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Almost all new industrial technology as well as res~arch results ~n which 

such development is based originates in th~ advanced, highly industrialized 

coun~ries. This is aore true for the electronics sector than for any other 

indvstrial sector. Fu=theraore, electronics in all its aaniiestations has 

become a pervasive technology affecting all 5spects of the society. The 

catchwords for this process include office automation where coeputers, 

wordprocessors and facsiaile are key ca.ponents, and COl!puter in~egrated 

manufacturing in which robot& and nwaerically controlled aachine toolc have 

become irategral parts. 

The integrated circuits are the fuel of this electronification proces~. 

Companies and governments in the industrialized countries are constantly 

engaged in a coapetitive battle to have access to the latest IC technology for 

defense and civilian applications. A •uch aore liaited nuaber is coapeting in 

the IC aanufacturing technology. 

Many ICs have become cOllm!Odity products and the users ar• nov 

increasingly turning to application-specific ICs (ASIC) whir.h often proaise 

i11proved functions and an ability to control the characteristics of a 

product. Tt.tt ASIC• at the •aae tiae provide developil'g countries and saoller 

coapenie• anywhere with the ol'P(>rtunity to get access to their specific ICs. 

Thi• develosi-ent has been triggered by the tr ... ndous co•t• f oz a production 

line for s•andard =ircuits. Thero are several technical approar.hes which are 

discussed in the paper. A l.ogical solution i• often t:o coapletely separrJte 

the design frOll the production function. 

Howeve~. thA ace••• to advanced technolOCJY and u•e of advanced product• 

is n~t relevant unl••• there i• a .. rket and aost d~velopin9 countries. except 

the bi99e•t one•, are •till in a very underprivileged -~•icion. However, 

certain ... r9in9 market• .. Y provide the •teppin9 •te>11e for entering into the 

new technol09ical d098in and the expandin~ telecc.munication• •ector la one of 

th-. 
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I 

' r: t ro<luc t i on 

Terhnology struteiy and technolocy competitiveness ArP words 

of honor in government agenciPs and in company hPadquartPrs 

i n P very i n dust r i n l i zed n• u n t r y • This concern is fut> l led by 

tt>e ever· closer integration of the hur·ld .-c:ur1omy and th<' 

<1ssoc int ed 

to staying 

heightened 

among the 

'ind Japan. 

shortening of I' r u j 1J ct c y < J f" s • Th t: a~ ~ f~ n t 1 o u g i \T n 

at the technolofical fr·ontier is in no little w.iy 

t-y the compel it i \'e rP l flt i r•nst1i1• which prPva i Is 

three r .. ~:cn;;[ markt·ls - the llSA, W C'S t er· 11 Europe 

The use of tPchnological resour~es to maintRin ~uprrinrity 

is not primarily ~irccted at developing countrirs or 

companies in 

tPchnological 

develooing countri£>s. Howe\·er, 

race ir industriali?Pd countries has 

thP 

far-
rraching consequences in ell other count~ics and pose vrry 

serious policy questions for ell developing countries. What 

kind of technologies should be mastered? ~hat kind of 

rPsources are 

collaboretiCJn? 

be done? This 

questions, b•1t 

reqvired? What are the possibilities for 

At what technological lPvrl should the enlry 

report will not provide answer3 to those 

rather highlight the technolngic-al rhanr.(' 

which i5 taking place. 

N~uurelly, there are many sh(J:· t c:om i ngs in a lirief r<·por-~ 

as lh1s one , which has her·n prcparrd in a fair})· short 
pr·riod of t i me. First, ~ t has only murgina)ly licrn possil11f• 
t 0 incorporate the '··q11 r· i · n· .. of drvt>l oping r o u n t r i f• 5 . 
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Second, the report still lacks in understanding of options 

available to developing countries. Third, the search for 

materiel for this report hes been rather comprehensive, but 

01t• t.1cts end implications have not been checked \o>ith 

•':..:;1,.rts in th'· tit·ld. Fi11ally, we want to .1poiogizc> to the 

.1 u 1 h 0 r· s o t ,il I s o u r c l' s f o r l a c k o f d e t a i l e d r e f l' r e n c •' s which 

h.1v.· bt .. •n ut i I izt>d in preparing this report:. 

This d•K•rrn.,rir divided into thn'l' parts. The first pert fives 

a ':•rh"r.il description of technological resources controll0<.i 

by industrialized countries. The second part d.·:ils spc'c'lic.!ll\· 

·-irh intq:ratt·d cir,:uit.s an<l th" fin.ii part conL1ins .1 tent.1tiv,, disc;is,~i"r' 

rnd .111.dvsis in th·· ... 1rlier !- ll"tS of th<' d0cllmL'nt. 
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TECHNOLOGY RESOURCES AND TECHNOLOGICAL DEVELOPMENT• 

Almost any developing country can establish itself in food-pro

cessing ar.d garment manu·~cture. Many countries can set up their 

own modern steel comple1.es ~nd still a fairly large number of 

countries can create industries to manufacture modern transport 

equipn~nt. Machinery and technical assistance may be requir~d 

from abroad but in the end, after d t>eriod of consolidatio11, the 

industries in many developing counrri,,s establish themselves as 

serious coq>etitors to manufacturers in the advanced countries. 

Today, almost all new industrial technology as well as research 

results on which such development is based originates in tt1e aC:

vanced, highly, industrialize(: countries and this is more true 

for the electronics sector ::.·-dn for any other industrial r.ector. 

This, in fact, has meant t~~t the ~dvance~ countries today have~ 

virtual monopoly of th· ,.esuurces required for the development of 

certain key elements 1He elect:.ronic components, man~ types of 

computers, 1'.est and r. ?asur-ement equipment and most industrial 

electronic equiplll( ~.The same is generally true for 1 arge scaL~ 

*)Based on "force~ of THhnological Cnange", in Technolo~ical 
trends and challer"1 s i;, electronics. Domincrnce of the in us
triaHzed world i!nd-re~ponses in the ihird Uorld. Edited by Staf
fan Jacobsson an ... ·:rc::-1·srgurdson, Lund: Research Policy Institute, 
1983. 
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systems incorporating electronic technology like telecommunica

tions equipment. The developi~g countries' share of the global 
production of electronics production is in the region of 5-10 i. 

So. a technological gap has been created between developing coun

tries and industrializeJ countries in the area of electronics. 

Som.:? of the more advanced developing countries and the bigger 

ones with a larger reso~rce base like India and China are atteq>

ting to break the monopoly of the industrialized countries al

thou~h with limited success so far. 

The t~chnological gap in electronics. which appears to be ~1~~ 

ing in applications. is not a new phenot-.enon. However. the gap 

at thE end of World War II between the then industrialized coun

trie~ and the rest of the world is on the whole likely to have 
become wider today. When discussing the gap today one can use 

measures such as trade in high technology products. time lag 

between production of certain key components etc. - all of which 

indicate a widening gap not only in participating r~search and 

development but equally notably in applications of electronic 
technology. 

in the application of high technology products like computers. 

~elecOlll"'-'nications and highly automated man~factvring processes 
the developing countries bent on industrializing may have to 

accept to be totally incorporated into a global econoll\Y dominated 

by the industrialized countries and ~ limited nu~ber of 111Jltina

tional companies oased in the same countrfts.The reason for this 
would lie in the fact that an increasing number of industrial 
processes rule out technologi~al choices because of efficiency 

and quality requirements - unless the production is entirely 

geared to a domestic market.T~is would in fact mean that the rich 

countries would spread their ~ndustrial mono-culture the world 

over and that few if any developing countries would be in the po

sition to escape this influence. 
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Underlying this change of globalization and technolcgy dominance 

by the industrialized countries are a number of conditions or 
forces which should be analyzed and understood. 

F~~~~. the speed of technological change appears to be increas

in~. However, much of the technology embcdied in new electronics 

products originated 10 or 20 years ago and what we perceive to be 
a rapid change of technology is actually the very rapid applica

tion of that ~xi sting body of technology. So we are now moving 
along the very steep phase of an S-shaped curve which will even

tually taper off wit~ the result that electron;cs will eventually 

become a more mature and stable technology. The present situation 
favours countries or companies which control assets like develop

ment resources, mana~ement competence and efficient organization 
for rapid industrial restructuring and market penetration. Such 
resources are mainly concentrated in the industrialized coun
tries. 

Second, there is a shift in the use of global R&D resources with 

a diminishing share of resources partly offset by the present US 

expansion - althoL.gh increasing in absolute terms - going to na
tional defence and an increasing share being controlled and uti

lized by large companies almost all of them muitinational compa
nies (MNCs) based in industriaiized countries. 

Third, technology d~velopment projects are becoming mor?. and more 
costly. This has led many companies to pool their development re

sources in areas such as computers, aircraft manufacture rnd 

robots which is a pattern of cooperation long followed in the 

manufacture of complex military systems. The emergence of tech

nology sharing 1s ex;>la1ned no\. only by a need tu share and re

duce development costs but also by a desire to avoid the risks of 
being cut out of rapidly changing markets. 
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Fourth, the barrier5 to entry in many high technology sectors are 

increasingly becoming more difficult to climb becau~e the minillllm 

scale of operation is increasing. This means that only cour.tries 

with sufficientlJ large markets or ability to rapidly develop ex

port markets can venture into certain product lines. 

In the descriptive parts to follow, we will accordingly analyse 

this situation and wt\)' it appears to prl'Sl'nt C:ifticultit's 

tor dev£'lopingcountries. The t'xplanation for 

this can be found in the three major factors: (1) control over 
R&D resources, (2) the intere~t of key actors at the four levels 

- nation, llllltinational companies, trade unions and consumers -

in the industrialized countries, (3) the emerging trends for 
economies of scale, market control and technology sharing. H<M

ever, major parts of this report are concerned with technological 

trends in integrated circuits - in particular custom and semi
custom ICs- and consequ:·nces for dC''JC'lo!Jin~ cour.rries. 

In order to initially provide a proper perspecti'Je on the domi

na.1cc? of the industrialized countries it is necessary to look at 
the global d·1 stributi on of research and development resources. 

According to UNESCO statistics, all developing countries cont.ined 

had in 1980 less than 11 percent of all scientists and engineers 

engaged in research and development the world over - a situation 

which most observers agree, has not changed dramatically. 

The share in research and development manpc:Mer is considerably 

larger than their share in global industrial production. See 
Table 1. Hc:Mever, comparing the financial resources ·which may 

be a more relevant measure because of the increasing importance 
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of equipment and instruments .. the developing world's share de

creases to less than 6 \. See Table 2. 

Table 1 

Estimated number of scientists and en~ineers engaged 

in R&D for 1980 

Co~tinents 1 major areas 

and groups of countries 
estimated estimated nuri>er 

nuri>er per million population 

World total 

Africa 

America 

Asia 

Europe 

Oceania 

USSR 

Developed countries 

Developing countries 

Africa excluding Arab states 

Asia excluding Arab states 
Arab states 

Northern America 

Latin America 

& the Caribbean 

3, 756, lOG 

4G,Jl2 
765,6t:l 

702,920 

839,473 

33,889 

1,373,300 
3,359,102 

396,998 

16,387 
693,659 

33,686 
674,725 

90,936 

Source: Statistics on science and technology. 

UNESCO statistical yearbook 1985. 

843 

86 
1,247 

271 

1,731 

1,472 

5,172 

2,875 

121 

45 
273 

206 

2,679 

251 

Extracts from 
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Table 2 
Estimated expenditure for R&D for 1970 and 1980 

in US dollars 

Continents, major areas Estimated amount As S of 
and groups ~f countries Year (in million US$) GNP 

World total 1970 62,101 2.04 
1980 207,801 1.78 

Africa 1970 i88 0.34 
1980 1,156 0.36 

America 1970 28, 118 2.28 
1980 70,391 1.94 

Asia 1970 4,572 0.99 
!980 31,230 J.08 

Europe 1970 15,739 1.70 
1980 70,649 1.79 

Oceania 1970 497 1.10 
1980 1,953 1.11 

USSR 1970 12,987 4.04 
1980 32,421 4.67 

Developed countries 1970 60,677 2.36 
1980 195,377 2.24 

Developing countries 1970 1,424 0.30 
1980 12,424 0.43 

Africa excluding 1970 105 0.33 
Arab States 1980 698 0.36 

As i a ex cl ud i ng 1970 4,540 1.02 
Arab States 1980 30,661 1.18 

Arab States 1970 115 0.31 
1980 1,027 0.27 

Northern America 1970 27,620 2.59 
1980 66,646 2.33 

Latin America & 1970 498 0.30 
the Cari bbea :1 1980 3,745 0.49 

~urce: Statistics on science and technology. Extracts from 
UNESCO statistical yearbook !985. 
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The manpower and finance in research and development is used for 

a multitude of ~urposes in many sectors including public health 
and medicine, agriculture, social science and defence. For some 

research activities although carried out in the industrialized 
,-c.untri•.'s there 1s less bias in favour of these countries which 

i~ partly true in agriculture and medicine. H<Mever, even in such 
fields, research priorities and the underlying assumptions or the 

required infrastructure will often bring results which favour the 
rich countries. 

While universities in the wcstl'rn world are the main location for 

basic research, corporations concentrate their research and deve

lopment activities on turning kn<Mled9e into goods and services. 
A limited number of sectors, aerospace, electronics, chemicals, 
drugs, motor vehicles, machinery and instruments are financing 

and controlling most industrial research and development re

sources of which the development part constitutes an overwhelming 

80-90 percent. These sectors accounted in the past for more than 
80 percent of total industrial research in the United States and 

the situation has not yet changed very much and is very similar 
in the other OECD countries which include Japan and westPrn 

f:urop.-·.rn cc,unt ries. 

All ceveloped countries together control 94i of the global finan
cial resources for research and development. Two thirds of this 

is industrial research where the 1111ltinationdl corporations are 
the dominant actors. They, almost all of them based within the 

OECD countries, are responsible for an estimated two thirds of 

industrial research within the OECD countries which equals at 
least 45 percent of the global R&D resources. See Table 3. 
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Table 3 
The role of the 111Jltinational companies (MNC) in g1 0bal research 

- An Estimate 

US$ billion Share (,,) 

To•al Global Research (1980) 208 100 

- in developed countries l~:> 94 

- in industry (in developed countries) 130 63 

- in MNCs (mainly based in the 
OECD countries) gJ 45 

Thus. tnese coq>ani es which include a 11 the familiar names like 
General Motors. IBM. Siemens. Dupont. Xerox and more recently 
Hitachi, Nippon Electric and Mitsubistii in Japan. etc. today 
control an estimated one-third of the global research and deve
lopment resources. This share has increased over thE past 15-20 

years and appears to go on increasing. Aimost all those multina
tional coq>anies which have considerable R&D resources at their 
disposal are in their activities onl) marginttlly constrained by 
natio~al boundaries and national considerations. These coq>anies 
operate internationally and identify and develop potential pro
ducts and markets which are ovrrwhrlming in the already in
dustrialized countries. Consequently. the characteristics of the 
developing countries are often not considered as their markets 
have only a marginal influence in the technological strategies of 
these international companies. 

It must be recognized that the manufacturing plants of the multi
national corporations are located in lhdny countries and that dif
fusion and technology-sharing may occur. Howe~er, generally most 
MNCs maintain a tight control over their technology which is a 

logical outcome considering that resources invested in technolo
gical development i~ becoming an increasingly larger and more 
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critical share of total investment. Consequently. these COf11>anies 

are little interested in selling their technolcgy. unless they 

gain access to markets. or n~ technology from an equal partner. 

But even if llllltinational corporations do not relinquish their 
control over high technology they still contrib~te to the 

creation of a more intangible "technology culture" in most coun
tries. This is achieved through familiarity with devices and by 

transferring skills for servicing. maintenance etc. 

The strategy of strict control over technology may be less rele

vant for sma!ler independent companies which havt difficulties in 
exploiting superior technology as they are deficient in manage

ment and/or resources for the costly stages in product develop
ment and market penetration on a worldwide scale. Such coq>anies 
are then less committed to maintain full control over new ad

vanced technologies. which they may have developed. Consequently, 

they are more open to sell their technology to buyers in develo
ping countries. On the other hand the same COfll>anies are also 

likely to be taken over by the major MNCs in order tu coq>lement 

their range of new technologies. It Rllst also be observed that 
linkup to transfer technology from an independent company to a 

buyer in a developing country may pose certain difficulties be
cause the independent company may lack some of the exp tise 

which is essential in the technology transfer. As a conseque~ce 

one can expect a growing concentration of resources for techno
logical development in a smaller number of increasingly interna
tional -ori e1,ted Rlll ti nati ona 1 corporations. 
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IC MARllT AND ILICTROMICS INDUSTRY 

Nowadays everybody is aware of the tre•endous techn~~ogic6l 

develop•en. in •icroelectronics whi~h bns ta~en place since 

the transistor was invented in 1948. However, not so man; 

people are fully ewLre of the fact that this course of 

technologiral development is still far fro• r~aching its 

end. Scientists and production engineers in the VLSI sector 

are presently discuss!ng the structure of the 

technology for integrated circuits includi~g 

manufacturing 

hundreds of 

millions of transistors on a single chjp. There is little 

dou~t that future technological evolution will fuel dramAti: 

changes in the global industrial structure. It is also 

apparent that most developing countries es indicated ere 

completely outside the mainstream of controlling, or even 

pa~ticipating in this technological development. T~ree main 

reasons for this situation can be mentioned. 

First, almost ell the required resources such es trained 

engineers end 

sophisticated 

scientists, 

markets, ere 

advanced laboratories end 

in the hands of the advanced 

industrialized countries. Second, the development 

have sh:fted from the manufacturers of chips 

efforts 

to the 

manufacturers of VLSI equipment, or rether to a partnership 

between the two r~ts of manufacturers which raise the 

bar~iers for parLicipating in front line technology 

development. Third, in order to intervene and become a 

partner in the IC industry it is necessary to have a 

substantial home market and only few developing countries 

have this important asset. Those DCs with big and/or 

relatively well developed markets fo& integrated circuits 

hevP yet to mobilize their markets for the purpose of 

developing an indigenous capability in VLSI manufacture. 
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In 198: the glob&l production of se•iconductors reached •ore 

than 17 billion US dollars. The producticn increased to aore 

than 26 billion in 1984 and decreased slightly in 1985. This 

value a•ounts though, ~o roughly 5~ of global ~roduction of 

electronic products and only a fraction of total production 

value of all manufacturing stctors. 

Ho~ever, the i•portance of the se•iconductor sector f&r 

exceeds the actual value of the products. This sector 

constitutes what could be teraed a pervasive technology with 

far-reaching consequences for •ost other industrial sectors 

and the society as a whole. Thus, the semiconductor sector 

has attracted much attention fro• policy makers all over 

the world. (The se•icon~uctor sector includes discrete 

devices as well ss integrated circuits and in recent years 

the interest hes increasingly focussed on the latter ones.) 

In the early stages of developing integrated circuits it was 

possible even for small companies to enter into production. 

This situation has now changed drastically due to the 

rapidly increasing level of integration and investment costs 

for the producti~n lines of the advanced circuits. Further

•ore, the manufacturers of electronics systems which are 

based on functions contained i.1 the integrated circuits hHve 

come to realize that they have to control the design of tae 

circuits themselves if they ere to maintain control over 

their products. This hes set the stage for a ver!' rapid 

development of custom and semi-custom integrated circuits. 

In order to get A perspective on the application specific 

integrated circuits (ASIC) industry we will provide some 

general stAlistics on the electronics sector. The glob,l 

market for ASIC which includes all semi-custom and full 

custom integrated circuits was US$1,645 million in 1984, 

according to the annual review in ~!~£~rQn!£!· Another 

source, closer to the industry, states that the production 
I 

value was close to US$ 2,500 million. 



- 14 -

The globel ,r~duction of all electronics products a•ounted 

in 1985 ~o roughly 500 billion US$. Close to-one half of 

this nriginated in the USA. The •ajor product are&s, 

constituting roughly two - thirds of all production are 

co•puter~. •ilitary equip•ent and coa•unications. F.ast 

Asia has already overtaken Europe in i•portRnce not only for 

consu•er electronics but also for integrated circuits an<l it 

has a considerable higher growth rete than North Aaerica ~nd 

Europe. See Table 4. 

Table 4 

Worldwide pr6duction ~f electronics equip•ent 

(bi~lions of dollars) 

Region 

Total 

North America 

West Europe 

F.asl Asia 

Rest of world 

A•ount 

(' of total) 

1983 

$360 100, 

163 45 

68 l9 

80 22 

49 14 

A•ount 

(' of total) 

1988 

$782 100, 

317 41 

131 17 

230 29 

104 13 

Source:l!!~!r2n!~! ~!~~. January 1 1 1985 p. 62. 

Average Annual 

Growth Rate 

1983-1988 

16.8, 

14.2 

13.9 

23.7 

16.2 
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Over the pest couple of years it hes been argued that semi

condut:tors would cunstif•Jte en increasingly higher· 

percentage of the production value of electronic products. 

However, rerently available statistics appear to contradict 

such an ;1ssC'rt ion. The •ajor reason for this is the feet 

that the cost of integrated circuits is falling drastically. 

Conse~uertly, the value of seaiconductors appears to remain 

around 5~ in spite of the drastically increes~d number of 

functions which ere incorporated in alnost &ll electronic 

products. See Tables 4 end 5. Tia ere is pr1!sent 1 y no 

indication that this percentage would und~rgo any major 

ch5nge in the near future. 

Table 5 

Worldwide seaiconductor aarket 

(bi I I ions US dollars) 

Category 1983 

SemiconciJC:tors, total 18, 153 

Integrated circuits 13,535 

Discrete 4,618 

1984 

26,935 

20,979 

5,956 

1985 

28,799 

22,867 

5,932 

1986 

31,855 

72,867 

6,324 

1'.J90 

55.0-75.0 

47 .0-63.0 

8.0-11.0 

Source: ~!!f~fQ~if! ~!!~. January 1, 1985, p. 63. 

The total market for semiconductors was in 1985 US$28.8 

billion, according to estiaates prepared by ~!!f!rQ~!f!· 

See Table 5. 
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Table 6 

Worldwid£.•arkat ~or aelected aeaiconduc~or devic•• 

(bil~i~n• of do~lare) 

Worldwide aar~~t for s;lected seaiconductor d~vicea 
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M0~ ~P•nry, total 
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80 
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s:?. 9r.o 
2. ·!00 
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3.0)0 
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l . 0-10 

~10 
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SH• 
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l.) 30 

:11 2 

$3.GBO 
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~'";(• 

:10 
1.100 
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-s-1.s.;c 
4.0GG 
l.300 

r.!j 0 
J.300 
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~4.250 

1.3&;0 
G!"f0 

RO 
J.300 

P.30 

$5.210 ~;5.720 
4. :!P,O -1. 100 

930 l. O:?O 

$ ! 8. 000- :!P.. Oflfi 
l~-COO·l3.0!:0 

'.'>.000- 4.000 
! . !'OC!- 3. :?00 
3.000- ~.000 

1.000· :?.:.!00 

$ 8.000-13.000 

1.000- :!.:.!00 
2.000- 3.000 

300-· 1. :?00 
:.!.500- 3.300 
:?.:.!00- 3.:100 

$ 6.300- 9.200 
~.5oo- r..ooo 
1. 800- 3. :.!00 

Sl.:.!00 !l.~::!O ~ 2.000- 3.000 

$3.700 t~.:.!00 $ ~.000-10.000 

:i:l.110 n.!iO '- ~.000- ~.000 

n. :?!lo n. 7:ln 
7~i0 !!Or. 
i r.o ~r-" 
~~10 ! iO 

$ ~.700- fJ.400 
1.000 1.900 
1. OPC•· ~. ':ft(I 

7(10 J • (1~0 
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of the pr~duction consisted of i:•te~rnted 

totalled 22.8 billion in th~ ~asP year. 

circuits 

The same 

journal provide~ also a b•eakdown .·or sel~Ll~d semiconductor 

dev:~es. See Table 6. Th'b tebl~ shows thnt full custom end 

seK.-custom lCs are ~f equal imrortancc in terms of market 

ve!ue although it ~- expe~ted thet t'ie pn,duction of semi

custom ICs will incr~ese ;i;uch more ro_pidly. 

Presently, custo~ en~ semi-custom integrated circuits ere 

\he fast growing items in all major industrial countries. 

AvailJble evidence indicates that the share of the global 

market for ICs would increase from about 5~ i~ 1984 t~ about 

10~ of ell integrated circuits in 1990. It hes often been 

erguei that the iroduction of custom and semi-custom devices 

is suitable for specialization for smell firms end by 

implication for scall firms in small countries. Thus, there 

may be larger possibilities for developing countries to gain 

a foothold in the semiconductor industry by entering into 

the market of semi-custom integrated circuits. We will now 

explore tentatively the basis for such a niche strategy. 

A recent OECD report argues that the perception of a niche 

3tratgey is becoming less relevant to some extent. This is 

due to the development in product end process technology 

resulting from the emergence of new semi-custom devices 

of which gate arrays and standard cells with the associated 

computer-assisted-design (CAD) systems ere the most 

important. 
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int t·f.r·t.t t .: 

dt>\.T} np I flt~ 

u111io·1st.ua.t1 ng 
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und~rstttnd the future role of semi custom 

t 1rcui\~; unit the limitations imposl'd on 

<c•untrJt•s. at is esst-ntiol to hu\'e en 

of th•: t1.•chnologicttl development in tla•· menu-

fart111111r. pru•t·ss f.,r i11tr·g1ott·tl cir·<uits and the 1lr1v1ne 

for< ··s t .. ·hind this dt·V•·l••(•mPnt. The level of intt·t•rat ion 

i111rr;is1·d ft••m ;; ftW tn111s1stor·s one single chip 111 the 

i-;n-ly }'.lliOs to uround one mi 11 ion in 1985. Muc·h of the 

u111l1· 1 l y 11 11~ r Ii.in gt· in t ht• t ,., 11110 logy hes, unt i 1 r•·• •·11 t I y·, 

bo:Pl1 tlr1,,~n Ly the ma111..ifli1·tur«·r·s of integrated c111uits. 

J\m.;:1d<1}'S tht'. cirt\.ing fo1<<·s of t<'chnological chunge for IC 

1.ir.ut.1•f•:i 1rig to·chnology are taken over by the e•11•i1•rr:·nt 

i;.;11111f,,, t•.i.,rs. 

2 
I 11 a s • · m 1 n <tr pap f' r p u ld 1 s la'' d i 11 1 9 R 3 Prof M ~ i :1 d 1 ; 1 r g u" s 

tl11.t l~.t: 1-os~;1bil1tit·s for cramming even more trtt11sisl11r5 on 

ts r hip n11· fttr from ext.Rustt-d. In his concluding r-emttr ks he 

st al I'S 1 liat the rate of 1•1 ocn·ss towards the hiPrar • hy of 

)1m1ts governing Ultra I.are·~ Scale Integration (IJLSI) was 

cxt1•·111ely rapid during the J~f60s end early 1970!. The 

prPsrnt ~Pnerat10~ of 2~6 K RAMs hes minimum feature sizes 

rnnging f1om 1.3 to 2.5 m1r.rom•!ters. The m1nimum ff·oture 

r.izt.- is u:.;ual ly df:f1n,.d tsi:-. the average of the width of the 

f·lt-ctrirul <.:on•luctors thut connect transistors ttr1rl the 

s p A c i n g t. e t wt• e n t h c c " n d u " t o r s . UL S I c i r c u i t s w i 1 1 r c a c h 

minimum feature sizes of 0.25 micrometers by the end of the 

r. en t 11 r y , s R i d Me i n d l , <t n d poss i b 1 y even s ma l 1 er let er on . 

Mt·indl furll1er !'.uggests that a perceptible dccrt·<1se in 

this rate has been obse1ved since the mid 1970s ~nd is 

pro)l:<lr.tl to <'ontinue until the early 1990s. Theo1eticol 

limit~ on minimum feature size end practice) limits on 

lithogrAphy predict e further rate of reduction al that 
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time. Nevertheless, Meindl expects that ~LSI chips 

incorporating several hundred millions of components will 

be realized by the year 2000. Analogical limits sugges~ e 

continued high level cf ~til1zation of silicon ULSI as well 

es rapid advances and volum~ epplicatiors of complementary 

technologies. Finally, Prof. Meindl concludes that although 

these projections are quite encou1·aging, they ere limited to 

extrapolation of elr~edy identified trends. The possibility 

of fundamental new discover~es end inventions can only add 
to future prosper.ts. 

Meindl is careful when arguing about the constraints which 

set the hierarchy of limits which govern the trends in ULSI 

technology. The levels of this hierarchy can be codified as 
fundamental, ···· materiel, ······ device, ,-.-::-.. -:.-circuit anCI 

-:.-;.-:.-:.-!:system. 

- Fundamental liaits ere immutable laws of natur~. 
ce~not be changed. 

they 

~ Material li•its are specific to composition but do not 

change frequently in practice. Silicon has been the keystone 

material of integrated electronics for the pest two decades 

end this is unlikely to change during the coming twenty 
years. 

···· Device li•its depend upon both the material properties end 
co~figuration of VLSI components . 

.. ·:.-:.-:.-Circuit li•its are unique because they retain both a 

complete physical description and e definition of the 

information processing function of a group of components end 

interconnections. Moreover, circuit limits describe device 

performance in a realistic O?erating environment and not iP 

sterile isolation. Consequently, the circuit level of the 

hierarchy is the most appropriate one for projectint the 

smallest allowable dimensions of ULSI structures for 
specific purvoses. 

·:.-·.·.·:-::-:.-The •Y•le• le"el of the hierarchy can be expanded into 
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several discrete steps reflecting the logic design, 

architecture, instruction set, algorithms and application of 

a particular ULSI configuration. System limits are the most 

numerous end nebulous set of the hierarchy. However, since 

opportunities for integration at each of the five 

hierarchical levels ere constrained by the li~its of ell 

preceding levPls, system limits represent the most 

profnundly important set. 

3 
In a commentary in ~£!~~£~, Meindl's projections arc claimed 

to bracket a range of chip densities corresponding to 

minimum MOS transistor feature sizes from 0.5 to 0.25 

micrometer. In this article, Robinson is more far reaching 

in his projections end claims that the smaller number will 

lead to about 1 billion transistors per chi~ by the year 

2000. 

Meindl also discusses the practical limits to the future 

high levels of integration. He claims that theoretical 

limits arP based upon the principle of solid state science 

whereas practical limits depend upon manufacturing processes 

and equipment. The status of the five levels of practical 

limits that constrain ULSI can be summarized in terms of 

three parameters: minimum feature size, die area end packing 

efficiency. Meindl notes that theoretical studies have 

established limits on minimum feature size but similar 

limits on die area and pecking efficiency have not yet been 

defined. 

If the above-mentioned trend is to take place during the 

nearest twenty years, tremendous changes in the equipment 

used ere to be made. Mr Bottoms, from one of the equipment 

companies (Varian A~sociates), argues that the driving 

forces for these changes are ell economic. Shrinking 

geometries will allow increased device speed, end the same 

number of devices, if faster, yield more electronic 

' 
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functions. Reduced device power c~nsumption, more circuit 

fun:tions per unit area, and reduced silicou defect and 

~articulate related yield loss are also benefits of reduced 

geometries. Finally, one of the most advantageous factors is 

that as the scale of circuit integration is increased, 

system costs are reduced. 

In one of Bottoms' articles it is stated th· t "It is 

expected that there will be more major advances in solid 

state technology in the next decade rather than in the last. 

These will be driven primarily by advances in equipme~t then 
4 

by advances in device design". 

The following presentation is based on the above mentioned 

article by Mr Bottoms. He states that there is a 

considerable premium for higher lev~ls of integration. A few 

years ago computer ma~ufacturers were asked how much they 

would pay for a 64K circuit co~pared to a 16K circuit. The 

answers ranged from three to five times as much per bit. 

This meant that the cost of interconnection between 

integrated circuits had more :everage than the cost of the 

ICs themselves. However, statistical evidence from IC 

markets indicates that the price of IC dropped so rapidly 

that 64K circuits became available within 3 years at the 

price of 16K circuit. The same is true for 256K compared 

with a 16K circuit. 

To make further developments possible, some fundamental 

limitations of production technology have to be overcome. 

Bottoms discusses, among other things, the limitations in 

three areas: lithography, etching end high temperature 

processing. 

!-.!!h9if~Phl' 
One limitation to further die size reduction in lithography 

is to be found in the resolution capability of the equipment 
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itself. The second limitation is overlay accuracy. Smell 

grometries can presently be achieved in many ways, but 

unless overlay large patterns ere compatible with these 

geometries, they cannot be used for building VLSI devices. 

Finally, resist processing must be improved. Resist 

technology must ht compatible n~t only with lithographic 

require~ents, but also with the subsequent process steps, 

whrther they be etching, implantation, or steps requi~ing 

high temperature. 

Bottoms writes that there ere several new patterning 

technologies that will compete to solve these problems for 

submicron devices. The first one is the ~echnology presently 

used - optical direct step-on-wafer. By using deep 

ultraviolet illumination, subm~cron device p~oduction can be 

achieved with this equipment. It is used for e limited 

number of leading edge devices, but it has now reached its 

fundamental physical limit. Manufacturers are 1unning out of 

resolution end of the ability to operate with a reasonable 

depth of focus. A technology which will solve tioth the 

resolution end depth of focus problems is x-ray lithography. 

This technology is in the development phase, but the only 

current production application for x-rey lithography is in 

single-critical-layer devices like magnetic bubble circuits. 

Bottoms states that Focussed Ion Beem (FIB) systems offer 

the possibility of eliminating lithography for any of the 

steps that involve doping since the FIB can dope directly 

without having to go through the intermediate steps 

associated with oxidation, patterning or etching. However, 

FIR is unlikely to be a cost effective patterning technology, 

at least during the present decade. Finally, direct write 

electr~n beam lithography is a technique which is very close 

to commercial availability and it will solve the resolution, 

depth of focus end overlay accuracy problems. 
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In his discussion of etching, Bottoms mentions that this is 

the next limiting proces3 for VLSI manufacturing. Several 

parameters must be satisfied: 

(1) Selectivity is required to etch one layer without 

damaging the underlying layer. 

(2) Control of the degree of anisotropy is necessary so that 

a tapered wall or a straight side ~911 may be achieved, 

depending on the particular process en~ the requirements for 

that process step. 

Bottoms also emphasizes that uniformity is necessary since 

selectivity is not perfect. 

The final limitation in etching is cost. It is still more 

expensive to etch many materials with dry etching than 

competing wet etch technology. Many systems being used 

ere batch systems that do not lend themselves well to 

automation we need in order to meet the objective of 

with 

today 

the 

high 

yield, very large scale integrated circuit manufacturing. t 

is probable thP~ new processes will have to be developed in 

order to accorod3te the requirements of automation. 

It is currently absolutely necessary to have a high degree 

of film thickness uniformity as devices and wafers get 

larger end etch selectivity remains less than perfect. In 

the past, achieving adequate step coverage was not 

difficult. Now it is necessary to cover one micron steps on 

a one micron pitch, end with a side well coverage we never 

dreamed of with earlier technologies. The conductivity that 

is demanded of interconnect materiel is now greeter since 

increasing circuit sizes ere being accompanied by smeller 

cross-s~ctional areas of connecting line~. 



- 24 -

~!gh !~~P~r~!~r~ PrQ~~!~!~& 
High temperature processing poses yet another problem. 

Bottoms writes that a limiting factor for VLSI production is 

the number of processing steps that require the silicon to 

reside et a high temperature for an extended period. Current 

processes will not be satisfactory for submicron circuits. 

There are also some materials that manufacturers would like 

to use but that are not yet compatible with high temperature 

processing. The inability to use those materials may limit 

progress with multilayer interconnect and other promising 

new areas for IC development. 

The article on submicron VLSI production indicates some of 

the projected changes. The author mentions that the 

foll~wing new technologies can be expected: 

1. Focussed ion beam systems can do many things such as 

three dimensional interconnect deep in the ~ircuit and 

customization of circuits by buried layer implantation in 

defined regions. 

2. Direct CAD e-beam links and direct CAD links to other 

processing and test tools, including direct computer 

access to automatic testing systems, promise tremendous 

improvements in new design turnaround and engineering 

productivity. 

3. Low temperature epitaxy is e 

importance that has not yet 

process of increesin~ 

been automated to a 

satisfactory 1£vel. Epitaxy is presently a big particle 

producer. It is a batch process and it is difficult to 

control. 

4. Ion implantation has successfully generated dielectric 

isolation es a part of VLSI technology, but not et a 

speed that would allow it to be commercially interesting. 

Processes for buried dielectrics ere in need of 

further development. 

5. Increased density will also be achieved with multilayer 

interconnects. Two end th&ee layer-connects ere being 
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used today, out five, six or seven layer-connects are 

expected in the near future to allow systems integration 

with redundency built in, without going to off-chip 

interconnect. 

6. Wafer-scale integration, 

technologies, will enable 

combining many 

larger circuits 

of these 

with much 
greeter computing power. Substantial increases in system 

speed will be realized by reducing intercircuit 

propagation delays. 

Finally it is also necessary to consider eutometion, 

otherwise the discussion of the production requirements for 

VLSI technology would not be complete. In order to be eble 

to produce circuits with smeller feature~ and with 

eccepteble yields, people must be removed from the 

fabrication process. One of the reasons for this is that 

people generate e major percentage of pertic~lete 

contamination. Also, slight variations in operator procedure 

from lot to lot end outright operator errors are significant 

detractors from process yield. VLSI trends to increasing 

process complexity, decreasing tolerance of process 

verietions, and shorter production runs will execerbete 

these problems. 

Bottoms states the following about automation: 

"The economics of automated materiel lendling and 

automated process control is very straightforward. 

Reduced operating expenses result not only from 

reductions in direct labor (in fact, labor is only a 

small part of it) but from energy end raw materiel input. 

Requirements for indirect labor ere reduced end 

productivity of process engineers end maintenance crews 

is increased. The greatest single advantage of automation 

is the increased output resulting from improved line a1:d 

probe yield and reduced rework." 
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In the late 1970s, the VLSI industry had a steep learning 

curve due to the reductions in linewidths which enabled the 
5 

increasing level of integration. Both defect density end 

linewidth reductions reduced the cost of manufacturing 

DRAMs. Such circuits will probably be one of the first 

subjects for automated mnnufacture end they ere also high 

volume commodity items. It is clear, though that the 

technology that will take the ICs through the l um barrier 

needs more time to develop. It is going to take more 

engineering manpower and more money. The results may be 

available towards the end of the present decade. 

In a commodity market, volume justifies automation. Where 

linewidth reductions are used to gain improvements in cost, 

the industry no longer achieves as much momentum as it 

for example, in the early 1970s. This means that even 

did, 

if 

submicron linewidth technology was available today, it would 

not buy the industry much. 

Hutcheson argues that in general, manufacturing 

win in the marketplace by providing equal 

strategies 

or better 

quality products at a much lower price. Manufacturing 

strategies are alrP.ady well used bv companies such as GE and 

many Japanese semiconductor manufacturers. The key in 

establishing "anufacturing strategy is to develop ~ore cost 

efficient manufacturing lines. 

Hutcheson makes a reference to Henry Ford who used 

manufacturing strategies quite effectively in the 1920s 

when he dramatically altered the structure of the automobile 

industry by developing the automated production line. 

Ford's approach accomplished two things. First, it enabled 

the production of a car at a much lower cost then what was 

previously possible. Second, end often overlooked, Ford's 

automation pushed up the capital cost of entering the market 
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with a cost effect;ve line. Only the very large competitors 

could afford automation. In Ford's case, future grJwth wa~ 

insured by locking out new entrants into the market. This is 

actually what has happened in the semiconductor industry 

since the late 1970s. 

The capital cost for a plant will continue to increase in 

the future as plant sizes increase. Consequently, the 

increases in equipment costs will require more efficiPnt 

utilization. This will give manufacturers more flexibility 

in trying to produce an automated line. In turn, automation 

will cut costs by eliminating defects from the process and 

by making more effective use of resources, such as labor and 

materials. 

In summary, the semiconductor industry is presently 

spending exponentially more to get smaller dP.creases in 

linewidth, but it is not getting anywhere near the kind of 

decrease in cost that it is used to. The semiconductor 

industry must look at other ways of reducing the cost of 

manufacturing. One way is by increasing plant capacity. 

Hutcheson argues that there will be two development lines of 

automation. He states that the same types of automation will 

not work well for both custom and co~modity semiconductor 

manufacturing. 

of fabs* will 

characteristics: 

Consequently, it is expected that two types 

emerge in the future, each with its own 

Since our report is mainly concerned with custom end semi

custom !Cs, we will go into more detAil only in the case of 

the Cinderella Fab. 

The "Cinderella Fab" is characi:eriud by the many start ups in 

the semiconductor industry, as well as captive 

'Thi• "Cinden·lla Fah" (i.<'. sn.111-scall' fabric,ition) for c11ston IC production, .111d 

The ''Monst<'r Fah" ( i .c .. ) larg<'-SCitl<' fabric.it i'>n) for stand1rd !Cs. 
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•anufacturers. Their focus is to turn a custo•er's design 

into a working device at "the wave of a CAD ter•inal". This 

requires an extre•e a•ount of flexibility. Equip•ent that is 

easily and quickly reconfigured to run new products with low 

tooling cost is thus necessary. 

When a new product is designed, the heavy expenses for mask 

•eking in time and dollars are often bypassed. The tiae to 

produce a new product can be cut lit~rally from weeks to 

hours. Electron beam direct writing lithography is favored. 

In these cases, automation within the equipment ts 

intensive. It is also highly software intensive. However, 

there is little hardware automation between equipment types. 

Memory chips have fairly simple designs and they are 

produced in larger volumes then other types of integrated 

circuits. Many semiconductor companies •aster the latest 

production processes with memory chips end then use those 

processes also for manufacturing more complex products. 

Without experience of making high-volume memory chips, 

semiconductor companies may not be able to produce any kind 

of chip at a competitive cost. It appears that Japanese 

companies ere presently the most successful ones in 

marketing the production technology for high volume memory 

circuits. 

One of the ke) advisors on the government's policy in the 

elctronics sector in Japan, Professor Tanaka, makes a clear 

distinction betw~en the development of new technologies and 

the competence required to apply the development onto 

production. According to Tanaka, neither USA nor Western 

Europe have any difficulties in developing new technologies. 

They are generally far ahead of Japan but they are no longer 

able to apply those new ideas in actual production - at 

least not with any considerable degree of efficiency. With 

r~ference to 256 K DRAM, Tanaka says that the US companies 
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are able to develop new circuits, but they cannot, however, 

produce the• efficiently. Tanaka stresses that this problem 

discrepancy between developaent and production engineering 

will beco•e increasingly serious as the level of 

integration increases and the manufacturing technology goe~ 

beyond the subaicron level. 

There are several explanations for the gap in developaent 

and production between Japan and other 

industrialized countries. The aajor change affecting the 

industrial scene is that production becomes more difficult 

es the level of integration increases. Then the quality 

control becoaes critical, but this resides in the workers -

based on their skills and patience. The discussions aaong 

different categories of workers &re carried out over and 

over again. People are very critical this process. 

Such differences are, according to Tanaka, going to become 
increasingly pronounced as submicron technology is becoming 

more pervasive. This leads to a situation, which probably 

will not become obvious for a few years, in which Japanese 

companies will dominate the actual production of new 
technologies. 

Som<' of th<' m.1jor cngine<>ring comp.1nies in th<' RPpubl ic of Kor<'.1 ar<' now 

att<'mpting to enter the semiconductor fiPld. Tanaka considPrs that thry 

arP facing serious difficulti<'s and th<' situation is quit<' complicatrd. 

Du<' to their economic ori<>ntation, it has been natural for thosr companirs 

to turn to th<' USA. However, du<' to n•.1sons statt•d above, !IS compani<'s art• 

not able to provide good trchnology for high i<'vcl intrgraticn S<'miconducrors. 

Thrrrforc the companies in th(• Rt•public of Korea arc intcn•strd in importing 

rrchnology from Japan. 
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The invest•ent require•ents are very considerable for 

se•iconductor co•panies striving to keep their factories up 

to date. The US manufacturers, for 
6 

billion in 1985. In one article it 

chip•akers ran their plants all out, 

example, invested $4.5 

is mentioned that if 

they could fabricate 

around 4.5 billion square inches of the silicon wafers that 

are diced into semiconductors. World de•and should co•e to 

J.2 billion square inches in 1985, barely more than a 

quarter of the potential supply. 

As a conser.uence, the rewards of chipmaking have fallen and 

the ri~ks keep rising. This has Jed the US semiconductor 

companies to look for alliances in order to share costs for 

research end develop•ent, •arketing end even •anufacturing. 

Some companies will be forced to •erge with each other or 

sell out to big corporations. The situation is slightly 

different in Europe where big companies like Philips and 

Siemens already dominate the market. The situation in both 

Japan end the t:cpubl ic of Ror£'a is simi Jar to the European 

case. 

Japan is often regarded as the cause for worldwide 

overcapacity - at least fror the horizon in the USA. Since 

Japanese co•panies believe that dominating chips is the key 

to do•ineting the electronics industry, they have been 

investing in semiconductor plants et a level which is 

equivalent to US investments although Japan's production has 

been considerably smaller. 

According to the articl~ in rQr!~n~. Japanese companies 

allocate 27~ of sales into new plants end equipment, vs. 18~ 

for US fir•s. In 1985, the highly efficient Japanese 

factories, willing to obtain market shares at 

drove al•ost every US chipaaker, except Texas 

end AT&T, out of the $500-•illion-a-yeer market 

a ~ow price, 

Instruments 

for the DRAM 

(dyne•ic random accesR •e•ory) chips used for temporarily 
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storing date being processed by a computer. The Japen~se 

co•penies also stepped up their attacks on the •erket for E

PROMs (erasable, progra••able, read-only aeaories), another 

type of computer aeaory chip often used for storing soft~ere 

progre•s. However, Eore careful analysts argue that the 

prjcing end market power of the Japanese companies are based 

on advanced production knowledge rather than dumping 
practices. 

APPLICATION SPECIFIC INTEGRATED CIRCUITS (ASICa) 

Every three years a new chip generation hits the market and 

p~ovides a new end higher level of integration. The 

manufacturing process becomes more complicated end requires 

increasingly higher investment costs. This is common 

knowledge to everyone with an interest in the electronics 

industry. Howev~r. the IC industry is also undergoing two 

other major fundamental changes. First, the development 

which in the past was mainly fuelled by the chip makers is 

now increasingly being dominated by the makers of IC equip

ment. Second, the design of chips is being shifted to sys-
tems engineers, i.e. to the makers of products in which the 

chips are being used. This development, which is one of the 

foci of this paper, may in fact mean that a new alliance 

will be merged between makers and users of the chip. In many 

cases it will mean a new dominance of companies combining 

the two approaches. In other cases it may mean new possibi

lities for independent system companies. 
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Naturally, the coapanies which use chips want to include 

•ore functions required for a certain product onto a single 

chip, or a set up of chips. In this way it will be possible 

for these companies to have a higher ~argaining power 

towards the customers as well as higher strength in the 

market. Integrated circuit conter.t is, of course, a measure 

of the degree to which VLSI has been applied to handle the 

problems of a system. Thus, many companies ere eager to 

convert designs into VLSI which becomes much more importont 

than obtaining a good price for ar. old product which may 

sometimes become obsolete due •o the introduction of 

competing products. Many companies have en IC 

their products in the range of 5-7% and analysts 

predict that the share will continue to increase. 

content in 

generally 

Quite often, standard chips ere cot available for specific 

functions or do not offer the necessary protection of the 

characteristics of the system. At e lower level of 

in egration this problem was less critical as many chips 

could be combined on a circuit board or e number of circuit 

boards. This approach is still possible but would generally 

r,q·f,·it many of the possibilities which higher integration 

offers such as high speed of operation and efficiency of the 

system, its cost etc. 

In order to provide a basis for the discussion to follow, 

we will briefly describe the technological end economic 

aspects of application specific integrated circuits (ASIC). 

The ASICs ere basically divided into custom and semi-custom 

circuits and different technologies are used with 

consequences for production methods. See Figure•· 
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figure I 

ASIC fa•ily tree 
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Source: Penn, M.G.: Impact and opportunities for application 

specific integration circuits. !~~ ~[Q£~~~i~g~, Vol 132, Pts 

E and I, No 2, March/April 1985. 

Components for many types of electronics equipment ere used 

for complex technical functions. With increasing complexity 

of electronics systems more functions are incorporated in a 

small number of components. The diversified requirements 

from systems designers still makes it very difficult for IC 

manufacturers to provide standardized components which meet 

the needs of many different users. Furthermore, the chip 

designer has limited knowledge of systems. Thus, if a system 

manufacturer wants to use standard ICs he can either 

transfer his system requirements to a chip 

wait for a circuit to appear on the market, 

iliur:Hfacturer or 

in all likeli-

hood based on the specifications from a competitor. 
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A natural way out of this dilemma is to develop an applica

tion specific integrated circuit which can be optionally 

designed to meet the system specifications of the user and 

at the same time remain exclusive in order to strengthen the 

user's position in the market. An efficient solution 

n•quires an optimal use of either monolith technology or 

thirkfilm technology. 

Monolith technology hes been the driving force for the 

custom circuits whic~ exist today. Most monolith circuits 

use silicon substrates and the level of integration for 

digital circuits is generally high. Both digital and analog 

functions can be integrated on the same chip - an important 

quality, for example for applications in the telecommunica

tions sector. 

Thickfilm or hybrid technology provides another possibility 

of integrating various components into a functional unit. 

The base is a ceramic substrate on which connectors are 

printed and resistors made of thick film. Furthermore, many 

substrates also include monolithic circuits, transistors end 

chip condensors. Finetuning of e hybrid circuit has enabled 

laser trimming of the resistors while checking the 

fur.ctional performance in order to achieve a perfect match 

with the system in which the circuit is going to be used. 

In the past, 

involved a 

technology. 

the efficient solution to a system circuit has 

choice of both monolithic and thickfilm 

The optimization of the circuit often extends 

far 

The 

beyond the original circuit for which it was 

reason for this is that the system designer 

designed. 

cloes not 

only want to include a maximum number of functions into the 

circuit, but also wishes to minimize the number of 

surrounding components and PCB (printed circuit board) area. 

This clearly indicates that a close relationship between the 

system maker end the chip maker is needed. The system 
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designer must hove good undcrstunding of component 

manufacture and the chip maker must be able to indicate th~ 

technicel and economic consequences for various 

A few years ago it was argued 

manufacture of ASICs was a well 

types of 

that the 

developed 

specifications. 

drvl'lopment of 

technology made possible by the advanced computer facilities 

which had become available. 

Figure II 

Development cost trends of logic ICs against ti•e and 

complexity 

... .. 
.,. 
0 ... 
c .. 
E 
ID. 
0 .. 
> .. .., 

u 

1000 

100 

' 

lk 
}srmirustom 

6 ' l:lk 901«" or roy5 
·.I Sk • 9o~rs901«"s 
golr5 

10 .... _ ~ -....&~- ...l....____4'....._~ .........L_--1 - ~ J -

19110 '1 14 16 II 1990 '1 14 H ti 1000 )'C'Of5 

.---;y·-----r· _T __ _ 
5..,m 1 5µml 7S11m 0 5.,m 
minimum lroturt" 5•1r 
C..ntrring produClron) 

Source: Arnold, J.S.: Trends in application of semiconductor 

technology. !~~ P.rQ~~~~j[)g!, Vol 132, Pts E end I, No 2, 

March/April 1985. 



- )6 -

Naturally, the choice of ASICs is strongly influenced by 

cost considerations as the fixPd costs are high. 

include not only the design of the circuit, but 

costs for layout, for making the masks and for 

testing programs. Figure II shows the relative 

various types of ASICs. 

The costs 

also the 

designing 

costs for 

By using standard sets of components and only allowing 

variations in the final mask layers which provide the 

connections between sets of transistors and the pins, it is 

often possible to achieve economical production of small 

series of monolithic circuits. Thus, it is possible to 

combine the requirements from different customers with 

modifications only in the final stage of IC manufacture. 

In the past, this has enabled economical production of only 

a few thousand circuits per year. With an annual demand 

exceeding teus of thousands, it is generally more economical 

to turn lo full custom ICs. Original masks a"e then 

generated for each successive layer of the silicon wafer. 

Costs and time requirements have still remained within 

limits through the use of computer assisted design (CAD) and 

the use of standardized cells end rules for mask generation 

stored in the computer program. An important advantage is 

the more efficient use of the silicon wafer which reduces 

considerably the costs for large series. However, when 

digital and analog functions have to be combined on a single 

chip, it is usually necessary to adopt the full custom 

approach. Full custom also dominates the development And 

manufacture of thickfilm circuits which enables shorter time 

and lower costs compared with monolithic circuits. 

The system designer can choo~~ two different approaches: 

full custom designs Rnd semi-custom d~signs which nave been 

discussed in some detail in the earlier part of this 
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section. It is considerably cheaper end less risky to enter 

into the market for semi-custom chips since they ere 

principally based on standard design. In the pest, 

customization hes been a very le~orious manual process 

simile~ to that cf designing a new chip. It was necessary to 

use large sheets showing the gates end positions for wiring 

tracks. This was done by using e pen or plastic ribbon and 

the results were then put into digitalized form. Two major 

changes have taken place. The designer can have at his 

disposal a manual consisting of a library containing a large 

number of familiar cells. The computer design sv•tem 

contains data on the formation of such cells from the 

primitive gates of the array. In e way, the process is quile 

similar to using a high level language to write softw~re for 

e computer, where the compiler converts the instructions 

into machine codes. The second important change is the 

provision of instructions wh•ch will prcvide the routing of 

arrays with several thous_ .d primitive gates. The actual 

placement can also be handled automatically. It is argued, 

however, that the human brain is better adapted then the 

present-day computers to carry out this task es the human 

being is still able to consider a wider range of constraints. 

Over the past few years there hes been e very rapid increase 

in the desjgn, fabrication and use of semi-custom in'egrated 

circuits. The need for the rapid development of custom ICs 

has been triggered by the systems engineers who request 

lower cost~ end higher functionality for their equipment. Jn 

many instances it is not the cost of fully custom !Cs which 

hes spurred the trend towards semi-custom !Cs, but rather 

the world shortage of experienced IC designers. One of the 

driving forces for the popularization of semi-custom ICs hns 



bP•n •he advances in computer assisted design (CAD) whirh 

«ill b=- discussed later on in this report. It has been 

nrgued that the shift in industry towards customized 

semiconductor technology may have es profound end 

significant en impact on the world's electronics industries 

as the microprocessor revolution had in the 1970s. The 

rustom JCs have brcn commercially available for more than 15 

years, but it is only recently that their use in systems hes 

hern applied. Before entering the discussion of semi-custom 

technology, however, we will offer e few definitions which 

might prove useful for the following. 

In a handbook 011 components we found the following: 
7 

"A custom integrated circuit is an integrated circuit 

designed to perform the functions for a single special

purpose application. They can be digital or linear end 

can fall into any number of technologies. Custom logic 

circuits can be pert of custom families, i.e. families 

using logic cells that ere different from anv of the 

standard cell families, or they can be digital-logic 

circuits which are fabricated from standard logic cells 

but perform nonstandard logic functions. It is strongly 

recommended that design engineers do not, in most 

cases, pursue custom integrated circuits. A custom 

monolithic integrated circuits costs between $20.000 

and $100.000 in initial tooling end design engineering. 

This ~·ost must, in the end, be amortized over the 

application. Careful examination of standard integrated 

circuits offered on the market usually indicates the 

availability of a standard circuit that meets the full 

requirements of the vast majority of applications." 

There a1·e basically three types of semi-custom integrated 

circuits - gate arrays, programmable logic end standard 

cells. The gate arrays are reported to have made spectacular 

progress over the past few years but programmable logic hes 
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continued to be widely used throughout the electr·onirs 

industry 

Equaliy 

assisted 

due to 

important 

design. 

its low cost and ease of programming. 

is the continuous advances in computer 

The third main eree, the rel l based sys-· 

terns, is expected to gain in popularity over gate urrays. 

The definitions for the two major terhnologies are given 
8 

below. 

Gate arrays (variants ere celled programmable and 

uncommitted logic arrays) ere "smorgasbord" chips: they 

contain just about any ingredient B customer could went, 

but not all Rre consumed. Rows of cells, each cell 

containing a cluster of logic "gates", are grouped on a 

chip. The cells, and the chips themselves, are proven 

off-the-shelf designs, but the all-important connections 

between the cells ere left for individual customers to 

choose. The chip gets its "personality" only when the 

metal connections ere etched on to it during the fine) 

stages of fabrication. 

Standard cells enable designers lo decide simultaneously 

which bits of the chip they went to use end what they 

will put on the chip. They have to choose between 

dif;erent ~lusters of logic gates and squeeze them into 

positions that maximize the chip's ability to do a 

particular job et high speed. 

It is rather like desif,ning a chip from scratch, with one 

crucial difference: the designer does not have to craft 

and position every gate - he can mix and match 

ingredients picked from a bundle of reedy-made drsigns 

stored in a computerised cell library. 

The term ASIC ,\ r p I i c ;1 r i on Spec i f i c IntegratE>d 

Circuits - covers ell ICs that can he customised to 
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meel a particular application; it includes gate arrays. 

standard cells. full- custom circuits end programmable 
9 

logic arrays. Mr. l'l·nn ;1rgue<l ;1t ;1 rpc,•nt 

conference that by the end of this decade. ASICs will 

account for 23% of the world IC consumption. ASICs 

account currently for less than 16% of total IC 

consumption. The captive manufacturers. i.e. those 

companies whose total IC production is consumed within 

their own organisations (for example. IBMs}. currently 
10 

account for over half of the total ASIC consumption. 

There are three basic block types that one must be familiar 
11 

with for optimising a system design. The highest level is 

the array. One can select from a vendor's choice of 

technology. process, gate and 1/0 capacity for the array 

block. The lowest level is the hardware macro, often termed 

as primitive. 

The selection of an array can be a tedious decision. One 

must choose from several hundred array types that are 

oft..r.·<l by e multitude of vendors. Different vendors and 

different arrays offer various options that can be applica

tion specific for the individual. 

Generically the two computer-aided design 

available are known as semi-custom design. 

as gate arrays and standard cell. 

techniques now 

and individually 

Gate arrays have been around for a number of years. typified 

by the Ferranti •uncommitted logic a~ray', which became so 

familiar that the term 'ULA' has become synonymous with gete 

array. 
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The gate array comprises a 'master slice' of silicon 

processed up to metal, containing ell the diffusions for en 

array of standard gates. Master slices ere manufactured in 

relatively high volume, held in stork and 'customised• es 

required with a metallisation pattern specified by the user. 

With the exception of microprocessors and memories, the 

merchant companies have produced few standard parts which 

fully utilise the process capabilities. The reason for this 

is simple: more complex circuits are more specialised. 

whilst development costs escRlate on a power-law curve 

complexity, the potential market is reduced. 

Thus, 

with 

With standard cells there is no master slice, instead, the 

computer library contains a complete description fo1 each 

cell extending through all the layers of processing. Each 

cell is en optimised design produced by experts. Without the 

limitations imposed by the primitive gates of the gate 

array, end by providing just es much tracking space es is 

needed, the chip area is much less then for e gate array. 

There ere, however, penalties. A full mask set is needed 

end, using a modern CMOS process, the difference is between 

3 masks for e gate array end 10 or 11 masks for standard 

cell. This means that development costs ere higher. Further

more, whereas the metallisation of gate arrays can be 

carried out in a special unit set aside for the purpose, 

standard cell production has try slot into the work schedules 

of a large production facility. This can meRn delays in 

delivery. Moreover, since production batches are typically 

four times the size of those for gate arrays, there is a 

rost penalty for smell volumes. 

From e users's point of view, whils• pr1ce reduction of 
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standHrd ports of modest complPxity is nicP to 

greater savings in end product costs can be 

using the process cnpabilities for fe~er, 

devices. 

have, muc:h 

obtained by 

morP comp I PX 

Fully hand-crafted dPsign in the traditional way, where 

every transistor is tailor-made for the job, becomes rapidly 

unrealistically expensive and the time srnles loo long. The 

lower limit is for the case where the majority of the design 

uses standard cells from the library. Only special require

ments in critical areas need be hand crafted. These circuits 

cnn in turn, be designed as standard cells, which are subse

quently added to the standard cell library. As the library 

cxpnnds, the lower limit cost for hand-crafted design falls. 

At the same time, designers in the equipment busin~ss using 

the library can handle more complex design. Eventually the 

lower limit of costs for hand-crafted design will level off 

end increase to parallel the standard cell design costs. 

Purely economic considerations are not the only reason for 

choosing standard cell. Unlike the gale array, standard cell 

libraries can also include analogue functions, for example a 

range of cells lo design switched capacitors and active 

filters. Other functions such es phase-locked loop, voltage

control led oscillator, ADC and DAC can also be included. 

As on-chip complexity grows, the design process becomes more 

difficult using only the basic library cells. Some 

manufacturers are now introducing parametric cells. The 

final stages in the semi-custom design process of mHsk 

making and processing of samples are relatively expensive. 

Therefore, there must be ft high confidence in the design to 

risk commitment. Unlike a printed-circuit board where some 

errors can be corrected with cut and strep, ft chip that docs 

not do its job is of no use to anybody. 



- .:.1 -

The short-turnround advantage that makes the sPmi custom IC 

su<"h An at t roct i ve proposition has Le> en made 1•oss i h le by t ht• 

development of small powerful computer-aided-engineering 
12 

(CAE} workstations. Mr Watts argues that lht> popularity of 

ASICs stems partly from the ability of today's CAE 

workstations to serve as a total development system for IC 

design, even leaving the critical layout stage in the 

designer's hands. Mr Watts stales that the functionnlity of 

CAE workstations has been expanded to include the same basic 
13 

tool set for full custom as for semi-custom. 

Mr Watts provides the following overview: 

"The introduction of the first computer-aided

engincering workstation early this decade brought the 

power of CAE directly to design engieners' desks thus 

e~abling them not only to create electronic circuits of 

any size end application b ut also to verify them." 

With the explosion of the full- and semi-custom IC market in 

recent years, end in order to meet the nee:is of the 

associated systems designers, fully interactive CAE 

workstations have become increasingly important. The IC 

market explosion was fuelled by system design engine~rs who 

required high-performance, low-cost, and compact system 

designs that ere quicker to market and thus maximise 

investment. 

The final hurdle•has been cleared by two d(•velopmt·nts. Tht· 

first was the utilisation of the same special puq.ose 

hardware accelerator originally used for th~ hundredfold 

acceleration of the verification tools. 

microcoded engine also accelerated 

This multiprocessor 

the computat ionnl ly 
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intensivP tasks of automatic placing and routing, comparing 

favourably with mainframe runtiae while still giving the 

designers full interactive control 

was the running of highly effective 

The second development 

algorith•s on the 

microengine, aaxiaising the effirien=y of the placement and 

routing. 

The rosl of an IC is primarily a funct:on of chip size and 

~~lume. Complexity has only secondary effects on costs, 

provided that one is not pushing ahead of the advenciyf 

front of technology. In a review on trends in application, 

it is argued by Mr Arnold that user designed LSI end VLSI 

(semi-custom) will both reduce the cost of existing products 

and encourage new products. He soys that the most noticeable 

impact of new technology will be in home entertainmPnt, in 

office systems and in engineering aids. The combinPd effect 

of VLSI technology, high-density re-usable optical disc 

recording and low-cost high band-width transmission using 

monomode optical fibre can turn most imaginative concepts 

into reality. 

The semi-custom revolution offers much more then just cost 

reduction of existing products. The complexity which is 

possible with gate arrays is expected to level off at about 

15.000 primitive gates, independent of further improvements 

in semiconductor processes. Arnold argues that standard cell 

chips can be much more efficiently designed. The standard 

cell concepts are currently being adopted by the merchant 

companies for the design of standard parts because the 

savings in development ccsts outwPigh minor penalties in 
15 

chip area. 



Facilitating the design of gate arrays hes meant that 

develo~ment costs and time scales have beer. reduced to the 

point where they compare with a solution with standard parts 

and a circuit board. Ther~ are generally considerable 

savings in system production such es circuit hoards, 

connectors, shelves, cabinets. wirin~ and assembly. However, 

such savings may also be influenced ~y changes in physical 

characteristics ~f the semiconductor ~ircuits, e.g. in the 

area of packaging technology. It is expected that surface 

mount technology (SMT) will soon become a major factor in 

both device packaging techniques and in board and system 

designs which use integrated circuits. The basic reasoning 

is quite simple. If the circuit itself requires only 0.7 cm2 

why use an area of 5.0 cm2. If the ICs were only slightly 

larger than the silicon chip itself, the printeu board 

manufacturers would be able to pack more functions on e 

given board. Naturally, one problem is that different 

"standards" have proliferated and this makes it more diffi

cult for automatic IC handler manufacturers to supply the 

needed interfaces for automatic testing equipment. 

Testing 

will now 

genera11y 

is a , r-uci d area in the development of AS I Cs. We 
16 

present viewpoints from two authors It is 

agreed that the major challenge to test program 

generation arises from the greatly reduced access to 

internal circuit nodes as one moves from a printed circuit 
17 

board (PCB) to e single chip. With increasing complexity, 

the tedious me~ual process has tended to become a major 

bottleneck in the gate array development cycle, dim~nishing 

the advantages i~herent in semi-custom design. The 

alternative, automatic test pattern gen~ration (ATPG), has 

long been recognised es one of the most intractable areas of 

design automation. 
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Tottun rlaims that the use of increasingly sophisticated 

nutomRtic tr>st equipmc•nt (ATE) is ncedc•d due to the stl'ady 

gn•..,th in the complexity of gate arrays. The cost of surh 

ATE must be Amortised over a fairly short lifetime. There

fore, there is some motivation to design i~tegrated circuits 

"'hirh 1tre testnble by fairly simple ATE. Hith pin count Rnd 

lr>ngthy, unstructured test programs place heavy demands on 

ATE since in the letter case the programming ferilitirs, 

e.g. looping, may not be exploited. Wafer probing problems 

nlso arise, with cirruits having high pin count; the probe 

card becomes congested and reliable probing of a large 

number of pads is difficult. 

Another expert in ASIC testing argues that after e long 

period of little communication, CAD/CAE end ATE vendors ere 

beginning to respond to user needs by providing systems that 

can link the design end test functions. Mr Turino says that 

the key to that bridge, being touted at present, is the 

fRu)t sim~lator. A fault simulator is a softwRre package 

that evaluites what the circuit being designed should do and 

~hat might happen if the circuit contains faults. 

It is obvious that increasing integration densities, made 

possible by advances in wafer fabrication technology, have 

stretched the capabilities of conventional IC test 

techniques. The problems are becoming acute on the more 

complex semi-custom ICs, end even the adoption of structured 

design techniques enforced by rigid design rules leaves some 

test issues unresolved. 

Jn order to exploit the denser technologies to produce 

application-specific circuits cost effectively, new test 

mrthodologies will be required, which utilise dedicated on

chip logic to reduce the complexity of the test generation 

tnsk. Ruilt-in self-test techniques will play en importnnt 
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role in reducing the vo]umr of test data, 

high test quality. 

while maintaining 

SinCl· many 

technology 

compnnies move towards custom end semi-custom 

it can be expected that the interface between 

designer (e.g. customer) and manufacturer/tester (e.g. semi

custom or custom IC supplier) will become even closer in the 

future than it is today. This trend will imply that even 

greater attention has to be given to the testing capacity 

end reproducibility. 

Despite the greet technological advances, the electronics 

industry is not yet able to make full use of ell the new 

possibilities offered by the manufacturers of VLSI circuits. 

One observer argues that the present capability of ICs 

provides an opportunity to build complex high-performance 

devices, but the traditional design techniques have become 

ineffective. The reason given is that the VLSI circuits ere 

becoming as complex es the systems they replace. As e 

conse~uence, there are no standards et the system level, as 

so few systems have been built, to be converted to standards 

et the chip level. In other words, the ability to put 

transistors on a chip hes outpaced the ability to use the 

chips. 

The memory chips end the complex central processor units 

(CPU) have achieved a considerable level of standardization. 

Reyond that it has become very difficult to define standard 

devices which have e sufficient universal appeal in order to 

justify mess production. We can expect that in the 

immediate futur~ the complexity of systems which incorporate 

VLSI or even Ultra Large Scale Interrated Cicruits (ULSI), 

will increase as the complexity of the circuits increases. 

When it becomes more difficu~~ to incorporate the new 

products into new equipment design, the industry may enter 

the so-celled "applications gap". 
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A major reason for the application gap is the fact that the 

manufacturer of systems is familiar with his own needs end 

has to carry out the development with or without expectrd 

developments in IC technology. The rapid develo~ment of 

ASICs clearly indicates the attempts to bridge the gap but 

it appears to be only a very first beginning and there 

exists a basic problem lo future progress. The designer of 

chips and the designers of systems have traditionally very 

different engineering backgrounds. Naturally, the recent 

tools for ASICs - such as computer aids - have somewhat 

irr;,1rovPd the situation. In essence, semi-custom design 

presently provides the digital system engineer with a 

relatively simr 1 e, fast, and low-cost route to advance 

silicon tt~chnology. One would therefore expect that 

computer-aided r!.·si::n would play a major role in all stages 

in the ,i,.\·,·lnpm.·rir of custom chips - given the increasingly 

higher level of ,ntegration. However, this has not yet taken 

place with the exception of some system designs developed by 

large computer manufacturers with captive processing 

facilities. There is little doubt that there ere 

considerable benefits lo be reaped by the use of logic 

simulation in areas such as automated layout and design 

verification. 

We can expect that the successful electronics companies of 

the future will be those companies which have been able to 

integrate the design of systems with the design of JCs and 

thereby able to fully exploit the advantages of VLSI and 

ULSI. It has been ventured as a guess by many obs~rvers that 

this role of integrating system and chip design will be 

shouldered by merging design centers. They could then be 

catalysts for bridging the application gee. 

It is far from o~Jvious whc>re this future catalytic Hctivity 

will be found - with thr JC mflnufacturers, with the syst~m 
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companies or in independent companies. Obviously this hes 

ronsrquences. among other things. for policiPs to bP 

pursued by developing countries. Howe~er. sheer numbers 

would indicate that e substantial pert of the gHme will be 

played by the system companies as ell the circuits have to 

be designed. Nowadays there ere. el most. 2.500 experienced 

designers of integrated circuits in the world. However. 

there ere more then ~00.000 systems engineers who are 

potential IC designers. This may in fact indicate a future 

shift in the control over development of IC technology where 

the electronics systems companies may increasingly become 

important actors. 



THE EXPERIENCE IN DEVELOPING AN INDUSTRIAL IC BASE 

The <'a r l i er pr t• sent Ht i on on IC t t• ch no l o g y i n gt• n Pru l and 

application specific ICs (ASIC) in particular has clearly 

shown the spPed of technological change and the considerable 

resources required to master the new technology. 

ConsPquently, only a limited number of countries are in the 

position of embarking on a major venture in IC technology. 

'.fr 1.:i l l briefly discuss thr rxpericnce of the RC'puhl ic l•f Korea and India in 

IC manufacture, describing the possibility of separating thP 

design from manufacture (silicon foundry approach) where the 

developing countries would limit u~eir efforts to the design 

stage. 

However, the size and orientation of the domestic market is 

a key ingredient in any policy analysis of options in IC 

tPrhnology and we will in the final section on policy issues 

return to this critical area of analysis. 

Th1·r1• is gPnl'r.11 .1grt•t•mrnt rhat no Asian country oth<'r than Japan h.is 

providPd so mucl1protectivP nurturing of its Pll'ctronics industry. 

Thl' CovC'rnm<'nt of the Rcp1•ld ic of KorPa .ind its agc•nc i1·s ha vi·, to ;1 

considrr;1blP c•xtc·nt, horrowt'd policy appro.1chC's from this gri·at nc·ighbour. 

Ttll' orig i n:il focus was on consum<'r c• l1•c t ron i cs. Ttw <' lrct ron ics industry 

in rh1· RPpubli~· of Korc•.1 has bc·t'n r;ipidly progrrssing both qu.1nti1<1tiv1·ly 

.ind q11.ilitativ1•ly .1s ;11Hicip.ltrcl in thr "ElPctronics Indust.ry Promotion 

I..,w" .-.f 1969. E l c· c r r on i c s w .1 s t h <· n "x p l i c i c I y r <·cog n i z ,. cl 

.1s .a ~.rr·111·gic <'Xporr industry w i I h, 

' 



less attPntion 

tt->rhnology hos 

given 

also 

industry's growth. 

- ·,I 

to the domrstic markPt. 

c o n t r· i b u t '-' d s i Y. n i f i c a n t l y 

Ad\"anct-d 

t 0 f hP 

its start by ass~mbling radios for domrstic consumption in 

line with the impor·t suhstitution <l1"\'<•lo1•mPnt slnitt•gy. 

However, the industq: was quickly d"sig:1atPd a str·ategic 

rxport industry since, OJ•Hrt from its al1ility to t·mploy an 

abundant, highly-skilled labour forre, it w~s terhnology

intensive. It yielded a high rate of rPlurn on in\·t·~:lmPnt 

and also consumed less energy than other industriPs. 

In more 

consumer 
recent years thr attention has shifted to 

electronics products, and 1 n the f•ar l y 1980s 
non 

the 
comp u t e r a n d s em i c o n d u c: t o r s Pc t o r s "",. r C' d " s i g n a t e d s t r a t e g i c 

sectors. These sectors were consequently provided with 

various forms of governmf'nt protrct ion. Among other !'Ii ngs, 
a n i mp o r t b a n w a s i mp o s e d o n p e r· s o n a l - R ,, d m i n i -c nm p u t e r s . 

Thus, it was only possible for foreign comp11nies to enter 

the Korean market by partnership with domestic companies. At 

the same time a flat rate of ~O\ import d~ty was placed on 

i mp o r t e d i n t e g r a t e d c i r c u i t s . We w i l l n o w h r· i f' f l y s u mm a r i z e 

the policies and developments of this sector. I general 

foreign technology; to protect te<·hnology latecomers anc .o 

forge joint ventures with l~ading companies in the USA, 

•.:estern Europe and Japan. Thn prec:<>dt·nt for all ttH·se 

policies can clearly be found in Japan. 

Aside from governm<~nt int('rvent ic1n, the~ Hct ivity is <!early 

within the private sector wherf' fivr l<U-ff· companif·S hAvt

tRken major initiatives. These c-ompn11ies Samsunf, GoJ.! 

Star, Hyundai, Korea Electronics and Anarn Rlectric 

Industries httvP All in n~cent Y<'Hrs att1·mplt·d r', .r '"'· ./, 

a foothold in the semiconductor tf'chnology. 
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started to mnnufacturr 256K VLSI mrmories, which were put in 

the market by 1985. This was a surprise for the Japanese 

industry whose own 256K superchip output hs<l earlier shocked 

the Americans. It is noteworthy that only until 1983, the 

Kore1rns were muinly packaging the chips for ""hich most of 

the things WPrP. obtained from abroad. 

In th,· Rqrnbli.- o! Ktir,·a in\'t'stmcnt in suiwnhirs h.1s b""n pnJjPctcti .it 

such high level as to make the Japanese competitors toke 

S<·rious note. The R&D project at Snmsung Semiconductor and 

Telecommunication (SST) claims to have begun work on the 

development of the mask drsign for its own 256K dynamic 

random access memory chips using imported wafers. SST's 

competitor, Gold Star, is reported to be just a few steps 

behind and is setting up a facility to process 10,000 256K 

superc:hips per day. The new business groups, Hyundai and 

Daewoo, have also entered this field planning to spend US$ 

450 million and US$ 290 million respective:y, during the 

period 1984-86. Th(• c;ovf'rnrnt·nt n! tht· RC'puhlic o! K•fff't is h.ickinL! th 1• 

local industry's involvement in the semiconductor field 
18 

with financial support of the order of US$ 800 million. 

A survey made by the Commercial Section of the US Embassy in 

Seoul estimates that the five major major makers will invest 

about US$ 1.7 billion over the years 1985/88 in equipment 

and production facilities. That is on top of nearly US$ 770 

million which are already invested industrywide in plants 

which are producing mostly products for internal use. 

lndet>d, Dat·woo Telecom Co., which due to a money crunch 

abandoned its infant semiconductor project in 1984, is 

p n· sent l y cons i rf er i n g re en l f' r i n g th c market . 

Jnduding 

more thnn 

govrrnment funding, 

US$ 2 billion in 
s i" 

Rll..D 

major firms will invest 
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fncilities by 1988. The common s rategy is to hire Korean-

American engineering talent, set up product-design 

subsidiaries in Silicon Valley to license technology from US 

companies, end mass-produce the results in t!il' R,•rrnblic ot Kt)n·.-1 

to t.1kl' 1dv.111L1g<' ot low labour cost~. 

Training programs h~ve been established to ensure the supply 

of highly skilled lahour for the VLSI and other projects. 

During this decade, th1• country pl.111-; to pr-oduc•· 1,360 

semironductor and 820 computer experts. In addition, the 

Korean Institute of Electronics Technology, conducts basic 

S(~miconductor research and then passes a lung the results to 

industry. 

We will now briefly look into the justification for 

establishing IC ~echnology in the country. 

the following reasons: 

* to protect its electronic rquipment industry from the 

effect of any interruption in the supply of chips from the 

USA or Japan; 

* without a semiconductor industry a country can only 

develop its electronics equipment industry et the sa~e pace 

as the people who supply the chips decide to develop them; 

* to earn foreign currency; 

* it was thought that they could be very good at it; 

* the Korean el~ctronics equipment industry would become 

J, . .,.; ir1 pr-it.· and per·formance compel it i ve the more it relied on 

foreign chips; 

* at times of chip shortages, BS in 1984' the Korc•an 
electronics equipment industry suffered due to lack of 
supply of semi-conductors. 

USA facilitated SHmsung's entry 

husiness, hut it was the Japnnese, 

int. o the sf·m i conduct or 

and to a n·rtain e:ldPnt 
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the British, who motivated it, et least when judging from 
the enPcdotel piece of information. The Jnpnnesr motivation 

came ahout because they arP a dominant trading force in East 

,\si.1. Vl't tht·\· havP not bf'l'n kcf'n to lt>t till' Rt·public of f.'.ort'il p,ain :1ccl'ss 

to their technology. The British motivation came whPn 

Samsung signed a manufacturing d<>al with Sinclair for the 

Spectrum end realized that 40\ of the cost of the machine is 

the cost of the semironductors. The conclusion drawn by the 

Koreans w&s that if semiconductors made up so much of the 

costs of products, and if that proportion was likely to 

increase rather than decrease, then the domestic Korean 

rlectronics equipmrnt industry could hardly be competitive 

if it relied on importe~ semiconductors. It was realized 

that it was better to have own production facilities. 

CompPtitivf'nt>ss with Japan spurred the RPpublic of Korf'a into thf' 

semiconductor business because the Japanese semiconductor 

manufacturers ere reported to provide !Cs of a special price 

to their equipment manufacturers. The Koreans also perleived 

that without a semiconductor industry one cannot develop at 

own pace. Accordingly, in order to compete with Japan in 

electronic equipment markets on both cost of manufacture and 

on performance, an indigenous source of semiconductors was 

essential. There was only one obstacle. Thf' l'lt·crronics 

industry in thP Hc>public of Korl'a was not big t•nough to justify thc> hugl' 

investment in chip factories. It was realized from the start 

that the Korean electronics industry had to be export
oriented. 

Simultaneously, Samsung started building plants to produce 

three device generations - the 64K DRAM in a three-micron 

production line, the 256K DRAM in a two-micron production, 

and the Mbit DRAM in e one-micron production line. The 

factories for the 64K end 256K ere both high-volume with 

20,000 wafers-a-month facilitic>s at Suwon in thc Rrpublic of Korra. Thc> onr
micron plant is still a prototype line in Senta Clare, USA, 



- 55 -

capable of 8,000 wafers-a-month. 

Two fundamental weaknesses plague the Korean approach. 

the 

1.69 

First, the Republic of Korea is forced to import large amounts of 

components due to their technology gap with Japan and 

USA. The import total has been growing - from US$ 

billion in 1983 to just over US$ 2 billion in 1984, and in 
1985 it was estimated to reach US$ 2.3 billion. US end 
Japanese makers accounted for 84' of the 1984 total, end in 

1985 t~c country was to import en estimated US$ 851 million 

worth of American components, with Japanese companies 

selling well over US$ 1.2 billion to the Korea~ market. 

The second Wl·akness is that the Republic of Korea's ~ocal market rPrn;iins 

smell, unlike Japan, which has e well developed domestic 

market from which to launch its products. The total domestic 

chip market was in 1984 about US$ 540 million, nearly ell of 

it for inhouse use. A massive infrastructure of 

telecommunications networks is fudling growth, but the 

consumer market for products such es video recorders and 

color TV sets hes been disappointing. 

The country's sf'miconductor industry hes been hit by e drop in 

prices. Critics blame companies for needless risk-taking in 

t~eir hurry to pour more then US$ l billion into R&D. 
However, the Korea Institute of Economics end Technology 

(KlET) considers the future th£' country's semiconductor 

industry to be bright end it claims that companies will 

Pventuelly get returns on their investments. According to 

KIET, semiconductor manufacturing will grow to a US$ 12 

billion industry by the year 2000. Thi· share in world 

SC'miconductor industry in the· Republic of Korf'a is expected to bf' 11 %. 

The semiconductor industry witnessed dramatic 

developments in technology during the recent years. In late 

1983, Samsung Semiconductor announced the successful local 



- 56 -

production of a 64K DRAM chip. In early 1984, Samsung again 

took a major leap in production technology by announcing 

commercial production of a 256K DRAM chip. Samsung has been 

less successful, though, on the marketing front. The reason 

for this was the drop in prices due to Japanese efficiency 

in manufacturing. The price of 64K DRAM chips fell to 0.40 

US cents a piece from more than l dollar. Similarly, the 

price of 256K DRAM chips has also been reduced very rapidly. 

In 1985, Goldstar Semiconductor announced the development of 

a 64K SRAM end a l megabit ROM chip. These developments have 

enhanced the prestige of Korea es the world's third nation 

to produce a spectrum of state-of-the-art semiconductor 

devices. 

Tiw country's m-ir~.~t share in the global semiconductor market is 

expected to rise from 5.3~ in 198i 'o 8.8~ in 1990. As 

described e~rlier, the Republic of Korea relied heavily on imports of a 

variety of semiconductor~ until recently. However, in 1984, 

th•' country attaint>d a US$ 36 million trade surplus in 

semiconductors by exporting products valued at US$ 1.19 

billion. 

KIET predicts that Korean companies will invest 3.07 trillion 

won in RLD and 4.4 trillion won in new equipment and 

facilities in the next 15 years. Government support to the 

industry is nominal with assistance coming only in the form 

of manpower training end support to private research 

institutes. Some assistance of RLD is also expected from the 

National Investment Fund and Electronics Industry 

Development Fund. 
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India is not only a developing country but also a country 

with a substantial industrial base end technological end 

scientific infrastructure. Further•ore, the huge population 

provides potentially very large •erket for all industrial 

products, including electronics. 

Consequently, it is of considerable interest to understand 

how India is facing up to the technological chal len~e in 

integrated circuits. 

Prof Bhattecheryya, Erad of the Electronics Research 

Institute at the Indian Institute of Technology in Delhi, 

discusses the general incentives for India to venture into 

VLSI •enufacture and some of his arguments are presented 
19 

below. 

The growth rate and total value in production of electronics 

co•ponents in India is much less than that of countries such 

as the Republic of Korea, Sing.:ipore and the Province of Tai~n or evrn Sri f;u1ka. 

This is due to the overpowering demands from other sectors 

such as steel, agriculture, health etc. Jn spite of a 

depressing past record in the electronics component sector, 

India hes, however, decided to enter VLSI enterprise based 

on the following considerations: 

1) The example of some developing countries in allowing 

multinational companies freely to set up assembly shops is 

not a viable choice. Two reasons for this are pointed 

(i) labour in India has high individual skill rather 
out: 

than 
collective productivity and (ii) in a pure assembly 

operation, real technology flow will not arise and, hence, 

it is not in the long-term interest of the country. 
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2) The country is large and has the third largest technical 

•anpower strength in the world. It has acquired fair a•ount 

of industrial infrastructure to support an LSI venture. 

3) India attaches ut•ost prio~ity to com•unication and 

infor•ation processing, which is vital for a country of this 

size and diversity. If communication h~s to be 

revolutionized, there is an optimistic domestic market to 

sustain a national LSI program. 

4) Even 

technology 

if 

in 

India 

the 

cannot 

short 

achieve 

term, in 

state-of-the-art 

a large number 

LS1 

of 

industrial sectors where it has its owin system-design 

capability, sitnificant cost-benefit can be accomplished by 

mere customization rather than by the ir.duction of latest 

technology. 

5) Although in VLSI technology change seems to be the only 

constant in many systems, the half-life period is relatively 

long. While for a developed nation, a quick changeover may 

be necessary for developing countries, the priority of 

changing the system may not be so desperate. But an in-house 

domestic capacity is necessary to support spares, etc., to 

operate the existing system effectively. Such a capability 

would also ease difficulties here in procuring these vital 

components which are not industry standard and sometimes 

single-source dependent. 

6) In research a careful strategy of wait and watch should 

minimize risks in product development. 

7) A newcomer, or for that matter, a lat~com~r in 

semiconductor technology sometimes stands to benefit from 

others' mistakes and, hence, has an implicit advantage. 

The production of all types of semiconductor devices hes 
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increasr.d in India froa Rs 235 aillion in 1979 to Rs. 347 

aillion in 1982 registering a growth rate of about 16~. 

However, the Indian production of integrated circuits is 

very small. Production facilities are still on a modest 

scale. BEL, a aajor Indian coaapany, has set up a 

production facility for bipolar IC aenufacture, aainly 

SSI/MSI level circuits. However, the consumption of ICs by 

Indian users has grown rapidly over the past years, thus 

creating a wide gap between demand and local supply, both in 

quRnity and in types. As regards LSis, the Departaent of 

Electronics has set up a separate unit, namely, 

Semiconductor Complex Liaited, that will cater to the 

requirements of various users for MOS integrated curcuits. 

The trial production in this unit was delayed and regular 

production did not start until 1984. In the area of hybrid 

circuits, BEL and ITI have got good in-house facilities. In 

a government report it is noted that somehow, this area has 

not grown in India, whereas in advanced countries, it hes 
20 

developed a wide range of applications. 

At pr~s~nt the maximum demand in terms of number of 

semiconductor devices comes from consumer electronics, where 

the requirement is essentially for small-signal diodes end 

transistors. In 1980-81, ell the existing companies (except 

BEL) have been approved an expansion of then existing 10 to 

15 million capacity to 100 million devices per year. 

However, the pace of implementation hes been very sluggish. 

The expansion of capacity hes been largely to aeet the 

requirements of the consumer electronics industry. 

In the area of LSI, 

during the Sixth 
substantial investments have heen made 

Five Year Plan. There is a need to 

consolidate this in coming years A demand of 20 mil lion 

LSis both for consumer and professional 

projected for 1989-90. 
applications is 
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The sa•e official report •entions that the progress •ade in 

the production of SSl/MSI ICs is very tardy and reflects 

lack of will on the part of •anufacturers. Though al•ost all 

co•penies producing s•all signal devices have been given 

certain capacity to aanufacture ICs 1 there have been no 

worthwhile efforts •ade by anybody with the exception of 

BEL, which •ade a half-hearted ette•pt to •eet soae of the 

local de•and. High prices of indigeneous ICs, very liailed 

product range. leek of application support to users and poor 

marketing efforts have been the •ain reasons for the present 

state of this industry. 

There is one area where e substantial demand already exists 

and is likely to increase rapidly considering the large 

expansion in the production of communication equipment, 

instru•ents and consumer electronics items. Compared to the 

production of less than a •illion devices in 1982-83, a 

demand of 85 •illion devices is projected for the year 1989-

90. It should be noted that a large part of the new 

equipment to be taken up for production during the Seventh 

Plan in defence and communication area, will be based on 

SSl/MSI devices. 

In the report of the study tea• on components and materials 

it is clai•ed that the current gap in LSI/VLSI technology 

between India and the advanced countries is esti•ated at 

approxi•ately 15 years. With the initiation of trial productinn 

in Semiconductor Co•plex Ltd (SCL), the existing production 

capability in India has been aug•ented to 5 micro feature 

size. Production capability of 1.25 •icron level has already 

been achieved by 1985 in advanced countries and it is 

expected to further reduce to 0.5 •icron by 1990. 

The Task Force on LSI/VLSI has drawn up a comprehensive 
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programme over a very broad spectru• in order to upgrade the 

total technological base in India in the area of ICs, 

various infrastructure and input technologies needed for 

their manufacture and to develop and upgrade the existing 

m~npower base. 

The Task Force has set up the following technology goals: 

(i) 2 micro CMOS & NMOS silicon gate and bipolar 

technologies developed to R&D level by 1988 and production 

level by 1990. 

(ii) 1.25 micron technology at R&D/pilot line stage by 1990. 

The intermediate goal has been 

capability by 1985. 

IC Technology 

Development of IC 

following: 

(i) Understanding 

technology will 

of the device 

to achieve 3 micron 

mainly involve the 

behaviour es smaller 

geometries are used in effecting suitable aodification in 

the device structure to ensure desired functional 

operations. Also new structures/processes will have to be 

developed for improved production and products with special 

performance characte&istics. 

(ii) Development of unit processes to achieve the device 

structure as defined above. 

(ii) Process modelling. 

Furthermore, the Task Force has made en analysis of thP cost 
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of production of LSI devices end found that about 50\ of the 

cost is accounted for materials which ere being imported. It 

hes thus set e goal of meeting et least half of the 

country's requirements of such materials in terms of value 

from local sources by 1990. This would require intensive R&D 

efforts end the establishment of e proper production base. 

The Electronics Commission hes recently accepted e 

recommendation by the Task Force in 1982, end e decision was 

taken to set up e National Microelectronic Council (NMC). 

This council (15 members) will act es the central body to 

formulate, implement and regulate the short end long-term 

national strategies in the microelectronics sector. Coming 

in the wake of the controversy over the American technology 

that has been contracted for the national silicon facility 

in Rarode, the formation of this council would seem as an 

emergency step to resolve the issue. The report of the Task 

Force envisages a programme, with an outlay of Rs 400 

crores, to develop a national capability of fabricsting one 

million components on a microchip based on ]··micron 

techr1ology from the level of 33,000 components ori a chip 

based on 5-micron technology over a decade. The technology 

that was available in the country through the national 

semiconductor complex, Chandigarh, was based on 5-micron 

semi-custom design technology, bought from American 

Microelectronics Incorporated. This existing technology 

suffices to generate some coder-decoder and micro-processor 

circuit designs in the large-scale integrated area. 

The NMC, which has full executive and financial powers, will 

periodically review and updat• R&D, production end 

applications in the field of microelectronics. It will take 

mcHsures to bring about maximum standardization to meet the 

national requirement of microelectronic systems. The council 

will furthPr tnkr mresurrs to ensure that specific user 

requirements, particularly in critical end strategic areas, 
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will be formulated. A comprehensive plan to generate in the 

shortest possible time, in order to utilise properly the 

scientific end technical manpower, will be drawn u11 by the 

council. It has also the responsibility of formulating 

fiscal, import end industrial licensing policies for the 
21 

microelectronics sector. 

A fundamental shortcoming for establishing an IC 

manufacturing capability in India has been the limited size 

of the market. It has been calculated that in 1981-82 the 

LSI content of total electronics production in India amountr~ 
22 

to Rs. 36.6 million. This market was divided between the 

various electronics subsectors in the following way: 

1. Consumer electronics Rs 10.0 million 
2. Telecommunications systems Rs 7.0 million 
3. Computers Rs 13.0 million 
4. Spece Rs 4.6 million 
5. Defence Rs 2.0 million 

Source: Electronics, Information and Planning, January 1984, 

p. 194. Presented in C. Edquist & S. Jacobsson; The 

integrated circuit industries of India and thc> Repu~lic of Korea. 

RPI, 1985. (Mimro) To be published in Industry and Development early 

autumn, 1986. 

In 1981-82 there was no production of LSI in India, but the 

total value of production of SSI and MSI amounted to 

approximately Rs 20 million. Edquist & Jacobsson note that 

it would appear as if the annual total market hes increased 

considerably since then. In early 1985 Mehta suggested the 

the annual market was US$ 15-19 million or around Rs 14 

million. Out of these, however, US$ 5-7 million were in the 

form of custom desingPd ICs. The authors also state that it 

should be noted that the local prices were higher than the 
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international ones, thus inflating the size of the Indian 
market. 23 ProL Bhattacharyya presents the following arguments: 

First, he states that for the viability of a VLSI venture in 

any country, the availabilit} of an internal or external 

market becomes a vital consideration. ~or 1990, an ad hoc 

figure of production capacity ~arth US$ 60 billion is 

assumed in the USA, US$ 20 billion in Japan, US$ 4 billion 

in ~estern Europe, and US$ 1 b~llion in the rest of the 

world (excluding the USSR). With its existing organizations, 

India has a projected prorluction capacity of US$ JOO 

million. At the present level the electronics production 

output in India is less than 1% of GNP against 5-7% in 

advanced countries. With modernization, therefore, there is 

naturally a projection of an optimistic demand figure. 

A conservative estimate predicts that the demand for 
ind i g<' nous 1 y produced LS Is with the present level of use of 

only 1% LSI chips in the system, will reach the worth of US$ 
100 million by 1990. It is believed that within a decade an 
advanced system design should contain about 20% LSI chips. 

Assuming that our learning curve enables us to use a modest 

10% LSI chips, the market for indigeneous LSI chips should 

increase to US$ 500 million. The above target exc~udes 

defense requirements. At the present level, India has no 

export in LSis, and overtaking the USA, Japan, or 1.iestern 

Europe in any area seems improbabl0. 
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24 THE DEVELOPMENT OF THR IC INDUSTRY IN DEVELOPING COUNTRIES 

The <'.1rlic'r r!iscussiun ~,f thl' cxpl'riC'nCPS of tht> Rl'public of Kon·a and India 

h.n·p cl1»irlv shewn th.it .!!' .1dV<ill(l'd nPwiv industria!izPd country (NIC) must 

overcome tremendous hurciles in order to est ab 1 i sh a real 

foothold in IC tecl.nology. Thus, it is natural for most 

developing countries to look more carefully for alternative 

policy options. In this context, the possibility of 

separating design from manufacture merits serious 
consideration. 

There ere many reasons for fostering and promoting design 

activities for integrated circuits in developing countries. 

Since the chips used for certain applications ere primarily 

needed in the developing ~ountries, the motivation for those 

specific designs could naturRlly be stronger in these 

countries. Furthermore, end even more important, the 

possibility of designing customized chips for such 

applications could itself act es en incentive to the rapid 

absorption end deployment of the microelectronics technology 

for development-catalyzing applications. A well developed 

design base could act es a focus for creative activity in 

high-quality science and technology. This design activity 

could generate interest end engagement in related fields, 

e.g. graphics, CAD, software engineering etc. In certain 

cases this could even trigger off interest and a~tivity in 

hardware design and construction thus assisting the design 

activity of microelectronics chips. 

One major characteristic of the integrated circuit industry 

in the pest hes been its vertical integration, et least to 

the stage of circuit production. The process of turning en 



- 66 -

idea into ready integrated circuits includes many steps. The 

initial steps of system definition, logic design, circuit 

design and mask design are manpower intensiv~ and require a 

large amount of "thinking power". Therefore those steps 

depend upon having a set of design skills which ere almost 

independent of how the device will actually be made. These 

steps also establish the eventual function uf the device. On 

the other hand, the steps including mask fabrication, chip 

fabrication, bonding end packaging require technical skills 

es well as sophisticated equipment and appropriate 

facilities (se<' Figure III). Once the fabrication process has b<>en properly 

established no changes are required in order to produce 

completely different integrated circuits (see Fig11re IV). Nonetheless, since 

the capital cost required for such fabrication es uell as 

the operating costs for these activities are very high, it 

is only very few large companies which can afford taking the 

risk of establishing a fabrication line. 

Figure Ill 

Traditional •icrocircuit design steps 
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Figure IV 

Silicon foundry approach to cuatoa integrated circuit design 
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Source: ~ !!1!£QD fQYD~r~ !Q !~!!!£~ ~~!~!QP!ng £2Yn!r!~!~ 
n~~~!~ ! Pr~!!~!n!r~ !PE!Q!fb· UNIDO/IS.444. Vienna 1984. 

Facility investment trends for the establishaent of a 

prod·,ct ion module for fab•· icat ion of IC wafers rise shorpl y 

with shrinking feature size. A typical module investaent of 

a self-contained op~ration derjgned for a single process 

technology of 2-•icron capabi •• ty and handling 1500 wafer 

starts per day, is approxi•ately $60 •illion. Even if some 

parameters are reduced, the investment costs would not be 
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less than $30 •illion. This expense is often out of reach 

for most developing countries. pertly due to the problems 

associated with marketing the co•plex technology. 

There is a fixed mini•u• cost which is associated with the 

manufacture of the set of masks required for the fabrication 

and production run of one batch of wafers. This cost is 

presently in the area of $30,000. A single batch of wafers 

produces several thousand identical circuits and therefore 

the cost per circuit is low. However. circuit design always 

includes et least one prototype run to demonstrate the 

successful operation of the new circuit. The cost of a 

minimum wafer run is the se•e for both a prototype circuit 

or a proven design. Furthermore. several prototype runs ere 

often required before the design is coapletely satisfactory, 

and this •ekes development costs very high. The real 

difficulty with prototyping is that using the normal 

procedures one still gets several thousand chips from e 

minimum rvn even though only a few are really required for 

testing purposes. 

Several recent innovations have changed this situation 

dramatically. 

chip. Each 

independent 

One of these is the so-celled multiproject 

chip on the wafer contains between five and ten 

prototype designs. During the bonding and 

packaging steps only one circuit on each chip is actually 

connected to the pins on the package. All other circuits ere 

dormant. However, enough sa•ples of each circuit have to be 

produced fro• a single wafer run in order to ensure adequate 

testing. The cost of the prototype production can be shared 

by a n~•ber of different designers. Nevertheless, even with 

multiproject chips many more samples are produced than whet 

is actually required. The obvious next step is to produce e 

set of masks which have many different chip designs on them. 

Each chip design can still be a •ultiproject chip. Thid 

results in what is celled a •ultiproject wafer. Thirty or 
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forty independent prototype circuits can be produced from 

one fabrication run end the cost shared. 

Based on the same principle of sharing costs, different 

steps in the fabrication process could be distributed end 

performed in veriou~ countries. Separating production 

facilities from the location of the design activities could 

lead to red~ced entry costs for each country. Moreover, 

national design groups could prepare the designs of chips 

specifically needed in their own countrie~ and the skills 
acquired by 

development 

technological 

members of these 

efforts could 

development. 

groups 

influence 

in 

the 

the common 

countries' 

One of 

circuits 

registers 

produce 

the 

is 

-
the 

initial tasks feeing e 
designing the subcircuits 

which will be combined and 
final design. Several 

designer of custom 

- such es gates and 

used many times to 

commercial companies 
supply already e library of tested standard cells for e 
variety 

then has 

standard 

of different fabrication 

place 

processes. The designer 

end interconnect these only 

cells 

to select, 

in order to produce e prototype custom 
design. Since design time is reduced, development costs ere 

also cut down. Furthermore, since •ost of the circuit design 

is incorporated in the library of standard cells, the design 

skills required are limited •einly to system design. 

Even though the design of LSI/VLSI chips could be undertaken 

by the developing countries to •eet special application 

demands, the stage of converting these designs into actual 

hardware - i.e. fabrication - •ay be beyond the •eens of 

most developing countries. However, if the developing 

countries follow the silicon foundry a,_,roach and pull their 

resources together, then a fabrication facility could be 

established as a joint enterprise. 

/ 

' 
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There aay exist a clear case for establishing a silicon 

foundry for joint use by developing countries to meet their 

fabrication needs. The foundry must ta·ough, be a base not 

only for fabrication, but also for providing training and 

transferring design know-how. The establishment should thus 

have high capacity in all the design end fabrication stages 

of circuit production. However, the design end training 

activities could also be carried out independently in 

national design focal points in many different counrries. It 

is only fabrication that should be located in one place. 

An important issue in this context is the type of technology 

to be catered by such a foundry. Principally, it has to meet 

two criteria. First, the technology must be operationally 

well understood and it should be readily established. 

Second, the foundry should be able to process wafers of a 

degree of complexity which accomodetes the kinds of 

application needs required by the different designers. Both 

these considerations would suggest MOS technology capable of 

handling a 2-micron geo•etry. LSis and the initial end of 

VLSis could be handled by such a foundary immediately. This 

should serve the needs of the developing countries during 

the 1980s. While using this installed technology during the 

coming decade, the foundary could equip itself to meet 

demands involving the next level of sophistication in the 

1990s. 

We will now provide a few additional comments on the 

develop•ent of the microelectronics industry in three Asian 

countries - the RPpublic of Korea, ~alaysia and Singapore. These three 

countries have been major exporters of integrated circuits -

Malaysia is reported to be the world's leading exporter of 

ICs used in computers and other electronic equipment, 

followed by the Republic of Korea and SingApo~e. 25 
The Republic of Korea, 

though, should be placed in a category of its own due to 

its a•hitious and advanced plans of establishing an 

/ 

' 
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international bridgehead in IC-technology. 

Most of the manufacture in Singapore end Malaysia hes been 

labour-intensive assembly in the downstream processes with 

the advanced wafer-manufacture taking place in the US, 

Europe' or Japan. For example. in 1983, the Republic of Korea produced 

670 million dollars worth of integrated circuits mostly for 
26 

Japanese end US manufacturers on a subcontract basis. 

According to one source, ~elaysian production of 

semiconductors end ICs in 1984 is estimated to amount to US$ 
27 

2.4 bn. Another source reports that 

assembles and exports around $1.5 

semiconductors, principally through the 
28 

American and Japanese companies. 

Malaysia currently 

bn wo,.th of 

subsidiaries of 

Singapore 

situation 

assembly 

process 

places. 

end Malaysia ere recently facing a completely new 

in which the multinationals are withdr.1wing their 

operations and consolidating the production 

in their home countries or in e limited number of 

This has prompted Malaysia to strengthen its own position in 

the microelectronics sector. One of the actions taken for 

this purpose is the recent establishment of the Malaysian 

Institute of Microelectonics Systems (MIMOS). This is a 

government body set up to design microchips for specific new 

applications end it will offer its designs to commercial 

enterprises for production. MIMOS planned to set up a 

commercial integrated design centre before the end of 1985 

with the aim to diversify away from assembly into circuit 

designs end VLSI circuits. However, since Malaysia's only 

experience of the microelectronics industry is the assembly 

of ICs, MIMOS's first priority is the training of local 

personnel. The main areas for further research will be 

computer systems, CAD, information technology end industrial 
29 

applications. 
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It is note~orthy that several of the participants in the 

Malaysian project are multinational telecommunication 

corporations which are eager to remain in the local market. 

Thus, it eppe~rs that the developing countries have a 

leverage in the access to their own market end 

telecommunications is in many, or in most developing 

countries, a market which is likely to rapidly expend and at 

the same ti me become i ncrees i ngl y d,•ct ~on ic in nature. 

Also Singapore has realized the need to make more efforts to 

uphold market shares for its microelectronics industry. The 

overall government policy aims to make Singapore the 

"silicon valley" of the Pacific Basin. One alternative 

considered is to specialize in semi-custom and full custom 

design of integrated circuits. All new strategies will 

however demand a large investment in equipment and training. 
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TICBNOLOGY CBALLINGIS roa DlflLOPING COUNTIJIS 

The earlier section• of this paper have shown that the 

electronic• indu•try la one of the fa•te•t frowinf lndu•-
trial sectors. 

tent pert of 

intetral part 

lntefrated circuit• ia not only a very iapor

the electronics industry, but also an 

of this sector. Althoufh it constitutes only 

around 5~ of the production value of the electronics sector 

its iaportance is continuously increeainf as the functions 

provided by the ICa ere •ade aveilable at lower costs. The 

•aJor factor responsible for th~a ia the rapid technological 

developaent, not only of the circuits, but also within the 

•anufacturing process which has now increasingly co•e to be 

doainated by the equip•ent •anufacturera. 

Thia develop•ent •ight lead to a situatlo~ where only a 

li•ited nu•ber of global co•panies will be able to re•ain in 

the highly coapetitive •arket for hifh volu•e integrated 

circuits. The technolotical capability in •e•iconductor 

technology of all •aJor induatrialized countries baa been 

shown to be i•portant for future industrial developaent all 

over the world. Oovern•enta in •e•eral countries have 

allocated considerable resources to the aupport and further 

develop•ent of the doaeatlc JC induatry. Integrated circuit• 

are often referred to •• the •oil of tndu•try•, or aa in 

Japan the •rice of induatry•. However, the rapidne•• of 

technolofical chanfe coabined with the hi1b inve•taent co•t• 

for up to date production facilitiea have pro•en to be a 

very effective barrier for aoat countries to eater into the 

aarket. It i• only India and China a•ont the developinf 

countries •• well aa aoae NICa, · which have aerioualy 

conaidered to develop a aaJor capability in JC •anufacture. 

' 
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The •enufeclure of intearaled circuit• includes five •ejor 
proce••e• - circuit de•i1n, •aakaakln1 1 wafer production, 
as•e•bly (packa1tn1) and teatinf. The rapid develop•ent of 
application •peciflc inte1rated circuit• (ASIC) baa chan1ed 
the po•sibilitie• for enterint the fir•t •lafe. Tre•endou•lY 
powerful coaputer technolo1y haa proved to be very u•eful 
in the co•puter aasi•ted de•itn (CAD) equipaenl which i• now 
available to the circuit deai1ner•. It i•, in fact, possible 
to talk about a de•ocratization of technoloiy as far aa the 
firat ateie of IC •anufacture. In recent years this sector 
appears to have been increasingly do•inate~ by a &•all 
nu•ber of larger co•panie•. It is still uncertain whether 
this is a te•porary phcn0mcnon in th~ develop•ent of JC 
technology. There can be no doubt, however, that the 
•ainstreaa IC technologies will continue to be developed and 
controlled by a ••all nu•ber of large co•panies. It ia 
therefore far fro• certain that the "de•ocratization" of the 
deai1n stage will actually chanie the overall structure of 
ilobal IC ••nufacture. The aajor hindrance aay be the 
technological changes in the aanufacturini procea• itself. 
The future lev•la of inte1ration require, or rather are •ade 
poaaible by, a•oni other thin••• the reduction of line
widtba. Thia require•, in turn production proceaaea which in 
co•plexity and co•t• will, in all likelihood, serioualy 
liait the nuaber of aanufacturera of advadced IC circuits. 
However, the options will be broader if both the •akera and 
u•er• of ASIC• will be aatiafied with cooaiderable larier 
line-width• than what ia uaed in the aoat advanced ICa. 

There can be no doubt that the aanufacture of electronic• 
product• and the uae of auch product• will becoae 
iacreaainaly iaportant in all countriea and.developiDI coun
triea are no exception. However, tbe level of econo•ic, 
tecbnolo1ical and indu•lrial develop•ent, which i• partlJ a 
reflection of aize, and the ••rket will be of i•portance for 
the deci•ion upon tbe policy option• which are available t, 
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a country. The •arket consiata both of the do•eatic and 

export ••rketa but tor •oat developin& countriea export la 

of relatively •inor i•portance when it co•e• to electronics 

producta. We will now try to explain the liaitatlona and 

poaaibilitiea for varioua cateaoriea of developin& 

countries. Please refer to Table 7 below. 

The •ajor issue ia the de&ree of co•plexity of the 

electronic product. The use of professional equip•ent is at 

the lower end of the spectru•. In •any developing countries, 

the actual use •ay be severely constrained by the lack of 

r, levant skills, both at the operational level and for 

m;iintt>n:1nc,•. Wf.' rf.'fl'r to <lPveloping countries at thl' e.1rly st.1ges 

ot U.wlcµnmt. The next level of co•plexity is the aenufacture 

of •oat types 

exe•plified by 

of electronic products - aost typically 

consuaer electronics. Such production is 

ruled out for aoat developin& countries unleaa it ia carried 

in collaboration with a counterpart in an induatrialized 

country. For several of the newly developed induatrialized 

countriea (NICa) an independent •anufacturinf capability ia 

in the ••in liaited to consu•er electronic•. A third le•el 

of co•plexity i• exe•plified by the aanufacture of ae•icon
ductor components. With the exception of the Republic of Kore.1 in the group 

of NICa and India and China,a•ong the developin1 countriea. 

there exiata no independnet capability except for the caae 

of relatively aiaple aeaicondactor devicea. Bovever, the 

two induatrialized developing countriea - China and India 

are in the proceaa of eatabliahiai •• independent capabilit1 

for an interaediate ranfe of advanced aeaiconductor devicea. 

' 
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Tab le 7 

T~• aicnificance of technoloaical coaplexit~ and conatrainta 
on doaeatic capabllitl~• la tbe electronic• aector 

Complexity of manuf1cturing operations 

-----tapttal Goods--- ---Electronics Industry-----------

•stage of Use of prof es- t-1anuf acture of Kanufacture of Hanufacture of 
national sional elec- electronic semiconductor complex el ec-
develop- tronic equip- equipment conponents tronic systems 
ment• snent 

!X>w loping severely generally impossible impossible 
countries at constrained not pos-
thP early stages sible 
of dcve lop-rent 

!X>ve loping possible only pos- not possible not possible 
countries with cer- s ible through 

tain cons- collaboration 
traints 

NrwlJ without pos\fble but inde~ndent only possible 
1ndus- constraints in the •ain possibfltty through col-
trf1lfzed limited to i•posstble laboration 
countries conswaer for the time 
(NJCs) electronics being 

Jndus- wf thcut general ca- independent independent 
trt1l1.zed constraints pabfltty c1pabtlf~ capabt11t.r 
developing possible constrained severely cons-
countries and at high trained and 1t 
(Jndta I costs high costs 
China) 

Jndus- without. general .ca- general ca- possible only 
trtllhed cons tr1 tnts pabtlffsr pos- pabfl f ty only for 1 few big 
countries 5fble but possible for countries or 
c~.,. econmf es of 1 few coun- small er ones 
Sweden, scale re- t.rfes with viable 
USA) qulr~s spe- international 

cial ~z1tfon companies 
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! n m .i n y r ,, s p l' c t s , th~ induJtrial strat~gi~s and avail-

ablP r~sources in India and China r~semble more 

tho•e of induatrialized countrie• than thoae of the NIC•. 

However, when it co•e• to the •anufacture of co•plex elec

tronic ayate•• like •odern tcleco••unicationa equip•ent, 

even tbeae two countriea are tod•y severly con•trained and 

the reasons are twofold. First. the do•estic •arkets in 

these two countries do not yet justify the allocation of 

developaent resources which are required to establish a 

doaestic frontline technological capability. Second, the 

aienciea concerned •ay only at a relatively late date have 

becoae aware of the character of the very rapid technolofi

cal change which is affecting electronics syste•s due to the 

r•pid chaoaes in se•iconductor technolo&J· 

These co•aents on the capability in developin& countries do 

in no way indicate that industrialized countries have a 

aeneral capability to engage in whatever level of coaplexity 

of •anufacturinf operationa. All industrial countries, with 

the posaible exception of the US ~nd Japan, are aeriously 

constrained by the size of their doaestic •arket• as •any 

cateaorie• of electronic products •ust be baaed on 

sub•tantial econoaies of scale. Thi• is certainly true for 

•odern telecoa•unicationa •Yle•• and it i• one of the aajor 

rea•on• for the do•inance of a liaited nuaber of 

aultinationel coapanie• in this •ector which are ell based 

in the indu•trialized countries. 

What options ere open to the devel~pinf countriea? .The 

aeJority of thea have limited b,irgaining powpr and a narrnw 

industrial and technolofical be•e ·~ e•tabli•h doaeatic 

aanufecture of electronics products. Thi• 1roup of countrle• 

will have to buy the product• fro• out•ide unle•• ther can 

attract production facllitie• consideri•• the doaeatic and 

re•lonel ••rket•. A ••all nuaber of couatriee, aotablr t•e 

•ICa, have a tecbnolo•lcal base and acceaa to •ufficientlr 

lar1• aarket•, doae•ticallr and/or for export, in order to 

enable the• to enter into nesotiationa with ••Jor interaa-

' 
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tional partners. Such a atrona bar1ainin1 poation, poasibly 

even atron&er, i• alao available to India and China. 

the queation then ariaea of the condition• aet by the co•pa

nlea with the •~•t advanced technolo1y, be they aultinatio

nal co•panies or saaller onea, for handin1 their technolo&i

cal tissets. In every deal the seller ia bein& partly paid 

for developaent costs which in fact •eans sharinl technol~IY 

costs but not gettint access to the next teneration 

tech~ology unless one pays a secon~ installaent. This aey 

aean that the aultinational co•panies aay be able to •ain

tain their oligopoly and force the developinf countries to 

share the developaent costs as long as the technolo1ical 

chan1e continues at the present hilh speed. 

Changes in the seaiconductor industry over the past couple 

of years aay, in fact, aean a reversal of the constraint 

level• for electronic products. Thus, due to technolo1ical 

chan1e and required acale of operation, the bi1heat barrier 

of entry ia today found in the aanufacture of IC circuits. 

Before diacuss~nl the polic1 optio~s in application specific 

intefrated circuits (ASIC•) it is necesary to realize that 

there will not be any deaand foi ASICs unless there is a 

do•estic industry requir~nl such circuits. Such a do•estic 

electronics industry will not co•e throu1h unlesa there is a 
doaeatlc aarket for elec~ronics syste•• and/or apecialized 

electronic• products. A forei1n •anufacturer basinl itself 

in a developin• countr~ for the purpose of exportinf will in 

all likelihood not provide • ••rket for local aanfuacture of 

ASJCs. Thus, we are diacusain1 countries w~ich today have en 

~lready eatabliahed baaia in the production of electronics 

ayate••• or that are in the proceaa of establiahing auch a 
capabilitf. 

The •aJor justification for co•paniea in advanced 

i~~ustrialized countrie• has been • desire, or a need, to 

optiaize design paraaetera and reduce costs in order to atay 

co•petitive. The •a•e factor• aay be lesa i•portant in a 

developin& country, although they aay applJ in a NIC which 
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ha• it• indu•trJ •eared toward• exports. lovever. a develo
pin& countrJ in the process of au~portinf G bwddlna industry 
in electronics sysle• ia likelJ to produce ~t low acale of 
••nufacture and at the aa•e ti•e atteapt to adJu•t •r•te• 
products to local condition•. Such a aitaation would warrant 
the uae of application epecific intefrated circuit•. 

There are the tollowing requireaenta for auccesafully eatab

liahin& a co•petence in ASIC•. Firat. the earlier diacussioa 
ha• revealed the need for an advanced capability in ayate• 
deaian• which follow• loaicallJ fro• the earlier require
aent. Sec~nd, a~ alreadJ establiahed or abilitJ to establish 
a cloae relati~naahip with tbe •anufacturer of inteirated 
circuirts is required. OnlJ a li•ited nuaber of ~evelopiaa 
country have auch a capability. On the aaau•ption that line 
widths for the •onolitbic seai-custo• ICs will be auch 
thicker that for frontline ICa, is it realistic to establish 

e silicon facility in the country. In •oat case• this would 
not be conaidered. (An iaaue to be furtherly discusaed) 

There are a few additional require•enta to be aet. Firat, 
the country needs a aufficient nuaber of co•petent ayatea 
en&ineers who can deai1n the circuits. Second, the ayate• 
en1ineers auat have at their diapoaal advanced deai1r faci-
1 it ie• such ar. coaputer aided deai&n (CAD) , libraries for 
IC cell• and routine pattern, and ai•ulation progra•• for 

teatinf, etc. 

The discuaaion in thia section indicates that only a !i•it~d 

nu•ber of developio• countries are io the position to inde
pendently establish their capability in application specific 
inte•rated circuit•. At leaat initially, •o•t developinl 
countrie• would have to enter into a partnerr.hip with a 
foreifn coap~uy. 
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Anothrr possibility is to establish regional co-operation. In 

this case the design of integrated circuits co1.ld be established 

independently on a national level in design centres of many 

different countries, whereas fabrication should preferably have 

only one lo:ation inside (or initially even outside) the region. 

The idea of separation of production faciliti~s located in one 

selected place from the design, which could be distributed and 

performed in many different countries, decreases the entry cost 

for each coun~ry. BesidP.s that, national design groups could 

prepare the d~signs of chips specifically needed in their 

countries. The skills acquired by members of these groups could 

inf)uence the countries' technological development. 
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POLICY ISSUll 

There im preaentl1 alaoat a concenaua that it ia i•posaible 
to reaain out•ide the real• of new technoloiiea and thi• ha• 
been e•eaplified by electronica. Naturally, there are •any 
option• for a developin1 country, but the aaJor taak facinf 
the• all will be to achieve a chanfeover to VLSI in all the 
exiatlnf electronic• sector• - coa•unication, control, 
transportation, •edicine, defence etc - sooner rather than 
later, if such ayateas are intended tc be anywhere near up 

(30) 
to date. Prof Bhatt~charyya arfue• that there will be 
three possible routes for thia tranafor•ation: (a) A 
revolution strate1y where i••ediate updatinf and 
•odernizatio~ of all the electronic• systeas are envisaged. 
Thia ia rather an unlikel1 atep in aoat countriea because of 
tbe enoraoua pressure on funds, aanpower, trainin1, etc •• 
(b) An Inert atrate1y of waitin1 till an electronic• syate• 
baa coapletely outlived its utility and then replace it by 
ayateaa baaed on VLSI. (c) An evolution atratefy which ia a 
aean path between (a) and (b) and which calla for updatiDI 
the ayatea that will aeet preaent and future 
and at the sa•e tiae reaaina coapatible with 
environaent. 

require•enl• 
the present 

In the article referred to earlier, lhattacharyya diacusaes 
(31) 

the different options. lut firat be bi&bli«bts the 
cbaracteriatica of the 9LSI revolution. The transition to 
the new VLSI era ia experienced h1 aany industrialized 
countriea •• a rather painful procea•. Thua, it i• obvious 
that the developiDI countrie8 find theaaelvea outpaced. It 
l• unfortunate that 9LSI technolo11 - tbe future technolo1~ 
for •octal 
technolo1lcal 

and econo•ic tran•for•atioD - i• 
level of aopbi•t!catloD that ie 

ia•ediate reach o1 aoat developinl countrie•. 

based ·on 
b6yond 

a 
the 
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There i• no doubt tbat our ciwllizatlon will be do•inated bJ 
•lcroelectronic• la the future. While tbe developed world 
will be able to utilise the new opportunity for the creation 
of their world, the prioritie• and perapectivea for tbe 
developinl countrle• are different. The induatrlalized 
countrie• can uae VLSI for acbievinf their toala of national 
••tiafaction, intellectual creation and •elf-realization 
leavinf labour to •acbinea. The de ~lopint countriea •uat, 
according to Bhattacbaryya, respond to the challen«e of VLSI 
with two pri•e •otivationa: (i) a technology ia a vehicle 
for quick social tranafor•ation and hence cannot be ignored, 
and (ii) it has been learnt fro• hiatory that technology can 
be aynony•oua with frt>C'dom. 

Bhattacharyya sees the followinf option• for the develop•ent 
of VLSI tecbnolotJ• 

!. Indt1eneoua l~D: This is perhaps the drea• of all 
developinf countries, if circuaatancea per•it. 

I. TechnololJ' 
tecbnolofy •ay 

i•portatloa: Direct i•portation of 
be considered • viable alternative by 

VLSI 
•any 

developint countries. 

C. Multinational 
prefer to invite 
VLSI tecbnolofy 
countriea. 

enterprlae: So•e developtni countries ••J' 
•ultinational ent~rprise• to aet up their 
- fullJ or in part - in the reapective 

I. Joint venture: One of the reaaona for eatabliabed 
induatriea to atte•pt Joint ventures i• to •ake use of the 
research baae of the boat country in view of either their 
••ill clusters or econo•y. in open question, however, is 
whether a partner•hip with a d<>vdoping country which hils ;1 wPak 

base in acience and technolOIJ' would hC' of any attraction. The 
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infrastructural and political considerations will be the key 

factor• for developinf countriea when decidinf their courae 

of actioD. Nanr countriea bold the view that tke aoat 

prudent for developin& nation• i• to adopt the lateat 
available technolofy and abaorb it. 

!hattacharyya eaphaaizea that the developaent of VLSI 
technolofJ revolves round a wide baae of acience and 

technolofJ· Therefore, developinf countriea aet for the 

doaeetic developaent of VLSI should take no~e of auch 

involveaenta aa a wide ranie of proceea and technoloiy 

developaent, aodelina, CAD, analysis and teatini, aetalluriy 

for packaie developaent, autoaated optical and electron

optical equipaents, software f~r application, operation 

aysteaa and laniusgea, quality control and failure analysia 
etc. 

Thia cover• alaoat th~ whole ranie of scientific and 

technolo•ical activity requirinf a stronf base. Further, if 

the experience of luropean countries ia Dny indication, even 

a atron• scientific base will hardly render VLSI 
econoaically effective, or even auatainable, in develo~inf 

countries. YLSJ will play, however, an effective role in 

developiDI countriea in inforaation proceaain1, where 

software develop•ent a••~•e• conaiderable iaportance. It is 

huaan skill intenaive and thua aore adaptable to developin1 
coantrie~. 

lhattacbar11a ia of the opinion that - in contrary to the 

1eneral belie~ that technoloir, equipaent or reaourcea are 

tbe bt11eat hurdle In LSI developaent - tb• aanpower 

aborta1e could be the 1in1le factor inbibitinl tbe plannin1 

and lauac•inl of the VLSI era in developia1 countries. 

Bowever, tbe experi~nce of aany countrie1 indicatea that the 

atae of the ••rket, tbe rate of frowth and tbe linkaie• 

within t•e industrial 1tructure are even aore iaportant la 
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this context. We will return to these iaauea later on. 

Another iaaue to be conaidered i• the o•erall coat for 

enter inc 

cloaelJ 

increase. 

lnterinl 

into a new technolofical field. Thi• la an 

related to that of ••rket •i&e and rate of 

a new tecbnolo•ical/induatrial field involve• 

conalderable coats and available evi~ence indicate• that the 

entrance fee for aany fields i• rapidlJ increasinf. In order 

to understand the role of entrance fee and in order to be 

able to analyze the situation, it i• necessar7 to ••ke a 

distinction between different coat categories which require 

the payinl of an entrance fee. The ~ain cate1oriea are (1) 

Costs associated with production plant or processes in 

production. Thia is exemplified by the •anufacture of VLSI. 

(2) Costa requir~d for develop•ent, includiDI reaearch 

necessary for establishing the knovted•e base for a 

prototype or a new product. Thia ia exe•plified by robot 

prototype• or the phar•aceutical industry. 

The intrinsic nature of technolo1y - it• co•plexit~ and 

increaain• interrelationship a• well aa external deaanda 

clearly indicate• that the above •entioned fi1urea, ia real 

teras, continue increasin1. Thu• it beco•e• •ore difficult 

to enter into varioua newly e•er1in1 induatrial fielda. Ia 

fact, the entrance fee la becoaint ao hilh ·that tbe 

potential entrant• are beco•inl quite liaited in nu•ber. 
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Concludipg R:zprk1 

Thi• dcx:-• rot doe1 not provide any siaple an1Ver on bow a developinq 

country 1boul.d ba reaping the benefits of IC technology - now alllost 

completely controlled by a liaited number of .::ompanie1 in the indu1trialized 

countrie1. llollever, three facts are almost beyond question. First, the IC 

technology baa become a pervasive technol.ogy vbicb affects a::.J. J.ndustry and 

al.Jlont all aapect1 of 1ociety. Second, the ca11plexity of the technol.ogy and 

a11ociated ecciona•e1 of scale, both in the research pha1e and in the 

production 1t:age, bave cr~ated a very considerable financial, technological. 

and managerial. barrier which few countries and cmapanies appear to be able to 

climb today. Third, the very rapid technological chanqe - fuell.ed by 

intensive competition among nations and coapanie1 in the industrialized 

countrie1 - ia likely to continue for a decade or aore. 

Gi(·en 1ucb a 1ituation the developing countrie1 au1t - in all 

likelihood - rea•1e•1 their 1ituation and view the re1earch and production 

stages of the aeaiconductor industry as 1iailar to development and manufacture 

of ce>1mercial aircraft and 1pacecraft. 'l'hus only a few of the biggest 

developing coantrie• can potentially enter the leaCJUe of the indLs~rialized 

countries with their advanced companies. 

However, 808t developing countries are not excluded froa using advanced 

aircraft in ca11mercial international airline•. Ia it a natural analogy to 

view the R•D and production structure for the semiconductor intustry as 

similar to tbat advanced aircraft? 

If that i• a relevant analogy most developing countrie1 - and several 

indu1trialised coantries - should be more concerned with the applications of 

IC technology than the production capability tor ... iconductors. Such 

possibilitie• .. Y be enhanced by rapid advance• of application specific 

integrated cireait• (ASIC•) described in thi• paper. However, it is not yet 

obvious to vbat estent t~e desiqn phase can be •eparated troa production of 

IC• con•iMriDCJ the very high rate of develop11ent of IC .. nuf acturing 

technology. Tbi• i•Aue requires further •tudy. 
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The aany related issues aust be studied in considerable detail and the 

present document bas only superficially indicated some of the issues. The 

actual and potential de.and for IC technology and bow the domestic delllllld 

structure can be influenced and exploited is one of the critical issues which 

must be studied. 

/ 

' 
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Annex III 

PROCEDURES FOR RBTRIEYAL OF BIBLIOGRAPHIC MATERIAL 

Two international online databases have been pri•erily 

identified as ~ost relevant for this rtudy: INSPEC end 

COMPENDEX. 

~NSPEC (Information Servic~s for the Physics and Engineering 

Communities) online database is one of the largest files in 

the physico-technical domain. The database was started in 

l969 and contains presently nearly 2.5 million records 

fublished in the areas of 

engineering, electronics, 

computing, 

physics 

growth of technology. The current ennu~l 

than 200.oqo records. 

control, electrical 

end information 

the file is of more 

COMPENDEX (Computerized Engineering Index) covers literature 

in the fielJs of engineering e~d technology es well es 

biotechnology. This database was started in 1969 and 

contains presently nearly 1.5 •illion records. The file 

increases about 90.000 references a year. 

Both databases mentioned above are accessible via ESA-QUEST 

system. The BSA Infoimation Qestrieval Service is a datBbase 

host organization forming pert of the European Space Agency. 

There are JJ member countries participating in this 

programme end headquarters ere located in Frescati, Italy. 

The network contains over 105 files including both 

bibliographic, fact and patent databases. 

With the equipment svaileble to ua we have been able to get 

access to ESA either through DATAPAK (directly via the 

Swedish telecommHnications system) or through SUNBT lines. 



- 97 -

This letter alternative can be used with direct computer 

connection to the university's computer center, but since 

the location of the Research Policy Institute lies outside 

the network area, we had to use e modem for communication. 

A tentative online search was set up in November 1985 in 

order to get acquainted with the ESA network and the QUEST 

language system. The descriptions used for items 

identification were the following: "semiconductor", 

"integrated circuits", "gate arrays", "semiLustom", 

"technological trend" end "economics". Sevtral e~breviations 

were aslo used: "IC", "ASIC", "VLSI". IL order to get an 

overview of related terms, a text analysis was done with 

respect to words' frequency. 

The resulting references were printed out ~n 

format including all bibliographic information 

abstracts. 

line in 

as well 

a 

as 

In January 1986, a somewhat ~o<lified search with more 

precise descriptions was carried JUt iL both INSPEC and 

COMPENDEX. Again, ESA-QUEST was used as database host ~ystem. 

Keywords were identified by Jon Sigurdson, and Yael Taagerud 

elaborated these with help of the 1?4SPEC thesaurus. This 

volume is of greAt help when constructing e search profile 

since it hes very good cross references to 

related/broader/narrower terms. Since t~e primary result of 

the search, based only on keywords, was too large, we 

limited it to the years 1984-fo. This was done on the 

assumption that the technologie5 of interest undergo 

continuous development, end there•ore recent articles ere 

most relevant when analysing technological forecasting and 

economic trends. This was also the reason why we mainly 

concentrated on journal articles end conference papers 

rather thdn books. 
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The results of these searches were printed out in e format 

including bibliographiL data. The searches were then saved 

in the network so that we would be sble to return to them 

later on. After a review of the titles, we selected a number 

of references, and printed them in a format including an 

abstract. (This was made possible by re-entering the saved 

searches). 

Several articles were selected for full retrieval and we 

obtained most of thP.m from the University Library in Lund. 

Since the journal collection covers many of the issues of 

interest to us, we found more material of relevance while 

looking for these articles. 

Another useful source of information was a standing search 

profile which we had at the Royal Institute of Technology in 

Stockholm. The Information and Documentation Center (IDC) of 

this Institute has established an Information Retrieval 

service for subscribers who wish to obtain continuous 

coverage of entries in ESA files. The profile is processed 

every two weeks, when IDC receives the records from ESA. 

This service, called EPOS/VIRA is unique in Scandinavia. 

The journals which wert not available in Lund were located 

with help of the LIBRIS computer system, which is a Swedish 

database for literature included in all University libraries 

and many research/industry libraries. Thus, we could, for 

example, obtain very importadt materiel from the library of 

the Swedish Defence Research Agency in Linkoping. 

The articles herewith obtained togeth~r ~ith material 

acquired earlier on by the authors, constituted the frame 

for this paper. When looking into issues related to new 

advanced technologiP.s, there ere aJweys plenty of technical 

descriptions of the latest developments. These aspects could 
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not be overlooked and therefore we even took into 
consideration short articles/notices in the various 
rlectronics journals. 

Those journals included also articles of an overview nature 

which the authors of this report could then compile with the 

in order to create the ground for a policy-oriented study. 

~l~~!rQ~if~ ~~~~ (or ~!~f!rQ~!~~ as it has changed title 
several times during the past years), has a good coverage of 
general issues related to the semiconductor industry. It 

presents an annual economic perspective in a series of 

special reports which showed to be very useful. 

Another important source was the journal §glj~ ~!~!~ 

T~~h~~!Qgy. Here we found sever~} arti~les covering many 

aspects of the technological trends. !g~ rr2~~~~i~g~ is also 

of great value in this respect. Articles analysing different 

economic aspects of the ltitest developments are also 

published in ~~~!~Q~~~f!Qr !~!~r~~!jg~~!· Many references 
were also LJade to Y1§! ~~~jg~ which is also an eminent 
journal on certain issues of this report. 

For the definitions of terms we also turned t c; various 
handbooks and books. The authors have compiled the present 
material with the hope to further aria I yze relevant issues. 
To this end country cases of the semiconductor industry 

were partly covered by thus analysing the corstraints> and 

consequences especially for developing countr;es. For this 

purpose we carried out o search in TEXTLINE database which 

includes material of less technical character an~ more 

economics oriented nature which resulted in interesting 

references to material about the state-of-the-art in 
microelectronics ~n various countriea (e.g. Malaysia, 
Singapore end South Korea). 
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Very valuable materiel, mainly about the Indian and Korean 

cases was obtained also from colleagues who ere carrying 

out research on related issues at the Research Policy 

Institute in Lund. This material included, among other 

things, important information of statistical character. 

Since these researchers are well acquainted with the 

development of the microelectronics industry in developing 

countries, we also hope to draw benefits from their comments 

on this report for iuture revision. 

In the beginning of the 1980s, UNinO initiated a systematic 

effort to review and analyse the microelectronics sector and 

its implications for developin~ countries. Various reports 

were produced within different programmes such as the ~!~!~ 

Qf !h~ ~r! ~~r!~~ on ~1~rQ~1~~!rQ~!~~· This series presents 

a description and analysis of ~he microelectronics sector in 

various countries. 

Also the UNIDO/ECLA Expert Group has produced several 

reports deal~ng with the microelectronics industry and its 

implications for developing countries. 

Reviewing some of these reports mentioned above we found 

that they are interestin~ each in its own way, but 

unfortunately, there seems to be no proper integration of 

the conclusions of ell studies done bv UNIDO experts up to 

date. Therefore, we regard ail earlier UNIDO efforts es 

important for our study, since they set the point of 

departure for· fruitful discussion end iuture development. 

A successful effort by UNIDO to disseminate information end 

stimulate discus£ ion about microelectronics is the 

MICROEL~CTRONICS MONITOR. This newsletter has e pleasant ~ey 

of presenting different issues related t~ the 

microeJectronics industry. The Mir.roe]ectronics Monitor is 

published regularly presenting the trends in technological 
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innovations. but it also has special issues which 

concentrate on specific related subjects. 

****** 

When approaching the subject of NC machine tools, we again 

had much assistance from varicus people. Mr Staffen 

Jacobsson's well documented knowledge of this field was a 

greet resource. We also consulted people working el the 

Dept. of Prcduction and Materials Engineering et the 

University of Lund. 

The journals studied for this section were partly identified 

after a database search in COMrENDEX and INSPEC. The 

keywords used were as follows: "industrial robots", 

"numerical control", "NC", "CNC", "machine tool", "control 

system CAD", "controller", "process computer control", 

"CAM", "manufacturing computer control", "software". 

Major 

B2~Q!, 

j~urnals for this technological field were !~~~!~ri~! 

Zimmers• 

volume. 

~QD!rQ! gng!n~~ring. ~~~r!£~n M~£hi~!!!· 

book on CAD/CAM has been a V3luable 

Groover & 
reference 

IEEE has proved to be a very useful source for information, 

both regarding tech~ical descriptions and general 

discussion. 

Though not always mentioned as notes, sources of information 

regarding NC machine tools technology ere listed in the 

bibliography. 




