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1. INTROODUCTICN

The "Elactronics™ industry has come ta be a 'Key'
Industry in almcst all the devsloped countri=s of the world.
Advances in this industzy are a measure of the state cf
develapment of these countries. The United States of Americs,

Japan are the warld lesaders in electranic production.

The samiconductar components indusiry has played a
vary critical part in expanding this electronics industry.
With the recent advent of L3['s, the elect:oniés industzy is
poised for another explosive growth. The LSi's (Large Scale

Integrated circuits) will be the building tlocks of ali future

electronic systems and as such, they are crucial to any country

which is interested in electronics development.

[n India, ths gamiconductar inadustry has not advancec
ta the sama extent as in other develcopecd countriaes. Ilndia
accounts only for ,45% of world electronic production. The
reasons faor this are meny. This report dascricecs ir briaf the
semiconductor industry ir this country. As Research and
Javelopment is an importart constituent of ssmiconductor
industry, the diffsrant RALD ectivitiss within [ndia are alsc

described ir this report.




2) MAJOR SUSLIC SECTOR (GGVT. OwNEd) INJUSTRICZS.

1) Bharat £lectronics Ltd.. dangalcrs, [ndia.

The Bharat Electronics Ltd. (BEL) entersd the semi-
conductor avea in 1963, by making germanium t:;nsistors in
cellaporation with Philips (Hollana). Aftsr a pericd, %hey
startad manufacturing Silicen planar transistors for enter-
tainmant market like radiocs etc., and alsc diversified the
productian of these devices to incluce devicra for professional
market. This was also with the technical cailaboration of
Fhilips (Holland). QJver the last few years, they have acgquired
CM0S Metal Gate capability from RCA. This CMC5 circuits are
§S! (Smail Scale Integrztad circuits) gates (TJ 3000 series)
for computers and CA sarzies for TV applicaticns. They have
developed on their own and in collaporation with TIFR, Becmbay
TTL integrataed circuits. The company catars for 30% of tha

markat demands for certain devices within the country.

The Company has sa far investad @ =10 million dollacs in
cagital equipmerit for semiconductors and has more than 30,000
sq.ft. of clean aresa. This faciliity is highly vertically
integrataed, Stazting from growth of Si single crystals, through
diffusian, photalithography, evaporation, ion implantation,
compute~ aidec¢ design, mask making, packaging, lazad frames,
automatic testing, they have a camplste praduction facility.

At the pzesant %time, this is the Lest production facility




upto MSI (Mecium Scale Integration) complexity in CMCS Metal
Gate téchnclagy in the country. They alsa have a full-fladged

hybrid facility. !

The company does not gossess an intansive Industrial
RL) for this area. The LSi's have nat been attemptea so far.
The company =mploys 200C peogplez in tﬁis araa consisting aof
skillad workerss and engineers. The productiocn plans, and
introduction of new devices or circuits are largely dictated
bv local markst demands.

2) Bharat Heavy £lactricals Ltd, B3angalzars, India.

Tris is a very large Government-gwned 2ntarprise dealing '
witn heavy slactrical machinery. Recesntly, they have sstablishec !
(1678) a semiconductor devicze faciliity for maxing larzgz arsa k
pawer devices Like thy-istors, ciod=s stc. (1530 v, 100C Amps)
far tractian etec. This is in callﬁboratian with Siamens, west
Germany. The facility includes, apart from othsr semicondugtor
process equipments, crystal pulling alss. Thes invesim=2n< is o7
the order of 3 to 4 million dullars and the facil;ty,as it is
set up, is good for power devices. They havs no plans for
Microalectronics or VLSI.

NGEF, anather Stats owned company, lzcated in Bangalor:
has a facilit, to procuce similar cevices in collaboration with

AEG, Telsafunken, Wes*t Sermany.




3) Xeltrgn Power S=2miccnzfuctors, Kezala, India.

This is a large Kerala State ownec company dealing in
giversifiad procuct range. ‘They have put up two factoriss in
Kerala a* 2 cost af nearly 2 to 4 million dollars, one for
pcwa2z transistors and the other for powar digcces and SCR's, The
total area is about 3C,J00 sgq.ft. The two facilitias are
4adjacert to each other, But have difFe:en; complement of equipmz2nt
tunad to their own product ranges. DBZBoth tne facilities aze
integrataza upto the diffusion stage. They import Silicon wafers,
pzocass tham through diffusion, masking, evaporation, packaging
and testing. They are in powszr field and they do not have R&D
anc tha two factaries have pean set ug 3n their own without any
fgreign collabaration.

They don't have any plans fcr LSI or VLSI ar for any
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af microelectzanic devices.

4) Meltron Semicanductors Ltd., Nasik, Maharashira. India.

Meltron Srmiconductors Ltd., Like Keliron, is a State owned
campany with a portion of their shares open to public. Ths Msltron
Semiconductors has besn set up in Nasik, 130 KMS frzam 3amcay
(zn 1978). They have a 30,000 sq.ft. facility cut of which,
10,00C sg.ft. is clsan azea. They have set up this plant in
coliaporation with Thomson-CSF, France. 7The tctal investmzant in

1

tne plant is aoout 4 million dollacs.
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The product )line consists of glass passivated fast
rectifiers, thyristors uptc 3J Amps. and Triacs entirely
maant for antertainment market., Thay alsc a2xpert scme

parcentage of their production back ta france.

The facility i.s operational and consists cf diffusion
masking, glass passivation, packaging, testing. This is a
vary good groduction facility for these types of devices.

Their future plans do nat include LSI devices.

5) Punjab Semiconcactozs itd., Mohali, Punjab.

Punjab Semiconductors, is a Stata owned unit of Punjab
State Govarnment, and was set up in 13975-T76. Theip;ant has
bean s=t up 85y Incdian professicnals and ihe ccmpgany deals in
diodes cf low amperage and pwer tzansictors. Téey catar 3
entertainmant market,

The total ~c«.- ~f the plant is about 2 millicn docllars
ang tha ar=2a af tns '~cility is about 40,300 sg.ft. The plant
is faizly intagrated, starting from crystal preparatiocn, ciffu-
sicn, masking, evaparation, packaging and testing. They dan't
mave a8 RAIJ and they concentratz mainly cn low cost high volume
groduction of devices,

They have no plans for LSI.

6) Semiconductor Comolex L<za., Mohali, Punjabp.

This is a3 fully owned Gavernment of Inzia comgany which

was s=t up in 1978, Thz2 zroposed tota: autlay of the plant is

(91




aococut 20 millian dollarc. This clant will have twec wings,

one for oroduction and ane for R&J. Tha plant will solely

davote itsaif to manufacturs MOS/LSI products like calculator chizs,
watch chips, computsr memories, interfaces and tslecammunication
pzaducis. The technology for implementation was to ue bought

fram oversaas. The entire plans for this company wsere made

at TIFR, Scmbay.

At the prasent time, it is understocd that they have
signed an ayrsement for purchase of XOS/LSI technology and the

plant is to go into productiaon by about 1983-34.

is per the agriginal plans, tha plant wili Se vartically
integrated with 3 very intense RLJ bDack up and the plant is

progpeses2 tod have all the sophisticated semicanducicor processes.

lesectronics Ltd., anaziaszsad. Jelni.

()
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This is a Government cwned c3mpany primasily set up to
preductionise sams2 of the items developed by vacious national
lacoratorias. The outlzy of tre plant is about S million dagllars.
The product range includss, in the cemponent field, items like
ferrites, light emitting ciodes based on [Il-V comcounas, liquid
crystal aisglays and silicon sclar cells for terrestrisli applica-
tions.

At the present time, the main emphasis of the plant is tgo
produce Silicon solar cells %o m2et the 2nergy crisis gactliy.

Ffar tnis item they are fairly equippesd including czystal zuilacs,
The future plans includs GaAs solar cells, 3ilicon riooon growtih

-~

esc. Tney nave no plans for vi3l. -
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8) tle-traonics Corpn. of India Ltd., Hyderabad.

This is a giant Govarnment owned company liks ZEL,
Bangaliore, cealing in diversified elesctranic products like
computers, T.V, procsss control, passive components and

ssmiccndustors.

The ssmiconductsr gperation deals in low pawer Jiodes
and sntsrtainment transisters. The inve;tment in this arcea
may ba of ihe orxdar of 4 = 5 million dollars and the equipments
set up cater for fabrication of small area devices. This plant
has been set up by Indian professionals.

They have na immediate plans for LSI er VLSI.

9) Solid State Devicss, Hvdec-anad.

This plamt has been set up 3 faw years ago by privac<e
individuals with substantisl equity participation from the
Stats Government, Ths plant is supposed to manufactura Schetiky
Barriar Oicdes, 3Schottky TTL ciscuits of 35! variety and linear

gperational amplifiers,

The total outlay is about ¢ million dolliars and the built-uc
ar=a is asaut 30,030 sq.ft.. The eguipments include aiffusicn
furnaces, evaporators, mask alignmers, bonders =tc. The plant
does not have direct collatboration with sny one company but wase
to be run by a group of sxpatriate Indians =eftuzning fzom Silicon
valleyESA%hey nave na R&D and no present glans for giversificatior

into VLS!.




o

3. MAJOR PRIVATZ QwNEY CSCHMPANIES (

LY
0
-
<
1o
-4
| (]
Lh
in
()
—4
(o]
0

1) Semicenductaors Ltc., Pogna.

This plant was the =arliest semicanductor company in
India and was ge=%t up by private individuals. In the sarly
stages, they manufactured Garmanium transistors in cocllaparatian
with Raytheon, USA. They are still one aof the major suppliscs
of Germanium transistors within the ccuniszy next to BEL,
Bangalcre. Subsequently, they have set up, on their own, Siliccen

facility fcr manufacturing radia type transistsors. The total
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outlay is about 5 miilicn collars, he praduct range includss
discrete plastic transistars, IC's for T.V. and nigh power

diocdes and SCR's,

They have a ¥airly well laid cut and intagrated facility
wiich includes crystal gulling and pgreparation, ma2sk making,
Ziffusian, epitaxy, evaporaticn, ail types of autcmatad assampl:
2quigmants 2tc. They have a fair share of tha lacal markat and

tney have no Rau ang no plans for LSl or VLSI.

2) Hing Ractifi=r3z, Ruttonshah Simoson, Navar
Zisctronics, <handejiwal-M=rman, Solic State
Javices, Jompav.

All thnese companies ars privately cwned dealing speci-
fically in tne area of pover electronics. ALl of them have
collatariéticn with same campany cr othar overseas., Scme of
thase zompanies are, westinghaouce, U.£., [ntarnaticnal Ractifiers,

J3A, Siemens, wecst Sermany =tc.




None of thesse companies is vertically integrated. They
¢eal mainly in packaging aof these dgezvices, and they diffuse
for very specific types only. '

They don't have either R&D or any plans for LSI.

3) Hindustan Conauctorss, Naciad, Gujarat.

This is a privately owned cgompany stituatec aoout 200
miles from Fambav and deals primarily in the area aof smell
signal devices for enteztainment applications ancd integratsd
cizcuits of operaticnal amplifiez type.

The total outlay is agout S millicn dcllars. They have
diffusion, =pitaxy, @asxking anc packaging facilitiss. Thay
have a8 lzzge number of assembly equipmanits. Tney con't have e
in-nouse R&J. The entire plant is set up and zun oy [ndian

profa2ssiocrals.
They have no plans for LSI.

4) Continental Uevices India Lta., Faridabad, Jelhi.

Continmental Devices is one of tha first companizs sat ug
in privates ssctor to produce Silican planar transistors. They,
iike all othsr privately ownec companies, deal in small signal
devices and integrated circuits. They arz integrated from
¢iffusion but no mask making capability.

The outlay is about 3 million dollars. Thay have set up

a R & U for certain devices lixe liquid crystai displays ectc.
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Like all other private companies, thelr production glan is

dictated by local market c¢anditions.
They have na plans far LSI.

5) Usha Rectifiers, Faridabad,Delhi.

Like other campanias in poower el=ctronics, this-campany
also deals in power diodes etc. They have no particular

capability for LSI or other high tachnalogy itsms.

4. SUMMARY OF INUIAN INDUSTRIAL SCENE.

India has adequate capacity and capability to produce
most of the discr=te silicon davices like transistors and
dicdes to meet the overall demands of the country. Thesa
devices are usually based sn foreign types and itheir dasigns
are either baought out or locally made. Thé reason for lack of
wide variety of devices is partly duz to market situation

existing within the country and parctly due to econamy cf numbecs,

Almost all private owned houses do nai have a strcong base
for industrial R&D., They usually tend to acquire futurs techno-
logies from countries abroad and again the tecnnology purchase
is based on cost benefits, Some of ths regulatory measures
adopted by the Government fgr saving VYaoraign exchange may have

adversely affected a more rapid growth into new technology arsas.

The indian semiconductor industry has one tning lacking

and that is device design and i%t also lacks new inngvative
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pragrammss in cost reducing processes. Thig will come only
when the scaonamy of scalss of praduction necessitates Further
investmants.

As far as high tachnolcgy area of the LSI is concerned,
Bharat £lacireonics Ltd., Bangalcre and Semicaonductor Cemplex L:d.,
Chandigarh, Both Governmant owned comganiag, are supcosecd tg 4o
these devices., [t may take some time pefars they really producse
these devices in quantitiss. 8efore this, a large amount of
effort on R&D and on training of personnel has ts be undertaken
by these companiss. The major market addressesd Sy these companies

is still :he consumer sactor.

S. SSMICONUUCTOR R&D IN THE COUNTRY.

The” Semiconductor R&J within the country, has receivad
considerable attention from the Government fzom time to time,
snd yet its impact on the local industry is not as great as ane
would have expectsd it to be. There are various reasans, chisf

&

of which is purely commercial. The market forces *he pélicy of

industrial investment and hance, the industsy is in need of

davices which ares praven, tested etec. This can anly mean impact

of cesigns and import of tachnolegy. Ffurther, the R3] nave tc

wark fully on import substitution basis rathesr than new inngvations
This is hardly conducive to rapid technological growth of RAD.

In spite of these restiricticns, there arz many labs. engagso in

this area manned by a fairly large number of scientists. Scme of
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thes=.laborataries and iheir activiiia2s are descrited below.

1) Central Electrorics Ergineering Ressarch Institute
{CEERL), Pilani, Rajasthan

This laboratory is situated about 150 KMS nerth of Delhi.
The entire funding of the labcrataory is from Council of Scientific
and Industrial Research (CSIR), a Government of India gerganisation.
This laboratory is housed in a 10 acre plot with about 50,000 -

sg.ft. of built-up area.

The activities of CEZERI include, microwave devices like
magnetrons etc., instrumentation, consumer oriented developments
like colour T.V., studic consoles,‘micrcphcnes, contzol electronics
for large installations like paper mills etc., and finally solid

state devices,

The device ;rea includes, high power Silicon transistors,
varactor Jicdes, small scales IC's and GaAs based devices and
sclar cells. They have a caomplets line of equipment for the
fagbrication of solid atats devices. They have get up ecle=an rooms
anc auxiliary facilities like water, gas etc.

Recently, thay have received an aid of 1.5 million dollars
from UNJF, %o do advanced R&AD on integrated circuits. Under this
grant, they have acquired an Electromask pattern gsnerator for
making masks, an icn implanter and a ccmplete hybrid facility.
They are also acquiring 3 cowmplete commercial CAD facility at a

cost of .5 million dollars under UNDP. Wwith these facilities,




they ars geared to make masks for LSI. Hawever, their wafer
processing capacility has to be augmented Sefors they can

realises VLSI.

The laboratory has a iumber of scientists trained
abroad both at higher and loser lsvels. Since the lavboratcry
is to catar fer industrial undertakings, their programmess havs

to obviously te tailored for this purpose.

2) Solid Stats Physics Laporzatory, Delhi.

This labgratory is funded entirely by Dapartment of
Jefance. Tha mandate for the lab is to cater for new materials

and for new devices usable by Jefesnce.

The laboratory has a built up azs. of nearly 53,00C sg.ft.
and is sngaged in Ressarch and Devalapment of Group [[l-V Com-
pounds, [nfra -ed materials and some saolid stats devices and

circuits. Thay specialise in Space quality solar cells.

They have an sxcsllsnt complement of Rasearch egquipmants
for low temperature studies like liquid Helium, NMR, Raman
Spectrometer etc. [n the device development arza, they have a
mask making capability for large structuras, aiffusion, iaon

implantation etc. They alsc have large crystal pullers.

Their programmes ars heavily committed towards Dafence
requiremants. Their capability is not towards high tachnology

Microelectranics, namely LSI.
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3) National Physical Laboratory, Celhi.

This is a very large laberataory funded by the Council
of Scientific and Industrial Research. Thsy have a wide varisty
of programmes. The solid state device activity forms a substan-

tial part of these programmes.

In the solid stats area, they specialise in materials area,
like polysilicon :.nd single crystal silican. 1t is understood
that they have successfully complsted polysilicon based, inexpensive
sclar cells. Apart from this, they work on nigh current devices

like SCR's atc.

4) Incian Instituta of Technolagy {(IIT), Jelhi.

I1.1.T., Delhi is one of the premisr taaching institules
within the country. They have two large funded progra..mes of
reseazch in the Solid State area, (l) Cadmium Sulghide, hetero-
junctiocn solaz cells an¢ (2) Charge Coupled Devices (CCD) fo:z
signal processing applicaticns under the Centre of Advancad

Ressarch in Electronics (CARE).

They have basic facilitiss For MOS aevice stucies. They
have a zegular flow of graguate students, who work on basic
problems in Device Physics and %technology. Some of these
students come tc TIFR for training. Ffor MCS, this is the sacond

largest group naxt to the groun at TIFR,
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€) Indian [nstitutes ef Technology, Xancur &

Kharagour, Jadavpur University and lastityte
of Radio Phys.cs & Electronics, Calcutta.

All zheses ars teaching institutes excep: the Institute
cf Radio Physics at Calcutta which is an advanced resaarch
centre for solid state devices. The main preogrammes in =9st
af the institutes are girected towaras new matarials and low
cast Silicon solar cells., They wark an G}cup [II-V compounas
also. Thay don't have any viatle prcgramme in M0OS devize design

and techneclogy.

8) Indian 'nstitute of Tschnclocv, Madras.

Like other [[T's mentionsd atove, they have 3 .funded
procgramme in devices. They concentrate on nigh pover PlN
Cioces fo: microwdve apalications and molecular heam ecizaxy

methods fer Group [11-V compounds gzowsth.

Recently, a programme for VLSI dssign ccu-se nasg neen

instituted here with TIFR faculty.

7) Indian Telephone [ndustries Ltd., Bangalo:

This is a larg= Government-owned corpcr2tion for manu-
fazture of all types of communicaticn egquipments., They have a
large R&U g-oup in the area of system design, Computer Aided
uesign ancd Hybric circuits. They have an excelient rybrzi

- -

faciiity. They have no viaple device p-cgrzmme sspecially LSI.




8) Sclia State Zlectronics Grouo, T.I.F.7., Zompay.

A camprehensive r=gort on =his laocratory, describing

o
T
(L]

pcagrammes and facilities, is availabie. Thig labgratery

has built up a strang base faor LSI work.

§. CONCLUSIONS.

frem the abovs, it can be s2en that in a vital acsa
like M0S/LS!, there ar= no majcr effor*s ecept in two ar three
laboratcries. [t is necessary therefors that these =ffcrts

ara augmanted,
3

In crder to push the state-gf-the-azt as it exists today,
it is necessary to acquire <he facility for fine linre gscmetzry

lixs alesctron beam eguipm=nt. Tnis eguiomant and cthar auxi-

[

iary facilities are absslutely necessary, and they csst arcund

2.5 miillion dallars. Thig facility shsule be lccated in a
place wnesre further desigs and grocaessing can take place. with

ity i* would be ogassiulz t3 Zesign meaningiul L3!
Y 1

[ S

tnis faci
circuits as applicacle to undercevelope2 werld. These circuits

may be used in agricultuce, transgo-tation, literec

<
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Any tncught about alleviating the suffzrings of ccaman

. LA .
man in an underdevelapsed counicsy Dv resoting to 2lectzcnics,

3
that means LS[, should be diresct=d towards provicding this
facility in an environment where maximum denefit can be derived.

The Soliz Sczate Electronics group at TLFR may pe considersc as a
Yy

suitacie place far this type cf work.
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