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EXPLANATORY NOTES 

References to dollars ($) are to United Sta~es dollars. References 

to rupees (Rs) are to Indian rupees. In October 1984 the value of the 

rupee in relation to the dollar was $1 =Rs. 11.70. 

Mention of firm names and commercial products does not imply the 

\ 

• 
endorsement of the United Nations Industrial Development Organization (UNIDO). 1 

In addition to the common abbreviations, symbols and terms and those 

accepted by the International System of Units (SI), the following have 

been used in this study: 

CAD 

CADS 

CCD 

CMOS 

CPS 

CPU 

CRT 

CSDN 

HMC 

IC 

LSI 

MSI 

NMOS 

PSDN 

PSTN 

R and 

scs 
SSI 

VLSI 

VDU 

D 

Abbreviations 

Computer Aided Design 

Computer Aided Design System 

Charged-Coupled Device 

Complementary Metal-OXide Semiconductor 

Central Processing System 

Central Processing Unit 

Cathod~ Ray Tube 

Circuit Switched Data Network 

Hybrid Microcircuits 

Integrated Circuits 

Large Scale Integration 

Medium Scale Integration 

N-Channel Metal-Oxide Semiconductor 

Packet Switched Data Networks 

Public Switched Telephone Network 

Research and Development 

Single Crystal Semiconductor 

Small Scale Integration 

Very Large Scale Integration 

Visual Display Unit 
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IBM 

IEEE 
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SUMMARY 

Tile study reviews the state of the art and anticipated future 
developments of the Indian microelectronics industry as well as research 
undertaken; applications of aicroelectronics products nationally developed 
and existing as well as possible co-cperation at regional and international 
levels in this field. 

In the main subsectors of microelectronics industry developed in the 
country, such as consumer products, industrial products and coaponenta, 
it is reasonable to expect India to become self-reliant in the next 
fev years for most of the needs. The rate of growth in the output of 
electronics products is high and averaged more than 20 pee cent over 
the past three years. Some of the:a have developed a number of software 
packages. A number of software packages haye also been acquired from 
abroad. However, gaps in the software packages still exist and need 
to be promoted before a comprehensive campetence in CAD for LSis can 
be claimed. These limitations are, however, not a major deterrent 
to LSI design. 

National R and D in the field is carried out in national research 
institutes, in the R and D departments of two public corporations (BEL 
and SCL), in the research laboratories of dedicated departments (e.g. 
Atomic Energy, Space, Coamainication, etc.), and in five of the Indian 
Institutes of Technology. Several industrial and research institutions 
have set up design capability up to LSI level. 

Manpower and training are one of the major bottlenecks in the 
development of composite technology for ICs. It results mainly from the 
fact that many trained engineers are more lucratively employed abroad. 
It is partly balanced by the intensive training in microelectronics 
technology and uae of computers, undertaken by several institutions. 

The competence and infrastructure spans the entire gamut of 
microelectronlcs viz. IC design and fabrication, applications, software 
development, system engineering, raw material, manpower, etc. It could 
share its strengths with other c.eveloping countries in the region. 
It also has a number of gaps in technology and would seek support from 
other countries which are in a position to bridge the gaps. Countries 
can also co-operate on a joint programme complementing strengths of 
each other to achieve a common objective. Broad areas where India 
can co-operate with other countries have been outlined in the study. 

The Government has recognized microelectronics as one of the 
thrust areas, with the Electronics Comadsaion playing a leading role. 
During the last few years, rhe Government has adopted several measures 
towards promotion of electronics industry. It has adopted a liberal policy 
towards import of raw materials and equipment not available in the country 
and has considerably reduced the tariff on such imports. The approach 
towards know-how collaboration with fcreign companies has also been less 
stringent. A number of fiscal incentives like higher rate of depreciation 
on plant and machinery than 1110at other industries, duty drawback, etc. 
have also been provided. The emphasis now is on economically viable Jcales 
of production rather than fragmentation of capabilities as in the past. 
In the coming years, it is expected that there will be a radical trans­
formation in the complexion of the industry in the country with micro­
electronics playing a key role. 
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1. INTRCDUCTION 

The development of point contact transistors in 1947-48 

laid the foundation of microelectronics. The point contact 

tra119istors were soon replaced by the junction transistors. 

These miniature solid state devices built on a tiny semiconductor 

chip could replace bulky and volwninous vacuum tubes in an 

electronic circuit and thus reduce the size and weight of the 

circuit. Th.y ~l~a ~ra~!ded furt.~:r &dv&ntag.:;o ui lower power 

consumption, imp1roved ruggedness, higher reliability dnd 

lower coat. 

Miniaturisation and the above advantages received further 

boost with the development of integrated circuits using bipolar 

technology in 1959 when whole circuits/sub-circuits consisting of 

several diodea, tranoiators and passive components on a aingle chip 

could be produced. The Metal-Oxide Semiconductor (2«>S) technology 

for IC• waa developed in 1963. In the years that followed, the 

microelectronics industry experienced an explosive growth which 

still cont!~~~• unabatftd. The level of integration in the ICa has 

been doubling every year, and today half a million components 

on a single chip i• a practical reality. Among the pr.oducta 

that have made phenomenal contributions to th• industry are 

micr~roceasora, semiconductor memories, single chip microcomputers 

and other atandard/custom circuits for data processin~, coR1111Unica­

tiona and consumer electronic•. 

In view of the all' embracing importance of micro•lectronica, 

no nation can develop a s'trono induatrial base without eatabliahin; 

J 
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a aound capability in aicroelectronica. India recognis• the key 

i11p<>rtance of microelectronic• in ita d9Velopomnt atrategy. AlthOUQh 

th• aiating m&l:'ket vol\llllU are not large owing to many aocio­

economic factora and dupite the r•ource conatrainta, the country 

baa been •king aerioua efforts in •tabliahing competence over a 

vid• range of aicroelectronica. 

Microelectronics in Xndia •tarted appearin1 around the y-r 

1970. Since then it baa .. de a remarkable i~ct in varioua fielda. 

Innumrabl• applications have been •uccuafully developed and 

\ 

•Y•t•• have been uaed in industrial, scientific and other applicatJ.ou. 

Th• importance of the need for •king the hardware r .. dily 

available to the deaignera ia alao not undermined. In fact, keeping 

thi• in view, the q,overnment of India ha• encouraged more than 125 

11anufacturing units in the ••11 acale and the organiaed sectors to 

d.velop adcroprocesaor baaed systems, peripheral•, general purpoae 

ai119le board computer cc.rd• etc. Though at pruent, there i• a 

large influx of devicea, circuit.a and ayste ... from abroad, it i• 

reaaonable to mcpect India to become •elf-reliant in a f• yeara 

to co• for moat of the needs. Production baae for integrated 

circuita of lower integration level already exiata. Necuaary 

facility for the manufacture of large acale int-orated circuits i• 

being created which in fact i• going to be .:>re than the required 

to meet the prueut local demand. The d•igner• have •tarted to 

look at the indigenous circuit board• and ayattiaw for their u••· 

I 
I 

' 
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Government of India regarda aclPnce & technology as th• 

baaia of economic progr.... It has recognised lllicroelectronica 

,,. one of the thrust arua. During the last few years. the 

Government ha• adopted aweral meaaur• toward• promotion of 

electronic• industry. It bu adopted a liberal policy towards 

import of raw material and equipment not available in th• country 

and haa conaidarably reduced th• tariff on such imports. The 

approach i::Uwai'd• know-how collaboration with foreign compani .. 

baa alao been l•s• atringent. A nu•ber of fiscal incentivea like 

higher rate of depreciation on plant and machinery than most other 

indutttri••• duty drawback etc. have also been provided. The 

emphaaia now is on economically viable scales of production rather 

than frecJmentation of capacities as in the paat. 

In th• coming yeara. it ia expected that there will be 

a radical trarwformation in th• complexion of the industry in 

the country with lllicroelectronica playing a key role. 

\ 
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2e SCOPS OP 'DIS PRSSBN'l' STUDY 

TbJ.8 report exallinea th• state of th• art of microelectronic• 

in the country. The term lld.croelectronica is used to mean integrated ~· 

circuit8 - device fabrication a• well as applicationa and covera 

all level• of complexity viz. •mall acale integration (SSI).mediu• 

scale integration (MSI) 6i large/very large scale integration (LSI/ 

VLSI). 

It will be W1eful to review the status of microelecti-onics 

in the context of the overall electronics environment existing in 

the country. Towards this end. Section 3 presents a bird• s eye 

view of this industry in the country. Tba next four section.a viz. 

4 to 7 are devoted to the technology of manufacture of integrated 

circ:uita and cover the existing production statuas. R&D base, the 

technology capabiliti••• availability of raw materials as well •• 

equipment. An overall assessment of the pruent status and the 

future possibilitiea ha• been made. Th• coverage is restricted to 

integrated circuits only and does not include discrete semiconductor 

devices, like small signal tranaiator• and diod .. and high power 

devices like thyristors, rectifier• etc. 

Th• exiatin; infraatructur• for microelectronic• development 

with particular reference to manufacture of hardware and peripheral• 

ha• been rwi•ed in Section e. Th• proliferation of microelectronic• 

• 
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U8ag• hu been ao varied that it would be difficult to cover 

each and every area. However, an attempt haa been made in 

Section 9 to present aome of th• importan~ applicationa developed 

and put into actual WI•. - Several foreign suppliers of 

computer equipMnt and technology are indicated in Section 10. 

An attempt ia mad• to revi.., briefly the R&D activities with 

regarda to raicroprocuaor based instrumentation and proceaa 

control, COlll>Utar hardware and software in section 11. Manpover 

trainiDQ baa aaawned conaiderable importance in India end aome 

of th• important progrannes of varioua organisationa have been 

ducribed in Section 12. 

Th• reaearch and development capabilities covered in 

thi• report r.elate only to the civilian sector. The report 

is expected to give a comprehensive picture of the microel•ctronica 

activities in the country. While efforts have been made to 

keep th• language airnple, it is aaaumed that the reader has the 

basic concepts of mi~roelectronica technology and applications. 

l 
i 



- 6 -

3. PROPILS or BLETRONICS INDUSTRY 
IN INDIA 

l~l. Hiatorical Developments 

Until about 1970, Sl.ectronic• in India remained confined 

to mstly entertainment aector with radio and TV connanding th• 

lion•• share. The industry was generally using discrete devicea. 

As a result, the IC production was b>tallf absent. The diacrete 

device production in the country started in 1962 when Bharat. 

Slectronica Limited, a public sector company set up manufacturing 

operation for Germanium diodes and tranaiatora. Production of 

Silicon discrete devices •tarted in 1966, initially as an assembly 

operation baaed on imported chiP• fnllowed by chip• fabrication 

in 1970. 

During th• 70a, there baa been a significant development of 

, activiti• in microelectronics. The industry witnessed conaiderable 

, diversification extendirMJ to profescional and industrial sector• 

in addition to expanding it11S coverage in the conaumer aector. A 

wide range of integrated circuita began to be used. Hovwer, bulk 

of th• end producta continued to uae discrttt• aemiconductor devic• 

or ssi lwel IC•. Although production of IC• •tarted in 1971, the 

demand r••ined low. Due to couiderationa of economic viability. 

, many typ• of IC• could not be produced in the country and had to 

be imported. 

\ 
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Th• la•t fw year• have vitnesaed the in~uction of •Y•te• 

with higher complexity level ICs. The enipha•i• on induatrial 

electronic. ha• increaaed. A large number of new system for 

comm.inication, data processing, apace r .. earch, broadcast etc., were 

produced. HoWever, the production of IC• ha• not grown aignificantly 

both in te~ of quantity a• well a• level of integration. Aa a 

r•ult, import of the•• devicu progressively increased. Further, 

due to the varioua limi tationa associated with import, th• growth 

of microelectronic• in the country has been a constrained one. A 

major development during this period ha• been the implementation of 

~ long pending decision to set up a dedicated facility for LSis­

Semiconductor Complex Limited, a Government of India company at 

Chandigarh, Punjab. The company ha• started trial runs a~. i• 

expected to be in production shortly. When in full production, the 

company i• expected to lead a national effort in the mam!facture, 

dMign and development of LSis. 

3.2. Indu•try Perspective • 

The production of electronic• during 1982 va• worth R•.12,050 

million averaginq a compound growth rate of 20.s" over the laat 3 

years. While the data for 1983 is not yet available, it ia expected 

that the grcwth during the last year will be at least equal to the 

average grc>\•th rate in the preceding yeare. Sectorwi•• production 

of electronic• during the laat 3 year• is given in Table I. 



Table Ia Production of Blectronic Squipment 
& Componenta 

(Ra, Million ) 
• 

Sl, Sector Calendar Year Production 
No. 1980 1981 1982 

1, Consumer Blectronic• 21•0 2t60 3370 

2, Conminication & Broad- 18t5 1540 2550 
casting Equipment. 

3. Aerospace & Defence 
Equipment 680 690 1085 

4, Co~ter,Control & 
I natrumentation, 1600 1885 2420 

Bquipraent Total 6265 6575 9425 

s. Blectronic Component. 1630 1730 2140 

6, Production in lxport 165 255 485 
zone, 

Total 7895 8305 12050 

• 
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3.2.1 Conaumer Slectronica 

In the conaum.r electronic• •actor, 88" of the production 

in 1982 1• accounted for by radio receivers, televiaion receivers 

and audio tape recoEd.•r•• Till recently TV ~ranamisaion waa only 

in black fr white. Colour TV transnd••ion va• introduced only in 

1982. Production of colour TV aeta in 1982 vaa 70,000 number• 

worth a..•oo llillion. Tha• a•ta were all baaed on imported ldta. 

Manufacture of colour TY ••ta baaed on indigenoua components ha• 

been taken up now. Production of black fr white TV ••ta vu o.57 

million number• in 1982. The radio receiver industry stood at 

7.09 ail.lion unlta. 

1'h• other main it... in th• consumer sector manufactured in 

th• country are electronic vatchea and clocks, amplifiera, PA 

•Y•te .. , recoEd. playera, 111aical inatrumenta, head phone•, electronic 

projectora, audioviaual equip•nt, video/TV ga ... , TV booater 

amplif iera, telephone dialler• and f laah gun.. 

A large variety of cQllpOnenta used in U1e elactronloa 

indua"Y are produced in the country. The•• include electron tuaa, 

TV piature,tubea, ••lllicoaductor devica, ruiaton, aapaciton, 

pountio•tera, connecton, loudapeakera, TV tuaera, tape 4ealc 

aechania•• deflection collpOnenta, printed circuit boarda, per-nent 

..;nets, ferrite• etc., 
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The CO".Jntry prodace4 aa. 214'0 ld.llion worth of collpOnenta in 

1982 with the break...up u in Table :1. 

Table 111 Production of COllpOnenta in 1982. 

'ln Ra. Million I 
al. I tea Production 
Mo. 

1. Electron '1'ul>e8. 230 

2. Sea:l.conductor De9icu. 360 

3. Jlaaaive Ccmponenta 960 

"· Slectromechanical " other COllPOD•Dta. 590 

Total aa.2.1•0 llillion. 

Detail• of production of aemiconductor devic• are given 

in Table Ill. 

ai. •o 
1. 

2. 

'· 
5. 

'· 

Table III1 Production of Semiconductor Davie• in 1982. 

Moab• Million! 
uctlon 

8•11 aignal 4wic•1Diodu 
and Tranaiatora. 232 

l'Ower aemicon4uctor 4ev1c• 77 

Integrated circv.it:8. 26 

Ret!tifiera. 10 

Opto-electronica/cSiaplay devic:ea 1 

Other aemiconductor 4evicu 
(Solar cella,ad.crowav• 4e9'ic .. eta.), 11 

Total aa.357 million 

• 

• 

• 
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Tbere are, at present, about a dozen man~acturera 

engagecl in production of semiconductor devices including discrete 

•mall aignal. power devices and IC•. In the case of small aignal 

devices and ao .. power devices, most of the country's require-ots 

are •t by iodigenoua production. In respect of ICs, however, 

the indigenous production at this stage is inadequate 11.Dd hence 

they have to be inported. However, this situation i• expected 

to improve considerably in the near future. 

computers, Control and Instrumentation 

The co111>uter, control and instru..ntation sector baa 

achieved a production level of b.2420 million in 1982. A 

significant feature of this growth has been a 68.4 per cent 

increase in the indigenous production of CQllPuter ayatema and 

microprocesaor baaed system.a. In ter• of value, the production 

of coJll)utera (including microprocessor baaed systems) bu reached 

b. 520 llillion in 1982. 

A break up of th• production of different categories of 

e(zuipment i• given in th• Table I.V. 



Sl. 
No. 

2. 

3. 

- 12 -

TabJ.• XV a Production of Computers. Microproceaaor 

Baaed Syatema 

Ite• 

De.ta ProceaaiDg Sy•te­

(Large/Mim./Microa) 

Peripheral•, 

Microprocesaor baaed Sy•t•­

(Data Acquisition. Busi.De•• 

all4 Others), 

SlectroDJ.c Tllaching Aida. 

Total 

(in 11, Million) 

Production 
1982, 

310 

6 

520 

The production of process control equip•nt. power 

electronic• and apecial application i~trwll9nta baa grown at th• 

rate of 20 percent, The production of th••• ite• baa reached 

II, 1810 million in 1982 as can be aeen from Table V, 

• 



a.11e>. 

1. 

2 •. 

3. 

'· 

5. 

6. 

1. 

•• 

3.2.4. 

. ., 
- ... .J -

~abl.• V ii PrQSuction \lf Procesa Control. Power Slectronica 
and other inatrumenta 

alectronic measuring 

Imtrumenta. 

Medical electronica 
equipmmt. 

Analytical inatEUmenta 

Special applicatiom. 

Bub-total. 

Proa••• control 
equip.mt. 

Power electronica 

Inrluatrial electrollic•• 
auto• ti.on and control. 

Miaaell&Deou9e 

Total 

Co1111111nication ~ Broadcaatinga 

. t n .. Mi 11 t OD) 

Production. 
1982 

279 

129 

20 

80 

510 

538 

624 

78 

60 

1830 

' 

The production of itema in the co-.inication and broadcaating 

aector baa ahovn a 8\lbltantial improv .. nt in the year 1982 having 

r .. ched Ra.2550 llillion. The detail• are 9iven in Tabla VI. 



s1. so. 

Table VIa Pro4uct1on of COmmnication and 
Broadcuting 9quipment 

BroadcaatiDQ BqUipment 
(RacU.o/Profes•ional). 

COlllmlnication ecnaii>ment 
(Line/Powe line/aacU.o etc). 

Tota!. 

(in Rt, Million ) 

Production 
1982 

9t 

2•59 

2550 
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'• IROIXJCTION OP IC• 

8o faF Bharat Slectronica Limited, Bangalore, a Government 

of India undertaking haa been th• only production organisation doing 

complete processing of IC. •tarting from chip manufacture. so­

compani• in the private sector. however, have been doing aaaembly 

operation baaed on i~t;ed ch!ps. Thi• year, Semiconductor 

Complex Li.111.ted, Chandigarh, the n•ly ••t up Government company 

is expected to start pro<b.Ar.tion of Large scale Integrated Circuita (LSI•). 

,.1. Bharat Slectror.ica Lim!.ted (Ba.), Bangalore 1 

The •nufacture of integrated circuita •tarted in th• country 

in 1971 when BBL fabricated the TTL 7•20 IC with the know-how 

developed by TI•R. At about th• same time,. BBL entered into a 

contract with RCA for know-how for IC• using bipolar and CK>S 

technologiea. Since then it ha• produced over 50 types of bipolar 

IC• and 16 typu of CJ«>S ICs many of them with indigenous efforts. 

Among th• bipolan produced by BBL,. 20 type• are of digital TTL 

v•r•ion and th• remaining are of the linear type for applicationa 

in TV, ~M radio, aultiplexing application• and voltage r1a9ulation. 

The production of CMOS IC• •tarted in 1977. The initial 

production waa in 16 pin dual in-line packagea, but subsequently 

a more reliable frit a•al package wa• adopted which could meet th~ 

high reliability defence requirementa. Th• CMOS ICa of BBL include 

eight chips in CD •ooo aeries which i• a functional analogue of 

TTL 7000 aeri•• 
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The IC• produced bf BBL ao far have SSI/IBI lwel of 

COllPlaxity. In addition, it ha• fabricated a prototype watch 

chip which baa LSI capability. In the n•t £• yaara, it propoau 

to •nufactura aicroprocusora and ..-ory chiP• uaing ICA1 r 

t.-c:hnology in addition to aevaral new circuit. of MSI lwal under 

d•ivn in-houaa currently. 

The total invutamnt by BBL on prodUction facility including 

d .. ign, ... k maki~, wafer fabrication, assembly and testing 1• 

R8. 70 million. CUrrencl.y i ta prod\1ction i• at 1 to 2 million level. 

At thi• level it baa considerable surplus capacity. 

•.2. sead.coaductor Complex Limited (SCL),Chandigarh 

Semioonduct:>r Complex Limit• aet up by Government of India 

would ahortly atart production of Large scale IntegratslCircuita. 

It ha• entered into a technical collaboration agreement with American 

Microayatema Inc. (AMI), Banta Clara, USA, for th• transfer of 5 

micron CMOS & lOl>8 allicon gate technology. The agr .. lllmlt alao 

include~,at SCL 1 • option within 4 years, tranafer of more advanced 

3 micr:ona CK>S " lOC8 ailicon gate technology. SC!. alao propoau 

to enter into bipolar area at a later date. 

Th• company would undertake .. nuf acture of a broad range 

of atandard LSI• includi119 watch chipa, calculator chipa, teleco• 

chi1>91 •mori~1ih mic:roprocuaora amt apeech •yntheai••r•• The range 

of product.a v0uld clao include cu•tom LSia, lll04ulea and •~••••llbliu 

baaed on LSI••, gate array• an4 atandard calla. 

• 
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In ao• ca•••• vhil• the compaay •Y a tart vi th the ataodard 

producu aTailable • th• apecific requi~nu of th• Xndian 

electronic ioduatry •Y require redaign of these product. at a 

later date. 

The 1Ditial invutaent for plant and Mchinery at 8CL la 

aa.350 111111on. Th• capacity of th• plant la 9 alllion devicea 

per year• which can be ra1ae4 to 20 million level by addi tJ.on oe 
balancing eqW.pmmt. Tb• production in the initial few year• i•• 
however. apected to be around 5 million unite per year. 

•.3. lcOnomica of IC Production 

Integrated circuit technology la highly capital intenaiv•' 

in nature requiring large injection of im.·•tment periodically. 

ror an optima g~ of. the indua try it la ••••ntial that th• 

iaduatry ia eaonollically viable which calla for large production' 

vol~. 

The production level of IC• in the count~ ha• r-ined lov 

during the entire decade of 70a. The annual output of SSL during 

tbia period hu be• leaa than o.5 aillion unita. It atarte4 

incr-ing gradually fro• 1910. Thia y•r• th• production 1• expattd 

to r•ab 2 lli.llion unite nlu-4 at aa.30 .Ulion. 

~bia production 19Yel la less in order of magnitude than the 
' ' 
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for low level a of production of ICs in th• ccuntry so far are 1 

1. Moat of th• high volu.. electronic ay•tau -4• lo 

th• country an ba•ed on dlacret• devica. However. a 

progressive shift towarda ICS is nov discernible. 

2. Vario\18 rangu of electronic •yat.- require a large 

vari':ty of types ,only a fraction of which i• covered by 

indigenous production and th• rest baa to be imported. Tb• 

usen have a tend•DCY to illPOrt th• indigenously ayailabl• 

integrated circuits alao along with th• othera aa a complete 

package. 

3. Due to the lov level• of production. the cost of 

production of IC• which is highly scale dependent i• 

aigniticantly higher than the inte.t"national pric• which 

in turn coutraiu th• demand. 

-\ 

'· Moat of the critical raw material i• importede Beald .. 

procedural difficulti•• in procure .. nt, the i111pOrt tariff• 

raue the coat of raw material -king the production coat 

higher • It ia,hovever.to be pointed out that during tb• 

laat f tlW yeara, the Government ha• adopted a more liberal 

policy in respect of imports of raw materiala. 

s. Reaource limitations at the level• of the average 

individual aa well •• the nation aa a whole. 

I 
I 

• 



- 19 -

S. TBCHNOLOOY INl'RASTRUCTURS 

5.1. The R & D Baae 

While BBL ha• already a vertically integrated facility 

covering duign. llWUlk •king, wafer fabrication, assembly and 

testing upto the level of MSia, SCL is building up a co~rehenaive 

production and R & D baa• up to th• level Of LSI/VLSI•. Th• BBL 

facility can be upgraded to LSI level by marginal additional 

investment. It baa b .. n carrying on R & D activities in addition 

to drawing on the know-how provided by RCA. The R&D wing of 

SCL will undertake LSI/VLSI design and projects aimed at eatabliahing 

and upgrading the capability of the company for meeting the 

varioua needa of th• country. 

In addition, there are several other organisations in the 

industrial and R & D aectora having atrengtha of varying levels 

in aom or all the segments of the technology. Theae organiaa tiona 

include Central Slectronica l119ineering Research Institute, Pilani, 

Tata Institute of ~undamental Reaearch. Bombay and :tndian 

Telephone Industriea, Bangalore. In the academic sector, Indian 

Institute• of Technology (IITa) at Delhi. kanpur, Kharagpur, 

Madre• and Bollbaf have got fairly extensive facilitiea. Barri119 

a fw gape, the infrastructure in thea• organisations taken 

together ia capable of developi09 IC• upto the LSI level of 

complexity. 

l 
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5 .1.1. central Slectronim Sagineering Ru•reh 
Iaetituw (CmI) • PillaDJ. 

--
\ 

CmI 1a a national laboratory ••t up br the Government or India 

for advanced am in electronim. 'l'be dwelop-nt work on IC• atar~ 

in 1961. Initially, tbe \tOrk waa lillited to the •tudy of certain 

C011POnenta required for IC tec:hnol09r. SO• •i111Pl• circui ta like 

T'1'L gat• were auccuafully fabricated. In 1916, tbe inatit.ute 

initiat:.ec! a progra .. e no "Adv~nced Technology for Semiconductor 

Devic•• t1ith joint •upport of Government of India and UHDP. It 

hu aince ••t up a co111pleta line of equipment including computer 

aided duign, ••lt •king. wafer proc•ain~;r. ion implanter, 

encaP8ulation and t•ting. Th• total investment on capital -.quipment 

i~ about a.. SO aillion. Ita baaia intarut liu in HMOS proc:eaa 

an4 baa alreac!y developed ao• circuita of LSI coaplflXitl'• 

s.1.2. < > 'l'ata Inatitut• of hnd ... ntal R•••rch 'l'Ift .aollbay 

'fift ha• built up an active group and a atrong infraatructure 

in IC deaign a!MI fabrication. The firat IC made in th• country bf 

B&. the bipolar ftL 7'20 vaa developed at 'l'I•R in 1971. It baa a 

compoait• facility to handle up to' micron geometriu. It baa, on 

ita QWD efforte. fabricated an ion implantation •Y•teaa which can 

ace9ierate iona upto 15Q kev. 

a computer aided duign ayate• which 1• aimil•r to the co-.rcially 

available ayat .. Applicon. Uaing thi• •Y•t .. , one can lay out and 

procu• LSI duigna. Th• inatitution ha• pro9•••ed aoftwar• packag .. 

fro• abroad and haa iniple .. nted th• aame to aid LSI d•ign. so-

I 
I 
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of th•• packag• have been inatall-4 at other inatitutiona al•o• 

TIK i• currently working on Cll>8 •tal gate and ailicon gate 

technologi•• It baa in hand am project. on dielectric iaolation 

technology, CCO. foz: imaging and duign auto•tion. 

n'I a public •-=tor oo~nr ia a l .. ding manufacturer of tele­

phonea and c~nlcation equipment. With th• rapid breakthrou~tw 

in technology taltltg plaae in thi• •ector., ITI baa decid-4 to undertake 

~'° in LSI• with a view to kHP ita commnication •Y•t•• d•ign 

at th• stat• of th• art level. 

It bu a at.rong group vork1119 in th• d•ign of LSI aub-ay•t•• 

uaing CAD. The aompany ia now aetting up • pilot line for th• fabri­

cativu of cuato• LSI circuJ.ta. 'l'ne integrated facility coating about 

Ra.40 111.llion mmiab of CAD with i11teractive graphica, maaJc fabri­

cation ayate .. photolithograpby, diffuaion, ion implantation, ••••llbly 

and tuting ayat... Ita prog~amme envisages development of process 

teahnologiM adaptabl• for cuato!IM!uign of •ub-ayatema in tranalliaaion, 

telephone and awitching equip•nt. To begin with, it will eatabliah 

a Ctm 1iliaon gate 5 aiaron proa•••• Th• company ia already engaged 

in the d11Velop .. nt of mc~rti•• in aemi-cu•to• LSI daaign uaing 

1 tan4ard a ell•. 

I 
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s.1.•. Indian Institute of Technology(IIT•) 

There are five IIT• located at different geographical regiona 

viz •• Delhi. Bombay. Madras. Kharagpur and .Kanpur. Thue are premier 

institution• of engineering an4 technology with high academic standarda 

matching well with leading academic institutions in developed countriea. 

All these institutes have baaic device proceasino facilities and 

are carrying out research studies as well as teaching at graduate 

and post-graduate levels. 

IIT Delhi has developed a degree of competence in MOS analog 

signal processing components around NMOS technology and some key 

MOS LSI proc~saea such as oxides including characterisation. The 

institute has recently nucleated active proora• in LSI duiQn 

area including digital sy8tem software. layout. l«>S circuit d .. ign • 

standard cell deaign eta... It ha• also a strong group worki.ng in 

the area of microlithography. , IIT Kanpur, ICharagpur and Ma4ra• 

are engaged in device modelling an4 unit processes. IIT Kharagpur 

haa a programme in Group III-V ,materials and devices. !IT Madras 

over th• last few yeare ia laying empha•i• on CAD with the •••i•tanc• 
' 

of Tata Inatitut9 of hndamaDtal Research.Bombay. Many circuit• 

baaed on the Cl«>S ailicon gate technology have been deaigne4 by 

students of the institute. II1' Bombay ha• apertia• in microwave 

aemiconductor devicea. It pla,na to work on device .. chaology alao. 
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5e2e Technology Capabiliti .. 

lfbe •in aeg•nu of technology where a high level of competence 

la required are (i) D•lgn of IC• and -k -king. (ii) wafer 

fabrication. Sacb of tb•e areaa baa aweral fundamentally 

different approach• vbicb are further aubject to rapid chang•. 

Tb• tecbnology of IC production also involvu packaging. testing 

and waluation. While aignif icant breakthrougba in reapect of 

equi~nt are takiDQ place in theae ar••• u well• tbu• matly 

relate to incr .. aing the throughput and reliability through 

automatioc. Squip ... nt of varioua sophiatication levels is available 

depending on tbe scale of operation. 

In tb• following, tlae capabilitiu of technology existing 

in th• country are aami.ned. 

5e2.1. Deaign of ICa 

Deaign of circuit.a at high level• of int99ration like LSI• 

requiru tbe uae of Computer Aided Design Syatem. Automated deaign 

of engin .. ring ay•t- oan apeed up d•ign innovationa by aavi119 

a number of -n yean of routine work and increaae th• efficiency 

and preciaion. The performance of a circuit under dnelopnmnt 

can be predicted and the dulgn optiaiaed by computer einulation 

and analyaia bef•r• th• prototype i• built. 
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Sft'eral indu•trial and r•-rch iutitut!oM have a•t up 

d•ign capability up to LSI level. ftle organlaatio• vorJd.09 in 

----
\ 

thi• area include I'l'I,Bangalore,aa.,aangalore, cssax~P1laD1, and 

Til'll. Bolllbay,SCL, Chandigarh, IIT DelM, II'l' Madraa " IISO, Bangalore. 

so .. of thell bave d.veloped a large amount of softvare packages. A 

m•-ber of •of tvare packagu have al.a been acquired fro• uroad. 
Howner, ga1>9 in the •oftlfare packag• atill aiat and need to be 

promoted before a comprehensive competence in CAD for LSis can be 

cla1-d. Th .. • 11111.tationa are, howevu, not a •Jor deterrent to 

LSI d•lgn. 

&eYeral JeI circuita bave been laid with th• ue of CM>. 

Some of th• circUi. ta that have been laid are • 

ftL c1rcu1t8 (20 tfpw), balanced mdulatox-, audio &llPlifier, 

tape reco&der circuit, cim clock circuita, 3 pin regulator, telephone 

dialler, telepbon• amplifier an4 coder/decoder. While a aulllber of 

th•• dMig• have gone into production, trial fabrication of •OM 

of th .. ba8 been done at •ilicon foaallri• abE"OM. 

D•igu ba•ed on ataadad. cell• aid gate arraJ'• haY• alao 

been undertaken. DMign of Lala, •taada&d u well a• cua~ 

aemi.CN8tollw will be a •Jor activity iD tbe &8> programme of SCL. 

The COlllP&llJ' would alao undertake aof tlfare development. 

Tift baa 4.velope4 a CAD •Y•tam with interactive facility 

which i• equivalent to the commercially available system Applicon. The 

inatitute la now .nvaoed in th• development of d•ign auto•tion 

ayate• for VLSI• with complexiti• up to 10,000 gat•. The proJllCt 

I 
t 
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••bag .. dwelopment of d•lgn tool• for gc•?-tric. logic and 

circuit d•ign which can be integrated to realise VLSI•. 

Although aeveral iutitutJ.ona in th• country po••-• CAD 

facility. the C011Petenc• for IC 4•1Qn ia limited to a fw individual• 

in •ch of thu• organiaatiom. There ia a need to aignificantly 

incr.ae th• •npover 1-•• in thi• area. 

Tbe Government of India baa launched a Computer Ai.4.S D•i.Qn 

Programme vith the support ot URDP. The outlay conaiat8 of Ra.3, million 

contributed bf oovernm.nt of India and $ 1.5, 111.llioa by UNDP. The 

programme vhich is fairly general covering other areas as vell involves 

MD for CAD applications in mechanical engineering. heavy engineering. 

ml ti• control ayat_, ch-1.cal engineering, Mtallurvical 

engineering in addition to electronic• and integrated circuit d•lgn. 

The project vhich •tarted in 1983 la of four yun duration. It 

i• being illple-nUd at •weral centr• and vill provide training/ 

education facilitiu for CAD and ••tabli•h CAD aoft:ware uchange 

ayat:em tbJ:ouGb •oft:ware library. 

lfbe cblp fabrication tec:bDOlogl• have bec:o• fairly 

atandazdl•ed all over th• vorld although :init procua•/tecbDOloglu 

an un4eqoi119 hr•kthr0U9h8 periodically. In vi., of the enormou 

PG9•ibllitiu of u•• of IC chip• in DMf applications on tbe one 

hand. and larv• isaveatllenta requir.S in chip production on th• 

other head, the concept of decentraliaed duiQn centr• and centraliaed 

chip production faciliti• (ailicon foundri•) 1• gaining m•ntwl 

I 
I 
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the world over. The country plana to ••t up a chain of duign 

centr•• l'abrication of chipa on the duigm from th•• centrea 

will be done in silicon foundrie• abroad till a proviaion is Iliad• 

in the country. It 1• expected that SCL and BBL would start functioning 

•• •111con foundri• in tho near fumre. 

Th• duign area 1• conaiderably labour intenaive requiring 

highly competent penonnel. The competence in deaign i• cmulatiYe 

in nature. With ita low wage rates and high competence level, India 

i• favourably placed in thi• area. The country can provide deaign 

aervicu to both th• deYeloped aa well •• the developing countriu. 

Manual -•k making facili ti• exiat in -ny organiaationa 

in the country. The current capability in tbe country in -•k 

fabrication i• baaed on pattern generator and photorepeater which 

have been in regular use at BEL, Bangalore for several yeara now 

and lately, at CSIRI,Pilani. Both tbe orvanisatiom have CAD 

faciliti .. aa well which generate the maak drawing• on .. gtaP••· 

Thu• •gtape• ••rv• a• the input to th• pattern generator which 

generatea th• ~ttern on a high resolution gla•• plate for making 

working ••b. 

With thue •Y•telU• one can make chro-/..al•ion ••ka of 

•i•• 6• x E• with a r .. olution cf 1 micron and a maxinua die al .. 
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of 6 - x 6 -. The exiatiog facilitiea will be adequate for the 

next fw year8. However. when the tranaiUon to 3 micron tecbnol09y 

tak .. place, there will be a need to augment ... k fabrication 

capability ba•ed on electron beam technology. 

5.2.3. Wafer Wabrication 

wafer fabrication eqW.paent in a conventional facility 

include dif fuaion furnac••• chellical vapor deposition •Y•telU• 

contact photolithography equipment, vet etching and vacuu• evaporation 

•Y•~- The fMture size provided by this kind of facility i• 

10 to 7.5 aicrona. The advanc .. faciliti• which provide feature 

aiza down to 2 microns include in addition to the above, ion 

implantation •Y•t•m. projection photolithography equipment, dry 

etching. vacuum aputtering and electron beam metalisation. so .. 

of th• .,re advanced equipment are X-ray lithography system. electron 

beam lithography ayatem, electron beam writing on wafers. Thu• 

equipment provide atill finer feature aize. At thi• stage th9Y 

are mostly used at the R&D level. Internationally, the •is• of 

wafer• used baa increaaed from 2 inch diameter in 1971 to ' inch 

in 1981 and 1• riaing further to 5 inch and 6 inch. 

The country baa competence to procua wafer• up to 7.5 ai.cron 

and comprehensive faciliti .. mciat at aeveral organisations in 

industry, RIO and acadeaic sector. The equipment at th••• organiaationa 

baa been in general. aulted to the proceaalog of wafer• of 1DaXi1111• 

I 
I 
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dia•ter of 2• on1y. Thia capability can be raiaed to 3• di-ter 

without aignificant additional inv•tment. so .. of th• am orvani­

aationa have a few advanced equJ.pmont like ion implantation •Y•t ... 

dry •tcbing1Yacuu• •pattering and electron bea• •talliaation which 

are in regular u.e. 

The vafer fabrication facility at SCL la fairly conte111POrary 

aD&t would proceaa wafera I~ •• dia•ter although moat of the 

equipmnt i• capable of handling 5• dia .. ter wafer•. Th• facility 

would provide feature ain of 5 microns to be9in with and la expected 

to progreaa to 3 aicrom by 1985-86. 

Whereaa the fabrication facilitiea in the world have a 

conaiderable degree of auto•tion in handling of wafers, manual 

handling haa 'been , ao far, adopted in India. Manual haodli09 

cauaea reliability and yield problema. Th• newly •et up company 

SCL would introduce automation at all critical atepa. 

5.3. Hybrid Microcircuits (HICa) 

Hybrid llicrocircui~• are complete functional module• with 

various active & pa•aiv• d9Yic.. interconnected by a thick f il• 

array on an inaulati09 aumtrate. The active dwic• can range 

from diacrete devic• to coaipla LSI• and can be i ~ chip form or 

packaged fora. 

HJC:a offer mat of the advanta9ea of IC technology aa well 

•• printed circuit boa.Eda. Th• baaic proc•a•.. of fabrication are 

I 
I 
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•creea printiDCJ, drying., and firing thick film pattern on a •ingla 

or 1mltilayer •umtrate, attaching active and passive components and 

pac'1ta9ing. Thay find applicationa where monolithic IC• cannot 

be fabricated on account of uneconomic volumes or on some technical 

con•ideratiom. Much of the attraction of HK:• lies in the low 

capital co•t and flexibility of the thick film process••· Nev and 

modifiec! circuit dui9na can be quickly and easily made. These 

advanta9 .. are ideally •uited to Xn41a wh•r• demand volumes are 

low. HIE• have •tabli•hed key lmportance in comnunications and 

•pace re•earch. They have al•o entered th• automotive market, medical 

electronic•, in•trumentation and industrial controls. 

About a dozen orvanisations in the country have facilitiu 

for fabricating JDC• primarily for in-house uae. The more notable 

amc:ng th- are BIL " ITI in the production sector and CBERI in the 

am •eator who besides meeting their internal needs have also fabricated 

HIC• !or other u.era. 

BIL & ITI have been regularly producing HICa for the last 

fev years. While BEL ha• produced hybrids for several application 

area• e.9., audio frequency amplifier., radio frequency amplifiers, 

r••iator networks and filters, ITI has mostly concentrated on 

co1W1Unication circuits. Another public sector company, &lectronic• 

Corporation of India Ltd., Hyderabad presently has a mode•t facility 

auitable for •imple circuits. However, it haa already taken action 

to a\19meDt th• facility with Advanced equipment. 

CISRI ha• developed capability of fabricating circuit• of 

high complexity. some of the HIC• developed by it include TV tuner, 
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click suppreasor circuit for ua.s in telephone, a pee if ic circui ta 

for telemetry and voltage controlled oscillator. 

-

The equipment at all the facilitiea in th• country can 

procesa only aingle layer HK:a. There is at present no capability 

to fabricate nailtilayer circuits which becomes necessary at high 

integration levels. l"urtber, most of the equipment is geared for 

low-level production with manual/semiautomatic operations. The 

typical features of HIC fabricating capability in the country area 

line width 300 microns ndnimum, and spacing between two linea 

5 00 microns mini~. 

The current atatua in the world is 11111.tilayer capability 

with much finer line width (typically 100 microns) and resolution 

(typically 125 microns ) • However, th• existing eet up in th• 

countx7 meeta moat of the present require1nenta. 

There la at pr•a•nt no academic organisation providing 

couraea in HICs. Indian Xnatitute of Science is ahortly 

acquiring an elementary facility in thia area. It plana to 

include H!Ca in its curricula• in this academic year. 

It would alao provide training to enterpreneura and •DQineera 

from induatry. 

'"' ' I 
I 



- 31 -

s.•. Manpower Situation 

Highly apecialiaed and -=>tivated -npower ia an .. ••ntial 

prerequi•it• for healthy growth of the IC induatry. In thia ••••• 

the country baa in the ~t not been favourably placed d-pite 

creation of facili tiu at a nwaber of plac... The bright engineera 

after acquiring the baaic training have a tendency to go abroad 

oo more lucrative uaignments. There baa also been lack of 

incentive among •tudenta to undertake IC technology as a 1Mjor 

diacipline. Aa a ruul t. th• lack of adequate manpower of 

appropriate calibre has been a najor bottleneck in the development 

of COllP08it• technology for ICa. 

The above aituation ha• been mainly due to limited opportunitiea 

in the pa•t aa the proc!Uction of IC• vaa at a low level and waa 

rutricted to SSI/MSI range of complexity. Neverthele••• there 

are c•rtain 90Cketa where competent people vi th high level of 

expertia• in certain •egnaenta of techDOlogy exist. The country 

ia now embarking on a major prograame of LSI production and 

development with the eatabliahment of SCL. Plana are now being 

drawn to dwelop advance technologiea indigenoualy to meet the 

n•eda of th• count.ry. 

The axiating academic baa• co1111>riaing of th• f iv• II~•. IISc 

and ao• univeraiti•• and engineering coll•g• poa•••• eno\l9h infraat­

-ruc:ture to .. et the challengea of the future. In-houae t1·.aining at 

R&O and production organiaationa can alao be provide. There i• 

need to coordinate activiti• and bri119 about link•;• b\ltveen varioua 

inatitutiona. Appropriate incentivu will alao need to be provided 

tt> promote and retain th• competence in thi• ar•"• 
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6.1. Mated.ala 

Integrated Circuit iDduatry \18• a larQe number of raw •terials 

in Yarying quantiti... They can be broadly divided into th• following 

categories 1 

( i) Single cryatal aeaiconducton. 

{1i) Chemical•• 

( 1:'.1) oaau. 

(iv) Dopanta. 

(v) Photolithography material•• 

(vi) Ultr--.pure Hatala. 

(vii) Quart•are " Tef lomrare, 

Cv11U Paclr.aging fl Asaellbly .. teriala. 

laay availability of all th• ... ential raw material i• a 

prerequiaite for a auccuaful IC development programme. ~he country 

at present depend• on i-.Orta for moat of it• requir .. anta of critical 

raw •terial•• AltbouQh aoma infrutnctur• for the p1:odllc:Uon and 

am of thu• •terial• exiata in the counU'f• it needs to be cou14er·• 

-ably atra119thaned. In th• following. th• atatua in rtaapect of the 

•tariala 1• rni•ecl• 

6.1.1.aingle Cryatal 8eaicon4uctor 

At present ailicon i• th• wt important aa•toonductor 

•terial used in IC fabrlc•tion. Galliwa Arsenide i• another 

important baa• .. terial for IC fabricationw 

I 
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Single cryatal ailicon aemiconductor ie being produced at 

two govunment run organlaationa vis.,, B&, Bangalore, and Bharat 

H•vy llectti.cala Lilli.tee! (BHBL) Bangalore for aeveral year11. 

ICIL, another public aector company baa also been, in th• past, 

producing thi• •terial but baa auapended production a f w yMra 

ago. Howwu-, the production in SSL fr 8HSL J.a mainly for in-bouae 

co•W1Ption. 'l'h• production at BBL -•ta only a ••11 part of 

ita requir-nta vith th• reat being import9d. BHIL uau th• 

material in th• •nuf•cture of power devicea like rectif iera and 

thyaiatora. 

aecently thrH compeniea in the private sector have ea. up 

for merchant aupply of silicon. single crystal and wafera, for the 

llicroelecti.-onic• induatri••· some ••llPl• quantiti .. have been aupplied 

to uaera. They can produce wafer• up to •• diameter. Co1111ercial 

production i• apected to at.art aoon. It ia likely that the Government 

of India alao ••ta up a faaility to undu-take production and am 
of all types of ailiaon .. teriala for IC production aa vell aa 

for photovoltaica. 

Nbil• th• country ia atill importing moat of ita requir ... nta 

of aingle cryatal ailioon, it ia expected that th• country would be 

aelf-reliant and prOdW:• aurplua •• well in the n .. r future. 

lfbcre 1• at preaent no production of ga111wa araeni4e, ln 

the country. 

6.1.2. Cbemiaab 

The country ha• a good inf raatructur• for tb• prOduction of 

chellicala, inclu4i119 •lectronJ.a grade. HOwever,at thia atage, due 
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to low requirement. of the electronic grade chemicals, -• of 

them are not being made in the country. 

Chemicals like methyl alcohol, tr.i.chloroethylene, acetone, 

iaopropyl alcohol, ethyl alcohol, xylene, toluene, ectasolve 

acetate, trans en•-• hydro-chloric acid, sulphuric acid, nitric 

acid, hyckoflouric acid, hydrogen perooxide , a nmonium hydroxide 

etc., of l&nalar/Electronic grade are being made. Several -:oq>aniea 

in the private sector are supplying theae chemicals. At this stage, 

due to low off-take by the semiconductor industry, the price• of 

th••• chemicals are generally higher than the international pricsa 

by a factor of 1.s to 3. 

6.1.3. Gasea 

The IC processing requires very high purity gases. The main 

gaaea which are required in large quantities are nitrogen, oxygen, 

hydrogen, and argon. Theae gaaea are avaJlable in the country. 

However, at this stage, the purity level ia not consistent and the 

prices are high compared to the international prices. Theae_gaa .. 

are aupplied in cylind•ra unlike in other countrie• where some of 

them are generally supplied in liquid form which ia more economical. 

6.1.4. Dopanta 

Th• liquid phaae dopanta like Boron Tribromide and Pboaphoroua 

Oxychlorid• are being made by Special Materials Plant, a Government 

company baaed at Hyderabad. These have ahown satisfactory reaulta. 

However, owing to the present low quantity requirement.a, the price• 

I 
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are high. The IC •nufacturera pref er to iaport th••• dopanta. 

The gaaeo\18 phase dopants like Phosphine, Araine and Diboran• 

are being imported, mainly from USA. 

6.1.s. Photolithographic Material& 

Photolithograpbic material• ioclude photoresiat, photo­

reaiat thinner, developer, ultra high resolution photographic 

plates, and some other proprietary materials. These are all being 

imported at present. Some efforts at R&D level have been made 

to produce photoreaist materials. 

6.1.6. Ultra Pure Metal• 

Th• moat important metals used in IC industry are alluminium, 

gold, tungsten, tantalum, indium etc., Special Materials Plant & 

Miahra Dhatu Nigam at Hyderabad are manufacturing these materiala. 

6.1.7. Quartsware & Teflonware 

Th• quartzware like furnace tubee, transport tubea coda, 

etc., are at present being imported. Likawise teflonware for 

•t-ge and jig• for procesain; are being imported. Some co .. •niu 

in the country are making efforts to produce them at the apecif ic• 

"l"tiorw required for aemiconductor industry. 

6.1.8. Packaging ~ Aaaembly Material• 

Th• important !lllteriala in thi• cat&Qory are bonding wire, 

lead-fr-•, moulding compound, gla11 to metal eeal• &c conducting 

-1 
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pa•t•. Th•• an at preaent mostly being illlPOrted. So- att-s>ta 

have been made by Indian manufacturera for producing gold wirea 

and limited •uccee• ha• been achieved. llectoonica Corporation 

of India Limited i• making glas• to metal seal• required in ._tal 

can packages. BEL 1• -king ao1ne of its requirf9menta of lead fra ... 

and conducting paatea. 

6.2. IQUIPMINT 

The manufacture and R&D of int99rated circuit.a requir• 

large number of proces•inq anc:l testing atagu with aophiaticated 

equipment at each a~ge. Rapid break-througha are taking place 

in manufacturing technology of equipment leading to evolution of 

new integrated circuit.a with enhanced capabilities. Aa a reault, 

the obaoleacence rate in the equipment area i• very high and mo•t 

of the equipment becomes un-sui table in ' to 5 yeara. The production 

of equipment in IC induatry is, therefore, highly expenaiv• and 

enorm>ua duign and development aa well •• R&D efforta are required. 

So• of th• •jor manuf acturera in the world are putting in enormua 

ef forta in raaearch, development and d .. ign and have become leader• 

in th• production of cutai~ rangea of equipment. 

\ 

Jn viw of th• capital interwiv• nature, high rate of 

obeoleacenc• •• well •• low internal demand of the aemiconductor 

equipment, the country i• at present i11POrting 110at of it.a require•nta 

so.. of th• oompani•• in the country have made effort. to produce 
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equipment like 41ffWlion furnacu. vacuum evaporators microacope9, 

vi re-bond.era. die bondera. laminar air benches, ul traaonic cleaning 

•Y•t9•• lapping •chines. tramfer moulding a.chines and metal 

can ••ling •chines. They have achieved varying degreu of aucceaa 

an4 their -chin• are being uae4 by some of the semiconductor 

facilitiu. In particular, the incligenoualy made vacuwa waporator•• 

laainar air benchea. ultraaonic cleaning aystema and •tal can 

•••ling .. chin .. have been highly aucceaaful. 



1---
- 38 -

7 • OU'rLOOJC FOR THS l'tJTURS 

7.1. oe .. n4 Projectiona 

Tb• country ha•• over th• yeara, utabliahed a aoun4 

technological and production infraatructure over which it can • 

in th• near future. build up a atrong capability in integrated 

c1rcuita. The avaren••• of th• potential• of IC• in varioua 

applicationa la growing fast. Further. ao- of the plana of the 

Government of India like opening of new TV atatlona. ..jor 

moderniaation plana in teleco11111UDicationa. and industry aectora 

like steel. fertilinra, petrochemicala. cement etc., introduction 

of computer• in school• and collegu. promoting use of microelectronic1 

in railway•• agriculture and health/care etc. are expected to 

provide aonaiderabl• booat to IC demand. 

Preliminary utisnatea indicate that th• d-nd of ICa in 

the country by 1990 would be about Ra.3000 million,made up of 

a..1600 ail•icn for SSI/MSI level IC• and a..1400 million for 

LSI/VLSI•. It ia expected that about tvo thirds of thia demand 

8ould be met by indlgenoua production. In the caae of LSI/VLSI•. 

optimiata believe that th• demand can go up to Ra.4000 million with 

market promotional •f forta. 

In order to ••t the above demand, an all round upgradation 

of production. R&D. material• and manpower baaa will be required. 
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7.2. Th• Taek •ore• on LSia/VLBI• 

Recognising the importance of llicroelectronica. OoverD111ent 

of India aet up in 1982. a Teak Force to review the exiating 

technological baa• in the country and to r•ao-nd a atrategy 

to bridge the technological gap in order that Inti.a eatabli•h• 

a viable pruence in thi• area over the next decade• 

Th• Teak •orce ha• examined the entire gout of technology 

covering proce•• techniqu•• technologiu of material• and 

equipment. COllPUter aided deeign. manpower development •• well 

•• future demand utimatea. While the final report hu not yet 

been submitted. it baa already identified the gap areaa and 

recoamended an investment of Ra. 2300 million towards R & o. production 

and •npover development progra_..• over a period of 10 years. 



8. O. ElUS'fDIO IDRASTRUCTURE .l'OR MICROSLSCTRC»IICA APPLICATIC*S 
AND SYSftMS 

The Inclian eo11putar iDCluatry bu a checJcarecl hi~ 

aince 1970• vith foreip enterprina auch u the IB... XCL uad 

Burrougba holding the -Jor •bar• of t?le local .rat. Tbe 

aoverwnt of Inclia ovm4 only public Hc:tor undertaking, ..... 1y, 

the Slectroni.ca Corporation of ID4ia vu the aource of a.s" of 

the ayate• inatall•d daring the period 1961-72 vhil• DN ooDtJ.aued 

to be the aource of aupply for tbree-foartha of the ayatea during 

thi• period. aetv-n 1913 and 1917, BCIL .,,,.d ahead and -~ 

the aingl• large auppli•r in ID4ia and tbe market abare of other• 

dwindled drutically. 

The picture baa cbaage4 vith tbe a4Yent of aicroelectroDica 

tecbDology. By the end of the lut decade i.e. 1970•, aneral 

wholly Indian owned ccn11pani•• not under the direct control of the 

Central aovermmnt, began daaigDing, uaembling and ••lling ayate• 

in the country and continued to grow u an illl»Qrtant force in the 

ID4i•D .rut. At pre••Dt Iadi• h•• built itHlf during the lut 

few yeu11 to a level that there ue 110re than 30 firm which are 

aolely eng99ed in computer and m.croco11puter Nm&facturiag activity 

in ao• way. About 20 ite• vith a vary1119 de9r•• of 1n41geDOU8 

content• are now beilMJ iadigenoualy •nuf actured vbich include 

aicrocomputera, dealt top aD4 m1Dico11putera, word proceaaora, 

peripheral• auah u dot -triX and line printer•, ....raetia tape 

driv••· floppy and hard diac dri•••• CR'f terminal• and ao on. 

\ 
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In tbe oqaDi.•4 Motor there are several wlita poaHaaing 

1Dduatrial licencea/lettera of intent for the -.nuf actun of 

lliniCOlll'utera, 4ata loggera, peripherals includiDG printera, 

terminal•, d.iac drive• etc. A maat>er of firm !!! the a-11 

Hctor hoe men approwed for •nuf acture of a nu"ber of C0111>Uter 

peripberala. The total production of CQ11putera and otber 

llicroproceaaor baaed •y•te• vu II. 520 111.llion in 14t'ct2. 

a.1. Colpater Syate• 

A.a ngar4a co..,uter ayate• Mnufact.uhcl in XD4ia, they 

can be cluaifie4 into 8/16/32 ay•te•. There an mre than 15 

\ 

firm Mmfacturiag 8 bit ay•ta• an4 another 15 firm Mnufacturing 

16 bit •y•te•. An analy•i• of the firm an4 their product range 

1n41cat:ea that moat of the 8 bit ayate• are baaed upon 3 ll&in 

proceaaora namly 8080 A, 8085 an4 z 80 A. Moat of thea b&Te one 

to four hard diaca with 10/20/•o Mb capacity, 100/120/150/180 cpa 

~otllatriX printer• an4 1/2/• floppy di•c drivea. While thia 

aillilarity ia expected, eiailarity alao exiata in the aoftware 

packa9e• an4 operating ayate•. It ia ob•rved that moat of the• 

provide CP/H compatible operati09 ay•te• with a few otbera 

deYelopiag their own. Syate• are alao offered with aultiprogr~ag 

an4 ..alti-taakicg capabilitiea and utiliti•• auch •• aort/ .. rge 

etc. Alaoat nery •auf actunr aupporta language• auch •• ~ORTAAll, 

BASIC, COBOL With PAICAL .. an additional feature. 

1.1.1. Sle~oDica Corporation of ID4ia, Hyderabad 

Tbe goveramnt-ov•4 &CJL 1• making a note worthy 
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contribution in the field of eonputers which have a major role 

to play in the general industrial development of the nation. Since 

1969, ECIL manufactured computer syste11111 ranging fro• 8 bit and 

16 bit systems and aupplied to over 200 inatallatioll8 in the 

country. BCIL is engaged in hardware design, software develop1mnt, 

manuf acturiog, marketing and mainte11ance. The latest addition 

to BCIL' s range of computers is the 32 bit coaputer • Systea 332' 

developed and manufactured indigenously. 

The aystea 332 bu powerful inatructiona for byte atriog, 

single and double preciaion floatiDCJ point, decimal arithmetic 

and input/output operations. Autonomous 1/0 processors function 

parallel vith CPU having separate and simultaneous access to 

amm:>ry resulting in high throughput. It has a versatile operating 

system which supports co .... rcial, acientific and Real-Ti• 

applicationa. Features like Hultiprogranmi.DIJ with job priority, 

Input-output spooling, multi taakJ.ng, job accounting, file 

•naqe .. nt •y•t••• co~ication aoftware to tranaait information 

to remote place• and Automatic volU119 recognition are offered. 

BCIL baa demonstrated the ayatem 332 for it• remote graphic 

capability by linking through the Indian satellite APPLl' to another 

ayatem in a remote earth atation. It ia planned to deliver about 

15 auch computer ayateaa during 198'· The in4igenoua value added 

is about 60% in this develop-nt. The company h.. about 600 

engineer•/•cientiata out of which 300 are aoftware engineer•. SCIL 

ha• devoloped apecial purpose hardware and aof tware for a nUllber 

of applicationa auch aa telephone directory enquiry information, 

\ 
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airline• flight data recor-Ung, criminal report generation.for 

police, •••age switching and so on. 

8.2. Computer Peripberala · 

Regarding coaputer peripheral equip•nt, a number of f irme 

have atarted manufacturi119 since 1982 with moat of tbea in 

technical collaboration fro• western countries. A range of 

alpbanu-ric diaplay terminal• baaed on microprocesaora are 

available ra09ing from du!llb to intelligent terminals with semi.graphic 

facilities. Soll9 of tbe firms have reported co111>letion of 

develop .. nt work on graphic display terminals. 

Indigenous dot matrix printer• with printing rates of 150 

CPS, bidirectional and loqic seeking features have also appeared 
. 

in the market recently. The line feed speed is 33 ms and there 

is control for horizontal and vertical tabulations. one firm baa 

been engaged in the manufacture of floppy disc drives with technical 

collaboration from BASF, the Federal Republic of Germany and yet another 

firm with Shugg,rt, USA. For each of the category of peripherals such as 

magnetic tape drives, printer• i111»act and non-inpact type, winchester 

disc drives, floppy diac drives and video terminals the status of 

indigenous effort is given in the form of table• 

8.2.1. Magnetic Tape Drivea I 

In IDdia, moat computer systema m...'nufacturers of fer one or 

more tape tranaporta with their ayatem. several key-to-tape unit• 

l 
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are available with 1 inch reel tenaion arm tape tranaporta. 

Th• aiz• of th• OBM market in India i• estimated at us $ 300 

million and i• growing but not at the aama dramatic rate of 

growth a• disc drive market. A few Indian coq>aniea have planned 

to indigenously manufacture tape driv••· 

8.2.2. Floppy Diac Drivea 

As •ntioned earlier. the Indian nd.cros:o1111pUter 1a11ufacturing 

activity i• predominantly in the non-govern.mot unit• who have 

baaed their deaigna on th• 8 bit, and 16 bit systems. The ayate11111 

produced are general purpose ayatema aa well aa systems tailored 

to 118et the requirements of acientif ic, busineaa, inventory 

control, office managel'A8nt and other data processing applications. 

Indigenous capability for floppy disc drives is being established 

with one of the firms meeting pr:imarily ita own in-house require-nta. 

while another firm has started supplying other users. aesides 

there are several others who have plans to indigenously manuf actur• 

and a few oth~r• representing reputed firms abroad till auch ti .. 

the total indigenous market demand is taken care of. While S>•t 

of the users have baaed the.tr designa on e• floppies, future 

ayatema are bei119 planned fc)r 5/-&• mini floppy drives by 

manufacturers of word procei1sors, personal coq>utera and ao on. 

Considering th• prevailing conditiona in India it i• estimated that 

in the year 19A4 the demand for floppy disc ~iv•• of varioua 

sizes can be placed around 6000 to 8000. Thia figure ia ba .. 4 OD 

the fact that the work ia R&D as well aa application engineering 

area• are expected to have a anow-ball effect in the next few 

I 
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CoJll)uter Terminals 

Several. Indian firms have made terminals of different 

kinds - dumb to intelligent with semigraphic facilities. However, 

thftre are no terminals manufactured in India with graphics 

capabilities which continue to be inported. VDUs are available 

with full ASCII keyboard, 24 lines X 80 ch/line, 5x7 dot matrix 

and 1/2 dot shiftinq in 9xl5 dot character cells. Most of the 

Indian market for VDUs is through manufacturers of coaputer systems 

(OEMS)• consoles for R&D applications, industrial. process control 

applications. The current prices of terminals in India may vary 

from •.15000 to -.35000 on OEM quantities depending on the options 

required such as number of pages, video features, peripheral 

interfaces, user memory etc. In single quantities one may have 

to invest around -.20,000 and above depending on the features 

required. It is expected that with the recent duty reductions 

announced by Government of India, the prices are expected to fall 

with an increase in demand. As far aa teleprinter terminals are 

concerned th• Hinduatan Teleprinter Limited, Madras a public 

sector co111>any 1• manufacturing machines which can cater to most 

of the Inclian market. 

-1 
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Table VII 1 Status of Incligenoua Develop-nt of Computer Peripheral• 

1. Printers 1 Line, band and dot matrix printers with 

foreign know-how1 

\ 

2. Ploppy disc drivea a• floppy disc drives available indigenoualy 

Future plans to manufacture s•1•• drives. 

3. Magnetic tape I Indigenous manufacture plannecl. 
drive a 

'· Video Terminals I Duillb to intelligent terminals with 

semigraphics available 

s. Teleprinters I Indigenously naanuf actured. 
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9.0. MDI FIELDS OP APPLICATIONS OF MICROELECTRONICS IN INDIA 

With the proliferation of microelectronics and their 

decreuing coat, it can be reasonably expected that almost every 

organisation in the world will go in for applying this technology 

in future. The role of microelectronics has been one of the llllljor 

elements in the fabric of the developed countries. The use to 

which these latest tools can be put is only liiaited by the 

imagination of the designer, in their quest to provide either 

better or new soluttona to problems in information processing, 

co1111a1nication, instrumentation and other countless industrial 

applications. It is little wonder India too is attenpting to 

exploit the full potential of this technology to reap the full 

benefit. The question is no longe~ 'should we• but 'how do we• 

and in what lllllnner so that it fits well within the framework of 

activities in the country. However, India has to consider the 

availability of resources such as manpower, capital equip•nt 

to affectively enter the field of microelectronic applications 

and gain control of the directiona of the technol09y. 

It baa been rell,liaed that India will do well in the deaign 

of microprocessor-baaed systems, especially in the development of 

software. The hardware realisation of mini/micro processor ayatellMI 

is within the country's co..,etence. Microelectronic• applications 

in India is undergoing almost a metamorphosis as co111>ared to the 

situation a couple of years ago. Microelectronics has been applied 

to a very successful degree in industriea, trans~ortation, energy 

sector, comnunicationa, data processing, scientific and other 

l 
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inat._,!'Wlentation. It has also entered the fields of health care 

and agriculture, the e111>haa1s here at present being to utili•• 

the equip•nt supplied froa other countries. In thi• Section, 

a brief account of the applications in various fields i• given 

with the developmant efforts covered elsewhere in thi• report. 

9.1. I'!ldustrial application. 

There are certain priority •actors of economy in India aucb 
. 

aa steel, cement, p over, t extil••• cheaicals encl fertilisers which 

obViously deserve more immediate attention. Microelectronic 

applicationa too have got their fair ahare in this directiob. The 

above mentioned industries have planned for rapid modernisation 

of their programmes because of strategic iJll)Ortance. 'l'h• emphasis 

is to increase the productivity and i111>rove the quality of production, 

to meet the domestic conawmption demands and in •o- caaea even to 

face the international market situation. 

India executed one of the tron ore project• in a record ti .. 

of about 2-3 years in the late 1910a. M1croelectronic11 application 

in this project baa been to a great extent reaponaible for the 

success of this project. Th• major electronic •J•te .. • were obtained 

from other c.ountriea and Indian equip•nt -ting the rf1quire•nta 

was inteqra1.:ed into the overall system. The entire prcj•ct waa 

coq>leted with the direct involvement of local e119ineera in the 

\ 
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modernisation programmes in Bokaro. Rourkala and others h&s also 

been based en indigenous auppliea. Optimisation, cold rolling 

mill• operation, b laat furnace control, material handlin~· are 

eoll9 of the critical areas where sophisticated microeilectronic 

equip .. nt has been used. Soam of the new projects have been 

designed to use complex distributed digital control systems for 

which a major portion of the systems are being acquired from 

indigenoua auppliers as well as from outside the country. 

In certain casea, the electronic hardware i• obtained 

along vi th the plant and machinery acquired from outside aourcea 

a• part of the cooperative agreements. However, the high degree 

of co..,etence that is being achieved has enabled India to sueces•­

fully integrate indigenously developed microelectronic equipmant. 

The Indian Cement industry ha• realiaed the need to go in 

for modern electronic metboda of control. The process bei119 co111>l•x. 

microelectronic• has colDll to th• rescue and many of the Indian 

cemant plant• have adopted electronic controls. Prograsmnabl• 

Controller•, material handling, quality control inatru ... nta, 

analytical inatru...nt• for X-ray analy•i• are some of the apecif ic 

application• of microelectronics in the In4ian cemant induatry. 

A large percentage of the microelectronic equip•nt requira•nta 
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of this industry is being met within the country. Computer 

based tale-supervisory syste1DS, use of industrial drives and 

control• are soma of the areas in which a beginning is made. 

9.1.3. Chemicals and Fertilisers 

This is one industrial sector where considerable effort 

was made in the last few years to use electronic equipment and 

conputer for total plant control, though, this was not met with 

great success. But the engineering capability has been built 

up to a great extent and there are certain consultancy organisationa 

in India who have bagge~ turnkey contracts outside the country. 

Expertise has been built over the few years and the present trends 

are to go ~n for distributed process control with advanced 

ld.croelectronic technology. 

9.1.4. Oil Exploration 

Microelectronics has been la.t"gely applied in this sector. 

A big project called TITAN which e111>loys modern coniplex controls 

for telemetry and telecontrol• has been launched in collaboration 

with one of the firms outside India. However, a well ea~ablished 

public aector coq:>any has acquired the technical experti~e and 

knowhow to execute the project. Thia venture has also bpoated 

up the level of conpetence and expertise to take up a~l subsequent 

projects in this iq>ortant field of application. An off,-shoot of 

this exercise has been the capability of the Indian firm to extend 

t.he application of microelectronic control• and aupervis,ory ayste• 

for other industrial sector• such as steel, cement etc. , 

\ 
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Facilities are being augmented to clear large back log of data 

processing which was carried out by transporting the data abroad. 

9.1.s. Power 

Thermal power generation has been one of the main effort• 

and is considered very vital for India's industrial growth. In 

India today, there are several manufacturers of process control 

equipment which use advanced microelectronics technology. Alm>st 

~11 the firms have technical tie-up with leading manufacturer• in 

the world. Process control equipment, analytical instruments 

\ 

such as gas analysers, data acquisition, monitoring and control, 

are some of the areas where advanced techniques such as distributed 

microprocessor control systems are adopted. Microprocessor baaed 

programmable controllers, event s·equence recorders, t enperature 

scanners, alarm annunciation systems have already been introducsd 

in many power generating plants. There are also a few hydro-electric 

generating plants in India which apply microconputera for their 

controls. Power systems control and load management is another 

area which ha• applied computers and microconputers and large 

projects are currently in progress. 

9.2. Tra~portation 

considering the size of the country, a high degree of 

importance is being attached to the transportation sector. several 

programmas are being expedited and the microelectronics has found 

the desired role of application. The existing computiDQ system of 

Air India has been upgraded kaepi119 in view the compatibility of 



- 52 -

hardware and software. It is also envisaqed to expand the ayatea 

to meet the demand by 1990. A computerised reservation sy•tem is 

also being installed very soon by the Indian Airlines which is the 

major internal transporter of air traffic. A system is also being 

designed for the Air India/Indian Airlines massage switching 

reservation system. 

Computerised Passenger reservation system for the northern 

region of Indian Railways has been ~n up as a first step in this 

area. A national network has been planned for railways and the 

hardware and software requirements are being taken care of accordingly. 

9.3. Conmunicationa 

In India, 1980s i s going to be a decade of large scale 

induction of electronics particularly digital switching, the thrust 

now being towards digitalisation of the network of co11111111ication. 

In the field of data conmunication service, efforts are made to 

keep pace with the modern technology and provision of service• 

available elsewhere in the country, a few dedicated circuits being 

provided to start with. The introduction of Public Switched Telephone 

Network (PSS'N) is on the anvil. The Circuit switched Data Network 

(CSDH) is in an experimental stage using telex network and serious 

consideration is being given to the introduction of Packet Switched 

Data Networks (P8DH). 

Microelectronic• i• going to play a major role in the pursuit 

to bring new technologies and services. Microprocessors and 

I 
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aieroco111>utera are planned to be used extensively in mode1U, data 

converaion equip,.nt, lllll.tiplexers, protocol controllers, packat 

assembler, disassembler, packet llVitching etc. New tele-informatic 

service• like teletex and videotex, tele-conferenci09 u·e •o- of 

the high speed data cogw1nication applications of microelectronics 

identified for the future in Xndia. 

Computers have been used for mas• commnication through 

India's INSAT 1 Satellite programme. It is planned to bring 

Television coverage to about '°" of the population of the country 

and the satellite has been very recently dedicated to the nations 

efforts in this direction. It i• also expected that educational, 

agricultural, health care and other progra11111Bs will get a boost 

through this progr&1111111. 

9.4. Health care 

The Indian industry ia currently making available a wide 

variety of 111edical electronic equipment for patient monitoring, 

diagnoais and therapy. The current trend is towards developnmnt 

of microprocessor baaed equipnent for which there is an increaaing 

demand in Indian hoapitals. A notable feature in the field of 

medical electronics was the development and introduction of indigenous 

X-ray CT brain acannsr. Thi• highly aophiaticated and expensive 

machine, currently i111>orted ha• aignif icant demand in the country 

and is uaed by neurologists for diagnoaia of brain diseases, 
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cliaorders and head injuries. So111e highly specialised hospital•/ 

nursing homes are being set up which require large quantitie• of 

sophisticated meclical electronic equipment eaploying aicrocomputera 

and computers. I111ports in .. clicail electronJ.cs area are co111>aratively 

high for aophiaticated and life saving equip•nt. 

9.s. Inatrwlanta and Instrumentation 

'l'be indJ.genous effort in this area is mainly in the form of 

utilising the microelectronic equipment imported from outside the 

country. Standard teat and measuring inatruments such aa progrannahle 

digital inatruments with IEEE - '88 bus conpatible outputs, logic 

analysers, oscilloscopes with multi function capability, etc. are 

usau for a variety of scientific and industrial applications. 

However, a sizable portion of iaportad middle level technology 

instruments is being replaced by indigenous production. New products 

employing microprocessors, such as signal generators, digital LCR 

bridges, signature analysers and logic analysers have been introduced 

in the market. Inatrwnanta such aa gas chromatographa, progra...ahle 

instrument• for biology and chemical studies, spectrophoto ... tera 

uaing microprocessor baHd ayate1U, co111>uter b ... d inatrw.nta for 

crystallographic atucliea, instrument• for Nuclear Magnetic Resonance 

based studies are some of the other innumerable instruments which are 

widely used in India for scientific applications. 

9.6. Data Proceaaing Applications 

Socio-economic planning, banking, hotel manage•nt, inventory 

I 
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control. accouoting and -rkating. word processing are so- of the 

application ar.aa of microelectronics in India. Several ayate .. 

uaing indigenoua aa well aa iaported conputers have been developed 

and iaple.-Dte4 and only a few exanpl•• are cite• below • 

9.6.1. State-level PlaDDing and Information System 

The GoverDlllent of Madhya Pradesh in India baa taken a 

pioneering atep in the aocio-economic planning in the State by 

installing a co111puter network using indigenous machines. A 

conprehenaive information system for the 7, 700 villages in the 

state will be put on the conputer. Thia will contain demographic 

information. basic agricultural statistics. socio-economic data 

and so on which will be used for state and district plana. 

Personnel information. evaluation of offecers. Provident Fund 

Accounting are aoam of the uses planned for the future. 

9.6.2. The INSAT 1 progra111E launched recently in India is expected 

to help in materological data collection and also flood forecasting. 

About 100 flood warning atationa in the country have been set up 

which receive half hourly pictures through the satellite as compared 

to th• 2 picture• per day. Thia advance information will be utiliaed 

to serve and eave th• country from many cataatrophic aituationa. 

9.6.3. Hotel Management 

Hotel Man1a9e111Bnt ie another application in practice in oa. 

of th• big hotel• in India. The hardware has been i111>orted and the 
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aoftware bu been developed within the country. Pront office 

ay.U• auch u reservation, guest history, guest accounting, 

house keeping, auditing, hu been talcan care of to start with. 

Eventually it is proposed to use the computer in all upecta 

of hotel operations and management. XD :IDClia tMr9 are ..,,~ 

co111pallles who offer hotel manageamnt aoftvare package•. 

' I 
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lw.o. MlN SOUKCKS OF TECHNOLOGY AND EOUIP!CNT 

India has been relying on inport of capital equipment 

required for the developmant of microelectronics. However, the 

manufacture of microelectronic system and development of hardware 

and software is being progressively and increasingly indigenised. 

System engineering has also assumed considerable iraportance and 

in many large industrial projects efforts are made to maximise 

the use of indigenously developed products. This has led to the 

develop118nt of indigenous industry to a great extent and there are 

specific instances of indigenous hardware and systems being used 

in turnkey contracts abroad. 

It is however to be appreciated that till such time indigenous 

hardware and systems are freely available inports cannot be avoided. 

Technology inputs have been desirable in certain specific areas 

which also helps the growth of indigenous technology and systems. 

Further, as many of the ~ndustries have planned for immediate 

modernisation, it becomes essential to rely on imports for technology 

a• well as equipmant. 

Large conputer systerns are not being manufactured in India 

and hence are inported from countries such as the United States, the 

United Kingdom of Great Britain and Northern Ireland, France, and 

Union of Soviet Socialist Republics (USSR). The same is applicable 

to process control computers which of course form· part of control 

equipment and have been imported from the United States, the United Kingdom of 

Great Britain and Northern Ireland, France and the Federal Republic of Germany. 

I 
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The comp~ter peripheral industry is shoving steady improvement. The terminal industry 

is fairly well established and imports have reduced. For floppy disc 

drives 2 or 3 manufacture.rs have been al.loved to import technology 

and have started supplying indigenously maouf actured systems to 

local users. However. bard disc drives continue to be imported 

though a private firm has been licensed to collaborate with another 

USA firm for manufacture of Winchester drives. Countries such aa 

USA. UK, USSR. Bulgaria and Hungary have been supplying co111>uter 

terminals. 

Digital control technology and equipment for process control 

applications, data acquisition systems, talemetry and telecontrol 

are imported at the moment. However. there are a few leading fir .. 

in both the public and private sector who are able to assimilate 

the technology and have gone into production. These firms will 

very soon cover more or less the entire Indian market. Somi. of the 

c~untries which have supplied technology and equipment in this 

field are USA. UK, Japan. France and the Federal Republic of Germany. 

Bulk of the digital conununication equipment and technology 

imports have been taking place from France, the United States and other 

countries. However, large P.xpansion programmes for Indian manufacture have 

been planned and are expected to materialise within the next 

two years. 

Table VIII indicates the main foreign sources of supply for 

technology and equipment in the different fields a.ntioned above. 

l 
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Table VIIIaMain Suppliers of Equipment and Technology 

1. 

2. 

3. 

•• 

Co111>uter Syatema 

Co111>uter Peripherals 

(Floppy drives, Tape 

drives, Hard disc, 

drives etc.) 

Process Control 

Equipment (Digital 

equipment & Conputers) 

Data Acquisition and 

Control SyateJU 

USA, l'IJK, USSR, Netherlands 

USA, UK, Japan, FRG 

SWeden, Bulgaria, Hungary 

USA., UK, F ranee, SWeden, 

Wast Germany. 

USA, Japan, France, UK 

s. Communication equipment France, 1181., Switzerland 

6. Electronic Instruments USA, Europe (UK, Netherlands and others) 

including special 

applications. 
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NATIONAL R&D IN MICROELECTRONICS 

India as a developing nation has to quicken its pace of 

development and achieve larger goals of a welfare state. Because 

of major Governmental shares in the management of ~nergy, transport, 

co11111Unication and heavy industries such as Steel, Textiles, Chemical• 

and Fertilisers, Sugar, Mining, the role of chief promoter of use of 

microelectronics including computers as a developmental tool would 

also have to be that of the Government. A cultural transformation 

in these areas is also bound to influence others such as ed~cation, 

health care systems and agriculture. Microelectronics, therefore, 

are not only needed for economic growth in business and industry in 

India but also for education health and agriculture. The Government 

of India, therefore, is encouraging several national laboratories 

and other organisations to conduct design and development work to 

suit specific industrial, scientific and other civilian needs. 

\ 

The following paragraphs describe briefly the national R,5t0 activity 

that is being carried out in India. It is, however, to be appreciated 

that a detailed coverage in this field will be outside th.e scope 

of the present report. 

11.1. Microelectronics in Instrumentation 

The current status of micro-electronics development in 

instrumentation, process control and special application areas 

can be sununarised best in the form of Table IX given below. 



Sl. R&D Institution 
No. 

l• NPL, New Delhi 

2 .. CS10, Chandigarh 

...,_ 

TABLE IX 

R&D activity in electronics in instrumentation in India 

Prflsent prograllllmlD Future programme 

Establishment. custody, and maintenanc•a Extension of present infra-

of and R&D on national standards of 

based and derived units of measurement 

at internationally accepted level of 

accuracy. Calibration service at 

Echelon-1 le'.rel. Some activity on 

development of scientific instruments 

and application of microprocessors in 

instrumentation. 

structure and activity for 

developme~t and installation 

of primary standards and 

calibration facilities. 

Development activity spans on instruments Future activity relates to 

for data acquisition and control, 

process control instruments, geo-

physical instxuments, interactive 

graphics, general purpose precision 

laboratory and industrial instruments 

and instruments for agro, dUry, and 

development of microprocesso.1·-

based instrumentation such a11 

data-logger for engine testir1g. 

data acquisition for weather 

forecast, integrated procesa 

control system, interactive 

~ 

°' I-' 



Sl. R&D Institution 
No.-

3. CEERI, Pilani 

'· NAL, Ban9alore 

?resent Progr&Jllm9 

Ttl.a Illl!Uatry. 

Developraant of instrumentation 

for sugar industry. 

l'ut:ure Progranme 

graphics, microprocessor baaed test; 

and measuring instrument• with IBEB: 

488 interface bua, and microprocea11or-

based special instruments for agro, 

dairy, and tea industry. 

De·welopment of microprocesaor-bue~l 

instrumentation for process control. 

(s·1J.9ar and minin9). 

Development of load cells, strain Fu:C'ther development of strain guag•• 

guages, signal conditioners and 

processors, and dataJ.099in9 

systems. RaD on vibration and 

noise transducers and instrument• 

including field studi~• for 

vibration and noise measurement. 

High speed measurement system for 

applications in aeronautics, fluid 

an·~ load cells, infra-red sensors, 

re;sl-time 6ata acquisition systems, 

and airborne instrumentation. 

mechanics, and structural engineerin9, 

0\ 
I\) 
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S1• R&D Institution 
•O• 

s. NGRI, Hyderabad 

6. CECRI, Karaikudi 

Present Programme 

PCM telemetry system for 

meteorological applications. 

Future Programae 

R&D in geo-physical instrumentation. Design and development of micro­

Development of resistivity meter, processor-ba•ed geophysical 

magneto .• meters, EM instruments, instruments. 

instrumentation for airborD9 

as well as marine surveys. 

R&D in electro-chemical instru- R&D on electro-chemic~l sensors. 

mentation. Developments include Development of m1croproceasor-baae11 

potent!oatat, potential controller, polorographics, multi-purpo•e 

function/scan generators, electro-chemical instruments. 

hydr09en permeation monitors, 

interrupted current sources, 

coulostat, polorography ins. ~umenta, 

and corrosion monitoring instruments. 

0\ 
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Sl. R&D Institution 
No. 

7. ER&DC. Trivandrum 

~ 

Present Programme 

Development of a •unified, 

Structured, Microprocessor-based 

system for industrial control 

(USIC)'. Tech~olcgy development 

for microprocessor-based system 

for i~dustrial control such as 

annunciation systems, SER, data­

lo9gers. load management systems 

programmable controllers, and 

process cor:puters. 

Future Proqrarmne 

Extension of 'USIC' to include 

building-blocks for test and 

measuring instrumentation. Develop-· 

ment aDd promotion of fully modular 

instrumentation with respect to 

hardware, software and packaging. 

R&D on advanced, microprocessor 

systems for industrial control 

such as interactive colour graphics 

speech annunciation, distributed 

data acquisition system, PC network.11, 

distributed control systems, and 

32-bit process computers. 

.&' 
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Tel>le X a ADalyaia of gap• in technology in elac~runic6 
in inatrumentation 

Sl. Area 
No. 

1. Teat and 

masuring 

inatnmanta 

Indian Status 

Only simple and medium co111>lexity general purpose 

test and measuring instruments available. No 

substantial work on audularisation, bus-compatibility 

and application of microprocessor techniques. 

' 

Develop .. nt activity distributed in several l&borstoriea 

with considerable duplication. Development of 

several custom-design instruments underway for 

apecif ic laboratory and field applications. 

Proceaa Control Instrumentation 

2. Closed-loop 

Control 

3. Open-loop 

Control 

'· Man-machine 

ayate• 

Manufacturing capability established for advanced 

electronic analog control systems through foreign 

collaborations. Soma developments realised on 

microprocessor-based single-loop nultiple-loop 

controllers. 

only two manufacturers of programmable controllers. 

Further developments including application promotions 

underway. 

Developmental capability on tef1!?erature wcanner•, 

dataloggers, sequential Evant~ Recorders juat 

established. Capabilities on miniCOfl!?Uter-baaed 

data acquisition ayatema is being established 

through Jcnow-how acquisition and foreign collaboration• 

with leading world ma.nuf acturers. 

l 
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Indian Status 

s. Telemetry and Capability acquired by ECIL through foreign 

Tele-control 

systems 

6. Process 

co111>uters 

7. Analytical 

collaboration. 

Availability of third generation 16-bit procesa 

computer from ECIL, and recently from other 

manufacturers. However, miniconputers for 

stringent control applications continue to be 

iq>orted. 

Developmental activity confined to BA.RC, TIFR, 

instrument6tion NCL, RRL, Jorhat, CSIO and CEERI. Indigenization 

and technology upgradation underway at IL and 

Keltron for on-line analytical instrumentation 

required in power plants and process industri••• 

\ 
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The R&D on test and measuring instrumentation spans across 

a large nUlllber of research laboratories, acade~~c institutions 

and R&D units of private and public sector organisations. Analysi• 

of the inatrwrmnts developed or under developnmnt at different 

laboratories shows that the activities confine to only sinple and 

medium complexity instruments. Except for the captive R&D units 

of the manufacturing organisations the technology transfer has not 

been very effective. However, research laboratori~s in the dedicated 

departments such as Atomic Energy, Space, Defence, Railways and 

Colllll.lllication have developed high conplexity instrumentation 

predominantly for their own use. one also sees development of 

several special instruments fer specific applications such as 

sugar, textiles, jute, agriculture, Geo-scientific, meteriology, 

oceanography. With the inpact of microprocessors, R&D activity 

has shifted to application of embedding microconputers in instrumen­

tation. Here, there is further need for an organised approach as 

most of the efforts can be clasaif ied as competence building and 

custom design. 

lll.2. Microelectronics in Process Control 

The develop .. nt of proces& control inatrumantation is confined 

only to a few laboratories such as Central Scientific Instrument• 

organisation, Chandigarh, Central Electronics Engineering Research 

Institute, Pilani, Electronics Research and Development Centre. 

Trivandrwa, and public ••ctor units such Instrumentation Limited, 

Kota, &lectronica Corporation of India Limited, Hyderabad, KELTRON 

Trivandruna and UPT.RON, Lucknow. As 1• expected, the present errphaai• 

I 
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on R&D is the development of microprocessor based systems for 

maasurement and control. Some successful developnent in thi• 

field are tenperature scanners_ sequential event recorders. data 

ioggers_ progrannable controllers. close-loop controllers etc. 

In this field some interesting and notable developments are presently 

forthcoming from Keltron- Uptron_ ECIL and DCM. The Table 

below indicates the R&D status in this area. 

The developments on analytical instruments are confined to 

cs10_ CEERI. TIFR_ NCL and BARC. Some indigenisation efforts are 

underway at IL and Keltron for their inported knowhows for on-line 

water and gas analysing group. Table x indicates the R&D status 

in this area. 

11.3. Conputers and Software 

The corrputer technology has derived its inpetus from 

industrial and business automation and therefore_ has been a preserve 

to developed economies like the United States, the United .Kingdom, France and 

Japan. In India the situation has been interesting. India has better access to 

product information from developed countries and has manpower 

which can be highlt skilful. However_ there is greater need for 

general industrial infrastructure though India has embarked on 

production of 32 bit main frames. The efforts have been mostly 

to reverse engineer processor architecture which are the initial 

step• in production. However. the system engineering approach 

adopted in space technology development has undoubtedly contributed 

to communications technology and its fall out include weather 

forecast and mass education. 

• 
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The current level of awareness in all areas related to 

conputer technology can J8 rated fairly high, though one nust 

admit most effort:s are in geographically scattered institutions 

with little coordination. Given below is the list of institutions 

and activities reveal!ng the potential in India. 

R&D Capabilities 

Architecture oriented including special purpose 

processor designs. 

TifR, IIT~, IISc, ISRO, NAL etc. 

Conputer co11111UDication, electronic switching etc. 

T:x.R, TRC, IIT-Delhi, ECIL, CM:, NIC. 

computer aided design (_sy8t••- ~ based) 

ITI, Bangalore, IIT, Delhi, CMrI, Bangalore, 

TRC, Delhi, DCM, NIC. 

Computer aided design (technology baaed) 

TIFR, CEERI, IIT, Delhi 

System Software development, 

IITa, NCSDCT, ECIL, ORG, HCL, DCM, NIC. 

Real-time system design capability 

TIFR, IITa, ECIL, CM:, SAIL, Air India. 

Industrial Capability 

Manufacturing 

ECIL (32 bit main frame down to 8 bit micro computer), 

ORG, DCM, MN:, HCL, etc. 

' l 
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Major Systems Engineering Capability 

ECXL. CMC. Tll'R, TATA R&D, DOE. 

Peripherals 

At best up to slow character peripherals including 

printers and floppy disc drives. 

- Software capabilities 

Generally high ill application software but limited 

in system software at contenporary level due to 

architectural limitations of the machines under 

production. 

\ 
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11 e MNPOtflR TRAINilG 

Widl the advent of microelectronica the need for manpower 

training haa asswaed great importance. Such training need• are 

found to be concomitant and to meet these, several prograaaea are 

launched countrywide in which government agencies, industries, 

research organisations and educational institutions, and other 

professional bodiea are actively involved. An integrated approach 

ha• been for11111lated in the area of micro•rocessora to be C1.dequately 

self-reliant in the technology development in future. Several 

pn>granaes pertaining to education, information, research and 

application engineering are initiated and a brief account of the 

same are given in the following paragraphs. 

12,.1. Bducation 

A comprehensive national progranne on microprocessor 

education to be introduced in the graduate and under-graduate 

curriculum haa been drawn up and is being implemented in phasea. 

Thi• programme was initiated by the Government of India with 

support from educational institutions and industries. During the 

f irat phase, teachers from engineering colleges were given training 

\ 

through an intensive • handa-on• course. To nuclel\te th• microprocessor 

laboratory and teachinQ activities for the engineering colle;ea 

in India, a functional microprocesaor laboratory comprising an 

8 bit training kit, digitsl electronic• training kit, interface 

cards etc., waa offered to the teachers. All the hardware aystelU 

and aoftware wa• indigenously deaigned and developed. Beaidu, a 

J 
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••t of text boolca and other instructional material were also given 

to enable the teachers to initiate the activity in the reapective 

colleges. A comprehensive syllabus covering the fundamental• and 

principles of applications was circulated. 

As a second phase of this approach, the Government of India 

ha• launched nationwide microprocessor training laboratori.. at 

the Ib.•a, IISc and a few other recognized universities. Under thi• 

progranne, it is expected~that about 3000 teacher• would be trained 

by the year 1985 in the field of microelectronics. 

Government of India had set up a panel of expert• in early 

1980, to study and recommend progranmea for monpower development in 

\ 

the field of computers. As a follow up uf this panel's recommendations, 

degree and diploma courses are being implemented aa several inatitu­

tions. To bridge the gap at the console/data entry operationa 

level, certificate level courses are being initiatell. Computer 

apprentice programmes for students and industry personnel are 

al•o planned for the future. The need for computer education at 

schools ia now widely recognised. The government of India i• 

launching a pilot project under which computer education would be 

intrOduced at secondary and higher ••condary levels in about 50,000 

schools in groups of 500. The computer education will be a full 

subj•ct a• a reoular part of •tudents• curricul m and th• progranDe 

would consi•t of lectur .. and practical ••s•iona for handa-on 

training. 
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11.2. Re•earch & Development 

The Government of India has ~~wlised the need for establishing 

facilitiea in· Research and Development organisations to carry out 

work in the field of microelectronics coverinQ devices and circuits 

fabrication, aystem development and application software development. 

Several R&D organisations have been encouraged to set up micro-

electronic• laboratories to carry out work in quite contemporary 

technology with some of the latest equipment being made available. 

Ivery OJ:'9anisation is advised to identify one or more particular 

application areas such as industry, science, data processing and 

ao on. These organisationa continuoualy update their knowledge 

and equipment requirements to meet the needs of the industry ill 

terms of training and development of hardware as well aa software. 

1~.3. Industries. 

The induatrial applicatiorw of micropsMessora are becoming 

increa•ingly important. Them is a general lack of awarenes• in 

the industry r99ardi09 th• microelectronics technol09y and its 

applicatiou. There is a growing deman• for a continuous aupply 

of trained manpower '4th several Indian industries which have plans 

to lm>dernis• their progranaea. Specific problelllB of the industry 

are required to be attempted and develop hardware and software. 

The Appropriate Automation Promotion Programme of the Department 

of llectronica, Government of India aupported by the UNDP/UNIDO 

1• an excellant example to meet these objectiv... Under this 
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progra1111111, the engineer• and acientista from industriea and other 

organisationa are trained in the field of microelectronic• and 

applicationa. As a follow up of such training progrannea, uaer 

defined development projects are initiated joir.tly with the industry. 

The programme i• expected to bring about a cultural transformation 

in the Indian industry and acts as a catalyst in doing ao. Specific 

inatancea of enttrgy, transportation such as railways, conunercial 

industriu such as textiles, chemicals and fertilizer• ca• be cited 

in this connection. While this programme ia covering autonation 

including l'llicroelectronica applications, yet another progra1111m 

on microprocessor application engineering is being launched very 

soon. Thia programme. envisages creation of dedicated groupa to 

develop hardwaN and software for various applications1 to aerve 

aa consultancy groups1 help in systems engineering in industries 

for microelectronics and to al>ao train the personnel in varioua 

application areas identified. 

The Computer Maintenance Corporation conducts prof eaaional 

programmes in various aapects of software technology through 

another UNDP assisted project called INTBRACT. At present, the 

programme comprises 17 different types of coursu on computer. 

and cmmputer languages, data communication networks, real time 

systema and DBMS. Aa an extension of thia training activity, a 

one year apprentice course in programming and applications haa 

been atarted. Open to graduatea, it is intended to produce highly 

skilled progr&'llmera in business data processing and syatenm 

analysis. 

\ 
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Institute of Science, Bangalore is another important programme 

in India which of fen specialised training to small industry 

•ponaored personnel. The centre offers a. one year diploma. course 

in all aspects of electronics design during which the participants 

are trained in theory and practice of microelectronics system 

\ 

design and fabrication. The emphasis in this programme is to bridge 

the gap between the competence required for the production 

environment and the academic training. This programme has been 

very succea•ful and one more centre has been started in the northern 

India at Srinagar. Currently, there are plans to help Thailand 

in the setting up a similar centre at one of the universities. 

1i.4. Professional Bodies 

The Instit~tion of Electronics & Telecommunication Engineers, 

IS'l'B (India) chapter, Computer Society of India and others are 

making excellent afforta in manpower t.1:aining. The IeTE in 

particular, over the last decade or more has been organising 

••veral programmes which suit the employed personnel who cannot 

devote full time for studiea in an academic environment as students. 

Certificate courses, courses equivalent to diploma/degrees are 

organised in all parts of the country. currently the importance 

of microelectronics technology is being given thrust and the 

activities are planned at the national level with the help of 

academic institutions, R&D, government and other agencies. 

Special lectures, •hort-term training programmes, conferences I 

~ 
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are also organised to bring all the professionals together and 

exchange ideas and information. A monthly journal serves as an 

excellent medium for information dissemination. 

The IEBE, USA has an India chapter which at present is 

concentrating on workshops, seminars and conferences in sev .. al 

areas including microelectronics. This offers a change to all 

professionals to keep their knowledge up to date with an opportunity 

to interact with professionals abroad. 

The Computer Society of India in the last f 91 years has been 

the forum to bring almo~t all microelectronic professional~ including 

academicians, designers, manufacturtra, government officials, together 

through an Annual convention. Such conventions are held in major 

citiea in India every year and is attracting high quality work. 

Remarkable progress can be ~een during every convention and 

during the exhibition, the industry displays the indig~nous 

capability -in design and manufacture of microelectronic 

systems. The CSI organises short term training programmes at various 

levels in the microelectronics and computer field. A n4Ns-le•t•r 

brought out periodically serves as a means of ellShange cf 
' 

information. 

\ 
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While t.h• above proqrannea are apecific in aature. 

aeveral edu:ational institutiona. R & D or9anisationa are 

engaged in DBnpower trainin9 activitiea. It is thus a massive 

attl\ck on preparLng persons for nev technologies in India 

which haa enormous tec:hnical capabilities of international standards. 

l 
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13. Regional Cooperation in Microelectronics 

Microelectronics is a highly capital intensive technolo9y. 

Further it is charactarized by rapid rates of innovation and 

obsolescence. It also requires a high level of competence. It 

is mainly due to these factors that this tech.no logy has not grown 

significantly in economically backward countries in the past. 

Even in affluent countries, it is becoming difficult for individual 

companies to m~et the mountinq cost of development. Companies 

are joinirr;;i hands to achieve economic viability in new developments 

and market opportunities. Already Japan's Cooperative VLSI programme 

has been a phenomenal success. For developing countries where 

both financial resources and competence are scarce, cooperative 

efforts in this area are highly desirable for best results. 

India has recognised the role of microelectronics as ong 

of the major elements in the fabric of the development of the 

country. Government of India has identified microelectronics and 

its applications as on~ of the thrust areas. Emphasis is beinq 

given to exploit the full potential of this technology. 

The country has, over the years, developed signff icant 

capabilities in several areas of microelectronics and is poised 

. for rapid growth in this technology in the coming years as a 

\ 

result of strong government support. The competence and infrastructure 

spans the entire gamut of microelectronics viz.IC design and fabrication, 

• 
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applications, software developmect, system engineering, raw material, 

manpower etc. It could share its strengths with other developing 

countries in the region. It also has a number of gap areas in 

technology and would seek support from other countries which are 

in a position to bridge the gaps. Countries can also cooperate 

on a joint programme complementing strengths of each other to achieve 

a common objective. In the following broad areas where India can 

cooperate with other countries have been out-lined. 

13.1. IC Technology 

The country has ~lready a strong infrastructure for the 

production and R&D in IC technology. Bharat Electronics Limited, 

Bangalore has been in production of ICs of SSI and MSI complexity 

for more than a decade. SCL, Chandigarh is a d~dicated facility 

for the production of LSI/VLSis. Both BEL and SCL have, at present, 

spare capacity in production. A number of organisations like CEERI, 

TIFR, ITI and IITs at Delhi, Madras, Kanpur, I<haragpur and Bombay 

in addition to BEL and SCL are engaged in R&D of IC technology. A 

chain of design centres is expected to be set up at different locations 

in the country during the next few years. The fabrication of chips 

for these centres would be done at SCL and BEL serving as foundries. 

The Task Force on LSI/VLSis has recorrunended an ambitious programme 

of developing one micron technology at R&D level and two micron 

technology at production level by 1990. 

India can cooperate with other countries in IC technology 

in the following way•~ 

I 
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(ii) Software development is one of the strong points in favour 

of India in view of the vast resource of hignly skilled 

technical manpower. There is great capability for the 

development of application software which can be of sei:vice 

13.2. 

to other countries in the region. There is , however, need 

for strengthening capability for development of systems 

software though a few groups have developed their own. 

A few pubU.c and private groups are however engaged in the 

export of software to other countries in the world. 

Systems Engineering & Third Country E:xports 

A: few consultancy organisations have demonstrated the 

capability of executi11g turnkey contracl:.s comprlsing systems from 

indigenous sources as well as from abroad. Specific examples o~ 

Steel, Power, Fertilizers etc. can be cited in this connection. 

India can take up such jobs independently and can also support 

some of the European countries to handle third country export 

contracts. 

13.3. Manpower Training 

Section 12 describes in great detail th~ manpower training 

efforts in India. Recently, through progranunes such as the Centre 

for ElectronJ.cs Design Technology, India is plan,ning to help other 

countries ~uch as Thailand. India, therefore can take up manpower 

ti:aining of personnel in industries and other disciplines for nany 

countries in the region. 

\ 
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i) Providing design and fabrication facilities for custonv' 

semicustom chips. The design area being labour intensive, 

the country with its low wage structure can provide design 

services to both the developing and the developed countries. 

There are some gaps in software packages for design 

of LSis. The country will look farward to support in 

this regard. 

ii) Jpint Development teams can be set up to develop special 

chip requirements of cooperating countries. 

iii) Training of students frOlli other countries in IITs and R&D 

organisations. Likewise, Indian students may obtain trainio;;r 

in other countries with better facilities. 

iv' Exchange of scientists & engineers between cooperating 

countries. 

v) In view of considerable expertise and infrastructure 

available in the country, a centre for IC design and 

technology can be set up providing services to member 

countries in chip development, R&D and personnel training. 

13.4. 

(i) 

Application lngineering & Software Development 

Microelectronics has been applied to a great nwnber of 

areas in India. This application engineering capability 

will be of benefit to other developino countries in the 

region. 

l 
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13.S. Promotional Programmes 

India has evolved, after thorough study of the situation 

in the country and abroad, unique programmes for promoting micro­

electronics in various disciplines such as education, industries, 

Research and Development. Specific progranmes such as the 

Appropriate Automation Promotion Programme and Microprocessor 

Application Engineering Programme are launched by Government of 

India and have received support from the UNDP. Technical cooperation 

for these projects is also being established with advanced countries 

such as USA, the Federal Republic or Germany and Japan. The training and development 

efforts under these projects are expected .to bring about cultural 

transformation in the Indian industry as well as certain other 

sectors such as medicine, agriculture etc. Several centres in 

the country have been planned for prorroting microelectronics 

applications in India.and also for training of personnel from other 

developing countries under the 'lt:DC programme. ~ national micro­

processor software library is being set up as ser-Vice f&cility 

for the designers and other users in the country. Thus, these 

programmes are capable of nucleating major steps for international 

coope~ation in the region. 
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