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Explanatory notes

The following symbols have been used throughout the report:

A comma (,) is used to distinguish thousands and milliors,
Use of a hyphen (=) between Jyears, e.g., 1964-1966, signifies
the full period involved, including the beginning and end years.

References to 'Hollars" indicate United States dollars, uilese otherwiage
stated.
IC: integrated circuits .
L] . ) ',:<
The designations employed and the presentation of the materiai in this
publication do not imply the expression of any opinion whatever on the part
of the Secretariat of the United Nations concerning the legal status of any
country or territory or of ite authorities, or concerning the delimitation
3f its frontiers.
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The project "Troduct Adaptation and "pgrading of Qualit; " :ponsored or
the United Nations Development Prosramme (UND?), is part of = corrrehensive
plan of export development of the Government of India. Designed to assist
Tndian manufactiurers in achieving sgrealer export potential, the proiect rainly
involves bringsing, to carefully selected industries, highly qualified technni-
cians and product experts {rom developed countries to analyse problems, point
out needed improvements and help carry out the necessary modifications. Three

product groups have been sele:ied for ‘he current project: electronic equip-

ment and components, bicycles and bicyrle components and sporiing goods.
The objectives of the mission covered in this report were to:

(a) Sfurvey various indian semiconductor manufacturers to determire
whether expansion of this technology into integrated circuit (I¢) production
would be feasible;

(b) Advise on the type of I technology that would best suit India;

(c) Review current i standards, specifications and manufacturing
and testing techniques, l/

The decision of India to begin manufaciure of IC devices is fully
justified, considering the ever-growing importance of IC in almost all new
technological developments of consumer and industrial goods and services.

IC technology, however, is still in an early stage of development in India.
It also Qaries considerably among corpanies, with the government sector having
an advantage over the private sector., The development of IC technology is
about five years behind western Zurope and about a decade behind the

United States of America.

Thus, for rapid implementation of iane most advanced know-how in India,
effectiye collaboration between Indian manufacturers and leading IC
manufacfhrers from developed countries is necessary. It is also recommended
that, at first, India adapt well-established technologies and devices currently
in world-wide use rather than the most advanced techrnology still in the

development stage.

l/ In additign to this mission by an expert on IC technology, expertas on
the following electronic products have been included in this project:

tantalum capacitors, pcwer transistors, metal film resistors and solid
8tute devices.
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INTRODUCTION

The rapid development of the integrated circuits (IC) industry and the
growing importance of IC devices as basic-elements in an endless nurber of
modern electronic and non-electronic goods, for boih consumer and indusiriel

markets, led to the adoption of the mission which had the following obj2ctives:

(a) To survey the state of the art and the capabilities of various
Indian semiconductor manufacturers, both in the government and the private
sectors of the industry, in order to determine whether expansion of this
technology into produvction of 1IC is feasible and what modifications or
improvements will be necessary; '

(b) To consider the pros and cons of various IC technologies end
advise on the type of product that would be best suited for production in Indiz,
considering India’'s immediate and future needs for domestic consumpticn and
export, as well'as the rapid changes in semiconductor technologies;

(c) To review current IC standards, specifications and
manufacturing and testing techniques, especially those in the United States cf
America. The review should also include the availability and cost of certain
testing equipment, reliability data.and the effect of such factors as moisture,
dust, dirt and vibration on the failure of 1IC.

'fhe migsion was from 3 to 31 March 1975.
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“he decision of India %o begin manufa~turing 1¢ devices four toth Jomes-
tic consumplion and export 1s fully justified, considering the ever-growving
importance of I” in almost all new technological develonments of conswner and

industrial goods and services.

The state of the art of TC in India is still at an early stage of develop-
ment, It is approximately five to six years behind western Turope and eight
to ten years behind the 'nited Stales of America. The ex1sting facilities,
the local manarerinl and administrative arrancements and the availability of
skilled latour vary considerably among firms and locaticns. The government
sector has, in enerzl, an advantage over thre private sector in terms of

available facilitics and equipment.
. ]
The following are descriptions of most of the companies visited and their
capabilities. A compleie list of the orgznizations and compznies is contained

in the annex,

UNDP_and Trade Development Authority ol India

The expert spent two days tamilizrizing himself with the functions
of the organizations and their place in industiry. His schedule of travel .

and visits to various companies was arranged at this time.

Electronic Commission and Tepartment of Tlectronics

Discussions were held with several officals. They cifferentiated betiween
two groups of Indian industriaiists with separate approaches to the
manufacturing of IC. The first group 1s composed of industrialists who are
unfamiliar with electronics, espocially solid state electronics, and who thereifore
are indifferent to the field. The second group covers industrialists who are

already in the electronice field but who lack the motivetion ‘o enter ilre new
field of 1cC,

The government officials seck to link these croups togsther and jersusde
both groups +c enter the IC field, with the primary aim of exporting IC to

Lurope sznd to other Asian countries. The Government is willing to provide

the necessary financial support for this endeavour,
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The discussion was resumed a few days later with the : .o - nent

~

on 1C, He has prepared a report recommending trat Trd::. o oo ie 10
manufacturing industry by expanding existing IC facil:tui.. us

the available cheap labour.

Continental Tevirces Tndia .44

Discussions were held with key'personnel of the cémpanJ. wrich was cet
up in 1965 as a joint venture with Contincntel Device Corporaiicn (now
Tel edyn Semiconductor), Hawthorre, California. Initially the company
was sel up as an assemoly operation, and ia 1970-'%7% a wafer ¥sbrizaticn
facility was added. It has become self-sufficient in the manufacturing of

bipolar transistors and dicdes, currently the main activity of the curmany.
Facilities

Most of the equipment for diffusion and device fabricaiion are
commercially-available American machires of considerable virtaze, Tie ouiy
micro-probe in evidence is a rather primitive insirument, wnich needs
replacement. Wafer sorting is done manuwally because of cheap labour and low-

volume production,
Semi-automation in this and other critical areas, suck as testing chips
and devices, is highly desirable. Microscopes and even simple magnifying

glasses are in short supply for the n'merous manuz! operztions.

' Although independent quality control existe, its effectiveness is
hampered by the lack and inadequacy of basic equipment, e.g. pull/presswre
’ | testers and vibration/shock testers.

Current technical literature from abroad 1s rather scarce; this is unfor-

tunately true of most of the companies visited. In short, it would be Aiffi-
enlt for this firm to enter the sophisticated and competitive field of I manu-
facturing, without considerable expenditure for new equipnent farproximately

$US 200,200, excluding mask-making facilities and automatic micra-nrotes’,

Availability of skilled labour

Skilled labour is not readily available; hence labour rust be irained ir-

house. In addition, there zre no established traininz methods and matcia’ s, and

these are very much needed by this ~ompany and by siher - manufas.irers no well.
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Engineering skiils, however, are readily availelle. The engineers seemcd
to be well-informed in the state of the aprt of IC and eager tu utilize their
knowledze and experience, received prirarily abroad in oni=the-jobt practice,
However, the lack of adequate facilities and equipmeni has greatly hampered

their effectiveness, .-

Elecironic Corporztion of India Ltd  (&ECIL)

Discussions were held with iliec heads of several departments of FECIL, a
constituent commercial undertaxing of the Depariment of Atomic Lnergy.
'I'ixis public sector enterprise has several modern buildings in a very at4ractivs
set-up outside Hyderabad., The annual £ross in 1974 was approxinately
$22 million: defence equipment accounted for 20 per cent of this totalj;
cemmercial producte, 20 per cent; uwniversity supply, 0 per ceatj and
industrial goods, 40 per cent.

‘O

r

The product line includes elestronic comporients, frequency counters,

microwave gears, semiconductors and navigativunal, bio-medical and nuclesr
equipment,

Facilities

The facilities are up~to-date, and the company plans to giart producing
IC by 1978 for domestic consumption. The need for ma.sk-making facilities
will be met by utilizing equipment existing at Bharat Electronics in
Bangalore. The rel iability group nas facilities for burn-in, conponert 1ife
and environmental testing, which is done in close aliiance with the
United States MIL-5TD-383, MIL-STI~202C and MIL-STD-750A, For Tailure
analysis end automatic testing of 1IC, the company pians to purchase from ihe
United Stetes an  electronic scanning microscupe (ZSH) and an automatic
micro-probe machine,

Availability of skilled labour

It was difficult to determine the type of training programme necded by
aseembly workers and the availabilizy of

spzeific ‘raining nanualis, Zovwever,
the key personnel scemed kncwledgeable in iheir respective fields, esreciaily in

¢
“
\




marketing research and reliability. "hey seemed tc place emphaszis on hc
reliability of their firm, probably as a resul: of reliability regquirgren:.

for defence equipment,

-

Santa Cruz Fleatronics “oopt Urosercipe Zone fnm

e

The Development Commiasioncr of S5oDPT Culded the expert througl frne Jone
and explained the set-up and aims of this projest. The Tone 1w specifically
allocated by the Indian Governmenti for foreign companies and their Indian
subsidiaries to set up manufacturing facilities using Indian labowr., The
products made in the Zone are exporicd back to foreign countries without
having entered the domestic market in India. A laurge numder of buiidings

have been completed and are already allocated to various companics,

Intersil (Indian name, Indosil Ltd), a United States IC manufacturer,
is bringing in IC assem.ling equipment for operation in the Zone.
Other United States IC manufacturers who plan to set up their asscmbling
facilities in the Zone include: Semicon Blectronics Pvt. Lid, essociated uith
the Microsemiconductor Company; ard imhejeu liyorids, associaied with the
Helex Company (both located in the United States).

Semicon ¥lectronics Pvt, Ltd

The company plans to assemble a large array of reliable diodes for
multiple applications. These include temperature-compensated Zener diodes,
pellet-type diodes and microminiature diodes for wrist watches, clemp circuits,
memory devices and many other elecfronic control circuits.

The labour cost for a skilled assenoly worker is approximately €3,50
an hour, including the dirent labour cost, supervision and other sverheal,
Because of the availability of cheep labour, the company hopes io achieve a

considerable savings in labour costs, as compared o that in the United States.

Semicorductors Ltd

The firm has three divisions of which the Semiconductor Division is “he
largest, The Division currently produces silicor and germenium trensistor:
and diodes. The facilities are very limited, and a congidereble outlay of
capital for new &quipment will be required for it o undertake the manufac-ure

of IC. The company plans to purchase masks abroad and do ile ciffusion ar

assembly work in Poona.
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As with other pleonts, writien procedures and trainirg manuals for asscru.y
workers vere not in evidence., Trained labour is not available and traininge ia

uone on the job,

Pnginzering ekille are readily availatle, bai again, for their proper
atilization, the equipment should be upgraded and the engincers given better and
more systematic access to foreign tecunical literature. The managerizl personnel,

aimost without exception, appeared 1o be tempetent, and most have teen exncsai 4

Jestern techuology.

“Hindustan Conductors Pvi. Lid

A two-day discussion was held with ey personnel. This iz a relatively
hew compary, primarily engaged in the manufacture of transistors and dibdei,
and in 1474 they produced close to 7 million units, Other products irn:lade;
unijunction and field transistors, Zen.r iiodes, sovlar cells, microwsve
ﬁroducts, RF filters and other solid state devices, including the asserbly

of IC with foreign-made chips,

Facilities

The well-planned plant inciudes provision for further expangion ia terme
of floor.space, electirical outlets and water, gas and other utilities.
The equipment is relaiively mouern, including Hugel epitaril reectors, micro‘estiors,
compression bonders, vacuum cvaporaiors (oy Nortou), automatic wafer prober
(by Pacific Western) and diffusiun furnaces. There is no mack-making facility;
masks are therefore imported from the United States and Japan at a cost
of 31,200 for discretc mask art wiork and 26 fer each 2% x 2% inch print,
1t was also noted that the incapsulation prrcuss is not automated and, as in
other companies, the technical library leaves much to be desiréd.
The firm has an application laboratory for developing new appiications for
their products, and they perioaically publish appiica*ion sheets for potential
users of their products. A4s for reliability, the company almost parailiels
the United States MIL-STD-383, and in general, they appear to place
emphasis on the reliability of their firm,

: = E EZE B E RN
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A large amount of additional new equipment has been v -~ fn-= e
United States inoluding: ceramic dip cquipment (from IU.. . irascs Uiy
testers (from Sigretics Company) and thermo-pressure tonders {from Uni-ec
Company). The company appears to be sufficiently mature to go into IO
production, although full implementation of this technology wewld reguire

collaboration with a firm in a developed country,

Availability of skilled labour

As with other piants, skilled labour is not readily available, and sheculd

be trained in-house,

The engineering and managerial personnsl seemed to have sound technical
and administrative knowledge and high quality standards. They ere teking
painstaking measures to maintain the quality of their produci in spite of
some limitations in the area of independent quality .control,

Eleotronics and Computers (Indie) Lid

The company’s meir. products are electronic calsulators and some electroric
oirouit asserblies, made of IC chips purchased from abroac. (General
Instruments Company in the United States is one of the suppliore.) The come
pany apparently intends to enter ire IC manufacturing business in 1976-i977,
and it already had the Government's permission tc pufchase approximately
§1 million of equipment from abroad.
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1. Teternination of the kinu of tochnology and the +ype of IO apr~oorinte

for manulzciaring 1n India coould te based on a realistic aprraisal cf *he
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capabili*ics of the irdustr,, It would Ze wiiise fo oeelest

most advenced tcchadlogzy, wirch mi,ht he atill in a stage of developmen® or in

\

a pilot production st .g: 1n & fully developed couniry. The end resu.t wowld
be wncertain end not worth 4he long stiruggle necessary For 1ls adapiation,

It would be wiser to adap! 2t Tirst wWeli-esiabl:snes tuchnologies and devicers

that are currently used world-wid~ rather ~han hooo Ly 2evei oD 36t D tacas,
Tnis zpproach would tave the greatest marketing povontial over the noxt tive

or 6ix ye«ars,

Tre selection of basic hipnlar wonolithic IC, such as 7L Series 00
(digital) and “err=c 773 ant 74% {linear), i. therefire reciemedded. 700 devoces,
chiefly for wris‘—watch circuits and microprucessors, arc alsc recommencerd,
Hybrid circuits shouvid clso be concudared serioualy for wariie wrnes <f ous

applications for which no standard circuits are availatle,

2. Ag the dovilopment of 1€ techn 'l gy 1n fod o se far tiaint that Of
the developed countries, in particular the lUnited States, some multiple forws
of tie-up and collaberation of the 1Indien industry w.th leading IC

manufacturers are strorgly recommenaed, Their expertise and kncw=how Rhcuid

~

be fully utilized in the Tollowing areas, listed in order of pricrity:

(a) Semiconductor IC processing and process conirel for risher
yield and better reproduz:itility, A techriczi zgsistance snorenrent sr .‘!;lc’ o
reached with one of *ne lcading 1‘3 rarufzcturers, The 17
provide for % to 12 monthe trainin. of qualified Indian pe
developed country, such as ihe United S,‘,fes, or the piace
the same duratior of an expert who is highiy specisiizea

rogrent r- :

91

e

el
roonnel in o
ment in Indla for
in processirg

(b)  Another expert should be placed in India ¢ establich a wrifern
training programae end standzrd manuals, The approximete fime reguires for
the training is 6 to 12 weexs;

(c) Yach cernany shewd 3 be recuired o estadlish s li"‘ of the
most essential eguipment 4o te prurcnzsed zuroed, Jepending on Lis vrn:ac“.
line and actual needas, 3Some additionz] scphisticates c..lp'nrr.*.. sucl as ‘he

corputer added design (CAL) for gcnera* ng mack sri work, i1e elsgc<rome
for fa:lure anziysis, and aut cma‘lc rgrametiric

7T), ¢1ild be purchased with +he finarnizl assistanes

gcanning microscope \.IS'-'

,x-\_z
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of the Indian Govarnment for the use of all companiesj

() The creation of a regular markeiting swu wv.y = . vy Il
responsc¢ to the needs of the inaustry 18 also recomrenicu,
J. The IC manufacturing industiry is highly sophisticated and exiramaiy
competitive, Therefcre, for rapid implementation of the mos® eavenel it
how in India, effective collaboration betwecen Indian manufacturers and thuse in
developed countries is a must. To advance this collavoratio:sr, a special
unsponsored project should be established. An expert—consultant would te
retained for pne year. The expert should be & recopnized leader in 42 field
and thoroughly familiar with the most advanced techrolozy in the
semiconductor industry, its products and personnel. He would andvise Incien
manufacturzrs on the selectiun, évailab;li.:y and specificat. ar of eqyuoponn:
and on the prevailing tect methods aud standards in the developod couniries,
He would also supply Indian JIC manufacturers wiih relevant conferance
papers, non-classified government m/.a.ndards etc, Such an expert, aclirg
under a United Nations mandatec, would have easy accecs to mary sources ¢f
technicul information that would be of greal interest to the Ind:en IC

industry.

4., In addition, Indian IC companies must establish their own basic rescarch
and development facilities for follow-up of the new developmeite in IC
technology, including the recent, very pronising techniques of IZL, silican
guts technclogies and nitride passivation.

5. Major improvemen: in the technical library services of every company
should be seriously contemplated.







CONPARIES AND ORGANIZATIONS VISITED

Name of company Company personmel with Numoer of

of_OFgARisation yhich discuesiop wee held daxs visited

WDP and Trade Developoent 2
Authority of India, New Delhi

Rlectronic Commission and 148
Department of Klectroaios, Techniocal Director
New Delhi Government Specialist on IC

Continental Devices India Ltd, Oemeral Manager
Nareina Industrial Ares, Research and Devel opment
Now Delhi Manager
New Projects Manager
Suality Control Manager

Managing Director
General Nanager

Departasat of Rectronics and
Trede Development Authority,
New Delhi

Rectronic Corporetion of India Head, Marketing
Ltda (BCIL), Rydersbed Head, Components Group
Head, Reliadility and
Quality Comtrol

Senta Crus Klectronios Ixport Development Commissioner
Processing Zone (SEEPL), Dombay “of SEIPZ

Semicon Electronios Pvt. Ltd, Direstor
Bombay

Semi conductors Ltd, Poona General Manager

Hindustan Condwotors Pvi, Ltd, General Manager
8clid Stats Devices Division, General Manager, Operations
Nadiad Manager, Manufacturing
Technical Manager
Reliability and Quality
Control

Kectronics and Computers Managing Director
(India) Ltd, Chasiabed,
Uttar Pradesh









