G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

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

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

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

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


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

Gy (qUED ¢

NN 717
G

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

SOME RECENT TRENDS IN MICROELECTRONICS AND
UNIDO TECHNICAL CO-OPERATION FROGRAMME

Presented at the

Expert Group Meeting on the Design, Development, Manufacture and
Application of Microelectronic Components

4 - 8 March 1991, Kuala Lumpur, Malaysia

by

‘ Dr. Mohamed Arif Nun




UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION (UNIDO)

SOME RECENT TRENDS IN MICROELECTRONICS AND
UNIDO'S TECHNICAL CO-OPERATION PROGRAMME

Presented at the

Expert Group Meeting on the design, development, manufacture and
application of microelectronic components

4-8 March 1991, Kuala Lumpur, Malaysia

by

DR. MOHAMED ARIF NUN

1. Introduction

This expert group meeting is organised by the United Nations
Industrial Development Organization (UNIDO) in co-operation with
the Malaysian Institute of Microelectronic Systems (MIMOS). 1Its
main objectives are to provide a forum for exchange of
information and experience between the participants and to
identify possible arzas of regional and interregional
co-operation.

2. World trends in microelectronics

For the fiscal year ending March 31 (Electronic Business
Asia, February 1991), the leading 50 Japanese companies
registered a combined sale of US$ 220.1 billion while the top 5¢
American companies recorded a total sale of Uss 227.1 billion
for the calender year 1989. For Europe, the 1989 total
electronics revenue for the top 5@ publically held companies was
US$ 144.2 billion (Electronic Business Asia, January 1991).

In terms of growth, the top 28 Japanese electronics
companies grew by 13 per cent while that of the tcp 20 American
electronics makers is 6 per cent.

It 18 prophesised that the 199¢s will be dominated by large,
extremely high-speed, high-data-rate electroric systems on thne
one hand and amazingly compact, funct:icnally &3phigsticated,
robile and light—wcight eleciroric nystems o the cthar.,




The latter will exert a larger influence bty far on the
market and on people's lives. Laptop and palm-size computers are
expected to grow five-fold to 11 million units by 1994.

Cne of the major developments of the 199Q0's in the field of
solid-state microelectronics was the commercialising of chips

containing more than ' million transistors. Probably in 1991,
microprocessor chips with well over 2 million transistors will
be lauvnched. As far as processor speeds are concerned, in 1999

25 MHz has been taken for granted. The next generation of 1991
chips c¢an be expected to reach 50 to 60 MHz. For exampie, a
64-bit microprocessor with 100 MIPS working at 50 MEz and based
on 0.8 um technology was announced recently (Electrcnic World
News, Feb. 18, 1991). In addition, a new cache-base PC AT chip
set was announced, which can handle the entire range of 80486
CPUs, from the current 25-MHz DX up to 50 Miz super 486
processors. Also being delivered are new fast GzAs gate arrays
of more than 100,000 gates per chip and BiCM0OS PLDs having
propagation delays of at least 7.5 ns.

Reduced-instruction-set computer (RISC) microprocessors are
offered by many semiccnductor houses in megatransistor chips.

Digital signal processor (DSP) chips are adding enormous

functionality to desktop computers and workstations. Many
foresee that a DSP chip will eventually have equal status with
the microprocessor in these units. DSPs are particularly

effective in floating-point operations, high-speed modems, voice
recogniticn, transcoders, robot. control, hard-disk control, as
well as multimedia, digital audio electronics, full-motion-video
compression and decompression, animation, color printing and
facsimile, as well as data telecommunication.

The market for these types of 1.C.s and for high-end 16- and
32-bit microcontrollers and microprocessors, which are used for
"embedded control", is expanding rapidly (Eleztronic Business
Asia, June 1991) . It is not very well known that the vast
majority of microprocessors (MPUs) 8o0ld worldwide reside
"behind-the-scenes” in diverse products, from microwave ovens
and washing machines to automobiles to guided missiles.
Microprocessor manufacturers are realising that there are more
applications for embedded micrccontrollers than tnere are for
general-purpose chips.

The market for these microcontrollers is expected to grow
from US$ 2.9 billian in 1688 to $ 6.8 billion by 1995

(Electronic Bus:iness As:a, June 1993). Most of <he growth is
expectled to come from the high-end 16- and 32-bit -rcducts whose
share of the marxet for oxmtedded controllers 1s expesied o grow
from '90.9 gjer cont an 'A% Lo 47,3 per cent by 672 . The o8 per
~ent compounded annual Sro Wi rredicoted will he driven mainly by
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as well as telecommunications anc automotive electronics.

This market for embedded processors is driven very largely
by the "explosion" in applications for image processing
(Flectronics, June 199¢). This field could be the next gold
mine for chip manufacturers. Imaging is rapidly migrating from
the traditicnal scientific and medical applications into the
office environment for all sort of functions like page printing,
digital copying, plain-paper and digital facsimile, and document
scanrning and conversion - all these using the PC or workstation
as platforms. The full potential of image processing is yet to
come, in the form of desktop publishing (mark~:t of US$ 3.8
biilion in 1989 and heading for 10 billion in 1993) and in the
form of the still "infant” multicmedia PC market which will be a
2.4 billion industry by 1994 in business and professional
marxets alone.

Thus, going 1into the mainstream will be desktop =machines
designed and fabricated around the 32-bit processors that can
now handle imaging, once the -domain of super computers. This
will open vast new markets for makers of embedded processors,
digital signal processors, dedicated RISC chips, data-conversion
and video ICs. These microelectronic components will go into PC
and workstation-based fax, scanning, processing, printing and
multimediamedia systems.

In general, memory chips, too, are growing bigger and
faster. Dynamic RAMs, for example, are being shipped in volume
in 4M-bit sizes; 16MB-bit DRAMs are being sampled; 64MB-bit
devices have been demonstrated; 256M-bit and even 1G-bit devices
are in development. Their access tim:g, meanwhile, ar~ falling
steadily; where abtout 80 nanoseconds is standard now, about 6@
ns will be the norm a year from now with standard CMOS
techncliogy., and 35 ns may be reached with bipolar-CMOS (biCMOS).

An exciting event which 1is radically transforming the
computer gtorage arena 1is the coming of new nonvolatile memory
chip technologies and architectures collectively known zs flash
memories. These flash memories combine features of two different
nonvoiatile technologies to deliver the easy reprogrammability
of electrically-erasable PROMs and the high bit densities of
ultra-violet EPROMs (Electronic World News, January 14 1991).

Trese non-volatile I.C. memcries are becoming more and
popuiar and are growing at a faster pace than that of the entire
sem.conductor market. Flash memories are attaining speceds better

tnarn. 12C¢ ns. Sales of flash memories are expected to grow from
IS8 37 miillion ir iG3¢ to $ 134 =illion in 1531 and $! 5illicn
in 3% (Flectronies, November 139@). These flash memories are
roring very strong challenges to the traart:enal dynoam: s RAM:,

cenventianal uv KPROMe and ZRETA0Ms and even to Gisk o sloragen.




For all nonvolatile memory types, the market is expected to
increase from US$ 3.15 billion in 1660 to USS 4.3 billion in
1992.

In February this year (Electronic World News, February 18,
1991), KTI Semiconconductor Ltd., a joint-venture between Kobe
Steel and Texas Instruments Inc., arnounced the setting up of a
USS 35€ million wafer fabrication plant to procduce 9,8¢¢ B inch
wafers per month. Production will mainly be submicron CMOS
logic devices and ASICs.

The tremendous progress in technology in microelectronics
is mztched by a rapid increase in the cost of settine up of the
wafer fabrication plants. Tne following comparison illusirates
this.

4 Megabit Chips 64 Megabit Chips
Chip capacity: 4 million bits 64 million bits
Narrowest
circuit line: 2.8 microns @.25 microns
Fabrication
plant cost: US$ 356 million US$ 750 million
First samples: 1988 1994
Technology
leaders: IBM, Toshiba,
Hitachi, NEC & - same -
Fujitsu
Peak-year sales: 1994 2000

S$ 10.5 billion USS 25 billion

(Business Week, December 1@, 199@)

For developing countries and even for smaller commercial

organisations, it is heartening to nrote that there is a new
development in the concept and development of wafer fabricatlicn
facilities (Elecironics, April 1989); this i5 the coming of new

fabrication line:s called “"minifabs”, «which can be set up for

s than USS 2 million and designed -1 coonominal axmall }ooe
production {from P9 devines to O Levicoen)  ani faae
curn around-time  (from 24 nours to abent oo wees . AL proaent,

core oare about P82 such ASIT-oriente s Unana T Lt of 4 el

about 208 Ffab Saniiities woriswde.
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Beyond the laptop and notebook computers. a new machine will
hit the market by the end of this year (Fortune Febuarary 1991)
that could well be as revolutionary as the origimal P.C. It is
so rnew that the industry has not even agreed on the name for it.
Besides notepads, these machines have been called tabiets,
stylus computers,pen-based computers, pen PCs and eiectronic
slates. The stylus of these machines combines the Gtes:t
attributes of both a mouse and a keyboard and are capable of
recognising hand-written characters. The leader in this field is
yet another Silicon Valley start-up, Go Corp. who has created 2
radically new operating system, called Pen Point.Go is already
colladborating with IBM and others to devise a standard notepad
design. Microsoft Corp., the software giant, has already got
into the picture by developing Pen Windows, a version of DOS
that can be controlled with a stylus.

The industry is predicting that 250,000 of these note pads
will e sold 1in 1992 and two million a year, worth USS 3
billion, by 1995.

In the semiconductor industry, there has been a tremendous
progress 1in process technology. By the early 80's CMOS 3 um
technology has become the industry standard, and later in the
decade, most ‘endors are producing products based on CMOS 1.5 to
1.0 um process. Nearly all semiconductor producers are now
developing their capability for submicron process technolgy.
phased into three stages: ©.8um, 0.5 um and 0.3 um. Clean rooms
of Class 1 and class 16 ( for 9.3 um particle size ) are the
norm.

Currently, an exciting challenge has arrived in the form of
a newv technology., BiCMOS - bipolar complementary metal oxide
semiconductor, deveioped in 1985 by Hitachi, Toshiba and

Motorola (Asian Electronics Engineer, January 1991).

BiCMOS technology integrates bipolar and CMOS on a single
chip and offers the advantage of high speed and high-current
drivers. Among the other advantages of this technology are:

TTL and ECL compatibility, low power consumption, has high
package density and provides better noise insulation of CMOS
compcnents. According to recent statistics, BiCMOS products in
1988 accounted for 0.1 per cent of the entire semiconductor
marke: but is exrexted to rapidly increase to 6 per cernt by tre
year 2220. In 34%, sales of BiCMOS components was US $203°0
milliien and it is Torecasted to grow to US 8 3.55 baliiorn,




BiCMOS has a wi.de application of products such as gate
arrays, analog devices, SRAM, standard logic devices,
manalog/digital converter for high-definition television (HDTV)
and digital communications systems.

BiCMOS technology occupies a market niche between the very
high speed but power-hungry bipolar ECV and very high density
but medium-speed CMOS. However, whatever the technologyv, its
success in industry is still dependent on cost. BiCMOS's device
cost can De broken down into (a) manufacturing complexit:, (b)
parameter control and (c¢) the number of mask steps ( between
three to five)

In the field of development of processes, lithographic
techniques made major advances. These advances are necessary
since for the next generation of chips, the 64-megabit chips,
circuits’'s 1line size will be less that ©.35 micron. At the same
time, the demands on clean room design are staggering - five
particles per cubic metre, each of @.1 micron.

Commercial electron-beam lithography machines were
introduced which can write up to five 8-inch wafers per hour
with feature sizes smaller than 4 um. X-ray lithography is in a
state of ferment, a number of new equipment including large
synchrotron-based systems and smaller laser-pumpcd sources are
being developed.

Meanwhile, there seems to be surprising 1life left in
photolithography. Many prophets believe that photolithography
will even be able to form the superfine (@.3 um and less)
patterns needed in 256M-bit memories.

In practice, optical lithography equipment are still able to
cope with industry's demend by incorporating modification and
enhancements 1like using tiny-wavelength "deep UV" light. Another
type of equipment generates deep UV light with a laser and a
lens system to focus this light.

Induetry experts believe, howeve., that the next generation
of chips, the 256-megabit RAMs and then the 1-gigabit chips will
require radically different technoiogy like X-ray lithography.

Advances are also being zade in the less "glamcurous" field
of printed circuit board (PC3) fabrication. Processes are being
developed, using pholoimagearie resist a3 the Key clement, %o
take lines down to 3 «mils by the end of 159,




Another star in the I.C. market 1is the programmable logic
devices (PLDs). Early last year demand outstrip worldwide
supply. Worldwide PLD sales have grown almost 5@ per cent, from
USS 475 million in 1987 to lUS$ 719 million in 1989 (Electronic
Business Asia, October 1999). The sale of PLDs is expected to be
more than double to US$S 1.7 billion in i99¢4. It is estimated
that CMOS PLDs will account for 57 per cent of this maruxet.

The demand for PLDs is driven by their widespread use in PCs
and other computer peripnerals such as disx drives, modems,
printers and enhanced graphics displays. Tkese PLDs are also
finrding their way into telecommunications equiprment like digital
switches and PBX systems, as well as industrial controls, test
and medical equipment and even fax machines and consumer
products.

These PLDs are members of the Application Specific
Integrated Circuit (ASIC) family, other family types being the
g&ate arrays, standard cells and full-custom I.C.s. ASIC sales
are forecasted to grow at 10 per cent annually from USS 7.3
billion in 1998 to USS$ 12.6 billion in 1695 (Electronic World
News, February 4 1991).By next year, the market for semicustom
I.C.s for Asia-Pacific is expected to be US$ 830 million.

This growth is amply matched by rapidly increasing
productivity in the design and fabrication of VLSI and
specifically, ASICs chips. With the advent of advanced
wvorkstation technology and the availability of powerful design
tools 1like the silicon compilers, the interface between silicon
system design and actual silicon processing is becoming more
transparent.

In summary, application areas for electronic systems and
circuits are expanding at a rapid rate leading to an ever
increasing demand for microelectronic devices of ever increasing
functionality and performance. Processing technologies are
keeping pace and the intense competition worldwide will see a
contiruing decrease in the price of microelectronic components.

At the same time, <the Asia-Pacific region will become a
significant player in both the design, production and the
consusption of microelectronic components.




KEYHORD SUMMARY OF TECHNCLOGY TRENDS

PCs and workstations

Laptops and notebooks dominate the market place

Reduced instruction set computers (RISC) proliferate and
break USS 5,808 barrier

Superfloppy drives reach 28 ME formatted capacity

Software
00P (object-ariented programming) and

CASE (computer-aided softwere engineering)

Test and measurement

Artificial intelligence 1n testers
Smart testers

Industrial electronics

More applications for fuzzy legic
Computer-integrated manufacturing advences
RISC-based computer numerical control (ONC)

. Censumer electronics

Digital high definition TV (HOTV}
Fuzzy logic for varied products

Medical electronics

Computer-aice? surgery with robotics
Fast magaelic renonante imaging (MRI)

New applicaticr s for vitrasound imaging




3. Wwhat iIs UNIDC?

Jrnited Nations Industrial Development Orgarnization (UNIDC)
was estlablished by the United Nations General Assembly in 1966
to proaote and accelerate industrialisation in the develcping
countries. Sinze then, with the increasing awareness of the
importance of industry, as a dynamic instrument of growth, in
every dceveloping naticn's attempts to achieve a better quality
of 1ife for 1its people, UNIDO's rcle 1is becoming ever mo-e
crucial.

Partly 1in recognition of this, UNIDC became a specialized
agercy of the United Nations in 1986 with an independent budget
under <he control of its Member States. It has a staff of naver
1,482 at its headquarters in Vienna, Austria and 2,100 projec:
perscnnel based in the developing countries.

UNIDO activities can be grouped under:

- Technical co-operatiorn

Investment promotion

industrial studies and information
Consultations

- Training

Development and transfer of technology

UNIDO has a mandate to assist and c¢»-operate with
non-governmental organizations as well as the public,
co-operatives and private sectors of industry. In 1989 requests
from governments resulted in about 1,980 technical co-operation
projects wunder implementation with a total expenditure over that
year c¢f nearly US$ 134 million.

Technical assistance activities are financed mainly by the
United Nations Development Programme (UNDP), for which UNIDO
acts as an executing agency. These funds are allocated to each
country and region and normally programmed over a period of five
years

UNIDO operates three main types of tecrnical assistance
funds in addition to UNDP funds:

- Self-financing trust funds scurces from developing
country enterprises <tremselves.
The Industrial Develorzment Furd (IDF), an?
Third-party trust funds for coniributions
from Governments and nan-governTmental organicationg.




A typical technical co-operation praject consists mainly of

three components: project personne!, fellowships and training,
and equipment.

A request from a Government g2nerally results in a
preject-proposal according to a predescribed format which all
parties agrec upon. After formal approval of budget, the
project can then be executed. UNIDC has specialized departmen:ts

«t

© carry out supporting activities such as the rec-uitment of
project personnel, requests for bids, purchase of equipment, and
organization of the training, study tours and fellowships.

UNIDOC is responsible for preparing industrial studies,
conducting recearch 1in the indust-ial sector, encouraging tne
development and transfer of technology, providing technical
assistance to Zleveloping countries, maintaining an industrial
stAatistics and carrying our empirical studies for <zhe
industrialization process.

UNIDO activities can be further descrited as follows.

Firstly, in the area of technical co-operation UNIDO
provides experts to assist and advise many developing nations in
management, marketing and financial operations. Tre
industrialized nations have the resources mentioned above which
enable them to assist the developirg countries in their
industrialization process.

In the process, UNIDO will seek to identify the needs and
resources and to promote international co-operatives efforzs.
Furthermore, it provides advice and support to Governments
wishing to accelerate the industrialization process througn
better planning and the introduction of ircentives to thne
industry.

In order to promote integrated economic development, UNIDO
assists developing countries by implementing technical
co-operation projects which use a local processing and domeszi
raw materials. through the development of local techneclogy and
adaptatioa of foreign technolcgy. UNIDO also provides exper<s,
equipment and fellowships to developings countries on projects
designed in consultation with the feveloping couniriecs
concerned.

The projects embrace four main elemont::

cHperls Lo AroLul

and advise, services of consuliting i for work on
establishment  of industrial undertakings, Sellowonhipn, cingle
i groups in order to develop local expert oo L oaceigtanes e

tne edquipment for testing, Ao larmern . et nrlot
Tasilitien,

o




in order for Jdeveioping countries 1o accele
industrilization, one of the most important fact
emphasized 1is the development of the indigenous angd
cechnclogical capability. Therefore UNIDO plays a cru
in prozeoting  technelogy development, working to stren
techrncelogical systems in deveioping countries and in

sfer of appropriate technolicgies to

eran

in in [Sares
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countriges.

To doing so, UNIDO has made an effort o sers
develcring countries %o technology. to promote rescearch
development and its commercialisation, and to formulate sui

technclcgy policies and programmes in the developing courntirie

ta
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Another wvital function of UNIDO 1is the provision cf a
clearing-house for industrial information covering ali aspects
of irdustrialization. It is therefore a source of a wealth oF
information on industrialization and the econozic, cial an
political «climate in the developing countries. UN ID provzies
industr-ial statistics, sources of technological inf crmaticn,
patent technology and many others. Information is 1mportanh
make project operaticns effective, especially with
insufficient availability of this resource in most of
developing countries. An example of UNIDO's informatioan-relate
activities 1is UNIDO's Investment Promotion Information Syste
(INPRIS) which matches entrepreneurs with potential investors.

o
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One of the important factors for successful
industrialization is to have a well-trained, highly skilled and
motivated work force. In order to ensure the developinrg
countries to have this, UNIDO assists them to identify and
quantify their need for ©pecple with various levels of skill
their <iraining requirements and to draw up suitable policies,
and c¢rganize specialized programmes, through group training,
fellowships and study tours. Under field training operations
UNIDO offers assistance in the design and development cof
indigenous training capabilities. It will contribute to the
improvement of the industrial training infrastructure which will
lead to an increase in the supply of skilled persornnel.

UNIDO's role as a catalyst for investment promotion is
carried out through 1{ts Industrial Investment Div.sion (113}

it cornsiste of Inveciment Promotion Services which assiol
potent:.al investors from developing ceuntries to  dent:Ty
potent.a:ly interested suppliers, prepare industrial .o e
projec- propcesals, Lo exchange information on

oppor-.nitics,  to promote anntacts belwesn busines:
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The programme has received a positive response from the
developing world. Between 198¢ and 1986, UNIDO's Industrial
Investment Programme concluded, in the develoning countries, the
promotion of 484 industrial investment projects covering mnore
than $4.0 billion worth of investment tc developing countries.
During 1986, it has successfully promoted 64 projects with a
total value of $265 million.

Another important promotional activity of UNIDO 1is the
System of Consultations which brings together representatives of
Governments, industry and labour unions t¢ exchange information
on the prospects of a particular sector. The system seeks
measures to deal with industrialization problems in a given
sector from policy, economic, financial, social and technical
points of view. Such consultations then will seek to arrive at
recommendations and conclusions for action which could be taken
to establish new productive training, industrial =anpower,
industrial financing and etc. in the developing countries.

4. Unit for electronic equipment and computer applications

The Unit for Electronic Equipment and Computer Applications
focuses knowledge, expertise and applications on advanced
technologies related to electronics and computers.

The Unit is involved in all phases of technical co-operation
projects, i.e.:

- Project identification

- Techno-economic cost-benefit analysis
- Project design

- Project document formulation

- Project execution

Electronics industry and computer applications in industry
cover & vast area. Activities of the Unit can therefore cover
only a limited number. These are:

- Electronic components and equipment

- Medical equipment

- Environmental monitoring and contrc. eguipment
Telecommunications equipmert
Industrial process control and automation
ecquipment and sys:iem
Precision mechanical comporents




Projects can aim at:

- Product .esign, prototyping. reverse engineering
- Pilot production

- Production rationalization and automation

- HRepair and maintenance of products and plants

- Environmental monitoring and control

To achieve these aims, projects involve one or more of the
following activities:

- Institution building (e.g. technical, research and
- development, training centres and institutes etc.)
- Strengthening of existing capacities

- Creating pilot plants

- Convening workshops and expert group meetings

- Providing direct technical support to solve

- an immediate problem

Depending upon their coverage, technical co-uperation
projects can cost between less than US$ 106,000 and sever-.i
million dollars.

The electronics industry and computer application areas in
industry cover a wide area. Thus, the activities of the Unit
can cover only a limited number of a-zas which inrlude the
following:

Within the area of electronic component and equipment, the
activities concentrates on active microelectronic circuit
compcients (semiconductor devices such as intergrated
circuits, transistors etc)

Medical equipment, including microcomputers, opto-electronic
components and equipment and X-ray equipment.

Environmental monitoring and control equipment which
emphas.se on electronic test and measurement equipment and
controllers.

Telecommunications, equipment which mainly focus on rural
telecommunication, environmental testing and tropicalisation
of telecommunications equipment, spare parts for subscriber
.se (telephone sets, party line equipment, private branch
exchanges) and low-cost micro ecarth stations fcr satellite
communications.




Industrial process control and automation equlipzent andé
Systems emphasises on design and development of computers
and microprocessor-based industrial automatiorn and low-cost
aprrogriate automation, industrial robotics and image
processing for incdustrial automation.

Frecision mechanical components vwhich focus on dies and
mould for precision plastic and metal par:is anc reverse
engineering of dies and moulds.

5. UNIDO's octivities in microelectronics

By the 1late 70's and early early 8@'s, UNIDO has tegun to
appreciate the potential implications of technological advances
on developing countries. Following the 3rd General Conference
of UNIDO 1in 1980, it was acknowledged that developing countries
should adopt industrial and technological strategies and look
for means to tap the potential of new technologies without being
affected by their limitations.

In June 1981, a meeting of experts was organised on the
implications of technological advances in microelectronics for
developing countries. Among its recommendations were, the
formulation of a national microelectronics strategy and at the
international level, a continuous monitoring of observed trends
and their impact on various sectors. Following the June 1981
meeting, a mission of experts visited four developing countries
in different regions to promote selective applications of
microelectronics and software development. Its mission was to
review national situations in those countries and recommend
appropriate approaches to microelectronics application.

The International forum on Technological Advances and
Development, organised by UNIDO 1in Tiblisi, USSR, in 1983 asg
well as Experts Meetings in Moscow, USSR in 1982 and Dubrovnik,
Yugoslavia in June 1983, which respectively preceded and
succeeded it, examined the subject of technological advances and
development with regard to specific technologies of which
microelectronics was ar important one.

Following this, an overview of the microelectronics industry
in a series of ccuntry case studies was to be initiated to
provide concrete information and meaningful approaches for
regional and 1nternaticnal action.




In the 4th General Conference cf UNIDO in Vienna. 1984, the
1mportance of strengthening scientific and technological
capabilities for industrialisation in developing countries was

endorsed. UNIDO was urged to assist developing countries :in
tuilding their techrological capabiiities in different fields of
technology. Microeliectrecnics was identified as a suitab.e
candidate technology as it can be ©beneficially ecployed in
nealth care for the rural poor. educational and information
curposes 1in decentralised locations. Thus the concept of

rromoting specific projects for international cc-operation was
aimed at the betterment of life among the poorer countries.

The UNIDO programme on technological advances was designed
in particular, to increase awareness through early
identification and assessment and to promcte action at national,
regicnal and international level on:

a) the potential and limitations of va-ious advanced
technologies for the developing countries

b) the industrial and technological capabilities that
the developing countries need in order to use
advanced technologies wvhere appropriate and
feasible.

In an effort to co-ordinate activities of wvarious
professional groups and organisaticns in the field of
:nformation technolecgy, a Consultative Group on Information
Technology (COGIT) was establised. COGIT was to meet
reriodically to review ongoing activities, exchange experience
and formulatc joint programmes. The concept of software as an
industry and the actions that developing countries .ould take to
cromote that industry was given serious though=-.

In a Conference on Informatics and Industrial Development,
it was highlighted that information development, extending
beyond data-base systems, networks, industrial management tools
2nd processes, had 1led to substantial consequences to current
:ndustrial development strategies.

Regional 1level discussions are held by UNIDO with various
countries in an effort to assist countries in the field of
Ticroelectronies in accordance with the specific needs of a
zsuntry.

For instance, at the request of the government of Vernczuelz,
UNIDO provided assistance te look inzo their existing facilities
“ith the view of upgrading it 1o become a ncidal roint for o
Iranosed nelwork.




Also with the help of UNIDO, a Latin Americar Regional
Microeiectronic Network (REMLAC) was established in i985. A
regional project for strengthening microelectronics
infrastructure and capabilities in REMLAC Member countries was
estab:iished.

The objectives of the project were:

1. Strengthening capabilities in countries at earlier
stages of microelectronics development

2. Examining national and regional application
possibilities in selected industrial sectors

3. Strengthening capabilities in the acquisiticn of
hardware and software

4. Monitoring technology and market trends in
micrcelectronics for policy formulation and
decision-making

5. Strengthening design capabilities

6. Establishing silicon foundaries

7. Strengthening semiconductor manufacturing

capabilities in the region.

A symposium on Microelectronics for Productivity heid at New
Delki in April 1983, co-sponsored by UNIDO, reques:ted UNIDO to
take the 1lead in the promotion of the establishment of an Asian
Centre for Electronics.

National 1level studies in selected Asian countries have been
undertaken to ascertain the needs for regional co-operation.
Various projects such as these have been constantly on UNIDO's
agenda to asgist various countries in the regions of Latin
America, Africa and Asia.

UNIDO plays an important role in consultation efforts in the
field of electronics. It holds a system of continuing
consultations between developed and developing countries.

In November 1989 the First Consultation on the Electronics
industry was held in Valleta, Malta. After a reviev of its past
activities, UNIDO decided to carry out global studies on the
electronics hardware and software industries.

This was done :in order:

1. To appraise the technological, econormic, market
trends and their implications for tre .rfugtr-z)
development of developing cauntrie;:

’. To determine the implicaticra f orn Tirategies 7
Rain - actors and ndustrial polioien of ool sed s

1 4
developing countries;
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3. To identify entry barriers for newcomers and propose
appropriate strategies for coherent development.

-ssues that were raised guring the Consultation meeting
were, strategles for integrated development, governments :in
moniloring technclogical advances and the provision of training
and zssistance as required by the member countries.

-n a more recen: activity and in Malaysia, UNIDO thrcugh
the Special Industrial Services (SIS) had assisted the Malaysian
Institute of Microelectronic Systers (MIMOS) in the

ceglualisation of a semiconductor fabrication centre. A
UNIZC consultant had assisted MIMOS in deciding on the viability
the project. With UNIDO‘s assistance, a whole new concept ¢n
the waferfab was formulated. It is hoped that the assistarnce
frez UNIDO would be a viable component for MIMOS's Semiconductor
Technclogy Centre which is to provide training in wa‘er
fabr:cation, R&D into device and process fabrication and also tc
provide a ca2pability for fast prototyping of VLSI ci cuits.

A trend which is expected to continue with UNIDO would be
its active involvement in actual implementation of industrial
and technological plans for developing countries. It could
further intensify its role in creating awareness in thig dynaric
fielé of microelectronics egcpecially among nations which still
lag tehind in this field due to infrastructural constraints.
The publication of the quarterly bulletin, the Microelectronics
Monitor is by iteelf a wealth on information on the latest

events, innovations and inventions in the field of
microelectronics. However, due to selective distribution,
bereficiaries of this bulletin are limited. UNIDO ought to

functicn as a data-base of information to be disseminated to
zember countries which could then utilige such information for
the development of their technological projects.

In  ackrowledging the intensity and pervasiveness of the
microelectronic industry, UNIDO gives its due recognition to
micrceiectrcnics as the strategic technology for continced
deveiczaent in both industrialised and developing countries.
UNIDO as the faciiitator for regional and 1international
¢o-crerations should seriously consider the idea of being a
fecal point for electronic networking. This would immensely
tenef .- all member countries in opening a gateway fcr
m.cation and co-operation at the international level.




A network of sich a scale could bde vtiltsed as a p.atforx
from which experts, professionals, governmeits, ard al} users
around the world could intergrate their resources  in
facilitating future development endeavours of mackind. in
conclusion, the future direction of UNIDO would be reflected ty
the collective direction of its various membter countries. The:r
aspirations 1in the field of microelectronics would determire the
position of UNIDO in its role as a central agency to cco-cordinate
industrialisation efforts in developing couatries.

In summary the UNIDO programme in this field has, amcng
others, the following components:

a) Collection, compilation  and dissemination of
information:

- Datalases

- Industrial and Technological Irnformation Bank

(INTIB) which includes:

- Industrial Development Abstracts (IDA)

- On-Line Information Key (LINK), directcriecs
of R&D centres

- Technological Information Exchange Systex (TIES)

- Energy Informatior System (EIS)

- Investment Promoticn Information System (INPRIS)
which contains project, investor, bank,
institution, sponsor and country investcent
profile files

- Technology Supply Database contains infcrmation
on technology offers, requests and joinz
venture opportunities

" UNIDO statistical database




. UNIDO rosters of industrial expert consultants
{14,000 records) and consulting companies

Jublicaticns: UNIDQO News Letter, Mic-oe
Monitor, INTIB Net, Zire

information packages

- %elwork of rnaticnal and regional fccal pcints

b) :dentification of needs. prcmotin the fermulation of
pelicies and prograzmes through:
- Studies: country and regional studies, Glo-zl
Development Report, expert reportis
- ‘workshops, seminars
- Advisory services
c) Promoting the design, development and manufacture of

corpinents, hardware and software
- Technical co-operation projects and prograames
- Investment promotion activities

Soxze examples of UNIDO technical co-operation projects in
electronics and microelectronics are described below.

Problem: The electronics Industry
contributes o environmental pollution in
the form of dangerous waste solvents and

gases.

Project: A study will f{dentify the
pollutants and polluting processes of the
electronics Incustiry and lead to a
gulde -boor  of poilution manitering coantral

in this sector  An Ausnciated eapert crewn

meeling =lll Increane awweness 1 the
electoan o e HAXSYIIN of  cevelazing
countrier .t roleaal pellatanty o an

thelr cart- ol




Problem: The developmen? of
Instrumentation taochnigues in a country,
one of wmain plllars cf the avera:l
technical ana technoicgical cevelopeent,
depenas  on  efficlent use of national
instrurentation resources. A freguent
problem fis the absence of acequate repalr
and malnterance services., with the result
that many instruments are out of order.

Project: Creatfion cf an instrumentation
services «centre (ISC}) with a moduiar
structure that permits the establishement
of some or all of the following modules at
a time: (1)  natfonal register cf
instruments; (11) malntenance and repair
services. Including after sales services:
(111) instrument rental service; (iv)
consultancy services (v) measurement
technigues service-designing specific
measurement  set-ups anc meking expert staff
and instruments avallaole; (v1)
development, of new  special purpose
instruments; and (vit) training.

Problem: Electronic equipment producers as
well as microelectronic component
manufacturers from ceveloping countries
suffer from reliacility problems due to low
production ylelas and/or later fallure of
Components sub-assemblise and assemblfes.

Project: Establishment of & centre for
faflure analysis of micrcelectronic
components. The facility 1s expected to
provide testing services (including the
analysis of test results) in particuiar to
small and medium-scale manufacturers who
cannot  afford a8 similar service within
their plants. The centre acts as a focai
point for thre fallure analysis studles and
Co-operates with compenent manufacturers,
equipment decigners and praducers. research
laboratortes. WNIDC  provides exger:
services, techrical srséf training, anc ail

necessery enlneant




Provlem: Locai development and production
of electronic equipment can be promoted
thrcugh & rational capacity to design,
prototype anc m:nufacture of
application-specific VL3I circuits
(ASICs). Such capability may also create
export possibilities.

Project: Establishement of a centre for
the design and prototyping of very large
scale integrated (WVLSI) circuits. This
Centre is expected to act as a focal point
for the VLSI design and to co-operate with
resarch laboratories, mfcroelectronic
component  manufacturers and educational
establishments. UNIDO will assist creation
of the Centre through provision of
high-level expert services, training of
staff, and installing and operating of a
conputer systems, peripheral equipment and
~elated computer-aided engineering (CAE)
software tools.

Problem: Local electronic equipment
sanufacturers are unable to compete in
export and import substitution markets due
to low quality of electronic products,
caused mainly by poor packaging (casing)
and related thermal, electromagnetic and
other problems.

Project: Establishment of a centre for
Electronic Packaging Technology  and
Ergonomic Design. The centre acts as a
focal point in the country and co-operates
with research laboratories, electronic
equipment and systen manufacturers,
end-users and educational fnstitutions.
UNIOC provides expert  services and
equipment, trains its staff both abroad and
on-the-{ob.




6. Characteristics of the electronics 1industry

The electronics industry is a complex sector of the ecghnony
and covers a wicde range of products and manufacluring

activities. Figure 1 gives, in a schematic form, the downsiream
and upstream linkages of a fully developed electrcnics
industry. Figure 2, on the other hand, shows the bi-lateral

relations between electronics industry and other invclved
parties in both the rnztional and international economy.

These two diagracns show that an integrated and successful
electronics industry is more than Jjust one 1in whichk the
sub-sectors; component, consumer and industrial, are balanced in
the right proportions. Concentration should not only be on
balancing these sub-sectors, but also on the overall integration
of the electrorics industry in the economy.

One success factor of electronics industry is its capatility
to commercialize innovative product design ideas within the
shortest possible ztime period. In this connecticn and among
others, availability of venture capital to small but dynamic
companies has proven to be very efrective.

Different industrial activities within the electronics
sector have varying 1levels of capital investment requirements
and diverging degrees of added manufacturing values. Figure 3
displays industrial activities and products of electronics
industry as grouped according to their added manufacturing
values as plotted 1in the graph. This classification, when used
together with other pertinent technical, technological and
market data, can help policy makers and/or investors in
selecting the niche prcducts and activities.

As Figure 3 also shows contours of industrial structures in
developed and developing countries, it provides an excellent
framework for countries to position themselves with regard to
the extent of diversification and value added.

One success factor of electronics industry is its capability
to commercialize innovative product design ideas within the
shortest possible time ueriod. In this connection and ameng
others, availability of wventure capital to small bhut dynamic
companies has proved tc be very effective.




7. UNIDO's observation in devealoping countries and
co-operation opportunities

The First Consultation on the Electronics Industry
characterized 1the electrenics industry as being predominantly
market-driven rather than technology-driven, contrary to the
generally held view (UNIDO, 1989).

This finding shows that a country's industrial success of
its electronics industry is very much dependent on its
compeiitiveness in the world market. Most developing countries
are not competitive enough when building up their electronics
industry due to various reasons. a

Figure 4 shows that this lack of competitiveness is
attridbuted to three main reasons, which are: insufficient
incentives, lack of technological capability, and insufficient
engineer ing manpower leading to a vicious cycle.

This is further aggravated by inefficient production
capacity wutilization, as well as low product quality and limited
product features. Furthermore, small and medium-scale
electronic industries suffer from high production cost and low
qualizy of products.

In general, although detailed inlormation in each case is
not available, non-exhaustive set of shortcomings of developing
countries related to the development of their electronics
industries can be identified as follows:

a) Unclear national vision which led to undirected
socio-economic development of the country.

b) The absence of an intergrated national industrial
technology strategy resulting in a lack of effective
linkages between different sub-sectors of the
industry, lack of promotion of +the electronics
industry through fiscal measures and incentives,
little 1linkages between electronics production in
export processing zones and the rest of the
industrial sector, lack of intergration of the
sector within the national economies due to
inadequacies in policy instruments in national R&D
capabilities and 1lack 1in awareness of the economic
inpact of the electronics industry
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Inadequacies in accessing markets due to iack of
indigenous skills especially in international
marketing, lack of service comparnies in caiibration.
marketing and after sales service networks. lack of
mechanisms to accelerate commercialisation of
innovative 1ideas. This involves cvercoming multiple
constraints with regard to political cortrols,
specific skills needed, infrastructure,
communication across naticral frontiers and
geographical factors.

d) Inability to gain access to technology zs a result
of technological and trade protection by <the
developed countries. Problecs are encountered in
keeping zbreast of technological ckange as well as
in actual technology transfer ané aquisition and in
identifying the industrial sectors in which
electronics will have the greazest impact. Even if
access 1is gained, mastering of the techriology would
still be a problem due to lack cf manpower.

e) Insufficient human resources due to the mismatch
between the industrial needs and the available
educational systems, and lack of further trainings
among the industrial workers.

f) Lack of facilities and skills zo carry out design
and development work.

In designing, formulating and executing the projects
mentioned in Section 5, appropriate technclogies are selected
from a wide range of available options. These include
conventional technologies and modern cnes such as CAD/CAM (
computer-aided design and manufacturing).

However, the problem identified in accordance to this area
is that there 1is a 1lack of efficient industrial design
capability. Although computer-aided desigrn (CAD) 1is not a
substitution for an experienced designer, it can improve quality
and productivity in the design process.

One of the shortcomings in the electror:-s indusiry is the
lack of product design technologies to increage tne autput of
manufacturing industries in developing countric ...




"Reverse" engineering is a fast way to product design and
implementation and refers to the combination of activites o
aralyse and document the design ¢f an existing product.

Automation 1is a key element in new investments in which it
car. reduce product costs and shortened delivery times.

At this point, it is envisaged that market rcsearch and
technology trend tracking will assume a greater role in UNIDO's
activities to complement its technical assistance programmes.

Solution proposals to the above mentioned issues also help
to 1identify the possible areas of technical co-operation at
national, regional and internzticnal level.

8. Conclusions

By the year 2000, the electronics industry worldwide will
be worth about USS 2000 billion with the semiconductor industry
contributing about US$ 200 billion. An ever increasing spectrum
of products will be in demand in the computer, telecommur.ication
fields. Global competition will push down the, prices of
microelectronic components while increasing the functionality
and performance of products. Products will possess embedded
intelligence resulting from advances in expert systems, neural
networks and fuzzy logic.

To remain competitive, developing c~untries will be under
greater pressure to achieve greater success in their
industrialisation process which will have to have
microelectronics technology as the driving force. It is hoped
that the developed and industrialised countries will be able to
contribute in some ways towards the development of the
technological capability of developing nations, in spite of
trends towards economic regional groupings and trade barriers.

The role of UNIDO will certainly become more important and
more challenging. UNIDO will be the catalyst and platform fo-r
the networking of of experts to promote the diffusion of
microelectronics technology into the industrialisation process
of developing countries.




Rgure 1 Inlerlinkages of eleclronics industry
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Figure 2. Relations of electronics industry with other involved parties
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Fagure 30 Industriol activities in the electronics sector grouped accordin:
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MAE MALAYSIAN-AMERICAN

ELECTRONICS INDUSTRY WHITE PAPER 1989/90

This was augmented by a transfer of major marketing
funcuons from the United States to Malaysia to increase
the quality of customer-oniented service in the region.

In 1989, total sales and exports by the MAEI companies

® increased by 13 per cent to M$6.7 billion. This was
coasistent with the growth of 13.9% forecast for the
clectroaics sector in Malaysia.

Table 2 and Graph 2 show that the expected growth in
1990 will be approximately 13.1% and approximately
14% in 1991. By 1992 sales and exports will have

almost doubled in value since 1987.
TABLE 2
TOTAL SALES AND EXPORTS
. YEAR M$ MILLION
1987 4,978
1988 5.969
1989 6.748
1990° 7.631
)
1991° 3.696 i

1992° 5.485 i
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