presented. A special circuit is incorporatad for the=
control of the cameras, microphones, spesakers, alarms, and the

flow aof the input and output PCM signals.

12) ANALOG FIBER-OPTIC TV MODULATION SYSTEM: the circuit for
modulation and demodulation of the different signals for the
fiber-optic network is described. The banduidth for the LED
squrce is 20 MHz, and the optical power maodulation index is 0.2.
The APD detectpor is used with a transimpedance preamplifiar

followad by a video ampl;fior with gain up to 43 db.
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13) DIGITAL FIéER-&PTIC CODER: a full-duplex 2 megabits/sec systam
is descgribed where syncrenizing signal, clock and data ara
transmitted aloné the same channel. The system was achieved
implementing data codad in the Manchester code. Error rats=s
vwere measured to be less than 10 to the minus 12, and jitter
rates obhtained were cf the order of 6%, The system was

particularly designed for economy.

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 MORE DIELECTRICS: the
characteristic impedance and the effective dielectric constant
for a planar micrastrip line with three (as in the case of
microstrip with averlay) or more dielectrics was derived. Tha
calculation is based on the exact determination of the curve
which separates the different dialectrics in a plane transformed
by two successive Schwarz-Christoffel transformations. Tha
capacitance of the transformed plang geometry is then obtained

by numerical finite elaments procadures.

16) SUPER-SEMI-SUPERCONDUCTOR JOSEPHSON JUMCTIONS: this paper
presents a new procedure for the reproducible fabrication of
these typesa of Josephson juctions which are manufactured with a
novel qeomstry utilizing conventional integrated circuit

fabrication procedures. The advantages achieved in the
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structures cbtained are due ta the geometry (negligible
capacitances, better film separation control. better union
ccoling properties and simpler fabricaticn procedure), and ta
the semiconductor silicon substrate (relatively hicgh
normal-state resistances, controlled <electrical propertias as
functions o©f decping, coherence lengths telow ane2 thousand
Angstroms, and IC compatibl=a +fabriczatian tachniqusas). Tha
structuras have lead films deposited on a crystalline silicon
(N*)' substrate on which a step of ccntrolled height is achievad

by ion milling.

17) Pb-Te-Pb JOSEPHSON JUCTION FABRICATION, dARACTERISTICS AND
CHAQTIC BEHAVIQOR: the chagtic behaviaor of thess Joasaphson
junctions under variable micrewave irradiation is measurad. The
junctions were fabricated by high vacuum depositian con sapahire
substrates, and then irradieted at variable paower levels with 35

.GHz microwaves, The effect of chaatic behavior on the Shapiro
steps of the devicés’ IV characteristics was measured. It was
confirmed to bé related to chaos by means of noise measurements
in the 100 KHz range. fhese noise measurements indicatad device
cemperatures of the order of 10000 K, which i3 a characteristic

of chaotic phenomena.

18) COMPUTER SIMULATION OF Iv CHARACTERISTICS FOR TUNNEL
SUPERCONDUCT ING STRUCTURES: using the RSJ madel with
quasiparticle resistance curves, varying the parasitic current

below the gap energy, and varying the union capacitance, the




behavior of a tunnel type Josephson Juction is simulatsd in a
computer. The IV charactaristics are calculated under the
presence of irradiated microwave, thermal noisa, shot noise, and

in the absence aof noisa.

19) SOLID DIFFUSION AMORPHOUS SILICON DOPING: as a first step
towards the praduction o€ an amarphays asilican sclar cell of the
PIN type, this proje2ct has dealt with the RF sputtered
evaporation of: 1- amorphous silicon, 2-antimony, and 3-
amorphous silicon in an hydrcegenated atmaosphers, The
evaporation is fcllowed by a thermal treatment. The material
praoduced presented resistivities of the order of 0.02 ohm—cm
which are comparable with other amorphaus silicon doping

proca2dureas.

20) HYBRID THIN AND THICK CIRCUITS: several Circuits praduced
mainly by thick +film techniques are described. The circuits
refer to systems develcped under ccontract with several local

companies under propietary no disclusion agresments.

21) POWER INTEGRATED DIODES: the production of power diodes of the
abrupt juction n+p and p+n types with protective rings and the
electrical characteristics of the dwvices produced in the FII
laboratories are described. The analysis of the additional

equipment which i3 raquired for the production of diodes with

higher breakdown voltages is included.
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22) AUTONOMOUS POWER SUPPLY SYSTEMS: the productinn of crystalline
silicon solar cells of the ¢type MIS with natural inveraian
layer, of the type P+/N3, and of the type P+/M/P+ and MN+/f/N+,
are described. Also described are thea elactrical
characteristics of the cells obtainad, as well as the caontrol
circuits required for the charging of batteries, and the
di frerent techniques for solar panel interceornsctiorn and
encapsulation. One2 of the VYenezuelan application for th= panals
pradﬁceg refers to the power supply for remota stations:- to be

used in the naticnal seismographical networl:.

23) DESIGN OF A NAVIGATIONAL SOLAR RIVER BUOY: tha discovery of
commmercial deposits of bauxite at the Piriguac mountains, scne
700 kilometers up the Orinoco river from the aluminum producing
plants of ALCASA and VEMALUM, requires the transportation aof the
raw materialby barges. 'This procedure implies river navigation
aided by a system of luminous buoys to be powered by solar
energy. In this project the electrical and mechanical

" requirements for the control system of each buoy are discussed.
A system based oﬁ locall} produced sclar panels is discussed and

evaluated.

24) MAINTENANCE OF THE ELECTRONIC CONTROL OF THE CATATUMBO DREDGE:
the access channel to the major VYenszuelan oil fields in the
Maracaibo lake must be oermanently dredged. The newest and

largest dredger, the ship Catatumbho, possesses a rather complox

system of sluices which are electronically controlled in order




to mantain a proper ship balance. The project dascribad refers
to the redesign of most of the ship electronics which never

operated properly since the purchase of the unit.

25) REAL TIME ADAPTABLE DIRECT CONTROL ALGORITHM: some aof the
details for a novel ccntrol adaptable algerithm far systams with
delay is described. It is an adaptable proportiaoral—-integrating
control whose objact is the maintenance of the system ocutput
near a'set point in spite of variations of the aperating 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 altsrnate numarical mehods which
tend to cancel the residue. correlation and improve tha

convergence.

26) ELECTRICAL GENERATIOM AND DISTRIBUTION SYSTEM: the n=a2d of
supplying electrical pcwer ta an instrumentaticn platform in the
lake of Maracaibo has motivated the epresent project under

contact from INTEVEP.

27) DEVELOPMENT OF A BASIC GRAPHIC COMPUTATION PACKAGE: within the
framework of the devalopment of a graphic computation package,
to be wuseful in the area of computer aided design, a group of
subroutines have bzen developed. Thay a?e capabla of enacuting

translatiaons, rotations, scaling, parallel or perspective

projections, and the elimitation of hidden lines in polvheadra.
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28) CLASSIFICATION OF NATURAL RESQURCES: the 3bjective of this
project is tﬁe classification of available natural rascurces
(water and vegetation) utilizing th2 informaticon derived from
remote senscrs. The techniques vutilized ar=2 based an the
digital processing of images and phaotointerpretation. The area
considered has an extension ocf 300 sgquare kilometars in the
Sucre state. Th2 results obtainad are presanted as maps shcwing
the.different classified areas tog=ther with their boundaries,

their perimeters and areas.

29) ALGORITHM FOR THE FOLLOWING OF éORDERé AND FOR THE VECTQRING
GF LINES: frem the digitalized satellite imag2 a s=2cand
two-tecned image (black and white) is obtaired: tha whit2 regicns
are assigned to the la;els of gray which correspond to the
regions whose dafinition is required in the original iwmage. A
vectorying algorithm for closed contours is also presented. The
joint apglicatiaon of these techniques to digitalized images
allows the definition of information which is not perceivable by
the human eye. The application of these techniquas to
metallurgy (optical and electron microscope images), to medicine
(X-ray and microscope images), and to automatized cartography is

extremely important. Several practical 2xamples are discussed.

Z0) SEMI-AUTOMATIC DIGITALIZING OF DRAWINGS: the digitalization of

cartographic maps (or any civil engineering drawing), for their

inclusion in a data bank is normally carried out through a




manual pracess which uses a digitizing tablet. This type of
manual process requires lengthy procedures where the operators
must dedicate large amounts of time to the point by paint
following of a given contour (or in more modern systems, tao the
idantification of the end poits of a given straight line or
arc). A time saving semi-automatic technique for the processing

of the images menticned is presentad.

In.additian to the several projects reported in the Proceedings aof
the First Technical Meeting, numercus other projects are being
developed at FII under contract agreesasnts with strict
confidentiality requirements. One of these projects refers to the
design and construction of an automatic machines voting system to
be ready at the time of the next echeduled national elections
which are going to be held in december 1989. Some thirty thousard
units of the basic system will be required. This project will be
handied by the FII together with the major profassional electronic

companies of the country.

3.3.2.4 UNIVERSITY OF CARABOBO

This university is locatuq in Valencia, in the central part
of Venezuela. The technical activity related to microelectronic

RD is rather limited since only five professors are dedicated to

it. It is however very significant because in 1977-78 one of 'thu
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first microprocessor applications was developaed at this
university, in the design of a taxi meter. MNat only was this

microprocessaor application original, but the prototype which was
developed is currently industrialized in the country and it is

used in Venezuelan taxis.

Current procjects underway at the university of Carabobo

are:

1) A microprocessor based ultrasonic fetal diagnostic unit,
designed specifically for the detection of medical anomalies
specifically found in the country.

2) A microprocessar data acquisition unit for the
characterization of the transient response of the respiratory
system.

3 A microprocessor control unit for professional U-Matic video
tapes.

4) A microcomputer for microprocessor developing systems.

3.3.2.5 SIMON BOLIVAR UNIVERSITY

Three major departments are related to microelectronic

activities: the computer sciln;. department, the systems

department, and the electronics and circuits department. The fist
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two groups are mostly dedicated ta the design and implementaticn
of new algorithms and general software, while the electronic and
circuit group deals with the design and construction of hardware
units and some R&%D work related to solar cells (in collaboration
with the physics department). The current projects in the

electronic and circuit unit are:
1) Thin—-film solar cells production by serigraphy and pyrolitic
pulverization.
2) Compound semiconductor thin-film structures.

3) Design and construction of signal generators by means of

additive synthesis.

4) Design and construction of directive microstrip couplefs with

stepped impedance lines.
S5) Wide band microstrip coupler analysis.
6) Dynamical optimization of multidimensional filters.
7) Linear prediction for the detection of plane waves.
8) Detection and burst error correction in receivers.

) Image ccding by means of linear spectral prediction from the

Fourier transforms.




_57-

10) Class E amplifier design with unipolar transistors.
11) Robotic arm design.
12) Real time EEG data acquisition and processing.

13) Data acquisition system for the detection of waves in the

cardiac cycle.

14) Fetal monitoring system.

Due to teaching duties the staff at the Simoﬁ Balivar
University dedicates only part of their time to the R%D activities
described. Most of the emphasis is dedicated ta development or
design work. A great deal of work is carried out by the students

in their fifth year thesis project.

Microelectronic R&D at other Venezuel an academic
institutions is mainly concerned with microprocessar applications-
(at the University of Oriente, at the Universidad Central de
Venezuela, and at the Instituto Universitariac de Tecnologia -~
Region Capital), and software development for microstrip systems
design (Institutoc Universitario de Tecnoiogia - Cumana). As
evidenced by the papers presented at the last meeting of the
Yenezuelan Society for the Advancement of Science £231, the

activity of these institutions is limited and it should be

increased in the future.
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4 FUTURE FERSPECTIVES FOR LOCAL MICRCELECTRONIC ACTIVITY

On december 4th, 1983, a new administration was elected in
Venezuela. One of the expected measures to be taken bv the new
government will be the devaluation of the national currency unit
sometimes in thoe first half of 1984. The current foraign currency
exchange controls are also expected to be continuad. 1f so, the
situation will be such that the amounts of foreign imports will be
greatly reduced, and local industrial productian will be
strenghtened in order to cover the needs of the local market as

well as for possible exports.

Under this scheme, the circunstance= will be optimal for an
increase in the industrial activity related to microelectronics
and the corresponding required increase in the local R%D and
dosiqﬁ efforts. It it important to estimate the range of
activities that can be reasocnably developed in view of the actual
situation, with the existing human and material resources for the

different micrelectronic fields.

The analysis to be presented is derived fron the discussion
and the results of a wokshop financed by CONICIT and aorganized by
the FIl, held in Caracas during the days from June 31, to July 2nd
1983 [(24]). This workshop benefited from the participation of mo;t

of the Veneszuelan researchers in the field, representatives for

most of the professional electronic companies, represantatives of

- S —
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CONICIT and represesntatives of the mMnisctry for industriai
Develcpment (Ministeric dc Fomento). The objectives of the

meeting were the following: a) an evaluation of all of the
microelectronic past activities in the country, b) an evaluation
of the possible future activities in microelectronics during the
next five years, and c) a summary of possib}e governmental
recommendation for the definition of a real policy for the

9ccelqratcd development of the field.

4.1 Pespectives in IC development

Future develaopment in this area is particularly difficult
to estimate. Not only is the international development of 1low
power analog and digital integrated circuits, a process which is
highly accelerated and highly competed, but also it requires major
financial and human resources. Only one IC laboratary exists in
Venezuela at present (with available resolution of 5 microns in
silicon technclogy), with_a total of some ten engineers with PhD
training in the field. Major steps must obviously be taken if IC
manufacturing is to be accomplished in the country. The level of
expenditure required for the conversion of the lxistiﬁq laboratory
facilities to an industrial scale operation is certainly of the
order of saveral million dollars, if improved circuital resolution

ii to be achieved. This fact together with the limited trained

manpowar, implies that significant development will occur only
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through major government sponsored action or through major
international agreements. These possibilities will be caonsidered

further in the following sections.

Probable developments which will occur independently of
major initiatives, will be related to the local production aof
photodetectors (with silicon technolagy) and the creation of a
gallium arsenide research and develcpment laboratory. The
probable evolution of silicon power device production is decribed

separately.

4.2 Hybrid circuit perspectives

This sectcr of microelectronics offers one of the best
perspectives for its massive development in Venezuela within the
next few years. The country has decided'on an intensive expansion
in its communication system (telephony, data, etc.) so that the
application of hybrid circuitry is assured. The technology
required for hybrid circuits is relatively simple and the level of
required investments is more accessible for the country (one or

two million dollars).

Saveral profassional electronic companies have established
their interest in producing hybrid circuits, both thick and thin

films. Thare is a significant local affort in R&D (at FII) and

this effort will be increased. " A consortium formed by saveral
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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 those

required by the telephone industry.

The experience obtained byi YVenezuela during the last
fifteen vyears of production of printed circuits (mainly by
Circuitel), establishes an excellent base for the definition of

those circuits that should be hybridized.

Even the local production of pastes is now being considered

together with 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

effaorts in near future. Passive microstrip elements wilil

certainly be produced, incorporating imported active devices.

Local designs for telecommunication netwarks will also increase.

Local R&D efforts in gallium arsenide technology will be
developed in relation to studies concerning high frecuency active

- devices. The results of these studies will determine the

possibility of future industrial future development.
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4.4 Perspectives in fiber-optic systems and components

There is no doubt that optical communication system design
will strongly increase for large and small scale applications.

Optical buses incorporated to telephone automatic exchanges are

environments (refineries and other industrial plants) will be

completed soon.

being designed now, and supervisory control sysytems for hostile
Several cable manufacturing firms are now evaluating the

economics for the local production of fibers, in view of the plans

of the telephone company regarding extended use of optical

comnunication links in the ccuntry.

Local R%D concerning detectors and light. sources will
increase. Efforts are being made in order to re—-orient. the
activity of physics researchers who are now involved with studies
on ternary and cuaternary semiconductor materials, towarcls gallium

arsenide technology.

The 1local production of power diocdes, tranasistors and

|
1
4.5 Power device perspectives }
silicon controlled rectifiers is deemad possible in view of the #

iarge device areas involved, and in view of the potential markets
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for the ilocai automotive indus
and the aluminum industry. A major increase in the actual R&D
efforts nust be devclop;d in order to be able to have a better
industrial perspective particularly in the case of SCR’s
production. Power diode prototypes have already been develaoped,
and significant research in metal ta silicaon contacts for high

current levels has been carried dut.-

The development of this area will require some saort of
international collaboration scheme, either with established
foreign companies who might wish to carry out local construction
under joint-venture schemeas, or through the support of

international development agencies.

4.6 Solar cells perspectives

As indicated earlier in section 2.6, the major application
of solar cells in the country will not be dedicated to massive
energy conversion schemss in view of the available oil and
hydroslectric energy potantial. On the other hand, a potential
market of some 4 million dollars is currently estimated for solar
cell remote areas applications. The production of solar panels
using imported cells is under way naw, tagether with some !imited
local production of crystalline silicon solar cells. Possibla

international joint R&D activities in amorphous cells are being

considerd in projects with the company Energy Conversion Devices.




4.7 CAD perspeactives

Local computer aided design will grow without any doubt in
the next decade. The country has already a significant
infrastructure of computers, as well as a sufficient pool of human
resogurces in the area. Furthemore, national industrialization
plans will grow, and they will require continuos growth in CAD,

particularly in the oil industry.

The 1largest engineering private campanies in the country
are aware of the need for expanded CAD activity, if they want to
be competitive with foreign firms. These enginegering firms are
presently discussing interactive schemes with local R%D
organization for the optimization of human and financial national

resources.

A modified CAD application, of great importance for
Venezuela, is the development of strong groups in digital image
processing with two purposes: a) the evaluation of the rescurces
of the national territory, and b) the production of maps from
digital data banks mostly related to geographical and geophysical
data. The personnel amployed in actual groups in this.field are

expected to grow an order of magnituda2 (from 13 to 130) within the

next five years.
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4.8 CAM perspectives

The automotive industry is the major national iidustry
which could require comoguter assisted manufacturing. However the
nature o+ this indQstry in Venezuela, is bhased on the assembly of
imported parts. If this industry were to install robaots in their
productiqn lire they would in all probability purchase the
automatic systems abroad. A 1local activity in computer aided
manufacturing, includirg supported R&D activities, would raquire a
major change in the attitude of the industry. This major change
is hard to predict, and very hard to induce since this natianal

industry is still strongly tied to foreign car manufacturers.

In the case aof smaller manufacturing industries the gradual
modification of existing machinery, so as to increse their

numerical control and automatiz features, represents a development

which 1is totally feasible. This development will certainly occur
and the design and production of the required electronic systems

will be local.

4.9 Microprocessor application perspectives

We have already discussed that th= development of this area

‘is almost infinite, being bounded only by the ingenuity aof the

designers. Special regional conditions might induce a local
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development of microprocessor applications in those areas where
international systems are unavailable or when the available

systems require major modifications.

The technology involved in microprocessar applications is
directly available to all countries with a reasonably goad
engineering cr scientific training. This is certain': the case of
Veneéuela, where all of the major academic institutions offer
microprocassaor courses in the ragular electrical engineering study

programs.

The major specific fields of microprocessors applications
in Venezuela ar2 related to the o0il industry, and to the
communications industry. Supervisaory control and automatic
operation of oil fields, pumping stations, oil and gas pipelines,
refineries,and processing plants offer a wealth of examples.
Furtnemore if one considers that the international o0il industry is
undergoing a modernization process at present, cne realizes that
the technological gap betwesn developed and underdevel cped
countries is still not too great in this area. A reasonable
chance exists for the establishment of local designs which can
compeate economically and technically with those designs
originating from the mors industrialized countries. The
techﬁological revolution occurring in the telacommunication
industry in the industrialized world, has shown a tendency towards

systems with more distributed and local intelligence, and it

points out to a potential window for designs produced in
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accordance to local needs and specifications.

Another example of specific microprocessor lacal
application in telecommunications, is rapresented by the design of
an automatic voting network for Venezuela. If the network were to
be us;d only for voting, then its cost will probably be the uajbr
factor against its implementation. On the other hand the
additional facilities that can be incorporated into such a netwark
(seismic data network, hydrological data network, library
interconnection system, medical 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 required in the field of automated office
aope-ation, and in education. It is parti:uiarly in the field of

education where the different local conditions must weight heavily

on the systems used.




4.10 Perspectives in softwar2a development

As in the case of microprocessor applications, software
development is well suited for local activities, due mainly to
these reasons: a) the financial resources required for tha
establishment of a software ccmpany ar2 much more accessible to
Third Qorld 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 application are seldom

directly transferable to other cases.

The problem of software development in developing countries

is described in detail in reference [25], where it is stated that:

“UNIDO’s preliminary investigation bhas shown that in. the
developing countries such as Argentina, Brazil, China, Egypt,
India, Malasia, Mexico, Republic of Korea and a few others, the
potential for the development of a computer software industry

exists."

This is also the case for Venezuela, where trained human

resources are available in sufficient numbers and where the

industrial development plans currently under way require more and
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more special programs for specific 1loca2l applications. The
relative size of the computing centers and computer sections in
the various nationalized o0il companies clearly points ocut the

importance of this type of activity in the petroleum industry.

S COOPERATIVE EFFORTS

The maxim of strength through union is certainly an oald and
proven concept which also applies to the technological development
of one or more countries. If the available national resocurces,
both human and financial are scarce, it is obvious that their
optimal wutilizaticn will require a concerted national action,
avoiding the duplication of efforts, and with maximal agreament
between the differe;t entities involved: the state, the R%D
community and the local industry. This first step depends on the
national will of ea&h country and each country alone, and it
represents a minimal first effort that must be achieved if a

faster rate of technological development is desired.

The same principle that applies to the different groups
within a given country should of course also apply to different
countries. Agreement should be achieved in order to rationalize

individual efforts, to avoid unnecessary competition (if at all

possible), or to reduce it through common agreements. Common
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¢éronts should be established tawards mare induétriali:eu nations
(as in case of OPEC), as well as towards less industrialized
nations (as in the case cf the agreement undersigned by Me<ico and
Venezuela for the supply of oil at better rates for Caribbaan and

Central Am=arican countries).

Technological agreements for the accelerated development of
microelectronic 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. Héuse of Representatives in November 1980
t261. 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 achieve truly
effective agreements between industrialized and less devel cped
countries, even though the number of examples 66 effective
technology transferences are not abundant. In fact in most
instances of technical relations between countries of different
+echnological levels, thg label of "technolagy transfer” is really

applied to the process of mere technolcgy sale (at high levels of

profit).
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There are no examples of teghnglogigal Marshall plans
designed faor the achievement of reasanable technolagigal
develgpment of a given country or gountries. If these plana were

tg exist., a more balanceddistribution of technology in the wgrld
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This fact comes as no surprise since very large propartions

nqw marketed and sold in less advanced countries. Majgr changes
in this situation are obviously conditigned by the existence gof

the established vested interests.

In the telecommunications industry alone there is a
perspective 88 billiaon dollar markef within the next five ye=ars.
Al though a significant percentage will be spent by Third World
countric?, .no Third World manufacturers are to be found among the
leading group of Western Electric, ITT, Siemens, Ericsson, GTE,

Northern Telecom, NEC, GEC, Thomson CSF, and Philips.

while pointinquut some drawbacks in the relationship between
developed and less developed countries, cne should nnvor,faii to
point out one of the most positive aspect in these relationzhips,
that is, the open accessibility of Third World studants,
professors and rogcarchers to most of the academic institutions in

the more advanced developed countries. This aspect of true

tochnoloqicai transfer must be recognized and properly valued

[ P,
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since it represents one of tha most effective factors for change
in less developed regions. Some instituticns in some industrial
countries are particularly excellent and open to foreign
participation, and in this sense it is pertinent to quote Dr.
Paul E. Gray, the president of the Massachussetts Institute of
Technology on the subject of scientific and technical information

transfer among countries [271]:

“My own view is that while there is a iegitimate concern
about the transfer of scientific and technical information to
countries which would use it to their military and strateqic
advantage, there is far less understanding of the degree to which
quality and progress in science depend on openess and sharing of
information within the educational and research communitiges. The
research universities of this country are, already, internatiagnal
communities of students, faculty, and research staff who are

selected on the basis of ability and promise -~ not on national

origin.”

It is cbvious that the free accessibility to institutions of
great academic standards in developed countries, has been a strong
factor for the-technological improvement of many countries. If
the different industrial establishments of the more advanced
countries were to follow a mare concerted and open action with

respect to their operations in less developed countries, the

technological world situation would suffer major changes. It is
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of course rather utopian to expect these changes to take place
spontanioily, but Third World governments shauld be aware of the
range of possible technological agreements that could be induced
through trade agreements, political treaties, and natural

resources supply contracts.

International arganizations have played and must continue to
play a significant role in order to achieve a more balanced
technglogical distribution. These organizations face the
difficult task of acﬂieving-agraement among saveral countries, ana
the degree cf difficulty increases as the number of countries
involved increases. On the other hand they can count on the
concerted support of many Third Word countries which are united in
thg}r intention of achieving a higher technolagical level in spite
of national differences of economies and tyoes af governments. In
the case aof microglectronics, and in particular in the case of the
production of integrated devices - and circuits, the corporate
nature of modern efforts 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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s.1 Cooperative efforts in Venszuela

Three major areas of internal cooperation should be stronly
increasad: cooperation among the local professional electronic
companies, cooperation among the R%D community and these
companies, and cooperation amang the govarnment, the R%D community

and industry.

S.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 thera exists a certain degree of local
compatition. Although these elemants of competition are highly
desirabla for a healthy industrial development, the companies
should develop common strategies for handling major national
electronic production goals. A positive development along these

lines seems t0 exist in the case of the proposal for the

production of automatic voting machines, which is to be handled by
a consortium of the differant companies. To the extent that this
joint mechanism vill be succesfull, the strength an& visibility of
the local electronic industry will be enhanced. Other projects

that might be handled jointly by the companies is related to the ’

production of basic telecommunication aquipment, basic
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microprocessar control modules and the 1local fabrication of

electronic components.

5.1.2 Cooperation between R%D units and industry

The size of the different profsssional electronic -companies
in Venezuela is still rather reducad, and mast of their effart is
dedicated to design, marketing and sales. Their RD effaorts 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 stat= sponsored organizations have
investéd substantial amountas of money in personnel training and
for the purchase of specialized equipment. It is rather aobvious
that the inferactinn of the different sectors should be increased
for the common good. The R¥D groups must praove .tp the
gsatisfaction of the companies, that they can handle di#ferent
projects with total confidentiality, and with total impartiality.
One major step along the line of increased cooperation will be
taken with the establishment of a joint venture between FII and
two electronic companies for the production of hybrid circuits.
Equally important cooporativc~proqrams might be develcped in the

production of optical fibers, in the manufacturing of solar cell

panels and in the development of microprocessaor applications. In
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all of these fields the R&%D groups would concentrate on the
designs and their constant improvement, whila the companies would

concentrate on the manufacturing.

5.1.3 Government, Industry and R%D Centars

Government has a major role to play in inducing the desired
interaction, since it controls several large companies while at
the same time it fegulates the operation of all the private
companies as well as the operation of most RXD orgnizations.
Government also regulates most of th2 goods and services which are
used in the country every vear; it also authorizes the i@portation
of those gocds and services that are pqrchasod abroad. A clear
governmental policy for microelectronic development, based on
ob jective technical analysis, would greatly help change the
technological situation of Venezuela in a relatively short time.

During the last thirty years the Venezuelan government has
certainly supported the establishment of local R&D institutions,
és well as the founding of several universities, and a central
policy and financing institution (CONICIT). No specific policy
concerning the establishment of priorities among the different

technical and scientific fields was ever implemented until 1979

when the Petroleum Technological Institute (INTEVEP) was created
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with the mandate to carry out research and development in the
areas directly related to the petroleum industry. The level of
financing for this new institut2 was definitely higher (for
salaries for the personnel as well as for the purchase of
laboratory equipment and mateéials), than in the case aof aother R%D
institutes. The government clesarly indicated that it considered
petroleum relatad research as fundamental for the development of
the couptry. No other fields have been 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 anong

the different fields.

Every five years tha platforms of the major political parties
have reflected several suggestions +for science and'technolc;y
programs. Up to the last election, these suggestions referred
mainly to different organizational schemes for the secto of
science and technology ({281. In the last election (December
1983), tha programs of ﬁhe major political qroups established some
priority quidelines for those topics that should be developed
nationally with greater intensity. Significantly enough, all
parties coincided on the importance of modern electronics for the
national development. In some of the programs, reference was made
to the electronic complex (elactronics, telecommunications and

informatics), while other programs stressed the importance of

electronics or that of microlectronics. No detailed plans were
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presented rnbarding the procedure tc be followed for achieving the

desired accelerated microelectrorics davelopment. In ordar to

reach this goal the government must establish a clear and coherent

policy, which could b>» based on the following actions:

1

4)

An official declaration defining microeleztranics as a

priority area,

An official definition of a major . goal to be achieved in
electronics (i.e. the reduction of foreign microslectronic

imports by S0%Z in five years).

The establishment of a national microelectronics commission
formed with government representatives, representatives from
industry, and from the R%¥D community. The main objective of
the group would consist 1in the tentative definition of a
detailed policy for the accelerated expansion of
microelectronics in the country. This tentafiva policy would

later be ratified officially by the government.

The inclusion aof R%D personnel in the boards of directors of
the major state owned or mixed industries, where most of tha
more important decisions concerried with the purchasing of

equipment and technical services are made.
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As a matter of fact, during the last thi-ee years af the
previous government the last recommendation concerning the
inclusion of R%D personnel in the directive boards of major
industries oi- state corporations, was implemented in four
instances. Researchers were appointed to the Telephone Company
(CANTV), to the Public Utility Company (CADARFE), to the telephone
manufacturing company (MAPLATEX), and to the board of a majaor
company.for the production of s=2amless steel pipes ror the oil
industry. ‘As a direct result of these appointments, several
decisions were influenced by scientific ang technolcgi&al
criteria, and projects which would have been designed ocu*side the

country were developed locally.

All the recent Venézuelan administrations have been in fact
aware of the ne2d for an industrial policy aimed at the
substitution of imports. The level of global imparts 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
psriod in technology contracts({29]. With this spending profile it
;s obvious that the government should encourage local production
by all means. One of the measures taken by the government alang
theses lines has beon‘tha Decree 1234 of the 8th of October of 1981
£301. The whole document 1is directed towards 1limiting the
purchase of foreign goods and s@rvices, as clearly shown by the

text of the first article:




“The different Ministers will not be able to authorize the
purchase of foreign goods (either consumer, intermediate or
capital goods). nor the approval of consulting cantracts, or the
construction of different public or industrial works, or the
hiring of technical personnel outisde af the country, when there
evists a national offer with adequate -onditionas of quality,
opportunity, and cost, regardless of whether the purchase is
direct, cr whether it is cariied out through a private or public

bidding process.”

This decree certainly establishes strong legal basss for the
development of local technical activities, although its effactive
agplicaticn dep=nds on the irnteiligent 2valuatiun of the phrase

», .. adeqguates cenditions of ...".

The adminis:raticn which has recently been inacgurated
(February 2nd 1984) has taken scme additiconza! pasitive steps that

will also tend to increase the local technolegical effart:

1) The office of the State Minister for Science and Tachnology
has been manftained. The new minister is an ex-director of
IVIC, and he has announced plans to convert COMICIT 1into a

farmal Scisnce and Technology Ministry.
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2) The new minister has named a highly trained =nginesr (FRD in
canputer sciences and director of ocne of the majar
profassianal electranic ccmpanies?, as a liason aoftficar
betw=2en the ministry and the productive sector.

3N Cenvarsations are unrdar way in the new govaernment fsr tne

establishment of a tax aimed at the productive sa2cter., to ke
dirzctsed toward the financing of local R2:D activities.
Sheuld this measure be implemented it will re2present a major

significant stép in the country’s develcpment.

4? The naw minister for the Environment and the Flatural

ientist

n

Non-Renawable Resources (MARM), is also a qualifiad s
whos2 activity will help in establishing cleoser tiss b=twean

tha R%¥D community and th2 government.

Some rasearchers (in biology and ecology) have beenrn named to
the new boards of directors of some Gf the state cwned or mixed
companies, it is hoped that this very effective measure will be
extended in the negar future so as to include researchers in more

technical fields related to the basic national industries.
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S.2 Cooperation between countries

The genaral lines of interaction betw2en countries in Latin
America sﬁould be established alorg the following lines: a) a
major joint RXD effcrt betwsen Argentina, Brazil., Mexico and
Venezuela. and b) a major effort in the training of R%0 groups of
~he other countries. The differences in ta2chnological levza! among
tha four countries might be a limiting factor in the devalopaent
of joint projects (Brazil is definitely more developad in several
of the areas of micréelectronics, particularly in 1intagratad
Zircuits). However, a caraful selection of topics sucnh that =ack
country is the major responsible for a given area, and th2
nnssible organization of companies oparating 1n thz four countries
mignht succassfully induce the requirad casperaticn. As an
additional binding factor, ;he cecoparation might b= =2stablishad
under an intarnational organizaticon umbre2lla as it will be

discussed in the ne:t saction.

5.3 International cocperation

The subject of international cooperation in the field of
micrcelactronics is not a new topic for the various specialiced
United Nation agancies. In the particular cas2 of UNIDU, the role

of Third YWorid countries in the field of microelectronics has been
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discussed at several international conferesnces. It is clear that
whatever schames might be develcped, the efforts of several
nations must be inwvolwed: it is also clear that the rapid
evolution cof the technical knowladge in the fi2ld raquires a large
component of R%D activities tegether with the purely commercial or
industrial aspects. The dasign of chips +for custamized
applications has begen ccnsiderad ecanomizally and technicaliliy

feasibla in 2 nunhesr of countriss [311.

Within the American continantal scenea, ﬁhe Organization of
American States has supported several collaborative ecrganizations
maily dedicated to conventicnal tachrologies or to the transfer of
information and professiznal knowladge (321. MNo maor S%D- joint

ventures have bean establishad.

The time seems appropiat= +for the proposal of a major
transnational erfort in microelectro&ics tc be sponsored through
an international organizatisn such as UNIRO, or the OAS, As a
matter of fact Venezuela has proposed tg UMIDO the establishment
of a Regional Center for Applied Micraelectronics to be hosted by
the Fundacion Insﬁituto de Ingenieria (The Engineering Research
Fcundaticn- FII). The aztivities to be covered at the new center

would b2 the following:




1)

Research and development in the following areas: integrated

circuits and devices, hybrid circuits, components ans system

design for optical fiber communications, solar c=lls, power

devices, and components and systems design for microwave
integrated systems. These RXD activities would be directed
towards d=signs and applications particularly suit=ad to the

realities of a partially developed countrv.

Technical assistance to Venezuelan and foreign industries in
their pléns for the estahlishmant of new industries related
to the different microelectronic areas. It was felt thet the
experience already gathered by the Fcundation in its dealings
with VYenezuel an industries was impertant, and it could b2
used by other developing countria2s, most of which experience

similar problems.

Technical training at all levels, from that of laboratory
technician to the level of a researcher. This activity can
be carried out :n collaboration with 1local and fareign
univarsities. These activities are considered fundamental in
view of tha level of investments required and dua to the need
for on the jab training which is fundamental to
microelertronic activities. This type of training is
difficult to obtain at established companies both in
developed and in underdeveloped countries, The proposed

center can be conceived a3 center for the training of

ar
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trainers, that is, .,those professionals fram other countries
who will later create other regional centers in their

respective naticns.

4) An infaormation centar fcr the collection of technical data
and technical experienca2s to be freaely availablas to other
groups and nations. Thias activity should covar from
collections of techni_al bsoks and periodicals, to technical
réports, computer programs and video recordings for technical

training.

The FIIl was considered as a suitable bass for the propased
éegional Center in vi2w of the substantial investments already
carried ocut both in equipment, buildings and trained personnel.
Additionally, the legal structure of the Foundation allows the
sstablighment of‘a center such as the on2 envisianed, to ba

founded by the FII together with an internaticnal agency.

The geographical position of Venezuela has influenced its
traditional Latin American and Caribbean cacperation role, as
evidenced by  its actions from the time of the wars for
independence to the recent agreements for the supply of
hydrocarbons to neighbouring countries. Additional evidence is
given by the signing of technical ccllaborative agreements with:

Argentina (1972), Bolivia (1973), Brasil (1973), Ecuador (1973,




Mexico (1973), Haiti (1974), Dominican Republic (1974), Guatemala

(1976), Peru (197&6), and a complementary Sciance and Technolcegy

agreement with Brasil in 1977.

The Regional Center proposed for Venezuela could be ane amang
other Regional Centers to be established in-othef.countries. The
various centers would all interact along guidelines =astablished in
common accord by the different countries and b; the spansaring
internaéional agency. The guidelines would be dréun on the basis
of a maximal common good. There is no doubt that th= individual
countries’s activities in-microelecfroni:s would be strangthened
by this scheme, the collabgrative efforts of the different members
would increase, and, perhashs, the structure of a united a<fort in
microelactronics by Third World countries might bring about naw

avenuss of effective collabaration with mere advanced countries.

6 CONCLUSIONS AND RECOMMENDATIONS

The descripfion of the reality of microelectronic activity in
Venezuela has been the essence of this paper. Although limited at
the moment; this a:tivity has a reasonable potential for growth ir
view Of the ecducational desvelopment of the country during the last
forty years. The nature of thes Venezuelan economy, which is based

on the industrial development of natural resources like oil, iron,

ar.
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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
investments required (both in human and financial resources), and
yet the country has no other alternative but to try to achieve
reasonable technological autonomy in some of the fields. This
autonaomy 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 of the educational

standards.

Transnational and international technological agreements will
be of great importance in the acceleration of the technical
development of 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 Japanese competition in many high technology fields
and the loss of American industrial leadership during the last

three decades, states the American situation in the <following
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terms [33]:

w,..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 tre pack —— hehind in some activities, ahead in other
activities, but averags with respect o the best economies of the

werld. That should be the goal you think about..."”

Iin the case of Venezuela, as in the case af many other
undardeveloped countries, Thurow’s statement also appli=s. The
nation must ga2ek to reach a pagsabhle international level! in some
industrial activities, mainly those related to petrol eum, iron,
and aluminum industries, as well as some of the more strategic

areas of microelectronics which nowadays affect the whole spectrum

of industrial endeavor .
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