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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). Its 
main objectives are to provide a forum for exchange of 
information and experience betveen the participants and to 
identify possible araas of regional and interregional. 
co-operation. 

2. ~orld trends in mi~roelectronics 

For the fiscal year ending March 31 {Electronic Business 
Asia, February 1991), the leading 50 Japanese companies 
registered a combined sale of USS 220.1 billion '-''1ile the top 50 
American companies recorded a total sale of U~~ 227.1 billion 
for the calender year 1989. For Europe, the 1989 total 
electronics revenue for the top 50 publically held companies was 
USS 144.2 billion {Electronic BJsiness Asia, January 1991 ). 

In terms of growth, the top 20 :apanese electronics 
companies grew by 13 per cent while that of the top 20 America~ 
electronics m:lkers is 6 per cent. 

It 1s prophes!sed that the 1990s w1~1 be dominated by large, 
extremely high-speed, high-data-rate elcctrc~ic cyGtc~G o~ t~~ 

one hand and amaz_1r.gly compact, !"i.:n.:t:c.na:ly C·)?h1r;t1c;!.~C,!, 

r:".obile anc light-wcig!:t r.lect:-or.1r: ~;y.;tf?:'.".G ~;:".",!:cc~:.~:-. 
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The latter will exert a larger influence by far on the 
market and on people's lives. Laptop and palm-size co:nputers are 
expected to grow five-fold to 11 million units by 1994. 

One of the major developments of the 1990's in :he f:eld of 
solid-state microelectronics was the commercialising of chips 
containing more than 1 million transistors. Probably in 1991, 
microprocessor chips with well over 2 million transistors will 
be launched. As far as processor speeds are concerned, :n 1990 
25 MHz has been taken for granted. The next generation cf 1991 
chips can be expected to reach 50 to 60 MHz. ?or exa.=ple. a 
64-bit microprocessor with 100 MIPS working at 50 ~nz and based 
on 0.8 um technology was announced rec~ntly (Electronic 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 ~~z super 486 
processors. Also being delivered are new fast GaAs gate arrays 
of more than 100,000 gates per chip and BiCMOS PLDs having 
prop~ation delays of at least 7.5 ns . 

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

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 
recognitic-n, 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 I.C.s and for high-end 16- and 
32-bit microcontrollers and microprocessors, which are usej for 
"embedded control", is expanding rapidly (Ele:tronic Business 
Asia, June 1991) It is not very well known that the vast 
majority of microprocessors (MPUs) sold wo~ldwide 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 :here are for 
general-purpose chips. 

The market for these microcontrollers is ex~ected to grow 
from USS 2.9 billi0~ in 1988 to $ 6.8 billion by 1995 
(Electronic Aus:.nt:r;:; :..~:a., Jun~ i99"}. Most c!' ~l'".e g:-c·•th is 

expected t0 ~omc fro~ :t~ h1~h-c~d 16- a~d 32-bit ;rcd~cts whose 
~ha~c of ~f-.f: r.:ar~f't f()~ 1::-::tf'r!ded cor.trollt'.r!; ir P:.<;~·-::eC :~: grov 

fr o::i ~ 0 . ') ;-, Pr r: ·: ~ t i r, '. ~ 11 ·:• to 4 ;" . 3 ;w ~ cc~: :. t. y ~ 9 ~ ', , T !'1-: -:: e p r-r 
, ... ,..nt r:ompr1;;r::it••l ;:.~:L1;.i! ,.·.:· .·-·~.r1 ~·r1.·1!~r·~. 1 ·.~ 'W: l ! :1t• 1~:" :·.··':. ::-.. -:.~:·.:y :,·:; 

:.~r,h VrJit::':':': :::.irJ.1;,.'.•.:: ::. : : ~··•· .!11•~,1~.1~-~r;r. :::~ ·L ;1:; .. #:. .. • .. ;:~ .:·."'••:""':;, 
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as ~ell as ~elecommunications anc automotive electronics. 

~his market for embedded processors is driven very largely 
by the "explosion" in applic.'ltions for image processing 
(Flectronics, June 1990). Thie field could be the next gold 
mine for chip manufacturers. Imaging is rapidly migrating from 
the traditional 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 
scanr.ing and conversion - all these using the PC or vorkstation 
as platforms. The full potential of image processing is yet to 
cor:ie. ir. the form of desktop publishing (mark'~t of US$ 3 .8 
biil:on in 1989 and heading for 10 billion in 1993) and in the 
foro of the still "infant" multi~edia PC market vhich vill be a 
2.4 billion industry by 1994 in business and professional 
!:!arkets alone. 

Thus, going into the mainstream vill be desktop ~achines 

des1g~ed and fabricated around the 32-bit processors that can 
nov handle imaging, once the ·domain of super computers. This 
vill open vast nev markets for makers of embedded processors, 
digital signal processors, dedicated RISC chips, data-conversion 
and video !Cs. These microelectronic component& vill go into PC 
and vorkstation-based fax, scanning, processing, printing and 
multicediamecia systems. 

In general, memory chips. too, are graving bigger and 
faster. Dynamic RAMs. for example, are being ~hipped in volume 
in 4M-bit sizes; 16MB-bit DRAMs are being sampled; 64MB-bit 
devices have been demonstrated; 256M-b1t and even lG-bit devices 
are in development. Their access tim~e. meanvhile, ar~ falling 
steadily; vhere about 80 nanoseconds is standard nov, about 60 
ns vill be the norm a year from nov vith standard CMOS 
techr.clogy, and 35 ns may be reached vith bipolar-CMOS (biCMOS). 

An exciting event vhich is radically transforming the 
computer storage arena is the coming of nev nonvolatile memory 
chip technologies and architectures collectively knovn as flash 
memories. These flaah memories combine fP.atures of tvo different 
nonvolatile technologies to deliver the easy reprogramcability 
of electrically-erasable PROMs and the high bit densities of 
ultra-violet EPROMs (Electronic World Nevs, January 14 1991 ). 

Tr.cse no~-volatile I.C. memories are becoming more and 
pop~lar and are groving at a faster pace than that of the entire 
scm:cor.ductor market. Flash r.:emories are attainin~ speeds better 
tna;. T~C n:;. S~les o~ f1a~h me~orics arc expected to ~;oY from 
USS 37 million :r i'J9C to S l)t. :::illion in 1991 and si ·:i;llio~1 

1n "!'~' (F.l!"ctror.ic:;, No•.·er.:~er 1'_:9Q1). Th••:>t• fi;i:;h mPmn:-:!':> a:-f' 

;·0:·:;.i': very :;tr•ir.f: r;!'ld.!:r::~~:; t~ the trari1t:n~1;\l c!y;.;~'.'.'.:~ RA~::, 
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For all nonvolatile memory types. the market is expected to 
increase from USS 3.15 billion in 1990 to USS 4.3 billion in 
1992. 

In February this year (Electronic World Nevs, February 18, 

1991), KTI Semiconconductor Ltd., a joint-venture between Kobe 
Steel and Texas Instruments Inc., ar.nounced the setting up of a 
USS 350 million vafer fabrication plant to produce 9,0CC 8 inch 
~afers per month. Production will mainly be submicron CMOS 
logic devices and ASICs. 

The tremendous progress in technology in ~icroelectronics 
is matched by a rapid increase in the cost of settinu up of the 
vafer fabrication plants. The following comparison illus:rates 
this. 

4 Megabit Chips 

Chip capacity: 4 million bits 

Narrovest 
circuit line: 

Fabrication 

0.8 microns 

plant cost: USS 350 million 

First samples: 1988 

Technology 
leaders: 

Peak-year sales: 

IBM, Toshiba, 
Hitachi, NEC&: 
Fujitsu 

SS 10.5 billion 

64 Megabit Chips 

64 million bits 

0.25 microns 

US$ 750 million 

1994 

- same -

1994 2000 
USS 25 billion 

(Business Week, December 10, 1990) 

For developing countries and even for s~aller co~~erciai 
organi3ations, i: is heartening to note :hat there is a new 
development in the concept and devclop~cnt o~ vafer fabrica::cn 
f~cilitics (Elec:ronics, April 1989); :h:~ ts t~~ c~~in~ of new 
fabrication line:; called ":..1r.ifabs'', ·-·hie::: c;,n be GP:. up f.,:­

~:"'':~:l th:in USS ~ m1~l1on a;.d d~;,i~rH· .. c! f·.r r··~~~>·::-.:;-:.~l ~:".'" .. !1! l ·: 

~~'>d•~·~tlo:l (fro::: i~ dcv:::r~ to :c-"~ .~t··.·.r1·::) a?.i !~:..;:_ 

·.'.;rn ::!"(JtJnr!-t::::1! ( !"r0r:i ?4 :::vJ:-:; to ;:"• :.: .. : ·~· .. ··~ ~. ,...._ ;-:-1:::• :::., 

, .. 
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hit 
that 

Beyond the laptop and notebook cocputers. a new machine will 

the market by the end of this year (Fortune Febuarary 1991) 
could well be as revolutionary as the original P.C. It is 

so new that the industry has not even agreed on the n2.l!le for it. 
Besides notepads. these machines have been called ta~l~ts. 

stylus computers.pen-based computers, pen ?Cs and eiectronic 
slates. The s~ylus of these machines combines t~e ~est 

attributes of both a mouse and a keyboard and are capable o~ 
recognising hand-written characters. The leader in this fie!d is 
yet another Silicon Valley start-up, Go Corp. who has created a 
radically new operating system, called Pen Point.Go is already 
collaborating with IBM and others to devise a standard notepad 
de~ign. 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 
wi 11 be 
bi 11 !on, 

industry 
sold in 

by 1995. 

is predicting that 250,000 of these note pads 
1992 and two million a year. worth USS 3 

In the semiconductor industry, there has been a tremendous 
progress in process technology. By the early 80's CMOS 3 um 
technology has become the industry standard, and later in the 
decade. most •·en do rs are producing products based on CMOS 1 • 5 to 
1.0 w::. proc~ss. Nearly all semiconductor producers are now 
developing their capability for eubmicron process technolgy, 
phased into three stages: 0.Sum, 0.5 um and 0.3 um. Clean rooms 
of Class and class 10 ( for 0.3 um particle size ) are the 
norm. 

C~rrently, ar. exciting challenge has arrived in the form of 
a new technology, BiCMOS bipolar complementary cetal oxide 
semiconductor, deveioped in 1985 by Hitachi, T~shiba 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 a.~d ECL compatibility, low power consumption, has high 
pack~e density a..~d provides better noise insulation of CMOS 
comp~~ents. Accorc:r.g to recent statistics, BiCMOS procucts in 

1988 accounted for 0.1 per cent of the entire semlcor.ductor 
mark~: but ic Px;e~ted to rapidly increase to 6 per cer.: by the 
year ?~~c. rn ~~~}. uale3 of RiCMOS componento wa~ US S?3: 
:r.1 l: :---:-. ;,:-.. ~ : t l :: :·· :-r· ';t~:tr>d to ;;,:-ow to u;, s 3. 55 b il: !< :: . 
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BiCMOS has a v~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 betveen the very 
high speed but pover-hungry bipolar EC~ and very high density 
but ~edium-speed CMOS. Hovever. vhatever the technolog_v. its 
success in industry is still dependent on cost. BiCMOS's device 
cost can be broken dovn into (a} manufacturing complexit~. (b} 
parameter control and (c) the number of mask steps ( betveen 
three to five) 

In thr field of develoi-ment of processes, lithographic 
techniques made major advances. These advances are necessary 
since for the next generation of chips. the 64-megabit chips, 
circuits's line size vill be less that 0.35 micron. At the same 
time, the demands on clean room design are staggering - five 
particles per cubic metre, each of 0.1 micron . 

Commercial electron-beam lithography machines were 
introduced vhich can vrite up to five 8-inch vafers per hour 
vith feature sizes smaller than 4 um. X-ray lithography is in a 
state of ferment, a number of nev equipment including large 
synchrotron-based systems and smaller laser-pumped sources are 
being developed. 

Meanvhile, there seems to be surprising life left in 
photolithography. Many prophets believe that photolithography 
vill even be able to form the superfine (0.3 urn and less} 
patterns needed in 256M-bit memories. 

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

Industry experts beli~ve, howeve~. 

of chips, the 256-megabit RAMs and then 
require radically different technoiogy 

that the next generation 
the 1-g1gab1t chips will 

like X-ray lithography. 

Advances are also being ::-.ade ln the less "glamcuroi;s" field 
of printed circui~ board (PC5) fabrica~ion. ?rocesse~ ~~e beinp, 
developed, using pho:o:ma~ea~:e resist a3 the ~ey elc~cr.t, :o 
take l1r.e3 do~n to 3 ~:ls by t~e end o~ 1;s:. 



• 

Another star in the I.C. market is the programmable logic 
devices (PLDs). Ea~ly last year demand outstrip vorldvide 
supply. ~orldvide PLO saies have grovn almost 50 per cent. from 
USS 475 million in 1987 to US$ 710 million i~ 1989 (Electronic 
Business Asia, October 1990). The sale of PLDs is expected to be 
more than double to USS 1 .7 billion in 199~. It is estimated 
that CMOS PLDs vill acco~nt for 57 per cent of this ma~~et. 

The demand for PLDs is driven by their videspread use in PCe 
and other computer peripr1erale such as disk drives, modems, 
printers and enhanced graphics displays. These PLDs are also 
finding their vay into telecommunications equip=ent like digital 
switches and PBX systems, as vell as industrial controls, test 
and medical equipment and even fax ~achines and consumer 
products. 

These PLDs are rnembers of the Application Specific 
Integrated Circuit (ASIC} family. other family types being the 
gate arrays, standard cells and full-custom I.C.s. ASIC sales 
are forecasted to grov at 10 per cent annually from USS 7.3 
billion in 1990 to USS 12.6 billion in 1995 (Electronic World 
Nevs, February 4 1991).By next year, the market for semicustom 
I.C.s for Asia-Pacific is expected to be USS 830 cillion. 

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 
workstation technology and the availability of poverful design 
tools like the silicon compilers, the interface betveen silicon 
system design and actual silicon processing is becoming more 
transparent. 

In summary, application 
circuits are expanding at 

areas for electronic systems and 
a rapid rate leading to an ever 

increasing demand for microelectronic devices of ever increasing 
functional1.ty and performance. Processing technologies are 
keeping pace and the intense competition vorldvide vill see a 
continuing decrease in the price of rnicroelectronic components. 

At the same time, ~he Asia-Pacific 
significant player in both the design, 
consu.-:iption of microelectro:-.ic cor.iponents. 

region vill become a 
production and the 
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KE\'l.IORO Sllt'1ARV OF TE~HNGLOGV iREl'.'05 

PCs and workstations 

Laptops and noteboo~s dominate the market place 

Reduced instruction set computer~ (RISC} proliferate and 

break USS 5.eae barrier 

Superfloppy drives rea:h 26 l'E formatted capacity 

Soft...are 

OOP (object-oriented progranwnlng) and 

CASE (computer-aided soft.I.ere engineering) 

Test and measurement 

Artificial intelligence in testers 
Smart testers 

Industrial electronics 

More applications for fuzzy logic 

Computer-integrated manufacturing advances 

RISC-based computer nuner1cal co~trol (CNC} 

Consumer electronics 

Digital high definition TV (HDTV) 

Fuzzy logic for varied products 

Medical elec~rcnlcs -------

C:nmpu:.r:r-11i~e:l wrg~ry w!th robotics 

f";i~f. lllil']'1f'ti: r~•.0r.,1~.'P. irl\'lglng (MRI) 

N, .. ..., r1~·pl1ri·.:cr ', 'r~r 1 :P.ras,..'1Jw1 !mal)lng 

- A 
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3. What is UNIDC? 

J~ited Nations Industrial Develop~ent Organization (UNIDC) 
was established by t~e United Nations G~neral Assecbly in 1966 

to pro~ote and accelerate industrialisation ir. the deve:opir.g 
countr:es. Sin~e then, with the increasing awareness of the 
importa~ce of industry, as a dyna~:c instrument of growth, ir. 
every developing naticn's attempts to achieve a better q~al1ty 
of life for its people, UNIDO's role is becoming ever ~o:e 
crucial. 

Par-.ly in recognition of this, UNIDO became a specialized 
~ency of the United Nations in 1986 with an independent b~dget 
under ~he control of its ~ember States. It has a staff of 0ver 
1 ,40~ at its headquarters in Vienna, Austria and 2,100 project 
persc~~el based in the developing countries. 

m;:JO activities can be grouped under: 

Technical co-op~ratior. 
~nvestment 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 .900 technical co-operation 
projec:s under implementation with a total expenditure over that 
yea; cf 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 

ti country and region and normally programmed over a period of five 
years. 

U~IDO operates three main types of tecf.nical assistance 
funds in addition to UNDP funds: 

Self-financing trust funds sc~rces from developing 
country enterpriGes :r.emsclveli. 
7h~ Industrial Dcvclo;~cnt Fund (!DF), an~ 

7hird-party trust ~u~~s for con:rib~tions 
=·~om GovPr!1!'r1Pntn .:i!1d :--.(1r.-;7.dV,k::":";'."".'".-:On ta.1 0r,:,:!r.: ~-:~ ... _: ')!"1:;. 



• 

• 

A typical technical co-oper~tlo~ proJcct consists ~ainly of 
three components: project personnE!, fellowships and train:~g. 
and equiµment. 

A request from a Government ~=nerally results ir. a 
project-proposal according to a predescribed format which a:: 
parties agreL upon. After for4.al a~proval of budget, t~e 
project can then be executed. ur;roo has specialized departmer.:s 
to carry out supporting activities such as the rec:uitment cf 
project personnel, requests for bids, purchase of equiµrnent, and 
organization of the training, study tours and fellowships. 

UNIDO 
conducting 
development 
assistance 
s<:~+istics 

is responsible for preparing industrial ~tudies, 
research in the indust·ial sector, encouraging t:ie 

and transfer of technology, providing technical 
to ~eveloping cou.~tries, maintaining an industr~al 

and carrying our effipirical studies for :he 
industrialization process . 

UNIDO activities can be further described as follows. 

Firstly, in the area of technical co-operation U~IDO 
provides experts to assist and advise many developing nations in 
management, marketing and financial operations. :r.e 
industrialized nations have the resources mentioned above which 
enable them to assist the developing cov.ntries in their 
industrialization process. 

In the process, UNIDO will seek to identify the needs a~d 
resources and to promote international co-operatives effor<:s. 
Furthermore, it provides advice and support to Governments 
wishing to accelerate the industrialization process thro~gh 
better planning and the introduction of incentives to the 
industry. 

In order to promote integrated economic development, UNIDO 
assists developing co;.mtries by implementing technical 
co-operation projects which use a local processing and domestic 
raw m~t.erials. through the development of local technology and 
adaptatio~ of foreign technology. UNIDO also provides experts, 
equipment ar.d fellowships to developin~ countries on projects 
designed in consultation with tte ~eve:oping count:-les 
concerned. 

The proJects embrace 
ar.r:l advi:::;c, 

r·:::; : ;; h l i "h ~ f! r1 t 

fierviccr; 
four r:iai n el e::-.r:;, :,:; : ~::·:~)'~r ~~; 

of consult:!'"\~ :';:-::-.:: !'nr 

rl. "·' .. : 

, ...... , ~ .. 
" ...•• t'·'' 

I. 
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I:-_ orC~r for 
industr-:lizat1on. 

.ieveioping 
O!'le of the 

cowitries to 
most important 

accelerd:e t ~:e: r 
fa.ctcrs 

empl:as:::Pd is 
tech:'!:: Ot":ical 

in p:-2::-.cting 

the developme!'lt of the indigenous ar:d ~~~~&er:~~s 

capabc:::y. The:·efore UNlrO plays a .::-~:::a.i :·. >_ 
technolot;Y c~velop:':lent. \JQ!";c:.ng to s:r-e::6::;e:: ::::.: 

techr:clngical systerr.s :n deve~oping countries ;u:C. :~: -~~~~~1s::::...; 

in :~e ::-~r.sfe!" of appropriate terhnolog:es t~ ~evc:c;:~g 

COU!".t.:-:·~S-

~n d0:ng so, UNIDO has made ar. effort to ser.s1::=e 
develc;ing countries to technology. to promote r-esearch ~~d 
develo?~ent and its commercialisation, and to form~late s~i:a::e 
technc:ogy policies and program.~es in the developing cou~:r-ies. 

Another vital function of UNIDO is the provis:on cf a 
cleari~g-house for industrial information covering all aspect~ 
of ir.~~strialization. It is therefore a source of a ~ealth cf 
information on industrializatio:1 an'.1 the econo:::ic. social a::d 

political clioate in the developing countries. UNI0J pr-ovides 
indus:~ial statistics, sources of technological infcrraatic:., 
patent technology and many oth~rs. Information is i~portant tv 

make project operaticns effective, especially ~ith t~e 

insufficient availability of this resource in most of t~e 

d~veloping countries. An example of UNIDO's information-related 
activities is UNIDO's Investment Promotion Information Syste~ 
(INPR!S) which matches entrepreneurs with potential investor-s. 

One of the important factors for successful 
industr-ialization is to have a well-trained, highly skilled a..~d 

motiv~ted work force. In order to ensure the developir.g 
~ountries to have this. UNIDO assists them to identify and 
quantify their need for pevple with various levels of sk:lls, 
their training requirements and to draw up suitable policies, 
and organize specialized programmes, throU&h group training, 
fellowships and study tours. Under field training oper-ations, 
UNIDO offers assistance in the design and develop~ent of 
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 personnel. 

role as 
through 

a catalyst for investment pro~otior. :s 
its Industrial Investment Div.sion (iIJ). 

US!ulJ'e 

carriec out 
~t c:::-.sistr. of Invf'stn:er.t ?remotion 

developing 
Serv1ceG 
cr .. ,m tr i cs poter.t:a.1 investors 

poten::a~ly int~restcd 

~rojec: propoaalo, 

fro::-. t" 
~;~,;pl irr~;. prepare indw;tr;;1! . :-. -.·e ~: ·_:-.·: :. ·-
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The programme 
developing vorld. 

has received 
Betveen 1980 

a positive response from the 
and 1986, UNIDO's Industrial 

Investment Programme concluded, in the develorying countries, the 
promotion of 484 industrial investment projects covering m0re 
than $4.0 billion vorth of investment to developing countries. 
During 1986, it has successfully pro~oted 64 projects vith a 
total value of $265 million. 

Another important promotional activity of UN!DO is the 
System of Consultations vhich brings together representatives of 
Governments, industry and labour unions to exchange information 
on the prospects of a particular sector. The system seeks 
measures to deal vith industrialization problems i~ a given 
sector from ~olicy, economic, financial, social and technical 
points of viev. Such consultations then vill seek to arrive at 
recommendations and conclusions for action vhich could be taken 
to establish nev productive training, industrial ~anpover, 

industrial financing and etc. in the developing countries . 

4. Unit for electro"ic equipment and computer applications 

The Unit for Electronic Equipment and Computer Applications 
focuses knowledge, expertise and applications on advan~ed 

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 centre: ~qu1p=ent 

Telecommunications equ~pmer.t 
Industrial process control and auto=a:i0n 
equipment ~nd sys~cm 
?r~~isio~ ~~chanical G~~por.~nt~ 
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Projects can aim at: 

Product ~esign. prototyping. reverse engir.eerir.g 
Pilot production 
Production rationalization and automation 
Repair and maintenance of products and plants 
Environmental monitoring and control 

To achieve these aims. projects involve one or ~ore of the 
fol:oving 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 
projects can cost 
million dollars. 

The electronics 
industry cover a 
can cover only a 
fol lowing: 

their 
betveen 

coverage, 
less than 

technical co-uperation 
US$ 1 0, 000 and sever ·.l 

industry and computer application areas in 
vide area. Thus, the activities of the Unit 

limited number of a-~as vhich i"~lude the 

Within the area of electronic component and equipment, the 
activities concentrates on 
compv1ents (semiconductor 
circuits, transistors etc) 

active 
devices 

microelectronic circuit 
such as intergrated 

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

Environmental 
emphas::.se on 
controllPrs. 

monitoring 
electronic 

and control equipment vhich 
test and measurement equipment and 

Telecommunications, equipment \ol'hich mainly foc..is on rural 
telecommunication, environmental testing and tropicalisation 
of telecommunications equipment, spare parts for subscriber 
~se {telephone sets. party line equipment, private branch 
exchanges) and lO\ol'-COGt mi~ro earth stations fc~ satellite 
communications. 

1
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Industrial process control and autocat1on equ1p:ent and 
systecs c~phasises on design and devc!oprnent of computers 
and ~:croprocessor-based industrial a~tomation and lov-cost 
apFropr1ate auto~ation, ir.dustr1al 
pr0ccss1ng for industrial automation. 

robotics a~d image 

?recis:o~ ~echan1cal components ~hie~ focus on dies and 
nould for precision plastic and ~etai par:s anc reverse 
engineering of dies and moulris. 

5. UNIDO's activities in microelectronics 

By the late 70's and early early 80's, UNIDO has begun to 
appreciate the potential implications of technological advances 
on developing countries. Following the 3rd General Conference 
of UNIDO in 1980, it vas acknovledged that developing countries 
should adop~ industrial and technological strategies and look 
for means to !ap the potential of nev 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 vere, the 
formulation of a national microelectronics strategy and at the 
international level, a continuous monitoring of observed trends 
and their impact on various sectors. Folloving the June 1981 
meeting, a mission of experts visited four developing countries 
in different regions to promote selective applications of 
microelectronics and softvare development. Its mission was to 
reviev national situations in those countries and recommend 
appropriate approaches to microelectronics application. 

The International forum on Technological Adva.~ces and 
Development, organised by UNIDO in Tibliei. USSR, in 1983 as 
well as Experts Meetings in Moscov, USSR in 1982 and Dubrovnik, 
Yugoslavia in June 1983, vhich respectively preceded and 
succeeded it, examined the subject of technological advances and 
development with regard to specific technologies of which 
microelectronics was an important one. 

Following this, an overviev of the microelectronics industry 
in a series of country case studies was to be initiated to 
provide concrete information and meaningful approaches for 
rcp,10~~1 a~d l~tcrnaticnal action. 

1 '1 -



:n the 
l!:lportance 
.:.-i.pab i l i ties 

4th Gen~~al Conference cf UNIDO 1n Vienntl, 1984, cr.P 
of strer:gthening sc:.ent1fic and technological 

for industrialisation in developing countries was 
er.dorsed. 
tu:lding 

UNIDO was urged to assist developing co~ntries =~ 
their techr.ological capabilities in different fi~lds o: 

:echnolo6J'. Microeiectrcn1cs Yas icentif"ied as a suita?::>:e 
~andidate technology as it can be benef"icially e~ployed ln 

~ealth care for the rural poor, educational and informatior. 
;urposes in decentralised locations. Thus the concept of 
~romoting specific projects for international cc-operati~n ~as 
aimed at the betterment of life among the poorer countries. 

The UNIDO prograiru:;e on technological advances was desigr.ei 
ln particular, to increase awareness throl16h early 
identification and assessment and to promote action at national, 
regional and international level on: 

a) the potential ar.d limitations of va:·ious advanced 
technologies for the developing countries 

b) the industrial and technological capabilities tl:at 
the developing countries need in order to use 
advanced technologies vhere appropriate and 
feasible. 

In an effort to co-ordinate activities of various 
professional groups and organisations in the field of 
:nformation technology, a Consultative Group on Information 
Technology (COGIT) vas establised. COGIT was to meet 
periodically to review ongoing activities, exchange experience 
and formulate joint programmes. The concept of softvare as a.~ 
lndustry and the actions that developing countries ~ould take to 
;;romote that industry vas given serious tho~h-;. 

In a Conference on Informatics and Industrial Development, 
it was highlighted that information development, extending 
beyond data-base systems, networks, ir.dustrial man~ement tools 
~nd processes, had led to substantial consequences to current 
:ndustrial development strategies. 

Regional level discussions are 
~ountries in an ef~ort to assist 
=icroelectronics in accordance with 
::~untry. 

held by UNIDO with vario~s 
countries in the field of 

the specific needs of a 

For instance, at the reGuest of the govern~ent cf Vcr.czuc:~. 
·_;~;IDO provided ass:s:ance tc look in:o their cxist1:-:g facilit:•·:o 
·-·:th thr. v1r..,.. of ;:;:grarlir.g ::'t to become a ~c:!,,: ;-c;::'r.t fc,:- ,: 
: - ·~~O:>~,r! r.~t·•o:--~. 
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Also v1th 
M1croei.cctronic 

the help 
Netvork 

of UNIDO, a 
( REMLAC) vas 

Latin A~er1can Regional 
established in 1985. A 

regional p:-oj ect for strengthenir:g ~:croelectronics 

infrastructure and capabilities in REM~AC Me~ber countries vas 
estab:ishcd. 

The obJcctives of the project we:-e: 

1 -

2. 

3. 

4-

5_ 
6. 
7. 

Strengthening capabilities in count:-ies at earlier 
stages of microelectronics development 
Examining national and regional application 
possibilities in selected industrial sectors 
Strengthening capabilities in the acquisition of 
hardvare and software 
Monitoring technology 
microelectronics 
decision-making 

for 
and 
policy 

Strengthening design capabilities 
Establishin~ silicon foundaries 
Strengthening semiconductor 
capabilities in the region. 

market trends 
formulation 

i!'l 
and 

manufacturing 

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

National level studies in selected Asian countries have been 
undertaken to ascertain the needs ~or regional co-operation. 
Various projects such as these have been constantly on UNIDO's 
a&enda to assist 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 countr:es . 

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

This vas done :n order: 

1. To appraise the technological, ~r.0n0~•r. mark~t 
trends and the1r irr.p! icatio:-.s ~or :r ... :::::u:;::-::~! 
develop::ient o!' devt!lop1nP, r.r.::~'..:-H·:;; 

;> . To r. et er mi n e t. he i r.. p l 1 Cl t 1 C:'". :i r, ~ r. :-. " : -. :- . , :. , · ~~ 1 1 · '.; •• 

r:1a1n acto:-:; -lnd :~du:-;tr1;:.: . . r; : . ~ . : : ,... =: , : : 
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~. To ider.tify entry barriers for newcomers and propose 
appropriate strategies for coherent development. 

:ss~es that were raised during the Consu!tation ~eet:~s 
~ere, s:rateg:es for integrated developcent, govern~ents :n 
=0~::0ring technological advances and the provision of trai~:nb 
an~ ass:stance as required by the ~ember cou.~tries . 

... a core recent activity and in Malaysia, UllIDO thrc,.igh 
tr.e S~ecial Indust~ial Services {SIS) had assisted the Malays:an 
:nst:t~te of Microelectronic Syste~s {MIMOS) in the 
conce~tualisation of a semiconductor fabrication centre. A 
uNI:::::: ~onsultant had ass;;.sted MIMOS in deciding on the viability 
of the project. With UNIDO's assistance, a whole new concept on 
the ~aferfab was formulated. It is hoped that the assista::ce 
frc~ UNIDO would be a viable component for MIMOS's Semiconductor 
Teth~clogy Centre which is to provide training in va~er 
fatr1cation, R&D into device and process fabrication and also tc 
provice a capability for fast prototyping of VLSI ci ·cuits. 

A trend vhich is expected to continue vith UNIDO vould be 
its active involvement in actual implementation of industrial 
and technological plans for developing countries. It could 
further intensify its role in creating avareness in this dynan:ic 
field of microelectronics ecpecially among nations vhich still 
lag ~ehind in this field due to infrastructural constrair.ts. 
The ?Ublication of the quarterly bulletin, the Microelectronics 
Monitor is by itself a vealth on information on the latest 
events, innovations and inventions in the field of 
microelectronics. Hovever, due to selective distribution, 
ber.eficiaries of this bulletin are limited. UNIDO ought to 
fur.ct:cn as a data-base of information to be disseminated to 
:ecber countries vhich could then utilise such information for 
the cevelopment of their technological projects. 

I~ ack~ovledging the intensity and pervasiveness of the 
~icroelectronic industry, UNIDO gives its due recognition to 
micrcelectrcnics as the strategic technology for ccntin~ed 
deve!c~~ent in both industrialised and developing countries. 
UNIDO as the facilitator for regional and internatior.al 
co-c~e:-ations should seriously consider the idea of being a 
fcca! point for electronic net~orking. This vould immensely 
te~c~:: all member co~ntries in opening a gateway ~c:­
cc:::::-.;.;:-.:cation ar.c! co-o;::e:-ation at the international level . 

. . , 
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A netvork of sJch a scale cou!d be ~~:11scd a~~ p:atfc~=­
!r~m vhich experts. professionals. govercoc11ts, acd a!i users 
around the vorld could intergrate their resources ic 
facilitating future development endeavours of ~a~~:cd. &c 

conclusion. the future direction of UNIDO vo~ld be reflected ty 
the collective direction of its various ccc~er countr:cs. Thelr 
aspirations in the field of microelectronics ~ould de~crc~ce t~;~ 
position of UNIDO in its role as a central <16Cr.cy to cc-crdinate 
industrialisation efforts in developing cou~tries. 

In summary the UNIDO prograau:ie in ttis field has. a.7.cnb 
o~hers, the follo~ing components: 

a) 

information: 
Collection, compilation and dissemi~a~ic~ 

Data~ases 

• 

Industrial and Technological Infor~ation Ean~ 
(IN':.'IB) vhich includes: 

Industrial Development Abstracts (IDA) 
On-Line Information Key {LINK). directories 
of R&D centres 

Technological Information Exchange System (TIES) 
Energy Informatior. System (EIS) 

Investment Promotion Information System (iNPRIS) 
vhich contains project, investor, bank, 
institution, sponsor and country invest=ent 
profile files 

Technology Supply Database contains information 
on technology offers, requests and joint 
venture opportunities 

UNIDO statistical database 

:H 

o~ 
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UN:DO rvsters of industrial expert cor.sultants 
(i4.CJ~ 'ecords} and cor.sult•ng c0~pan1es 

.:-·:~::.::cat lc!1s: C~iDO Nevs ~etter. ~:c,oelectrc~:cs 
~0nitor. INTIB ~et. cire.::tories, 
l:1formation pack~es 

- ~;e:..-ork of nat :c:<al and regional !'c.::al ;icints 

b) ~=entification of needs. prc~oti::g the !'c,~ulatio:< of 
pol:c:es and progra.-=ies throtJ&h: 

Studies: country and regional studies. Glo:al 
Development Report, expert reports 

•orkshops. se~inars 

Advisory services 

c} ?romoting the design, developoent and ca.~ufacture of 
comp 1::er. ts. hardvare and softvare 

Technical co-operation projects and progra::u:ies 

Investment promotion activities 

So:e examples of UNIDO technical co-operation projects in 
electronics and microelectronics are described belov. 

-----------------------------------------------------------------

Probleia: The electronics Industry 

contributes ·.o env1ronaer.tal pollution l:i 

the fon1 of danqerous ..aste solvents and 

gases. 

Project: 

pollutar.ts 
A study will ldent:fy the 

and polluting processes of the 
electronics !n~us~ry and lead to a 

91Jlde·b0,,~ r,f i;ci!utlon r..r.nltcrlng CMtro! 

tn ttlt~ ~~·;~or li.~ 1t· • .-. ... H"tatr.il1 ,.,p,.rt '_!rr1 .. ~ 

mr~!.ln'J ... ::: : .... 4

,,.. •••• ~ ~..,.~,.,,,.~-. t"I "..t:~ 
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Probleci: of 
lnstr~ntatlon t:chr.1ques ln a C°'-'ltry. 

one of 11111ln pillars cf the overall 

technical ar . .J technolcglcal developr'f!nt. 

~$ on efflclent use of national 
lnstrui-entatlon resources. A frequent 
probltm ls the llbsel"ICe of aaequete repa~r 

and maintenance serv1ces. w1th the result 

that many lnstr~nts are out of order. 

Project: Creation cf an instrunentat1cn 

services <:entre ([SCJ with a llOdular 

structure that permits the establishe:iient 

of some oe- all of the 'ollo..ing lllOdules at 

a time: (I) national register cf 
instr1J11ents; (11) l!laintenance end repair 

services. including after sales services; 

(111) tnstr~nt rental servlce; (1v) 

consult.ency servlces (v) measurement 

techniques service-deslgning specific 
measur-nt set-ups enc inaking expert staff 

and lnstruments availaille; (v1) 

development of new special purpose 
Instruments; and (v11) training. 

Problem: 
well 

Electronic ~lpment producers as 

as •lcroelectronlc COlllpOnent 

manufacturers fro. developing countries 

suffer frOfll rellaolllty problems due to l°"" 

production ylelos and/or later failure of 

c~onents sub-assemblise and asseatilies. 

Project: Establlshnent of a centre for 

failure analysis of •icrcelectronic 

coniponents. The faclllty ts expected to 
provide testing serv1ces Clncluding the 

analysis of test results) in partlcu:ar to 

511181 l and inedh111-scale MMufact•.rers ""° 
cannot afford a similar service within 
their plants. The centre acts as a focai 
point for the fatlur~ analysts studies end 

co-operates with COll'pcnent manufacturers. 

equ!prno!nt oe~lgners and pr~jucers. research 
labor a tor !es. L.'lllOO provides e;..;:er~ 

services. techr!r~l s~a'¥ tre!n!ng. an~ ai! 
n~cf!s.ser·y ~~:;:;r.-e'".~. 

- 20 -



local devel:ipment and production 
of eledrontc equti-nt can be promoted 

thrc~ a ~ttonal C&ilaelty to deslgn. 
prototype and m;.nufacture of 
appllcatlon-speclflc Vl.~I circuits 

(ASICs). Such capablllty 11ay also create 
export posslb111tles. 

Project: Est&bl1shement of a centre for 
the design and prototyping of very large 
scale Integrated (VLSI) circuits. This 

Centre ls expected to act es a focal point 

for ttoe VLSI design and to co-operate with 

re~~arch laboratories. •icroelectronlc 

COllpOfleOt manufacturers and eckicatlo!lal 

establishments. 1.14!00 will ass1st t:r'!atlon 
of the Centre ttrough provision of 
high-level expert services. training of 

staf"f. and installing and operating of a 

co:llpUter systems, peripheral equi(Alef'lt and 

~elated coqiuter-a!ded engineering (CAE) 

soft..are tools. 

Problem: Local electronk equtpnent 
MOUfacturers are unable to . :olllpete tn 
export and l11port substitution lllrlcets dt.e 

to 1- quality of electronic products, 
caused mtnly by poor packaging (casing) 
and related thenna~. electr01189"'tic and 

other problems. 

Project: Establlstnent of a centre for 
Electronic Pac~egins Technology end 

Ergonomic Design. The centre acts as a 
focal point ln the country and co-operates 
with research laboratories, electronic 
equipment and systeo 11anufact1a"ers, 
end-users and educational 1nst1tut1or.~. 

~100 provides expert services an~ 

equ1P"'~nt. trains 1ts staff both abroad and 
on-th~-Job. 
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6. Characteristics of the electronics industry 

The electronics industry is a cc~plex sector cf tne eca~ooy 
and covers a ~ice range of products and manufac:uring 
activities. Figure 1 gives, in a schematic form, the downstream 
and upstre~~ linkages of a fully developed electronics 
industry. Figure 2, on the other hand, sho~s the bi-la:erai 
relations between electronics industry and other involved 
parties in both the r.ational and international economy. 

These 
electronics 

two diagracs shov 
industry is more 

that an integrated and successful 
than just one in which the 

sub-sectors; component, consumer and industrial, are balanced in 
the right proportior.s. Concentration should not only ~e on 
balancing these sub-sectors, but also on the overall integration 
of the electronics i~dustry in the economy. 

One success factor of electronics industry is its capatility 
to commercialize i;.novative product design ideas within the 
shortest possible ti~e period. In this connection and a=iong 
others. availability of venture capital to small but dynamic 
companies has proven to be very effective. 

Different industrial activities vithin the electronics 
sector have varying levels of capital investment requirements 
and diverging degrees of added manufacturing 'lalues. Figure 3 
displays industrial activities and products of electronics 
industry as grouped according to their added manufacturing 
values as plotted in the graph. This classification. when used 
together vith other pertinent technical, technological and 
market data, ca.~ help policy makers and/or investors in 
selecting the niche products 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 Yith regard to 
the extent of diversification and value added. 

One success factor of electronics industry is its capab:lity 
to ~ommerc1alize innovative product design ideas withi~ the 
shortest possible ti~e Jeriod. In this connec!icn ~nc 3..'::C~g 

others, availability of venture capital to small h~t dy~~~ic 
companies has provec tc be very effective. 

?? 



7. UNIDO's observation 
co-operation opportunities 

in developing countries and 

':'he Fi:- st 
characterized 
market-driven 
generally held 

Consultation c~ the Electronics Industry 
the electrc~ics industry as being predominantly 
rather than technology-ctr i ve!'l, contrary to the 
view (UNIDO, i989). 

This finding 
its electronics 
compe:-.itiveness 

shows that a country's ~ndustrial success of 
ir.dustry is very muct dependent on its 

in the world market. Most developing countries 
are not competitive enough when building up their electronics 
industry due to various reasons. 

Figure 
attributed 
incentives, 

4 shows 
to three 
lack of 

that this lack of competitiveness is 
main reasons, which are: insufficient 
technological capability, and insufficient 

engineering manpower leading to a vicious cycle. 

This 
capacity 
product 

is further 
utilization, 
features. 

electronic industries 
quali~y of products. 

aggravated by inefficient production 
as well as low product quality and limited 

Furthermore, small and medium-scale 
suffer from high production cost and low 

In general, althotJ&h detailed in:ormation 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 vhich 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 linkages 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 instrur.ients in national R&D 
capabilities and lack in awareness of the economic 
i.npac t of tr.e e I ectron 1 c~ i njust!"y 



c) Inadequacies in accessing carkets due to lack of 
indigenous skills especial:y in international 
marketing, lack of service co=par.1es in calibrat1or.. 
marketing and after sales serv:ce :iet1.rurks. lack o: 
mechanisms 
innovative 
constraints 
specific 

to accele1·atc corr,!:'lerc1al is.J.tion of 
ideas. This involves overco::ng cult~ple 

vi th 
skills 

regard to political cor:trols, 
infrastructure, 

communication across 
needed, 
nat:or:al and 

geographical factors. 

d) Inability to gain access to technology as a result 
of technological and trade protection by ~he 
developed countries. Problecs arc encou:itered in 
keeping abreast of technological change as well as 
in actual technology transfer a..~d aquisition and in 
identifying the industrial sectors in which 
electronics will have the grea:est impact. Even if 
access is gained, mastering of the technology would 
still be a problem due to lack cf ~anpo~er. 

e) Insufficient 
between the 
educational 

human resources due to the mismatch 
industrial needs and the available 

systems, and lack of further trainings 
among the industrial workers. 

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

In designing, formulating and executing the projects 
mentioned in Section 5. appropriate technologies are selected 
from a wide range of available options. These include 
conventional technologies and modern ones such a3 CAD/CAM ( 
computer-aided design and manufacturing). 

However, the problem identifiec in accordance to this area 
is that there is a lack of efficient industrial design 
capability. Although co1.1puter-aided desigr. (CAD) is not a 
substitution for an experienced designer, :t can improve quality 
and productivity in the design process. 

One of the shortcomings in the electro~::s :ndus~ry is the 
lack of product design technologies to in<':-':~s·~ t:1!' nc:t;iut o!' 
manufact:ur1ng industries in dcvelopinp; cour.:.r1' 

?t. 



"Reverse" engineering is 
l~~lementat~on and refers to 
ar.alyse and document the design 

a fast way to product desig~ and 
the combination of activites to 

of an existing product. 

Automation is 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 l"LSearcl: ar.d 
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 identify the possible areas of technical co-opera~ion at 
national, regional and intern~ticnal 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 spectru.~ 
of producta will be in demand in the computer, telecommw:ication 
fields. Global competition will push down the_ prices of 
microelectronic components while increasing the fu.PJ.ctional i ty 
and performance of products. P~oducts will possess embedded 
intelligence resulting from advances in expert systems, neural 
networks and fuzzy logic. 

To remain competitive, developing C"•.mtries will be under 
greater pressu~e to achieve greater success in their 
industrialisation process which will have to have 
microelectroni~s 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: 
the networking of of experts to promote the diffusion of 
microelectronics technology into the industrialisation process 
of developing countries. 



riiure I l:llerhnk•c• ol eleclronlCI llldUllrJ 

A-------------------------------------------------------~ ( LEGISLATION ) v-------------------------------------------------------v 
[PRODUCTION EQUIPMENT 
1 MACHINERY SUPPUBRS 

-[QU•pn>en: and "'JChin~ry lor the 
ptoducl>Oll 

' - [ QU•pmenl and n\()( nonery IOI the 

L_!_~ 

MATERIALS SUPPLIERS 
-Uttrof"''' and special materials such 

cs silicon. qonaum arsenide e-tc 
- llelOIS ond O~O)~ 
-Cioue-s ond ce-r.Jm1c s 
-0\em.cois and 9oses 
-Pklitic\ 

!COMPONENT SUPPLIERS 
: -[ttc~n.:J~ 
: -E1ectrc-mecl\on1col 
i -MechC:'\1t;OI 
1 .. PK>s!1: DQrls 

SUBCO~TRACTING SERVICES 
-lloul<! o.•d d•t de,.gn 
-Prtc1s 0"1 moctuninq 
-Surlocto heotment 
-[oe:trop101;nq 
-?rL."'lte! c1'Cuil board oesion 

MANPOWER FINANCE ENERGY 

.._ __ E;_;_LE...;;_C_T.;;..;..;RONICS INDUSTRY 
MAHUP'AcnrRE OF 

ACTIVE AHD PASSIVE 
COllPONENTS 

11/JIUFAC'TURE OF 
CONSUMER EU:CTRONIC 

EQUIPllDIT 

MANUFACTURE or 
INDUSTRIAUiCOllllERCIAL 

EQUIPllENT 

somw DEVEl.OPllEllT I------.! 

:r. 
0 

~ 
Co-' 

~ 
II) 
:z 

~ 

MARKETS & CUSTOMERS 
-Domeslic consumers 
-Domestic profe11ionol end-useri 
-Domestic noustries 
-C1DOrt1 

rr=---+- --=;-i 
1 CUSTOMER SERVICES 1 

1 -Soles I 
-~~~r training I I 
·~--~. I -Aller-soles se.,.,,ices ·1"' ...... ~ 11 I ... . .... IMl'll"""" __, j 

ri: SUPPORTIN~SERvlCES I _J 

I 
I 

-lnslrumentotion services (testin9, ca­
libration, repair and mointenonce) 

-Stondordizotion 
-To1ic wosle disposal 
-Foilure onoly$is I -PockaoirKJ (Ellt/ClolC. lemperatur, 

f'oblel'ns ond heat removal etc.) 
~- ~ca~io':_ ____________ _ I _, 

,.__ - - - - -- - -- - - - - - - - - - - - - - - - - - - - - - - -· - - - - -- - - - - -- - - - - - - - - - - -- -- - - .)', 

\ ENVIRONMENTAL ASPECTS > 
~--------------------------------------------------------v 

• • 



.. • 
Fi9ure 2. Relations of electronics industry with other involved parties 
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BY 2000,THE WORLD'S LARGEST INDUSTRY 
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The MAEI compamc.s export almost 100 per cent of thci: 
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This was augmented by a transfer of major marketing 

functions from lhc United States to Malaysia lo increase 

lhe quality of customcr-<>ricnrcd service in the region. 

In 1989, total sales and cxpons by the MAEI companies 

increased by 13 per cent to MS6.7 billion. This was 

consistent with the growth of 13.9% forecast for the 

cloctrooics sector in ~.J.laysia. 

Table 2 and Graph 2 show that the expected growth in 

1990 will be approximately 13.1% and approximately 

14% in !991. By 1992 sales and expons will have 

almost doubled in value since 1987. 
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MAJOR WORLD ELECTRONICS MARKET IN 199·1 
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