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INTR0DUCTI ON 

1. This Guide deals with the development of electronics applications and 
production in developing countries and has been prepared with~ view to 
accelerating the flow of investments and technology, and to developing 
endogenous tcchnologicai capability in these countries in this increasingly 
critical field. It is intended, through this ~uide, to assist developing 
countries at various stages of economic and industrial development in 
identifying specific subsectors and products in the electronics sector where 
there is substantial potential for growth, together with the supportive 
policies, measures and institutional arrangements which may be necessary. 

2. The rapid pace of technological developments in electronics, particularly 
microelectronics and inf~rmatics, which comprises computet applications, tele
communications, software and systems capability, is having a major impact on 
se\·eral production sectors. Innovative electronic processes and products are 
in a continuing stage of techriological evolution, and developments in info~
matics, photonics, superconductivity and the like are increasingly multi
dimensional in their character and effeccs, which extend to a wide range of 
economic activities. These developments have taken place primarily in 
industrialized, developed economies and are resulting in significant socio
economic changes and in the way of life in these countries. At the sa~e time, 
the pervasive and versatile nature of these developments is also having, and 
will increasingly have, considerable impact on the economies and production 
and trade patterns in various developing countries. This necessitates a com
prehensive review of the implications of these developments and the policies 
and measures which should be considered and i~p:emented at national and 
regional levels. Certain developing countries, particularly ir1 South-East 
Asia, already have an extensive production of electronics, spec~Jlly micro
eleccronics, and are exporting a wide range of electronics products. inclu~ing 

microcomputers, peripheral equipment and components, besiaes a fast-expanding 
ra11~e of consumer electronics. In several other Asian and Latin Ar.1erican 
countries, the in it i a I resistance to computers as aggravating unt:>mp 1 oymen t has 
given w?.y to incre;:ised ?.creptance and usage of various computt>r-:::iided func
tions, including design and manufacture. In other devt:>loping countries, where 
there has bc>en a relatively limited growth of electronics production, there is 
growing recognition of the critical role of microelectronics and informatics 
and measures are being initiated for the d~ve!op~ent or technological infr~

structure and local production rapability in theEe fields. 

J. The purpose of this Guide is tu highlight the potential of, ~nd the 
policies and programmes for sectoral expansion and devel0pment in electronics, 
as l>iel l as to faci Ii t?.tf' the ident.i ficntion and pror.-1 .. ion of in\'est.ment 
projects for the benefit of df'veloping co11nt.rit•s. Accordin~~l.v, 'he Guidf' has 
been divided into four princip;:d chapters. In Chnpter I ti1(• rharacteri~>t ics, 
featurf's and t.n•nds in Plectroni<.:s productio11, inc:l•iding Uw principal sub
:.;E:·ct.or'.;, are discusc.t"d. The t>Xpt-"riencl"s of Ct'rtain developinr, countries are 
n·portt•d, including ttw prospt·ct.s of, and t.he policit·s to tw com;ider-ed by 
developing count.ri-:-s. Chaplf•r 11 cont;lins ;s summary of the prir.cipal t•l1•mf·nU; 
of a nat ion;d pol icy ;ind providt·~; :in ;innot.;sl.t•d 011t lint' of ;s n;st ion;s; pol icy 
st.atemf:'nt on f'lf'ctronil":·: ckvelopm1·nt !'or com:iJercition at. t.h,.. nat iori si !1?vi·i 
in devf·loping co1mtri,.:;. Ch;spt.f•r Ill <if-al:.; with ;s q1lf':;tionri;iir1· ~;olicit.in,i; 

informat.ion abo•;t. :;p1·cif"!c· inv.-:.;l.mt•nt pro.kc!:; in th1· elr·ct.ronic:: :;f'ctor for 
which forf·ign invf•:;t.m1•rit. •H' tr•chnic;1I ;1:;~;i:-;Linc1• wr.1ld h1· r'<'q11irf'd. Ch;spl!"f' IV 
COmpr i SP:; ;s ;;f• r· i (';; Of i rtV<•:; l.ffif•f) t. pr·oJ ("!'I p ["Cl f i ! ,.~; f"or· t.hf' r:iafl\I f";IC f I Jr'(· (l f 
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specific t•l••L:tr·0niL'S pr·od•1Cts, r·:mgin~'. frL•<:: con;:-;cw1t'!' t.'lt•ctnn1i,·:-; ~L' ;.,·:·:-:'.'":.! 
cornp~itt")r~::; ·:nd p~r·iph~r::.tl t_lquipr:!t·nt. 1 .. :h~'-'h h:1vt• (·on:3~dt·r~·lt.~ •. · ;·u!f~nti·t? f·. j,_·c- .. 1 

r:1:m11L11.:tur·t' in :1 mm.tier of dt•vt·!uping 1.·otmtr-it:>s. rill!:', .•;n:l._· 'i;e r.;uid·· .v:t!ld 

be of in•ero:>st t.0 1-•l:.tr~rkrs :u1d po!it~y-n.iket'>·i "'t:'.l L'Uu!d f,,rr."1L1t,• :•~.prop·i:;t,. 

n:ltional poli.cit.'s in th<:- light of the •'XP•':·i·.·nc.· uf otrwr L·o•n:tr·i·.·~;, it ... ,1·1!d 

alSL' ti'=' of ~:art:i·:ul:ir v~d11e :1t th,c> spt'L·ific investr;•»nt iTnj.·,-~ It''·"·! ir, v1:·it"''' 
dev1.• l np i r:g count r i PS, wher<" ~io tent L1 1 en t r·Pp rt•:it•tw::; co•:! d J.,1:c• I u~· t t:. · in v•.'s t.
m.:>n t project :md prc:iuct pr·ofil•·s cunt:1int•d in •.:haptPr [V i:1t..' vi.,!.],_• ~:·u.1.-,·::; 

:md enterpr·ises :it t.hP pation:_il levPl. 

4. Ttiis •;11ide .. ,;is prep:lred by the Ind1ist.rial Invt>str.i>:.'nt Di·fisi•Jr: 1 I!l1• Jf 

UNIDO. The role of IID is to assi~t developing i..:01mtrit's in i(fr.>t1tifyd1g :nc1 
fon:iui:iting industrial inVPStment pr·oj.:>cts Sllitabie fC!' i~-.pit.'r.:.•ntat ion in 
tht-ir countrit>s, and to •1st' pror::rition-~l tools to tiring :it.out ir:t• .. •rn:i~ iun;:! 
business-orientt"d partner·ships ar.d col latior .. ition bt-twer:'n Pr,tt>rprisf·!:c' in col!rl
tries at varying stages of in<lustri;-1! devElopment. ThP idt"ntif iccition ,)f 
industri:il .i.nvt'st.m1•nt projects h;is ne1·es~:;;1ri ly t.o bt> L·onductt0 d thr·ough v:1~·iu,1;-; 

sLigt'S. Tht• initi:tl st:iges in such :-1n:tlysis shotJld ilt' b:1st>d h,.lth en i.;lot;,d 
trt>nds in production and technology in parti,:1!1::.- field'.-; :ind Jn f!v_· !·Ji i,·~.·~;, 

progr:jmmt•s :c1nd experience of selPcted devt:'loping cotmtri~·s ·...-h•·r"' !5i .• ;n~fic:1r.t 
sectorai devt'lnpr:ient has takt:•n plar:e. At t.he s:iw-· tir~P, cert:1in b?.sic inform
ation nt.'eds to ~t' collected :!nd col !:,t.ed on individu~ll investment projt'ct~; :md 
produeL~ which r.1:1y have pot<:'nt.ial for· lcc;-il man11r·:1ct11r"' in dt-v»lopin~ <:uuntrit·,.;. 

This Guide is intend<:'d to assist developing crnmtrii:>::; d1irin~ ttJ,1t iniL:d prn~'"· 

':>. U!Jon rt'qu:>st, iID could undt'rt<ike srwcific..: rol lo·,;-up pr·0gr:~rn:-:es for ttw 
dPveloprnPnt. ;.ind implement.atior. of i11v••stment pr·oject:s in th·· .:·lt·ctronir~s :-:.,.c•_-,,. 
in p:=irtic11lar countries ~ind r.:·gions. whi I•• thP proj1:·,~t. 1 product. profi l•:s C1.)nt :tn•·d 
in Cha!Jtt'r IV dP<ll with ttw h:1sic fPatun•s of p:1rticul;~r inV1':-:t.m€'nt propo~;it.inn,.;, 

project. S!JOnsors at the n:ition.-il level wi 11 hcwt' t.o d•:v;c·lop tht'St> pr·ofi I•<~ ir:t<! 
viablt> t.1:•2imo-economic projl"cls b<istC"d on loc~ii condition>;, irh·l11ding m1rkt·~~; ·md 
dt>mand, :1v:l i I :iti i I i ty of r:tw mat fT ia ! ~ :ind ht•m:m re'.;01 ire t•~:, d.;· t ;ii I ed i nv .. s t 1~" ·n: 
and opC'1·:1r.ing-cost rt"qt1irement.~; and ot.hPr r·t·lt>v:mt LK~'w:;. rrD c:m pr·ovid·.· q.,. 
f'ollo·11ing :1sc;ist.ance in formul:lting i1we~;lm•·nt projer-ts <ind in !1.ic:tl.in~'. '.;'lit.it.I,· 
p:1r-tn•"'rs :ind sotirces of technolog..v: 

(aJ To ir:iµn•vt• Uw pr···s••nt.:.;ti.on of inve~;t.rn<:'nt. pr·ujt·ct:; for prlJrno: io11, 
t•·chnical ;1sf;ist;mce c;111 be r-•·nd»r'f•d t.hr0t1gh int.,.rn:•~!on;il .. xp,•r·t;. :ind ind11:;t

ri;1L:-;ts from co1mtriP:.; wit.h :1 rt•l--itivt·ly :idv:inced ... lf'l'tronir::; indust.1·y, ·...-in. 
full p;1rt.ic:irnt.ion of n:1t.ion:il:; from t.h..- d•·v1•lopinh co1mtry conc1·nwd; 

(bl Promot ion;1l ::Prvice:; r'or ind11st.r!;1l irlVf·:;t.rr,Pnt pr·qj .. ,:t:; :1r-.• :1ff'ord .. d 
t.hrough IID inve'.;l.mpnt. promotion nft'ict':; in :;r·v.-r,il crnmtri•·'.;. C;,1mtr·y p!'•··:;•·n
t.:1t.ion mt·(•t,ings :1n .. arrani~"d t.o en;-ihl•· rqirr:wnt.;it iv•·;; from ind1J:;try ::nd t;<>v .. r·n
ment of ckv•·lopinl6 count.rif':-: t.o vi:;it. t.hf· invt>:;t.m•·nt pr·r);notion offic•·:; :ind to 
discu:;s inVPHtrn,·nt. upport.unit.iPs wit.h f)(llt·nti;il f;;irtrwr:-; fr·qm tht· c·o•m'ry '.'1ht•f'•· 
thP oft'ic•· i:; locatt'd. Th<· ot>jt>ct.ivP ol' the:;•· r·romot 1onal :;,.1·vic•·:; i:; tn :1:;:;i:;t 
poU·nt.i;J! inve::t.or:; fr·om c!t•v1>luping i:n:mt.riP:> in id•·nt ifying 1iot.<'nti:t! ly int• r·
r-:-;tcd st1ppli,..r·:; of dH· rt•::o1wc•·:; r<·quir<·d to irnpl•·rrwnt t.hPir inv••:;trn1 .. 11t pro.i•·,·t::. 
:..>uch r•·:;o1ircf':-; may inci11rl<> f'in:1nc1-, t.1·chnolr1~'Y• m:m:ip,r·m,.nt, m.irk•·t :1<'CP;;.;, •·tr·. 
In ord1·r t.o prov id•· t.tw:;" prornot ional :;1·rv1c .. :;, I Jr, r·1•q11ir·•·:·; tlw infcwr.:it ion 
cnl lf>ct•.·d ti_y mP:1ri:.; of thr- q1w:;t.irmn;tir1· r·r-pr·od1w•·d in C:h:ipt.1·r [I I. l-'•ir-lh•·1·r:1or-•·, 
I.hi' av;ti J;1hi Ii ty of ~• c:o1mt.ry pap•·r few t.hf• cJ.-v,·lopirii~ c·o1mt.r·y C<>nc,.rt1•-.I •,.;01dri 
c:on:;i<lPrahly Lwi Ii l:1t.~· s11ch promot.:on;tl :ict.ivi t.i•·:;; 

(c) Tl!r· :;r>rvic•·'.; of' t.hr> lnvf':;tm•·nt. Pr-cimnt.ion lnfor·m:il ion ~i:;:;lt•m ( INl'ln~; l, 
which i:; ;s c:o111p11t.eri7.•·d d;it.;1 b:ink rn:iintainf"d hy !ID ;st !INIDIJ tw:1dq11:1r·t•·1·:;, 
Vi<·nn;1, i!; ;1vai l;1hl•• to prnj<•rt r;pon:;on; :ind pnt.1·rit.1;tl invt·:;tor:;; 
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(di As part of its follow-up activities in particular industrial sectors, 
IID rrganizes Investment Project Promotion Forums, usually in developing coun
tries, ..:l:ich providt> an opp.:>rtunity for project sponsors from developing coun
tries and potenti~I partner~ fron industrially adv~nced countries to meet and 
discuss spt>cific investment p~ojects. 

6. It is hoped that public :md private agencies rt>sponsible for the develop
ment of the electronics industries in a specific country.:;::; .... .-11 as existing 
and prospective enterprises will make use of this Guide in order to tailor 
their programmes and projects to the needs and potentialities of that country 
and to overcome total and sole reliance on external ~xpertise from the United 
~~ations or bilateral donors. The Guide should clso be useful to regional and 
international financial institutions and to bilateral donors ~nd investors in 
developing countries, who are seeking opportunities to 3ttract in~estment, 
technology transfer, joint ventures :md technical cc-operation. It is further 
hoped th,1t the Guide ~ill assis~ developing countries in the formulation of a 
sectorial plan for the electronics i!ldustry together ;,;ith a policy for its 
implementation; the translatio!l of that plan into subsectori3l and product
specif Lc investment opportunities; the preparation of bankable ir.vest~Pnt 
projects for the manufacture of a single product ~:" a group of products; t;ie 
identification of financing, technology transfer and technical assistance 
needs; the conclusion of investment ana co-operative arrangements; and the 
establis~~en~ and successful operation of ~anufacturing enterprises. UNIDO 
looks for..:ard to a fruitful co-operation ..:ith developing countries in that 
comprehensive tasY.. 

Note: For UNIDO activities in the field of microelectronics, see "The UNID0 
programme of technological advances: microelectronics" (IPCT.29/Rev.l(SPEC. 11. 
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I. FEATURES AND TRENDS IN ELECTRONICS AND PROSPECTS 
FOR DEVELOPING COUNTRIES 

A. Definitions 

7. The pace of technological developments in the electronics sector has 
accelerated rapidly in recent years and a series of continuing techr1ological 
inncvations, particularly in microele~tr0nics and informatics, are having 
major impact on several production and service sectors. Elect.rcnics pro
duction has emerged as the fastest-growing sector and is identified •ith a 
wide range of high-technology industries, processes and products. Though 
there was rapid growth in the electronics industry even prior to the 1970s, it 
is during the last decade that the mass~ve and pervasive impac~ of technological 
developments in this field has been most felt in terms of ne~ processes and pro
ducts in various economic activities. These developm~nts have taken pla~e pri
marily in industrialized, developed economies and are resulting in significant 
techno-economic and social changes in those societies. The diffusion of these 
technological developments to developing countries has been slow and gradual 
and is still mainly confined to a few of these countries. The pervasive nature 
and impact rf developments in electronics will, ho~Ever, inevitably be aoplic
able to all economies and it i.;; necessary for every developing country c.nd 
region to assess their situation in relation tu these deveiopments c.nd to deter
mine policies and programmes for production and technological absorpti0n and 
adaptation in this field, so as to mini~ize the negative effects of such techno
logical developments and enhance their positive impact as far as possible. !/ 

8. The electronics sector comprises a wide range of technclogiPs, proc~~ses 
3nd products, extending from hardware, components, software and systems to a 
large variety of technological applications in data procEssing, telPcornmunic&
tions, industrial production, instrumentation and control systems 3nd oth~r 
sectoral applications, and to a vast array of rapidly-changing consumer el~r
tronics products. Major technological innovations h;iv1• bc•t'n achievt~d through 
increased miniaturization of electronic components <ind :-1ppl ication of digit:il 
technologies. This has nor only resulted in s11tJstanti::sl pr'iC( n·duction for· 
products such as micro-computers, peripher;ils and other hardware, b11t h~s 

enabled radical improvements int.heir perforr.1ilnc•• and ~;•·r·vi~t·:.;. Tht·r-1• h:·1:.; :!so 
hee-n a growing convergPnce in t.Pchnological dev(·loprwnt.s and ;ippl ical ion:> 
bt•tween computers :ind tt:•lecommunicZ"it.ions. Such convPrg••nce, 1o;hich is oft1·n 
characterize<i <ls inform:1tics, ha:.; led to a major new rolt> for inform:it ion 
services and capability, with the <•mt•rg1_·nce o{ inforrr.;it.1nn d!-i an incre:i:;in~ly 

essential and critical t•lerwnt for socio-economic df'vt-Ior,m•·nt. 21 

9. Major innov;1t.ive developmt>nt.s in information t.ran:o,rri:;sion, :;tor:ig•· :ind 
instant n·trievnl h:lve t·n:1hle-d information t.o bt· 11t.i I iz1·d f;)r a •idf' r:inf,t· •1f 
techno-t:>conom i c ;1pp I i c<i ti ons and ;-ire gradua I I y I f'ad i ng t.o t hf· d••vr> I oprnl·n t or 
an information soci(·t.y, when· information would pl:1y tht· rnici;il rol•· for 
der. if; ion-making in most fl e Id:;. Tht> convt>rgPr.rt· of ccmpu t t>r:.; :ind t :io I:> c r 
communications h,is ;ti !;o I ed t,_, the -Jeve I opm•·n t of <i :.;i:r i <·:; of :111 ! om:i t ion 
technologi1•:; with widf•-rilnging applicat.ion:.;. Th<·st· t_.-.cttnolri~~i<•:.;, :>OM•· 0f 
which ilre st.i 11 in thf' pror•.•ss of t>merg•·nce, ext<-nd to phot.onic; ;ind la:;•·r:;, 
and t.o robol.ics and ilrt.ifirial int•:! I i~~··r1c•·· Th•· V•·rs;1t.i I ily :ind in!"orm:i! i0n
proces:;inr, cap;1bi Ii ty t.hro11gh micro-proc1•:.:;or:; ;1r.cl ott,fT dt·v.-lopm1·r1t:-; in 
~·J,•ct.ronic:.; ar.-· al:;o br·inging about m;1J<'r tr·:in:;f1ffm;otlion in •·ri11iprrll'nt ;ind 
prorp:.;:.;t>:;, r;mging from comp11t.••r . ..;, ·.,;•,rdproc•·:;:-;or·s and a1Jlom;1t•·d t·q1.ipm.·nt in 
offi..:.·s l.o :111rn,..rical ly-r.ont.rol lPd m;ichin•· tool:; :1nrl robots, cr,rnp11t.1·r-;i1d,.d 
rj,-.s, r,n:: and m;in11 f ac t.11r(• (CAD-CAM) , comp11 t.•• r-a i dr·d •·n~~ i n••,-.r i nj.~ ( CAr: l and 
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flexible manufacturing system (FMS) i11 the industri3l sector, and to usage of 
new satellite technologies, fibre optics and other innovative deve!op~ents in 
cor.imunications. 

IO. The use of electronics equipment ~nd 3pplications is also increasing 
rapidly in several other sectors such as in the r.tedical field, partic~larly 
in diagnostic applications, in the agricultural sector, in macro-econonic ~nd 
energy planning, and a variety of other applications '-'hich · .. ·ould bo:> of special 
interest to developing countries. 

8. Characteristics of the electronics sector 

I I. The electronics industry has several features and chari1ctE-:·1stics ·,·:hici-., 
ta~en together, make this sector unique anrl of special significance, partic
ularly ~ith respect to the range of technological innovations and applications 
and to their impact on other production aPd service sectors. ~/ Such innova
tions and applications continue to gro~ rapidly and there can be no doubt rhat 
the grc·..-th rate for globai dectronics production during the 199•-.:'s ·,;i ! I contin:.le 
to be very high 3nd o:iay even be higher "Ch:rn during th.:- ! '}30s because of ne:: 
processes, products and applications developed during this period. 

12. Increasing ~ange of applications: The range of application of electronics 
technologies extends, firstly, to specific electronic products, particularly 
micro-processors, and components, including se~iconductors, and secondly, to 
the great diversity of their application in various fields such dS data pro
cessing, communications, industrial applications, office automation and the 
like. 4/ As such applications get increasingly ext~nded tone~ fields of 
economic activity, the nature of such activity itself tends to undergo ra1or 
transformation. Thus, the utilization of CAD-CAM techniques, flexible nanu
facturing sys terns ( FMS) and computer-integrated nanufacture \CD! 1 , is r,av ing 
major impact not only on production processes in several industrial sectors, 
particularly ~et31-transfornation and engineering-goods industries, hut on t~e 
machinery requirements for such industries. The nachine-tool industry h~s. 
for example, undergon<" rcipid t:--ansfornation and tr.er·e has been :1 ~.:jo:-- s!'.ift 
to numerical Iy-controlled lNCl machine tools, ~hich can be 11tilized for flexihle 
production at machine-centres, comprising a cluster of such '.'.1achines. 1T.e higt.er 
productivity, efficiency and prPcision achieved through flexinle auto~:ted r3n1;
factur~ is inevitably having a major impact on cost~. qu~l ity and corpetitive 
C3pab i Ii ty of r-esu l t<in t products, as cig3 inst products n<'inu Lie t ured tr:rou)2.h 
traditional r~:<chine-oper<'ition processP~. Deve!opm.:·nts in flexirle r..:rnuL.h~t.c;re 

expand the scope of 3utom~tion to a ,..idP r:1nge of production pr·oce~ses :1nd ~ould 
undoubtedly have consider;ih!e effpct on glotHl indu~tri·!I re!>ln:cturin~, pcir
ticuleir!y in u,,. c::ipit<1l-goods S('ctur, including :-i11tor:.otivP t'qt1ipme·1r.. These 
... ould also afft"ct developing countr·ies c;uch as Br·;izil ;ind India, ·.:hich h:1vt-
been exporting Pnginet>ring-·goo,i:· products and non-NC m:1chine t.ools. In f;s,·t, 
the factor ;idvcintage of cht'·ilp l:1ho11r in dr•vt:·loping L:01mt.rit>s W•Hild tw !;uh
st.antial ly reduced, hPc:s11:.;e of di>vf·lopm<'nt:·; in ;sutor::;it·ion, hast>d on t'lt'ctronics 
technologit.'s. Innovations in te!Pcomrnmicat.icms and d:1t,·1-hancilir.g havl' rt'vol11-
tionizt•d th~· comM1mications si>ct.0r. Sirnilar·ly, offici:· :11:tr)r:, .. tion incl1: .. Lng 
usage of di>:;k-top <"Omp11t.t•rs, inp11t-011tp11t ci('Vil:•·~;. stor:1,~•' ciPvi,·es, calc111.stors, 
d11pl icators ;ind f:wsimi le Pq11ipr.wnt hav•· undoubtedly tranot"ormea office opera
tions and m;mag(·men t. ThP:;e dr•v.., i oprr:~·n ts h;iv•· ;1 i n•ady ext <'rHled t n ;.;,·vr'r.1 l 
devt•loping co1mt.rit•:; :ind ·..-oidd 1irHio11ht~·dly PXl .. nd r.1p1dly to oth••r:.;, :1~; f;1ci-
l itie~; bf'C·omf• :1v:til;1blt· in th•·:·;t> c1Hmtr-1e:;. !ti.; this perv;1sivt" and Vt'r:;atil•· 
f!':st.ur1: of 1•!Pctronic:; ;1ppl ic:1t ion:; th;1t n••t·d:; to iw :;tr•·~;~;ed in r>'lat.ion t.o 
th1• imp.ict. of thi:; ~;f•ctor. It mu::I .il:;o tw •·mph:s:;iz"d that f'lrctronic,; i:; a 
cont.in11ing p,rowth inc!11:;tr·y, with 111'"11 t•·chnolo~:1c:il rl•·'.·clopnwnt:; h,.in.1-: 
con~;tantly •·vnlv1•d, incl11ding in 1•l1·r·trn11ir·:; p11hl i:;hin~~. 1·omputer 1~r· 1phic:.;, 
i;1ptop co!l'p11tPr:; :incl ;in 1·r10rmrn1:; ran~'.•· of" rlf''"' prod1wt.:: :ind ;1ppl if·;1t.ion:;, ;incl 
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:: ,·:o t,~t:·n :•:~;; •·'!t:'d rhro:i&h .-'~1:1 I I r·ese:1rcn-ir: t t•ns; Ve •.l!"i;;1ni ;:Cit ion::; :mJ t-'ri t "·r·pr· i :-it•:,; 

.-;::i.:!': ::.;:v~· ,j.,.·;~·lop~d innov~:ri·;t:' ;.r·od::·.:rs ucd <:.:pp'.i,::-:tion:-: in differ·,·nt· fi,•ld.;. 

;., 1:1!".<':"· n-.ir:t.>t:r ut" c•lect.r·or.ics cor:,p;init•s, •::hic:--t h:!VP g!ub;ll oper<>tiun.oo tod;1y, h:!d 

•:..-:·y ,;;:;:! i :.~·g:nnings, oftt·n lt•ss th:1n t'.·:o dec;1dt•s agu. At the ~;we t ir""• ovt•r·<:I 
r•"5t<:r·._·h cuSt.~ in tni:.o fi~!d art' Vt'ry Ligh ;c:nd r~"·ijor· t.r:Jr1sr.ation:i! 1:;.w;_.or:-.tions 
:_;r:cs· ir, thi:~ :;,..:·tor·, s,1cr: :1:0 161·'., AT!,T, Hitachi .--u1d Sit•:r,ens each spend S2-: 
:, 1 : I ion ":nnu·1 i l '.;' en r<.·se:H'Ch :.ind d<::vt:' I o~rH:-n t . Such expc·nd i tu re is undrn1b' ec! I y 
ne• ... :ss·:r·y t0 r~_;.,,r,r;:~n t,.>chnol"gici11 leader:c;~.i;- in this rapidly-changing s.-ctor·. 
He>s.-:1r·,·h :::id devt·lopr1<;>nt h;:,:.; gen.-r·31 ly uet:'n directt>d to·...-;c:rds m«jor inr.ov;·,t_ions "r· 

!,ropt'iet::Jry f.r·oduct~ and design:3, tr.ough incremt>ntai ir.nov<:r-ions bui It on ir::i~--:-
~ .. ion hr:iv(· also been very succes:;ful, partic1J!arly in J;1p~n, and in oth<>r cuuntTi~·:; 

in Srnith-E<~s~ Asia in more rec•.>nt Y''ars. 

l c; 
l ~. 

it. :;dSC"P tit, l t· tu rapid t••chnu lug; c;c, I changes <1nd consequently to :-c:pe•:-Jy 0bsu-

1 ~.-;cpnc":' .. [t, i~;, t.hPrf·f ...... ,., t-~.;:JF""ntic:il thrst d strc ·.":; t , . ch base- is r.F1intaint··d. 

•_•itr.•·r in tht fur~ of instit,11tional linkages or ent.eql['ist'-lf'•Jel rese;:ir·ch and 

dt:'ve l opmo:.·n t 

Jf,. ~.!._o~,a~_oper~~~~~1:2: Sin,:•· elt->ctronic; prod11cts, including most. h:ird·...-are, 
pt>r·ipher;.il F:quipment., suft·.::.1rP c1nd oth~·r elt:·ctr·onics it.er.:'.; <irt- easily t.rans
por t:1b I e, th" e I ec t ron i cs i ndu:-; try net-ds to tw vi t·wt'd on ;, g l oii<d and i. n t e rn:1-
t i on;J I k1~;is. :>t r.:lectronics l"ns also often twen characterised as a foot.-loo~;c 
Lndw;t..ry, moving from on•· loc::at.ion to ;mother t.o av;1i I of part.icu!;1r factor 
;1dv an t.<.:ges. Trw rr.;1nuf;:1c t..ur,_. ;,nd :!ssemh l y or •.'I ~'c t.ron i c compono:.·n t.s in Sou th· L1:; t 
Asia and ot.ht:-r dew·loping co11nt.r·iPs, wa:> <J t.ypici11 example of the industry t.akir.'-1 
advrint.ag~ of c;h,.ap 1.-ihour in the:-;e countries, t.i l l such time as grC>:-ster autom;1-
tior: r(·d11ct"d such <.Jc:vant;1ge. It. WOllld obviously h<> diffirult and undt•sir;itilr', 
particularly in this cont.t•xt, for ir:dividual countries to im;ul;1te themselves 
fr0m g I otl;J I dt•Vf· l opmt•r, t::; in t.h i :; fir· l d. At. t.he r;amt· t. i rr.e, co11n tr i f:'S nel'd t.o 
f·n~;11rf' t..h:Jt. thPir n<Jt.:on;:I growt.h patt.1·rn in tt>rms of inf1·ast.r1ic::tur1' :ind hurr.ar; 
rf•so11rc!· df'vt·lopm•·nt. i:-; ;1c!f•q11;Jt ... for !<Kill t•lf'ctronir::·; production, tiot.h h:n·d·...-;ir•· 

ilnd :;oft.w;ir·•·. 

1·1. Wit.h t.h1· inc-r(·;1:;ing intt·rn;it.ion:iliz;it.ion oft.hf' ('!f'ct.ronic:: indu::try ;incl 
t.he r;spid ~,;1u· of innovat iv<· ckv1·1opm•·nt::, tlw tr·c·hnoloi•.Y rtiill'k<·t for· thi:.; :;1·ctor 
1:; hpcon1in).; incrt·a::in,i!,ly :mpf'rff·ct, wiU1 varirn1:-> ;Jll.f'rn;it.iv1· t1·chnologi1·:; ;ind 
:;011rc:!':;, h11t with ;1 high l1·v1•l of prod11ct diff1·1·1•nti;st.ion. Thi' rn;irkt•t for· 



3nd eJrl.:_,· l~~r1._1 s ·.·.~:t}r: 3C'rt? "-"U: .. ;..:or-ation.s, ;.)~tr'"t-i·--·~iI~::'l~l It~~.~. ~~~d :: ;-1 :·_:;.._!,._y~:r:~:n: 

rott" ~r. c8np:__~te:'"s :u1d r~l.-1~~ .. j ~1 !e ....... tronic:s d~\·~!cp:-'.':~n~. ~g~.: i....·..:~:~ic·~:·.-? ·::· =--... ~ 

dor:tir.ant in r.:ainfr:Hr:e corp~iters .::~nd :.Jn indusr-: .. y i~~:-+'1~---!'"' fv: .. s~·\· .. _:.:-·1l l_,--~:~r 

produc :s, 0:..1 t 3: !1u1.1be r of ct ht:-!' cor.1p.~1n i ~s, :;pel. ... i ·: i ! y f! .. "1 ;-- ... ." .. ~;.. in, :-::..:·:~ ~ ~·.__· -J' .~ 

incre3singly cor:ipetitive in r.1us': fields, !C:-:rL.<-'uL::-ly :~ic'!'v-c·,,-·"·:-:·':·s .:nd 
se~iconductors. E Other ~~jor transnation~l cor~or~ti0ns t:~~~ ~i~y~d ~ 

dorr:inant !'"Oie irl developing ne· ... · t~~C"hnologi(+S for Lu~:r.:_:ni1,.. ... .:_:ti.0n.s, ~;_~_ ... r. ::s .:...~· .. ~-. 

Alcatel, Sir::1ens ;~1nd Ericsson, ~u1d fa!· consL:~~er .. :.u1d ir..~·-~::3:~i.::I .. ;-1-::-~r-: .. vr.:.:s .-:nd 
0ther applications. ~evertheless, in recenr ye'.!r3 t-~er~ h~s ~~~r. consider~t!e 

techno I ogica I di ffus icm and a l arg<=' n:mt":e!' of r:·•·.-: Pr. ~r-ar~ t-s '.",_,,_ . .,. c,F.'3' ir. '.:8 t-r.e 

techno~ogy and kno·.,r .. :.-.,· for .'1 gru.dn~ !',1n14.- uf t·\~·,·t:·0nic'' ~·:-,-dL:c"c'> ·•::j ._-._,·-;·.:·r:-
ents. This deveiopr::ent h:::ts t"J:k~n pl~c~· l?~rgel:·l t'-·eC~=ius~ 1.._lf E-X~._).r-ls:\.·~ ~~:._·hr1~ : . .::-~; 

licensing, µ:-;r"=in:larly by U.S. corpc!·::t.ions ~o J-"p~'lnt-3"' co~p'.!ni·•s ·::~ ·";:::-; -., 
certain corporc-:tions in Western Furop-", d-;:·i::g tht' l'"c·":i ::nd -.;:·l:: ::, 
p(=1rticL.?1arl.v in coripute-rs, se:-:-ticonductc~s ~-1rid co""'.'•:.:.1:1i.c:iti.on~== ~~.:r-.=~=': .. -=.,~ic~s . . -.~· .. : 
technological "'pplication~o ~:nd prod·.icts ·.-.er-,, ·:lso dc":,~I::red :··; '" '.-::·~"' ;-,:.:-~_~:· 

cf enterpr ise5 "'h ich ·.,t>re often sr.;.1 l i bl it r.:=i'.'t· gr,•.,·;-, r·i; i;j ly in :'"',·die .::~,·i!'S. 

This is part:icul::rly true or SvfL..-:lr'e de':t'iopc-.ent in tt·.,., :_1r;:·:.·d :)t;'r'S. 1h,o

capahi Ii ty to rep! icate and adapt ex:3::.ing ~·:·ud'.xl's ::nc! to ~nn•Y;-::-,... n~··,· 1 rodu.·t:; 
3nd applications h::is also led to the d<''.'e!.)p:.d1c of;: f·,1:·'.:: ··x:t>:-.;;;:1.·e :-:::rl-'.~c 

fer technology :1nd kr10·..:ho· .. :, p3rtict:L:ir·ly in :~:,.o llSA :md ,' 0 :;•:c::;, ·::1J in '.~est 

Europe<in countries. Replic-::tion and f'ci~·v.-"gin~ of ''-:-l·<'!'·)t:ic· :.-:i~:-;" for :~-:<:-:~~:,::; 

of various electronic products, including for desk-t011, ~F!'SO~~I co:-:~~-~'s 3nd 
pPripheral c•quipr:--:ent, h3S 3}sO develo;~~··d f;:1i!"'}y ~X~i:~n:::;ivf·ly iL ('~!"''-._:in ~::•_!1°'f-.-

E:'lst Asian countrie.:;, par-ticul-=irly tr.e fi>:·;'.1blic ot' ;.:or--:,·: ·,r.d tl":·.~ !'r'.J'::r-,.:~ 0f 
Taii...-an. At th'° :,;ar:ie !:irw, t.her-" is :ilso 'l r.igh d",•<'.!'-'"., of f·t·'1.L:~ diff,o'.'-.·n· .-:
tion ·,ind sir.i J;;r p!'otiuct.s '.;1:1y he subsLmti::I ly diff,=.r.=.:1•.i·:t .. •d ir·: •:·1Iut· ri•'c :·_;s·• 

of 3 particuldr [)rand :-:·,:::e. An i•·:f;OrLmt ~,sµec~ uf ·c-·~;r. . .clo..;:; •.r•n~:f,·:·, 

p::rticu!:.irly of ~1d1:c.nc,,d ~;or,histic·,t-1.·d <::l·.'ct-r-)n~c:-; r"r·r:n!Ji,1:.:i•·,.,; fr•;'.· ~:· ... ··ni:hi 
States, ho·,,,·t"it=>r, h~s t;f·en the con:-5id~_..r,,r.1e r"t~::;t:--""i"~tion t·.~~!1·ed un ~x;u:-~~:: i1!" :1.)!r, 

i,;hich hav~ he~n i~·posed for sE·ct1:·~":-' rP;-1son:~, art· .~ll~·t~r-\:is:'J :~; t:.-::. :.: 1 
.. ~f;.Jr'i:i,...:-=, 

as also by <1 Co-orJina~·ing Cor.r.:itti:--e \{,1.lt~\·~·: of 1') r.iAi" ,.....,~·r:i~1er-.··. :r1·."'!·~dita.t! ... ..r~_!"'::-:. 

Ie. The spect:.ic1.l1:1r gr·o·..;t.h er' e-r .. ,·tn>r:ic:' h:.s r·•·st:lt•·d ;n p:·c: :,_ ... _, :'t·l 1:ir:,>'. •c 
inle1 lf'ct.1_1csl propt,r·t: r·igt;L;, inc!'lding copyrights on soft·,;;1r,·. !:;•, i l•.·c'T:i 
property legislai.inn ir1 :,ev.,:·;i! ,·riun•ri•·:.; h'1s ncit t:ik• :1 ::rh·<t'l·:•• :-'c:';':r:• ·)f 't:• 

rapid df•V('!oprr1,...nt:; !n ~h(· ~·it·c.~.r·cH1ic3 Sf·ctor~ ~ 1_'un.-;:dt'·r··1:,1.-. i.":l~1t1:1:; i.i 
taking place, p~1:·tic11!:1Cl.:f int[,.,. [Jn;t~·d :it:ltf'S, on ttw ;-;··op.- ::ri:i ,·;,1,"·r·:1g" <ll 
patents and copyrights in tht· Plt>r:tr·onic.; :,,.,·tor. [n ,;,··J•·L1l , .r1'!'i•·:;, 
copyrights on ::oft.·,,,.cin· ar•· not. n·,~ogn iz1 .. 1 ;1nd th•· :;:ir.•· ;.;r,ft.·:;:1r··· i :·; ,·;:,ii :1: I•· 1 • 
mu~:h low~'r prir:es. Th,.·1·r· i:; n>r1·-;id•·i'.1r:],. div.--r-~;··roc·1· l:' 'Ji,.·,;:·. :., ... , .... ,,n ir.,ji.,_.;r
ririlizf'd :-ind df'V('lopin(~ countr·u·:~ on th" n;1t1·1··· :ind :q.pl i<':! lr,r: ,,f int•·l \,.r '.1nl 

propert.y l•·gisl:1t. inn ir1 thi~: ::._·ct or. T;v·::•· .i~;1 .. ·1·t:: ,. 111 h ,., •. ·rn ir,;.ort ·1rit ··ft"•·,·t 
on t.f'chnolo~.Y t.r;in~;f,-.r· n ... )';ot i:d irm:: :1nd "ontr·:1ct:; in thi:; f;.·!J. 

lrL While ,,](·ct.ronic:; prCJdu•:t.ir;n i:-; •·:;:;, nt i:il l.'i r•·: .. ·:ir···h ;ind V.ri1y,;lpdgr· 
intPnsiv,.. and subjt•ct. t.o ,.conorr.if·:; rJf :;r:ii•· !"or· c•·r·t:1in r,n,rl1:ct:; ::11d1 1. 

'chip:-;', it i:; po:-;siblP to unrl,.rt:1V.f· m:n11d;wt1:r·1· :1t 'J 1r·l"11.-; l•·V•'I:; ot pr-r>d1ic
t.ion "lnd loc;il intPgr;st.ion. Th•·· r:-.. 1n1if:1<·t1J1"•· of ::i I j,·on ,,r· 1 •.:11 I irn:1 w::•·n1d1· 
chips i:.;, of coqr:;,., highly "xrwn:;1 11•·, ti1it ::t:n1d:1r·d l't1q•:: :tr1d 1ntt·1;r·:itr·d 
circuit.;. hriv"· hf•com•• n·l;it iv•·ly ch .. :ip ;ind r"·:1dl ly :1v:1i l.itil•·. Th" ;i:;.;(11hly 
of :-;t•Vf•r;i! t·l~·ctr<Jnic:; prod1wt:: c:in hi· 1md•·r·t:1V..·n \\.'ith r·1·!:1tiv,.ly I1rnit1·d 

:;cif"t.·11;ir·1· ;il:;o invol·,,.:; 'J•·r·:1 low ir1Vf·::trn,.rit, :ind .i•Jint •11·nt11r·1·:; ·rnd t1·d1rir,]<JJ'..Y 
I i cPn:; i rag arT;irw.i·mr-n 1 :; :1r•· •·x t Prlrl i rw. in th i :; ::llh::•·c ! or· "I :;o. 



21._1 .. ~hile the r:ite oi' gny,;th of •!ariou!:: segments of el.:-ctroni•:s rrud:1ctinn 
will continue to be ver~ high in the coming years, t~e dPgree of competition 
in the sector is a!s'.) expect.•d to incTease ra!Jidly. Im:estments have to te 
carefully assessed in t~rm~ cf the segr.ients to be concentrated on, recognizing 
UL..1t continuing rese~trc:1 z.nJ <.'dapt<·.t ion alone ;.,;ould enable production entet·
prises to 3d_;ust to rc1µi.(:!y changing technologies and c .. mditiom; of production 
in this field.. At the same time, technology in ~ost subsectors of electronics, 
particularly those in ~hich most developing countries ~ould be initially inter
ested, can te acquired from alternative sources and joint ventures and licensing 
are becoGing increasingly common in a number of developing countries.. It is 
only ~ith respect to advanced electronics technologies ~hat restrictions ~ould 
be faced, particularly from the USA, b<1t a 1 ""v tr·om other indl's·:ri::llized countri-cs. 
Thf' nf'gotiat_ion of technology <1greements ~ind contr;.:ctu<1l conditions for techno
logy transfer r.iay also be more difficult in :i,.- case of cert<:iin e:ectronics 
technologies than in more traditional produc: .. Jn. ~! 

D. Production and trends 

21. The produ_tion of electronics products and equipment t1as ex~anded enormously 
during t!-le 1980s in the USA, Japan and Western Europe, ....-hicii cover S0-9U% or 

:lobal production. 

Table I. 

Electronics production in United States, Japan and Western Europe, 
1980 and 1985 

I l Consumer electronics 

2l Computers an<l componPn~~ 

) J F3ct.ory 811tomciUon 

41 Communic3t.ions and 
t.e I r·commun ica t. ions 

':>' Au tor:10b i If• el er tron ic:; 

TOTAL ( Apprvx. ! 

(In million US dollars) 

UnitE-d Western 

St3tes __ ,!_ap<111 Euro~:: ___ 

1980 1985 l98ll i985 1980 1985 
----· ------------

6,066 S,970 IR,704 12,652 D,3JB 10,J'}9 

c:, I ,'100 8') '500 24,4'1'/ fi?,R04 26,397 3:1, IOU 

I ·i, 61 ') 20,570 ·1,4n ':i, 1~5 10, 33! 'J, FlH~ 

?'°) ''J83 43,78C 9, 1209 19,9T:' 24, ,(J(J c:) 'fi(J() 

·1,6:io 'i,':i20 2,442 4,6'>6 ':i,2h4 ll, ,_)'i'l 

2 ''/()Cl ':>, I ·iri 931 i ';>6~J ? ''!2? :J ,(Ji'6 

1 rn ,;Qt, l fj'/ '4'J0 ')CJ ,b'l.l I /6, ll l ', H!,4'J(J illl, '/ ?O 

-- ---------------------·- -~--- ------------··-----· 
Sourrc·: lL:U.elle Tw;t.it1Jl.P, b;i:-;ed on n;it.ion;.! sUjt.ist.ics. 

!?. It wi 11 ti" :;,,(·n from T;illlt:' l th;it. d11ring I.his pt•riod, prod11ct ion of con
'.;11mfT ,.Jr·ctrfJnir:-; h;1:; tt·ndf'd l.<J dPrlin1· in th1· IJ'.;A ;ind W1·:~t.Prn E1ir·o1w .ind h:i:; 
incre:1s1·d :;11h:;t.:Jnt.i:il ly i.n J;ip;in. Th•· promwtion of rornp11t.er:; ;ind com11on1·nt:; 
h:1'.·; ri:;('n :;ignifir-:111t.ly b(1ili in t.h(· 11:;A ;111d Jap;in :1111!, ,,~ ·i l~·:;:;r•r 1,:1c1·, in 
Wr·:;t.f'rn E11rc.•rw. D1win~'. l'lrif·-l'Jrf/, :;irni J;1r t.ri·nd:; h·1·1• · "1.t ir1111·d, with ttw ;iddr·d 
f:wt.or' of :;11h:;t.:1r:t.i;1l ly-irwr·1·:1::1·d prod11ct.ion of ccn:;•Hn•·r 1·l(·rtr·nnic:; ;ind romp11'1•r:; 
;ind cornponf'nl:; in c1·rt.ai11 :;r,11th-F;i:;t. A:;i;m 1·conorni1·::, p:1rt i1 ul:irly Uw 1l1·puhl ic· of 
V.or·r.·;i, llon1'. V.orw, ~;in,:;~:1pr•rT ;ind th1· l';iiw:in Provine•·. Whi I~· pn>cl1ict ion of r-on:;11mr·r· 
r·l1·ct.ronic:; :ind r-ornp1it.,.r·.; :incl c"mponr·nt.:; h:i:; aJ:;o ri,;1·n :;11h:.t.;int i:il ly in n·rt:1ir1 
otlwr ckvr·lopirw. co11ntrir·:; :;1wh :1:; Ar·gpnt in;1, Br:1zi I, lndi;i ;md M•·xic·o, ltlf' ptr' 
port.ion of' Uwir· pn1d1wt.iun t.o Eloh;il rn1t.p11t in t.h1·:-;r· :;11h:;1·c·trir:; C•>nt iri111·:; tot,.. 
r<'L1t.iv(•ly :;rn:d I. Export:; of' 1·!1·ctr-cinir·:; prod1wt:; ro::1· to ;d1cJ11t $1? 01.i'. hi I I ion 
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by 196~. of ~hich m3jar export~ ~ere from Japan \$36.2 oillio~ and USA 
\S26.4 ~1ilion·. Exports fro~ T·1i~an ProvincP, ~erublic of Kure~. Hong Kong 
and '.3ing~1pore, ho·,:evt>r. t"Xp:~nded r~iµidly by the f7'id-!98c's ;:;;nd r-osP tu :314.6 
bi l '.ion in 1985 canst i tut ing over ·:03 of exports of such p:·oducts frcr:-: 
developing countries. ~ 

2~- The pattern of gro~th in tne electronics sector is likely ~o continue 
along the above lines d11riPg t~H? ':'arly l99('s. With increasingly sophist:.cat:ed 
applic2tions, the proportion of electronics output in industrialized economies 
is I ikely to increase signific-mtly in the areas of deft>nce, industrial appl i
cations, communications and data proct>ssing. Cemand for corsumer electronics 
·,,;i 11 continut> to ~~ro•,,;, ._,·i th :.nnovative develop::ic-nt::; in video and :-iudio equip:nent, 
though t·he pace of growth in indus:..r-iai~zed economies is likely to be slo'Aer-
than in the past. This 'Iii!! be in contrast to developing countries, ~here denand 
for consumer electronics ~ill continue to increase rapidly in the next fe~ years. 
P. 1duction of consumer electronics is also likely to expand considerably in a 
number of developing c0untries. It is, however, with respect to other electron
ics applications, particularly data processing, c0mmu~i~ations and in~ustrial 
applications, besides applicaticns in agriculture, macro-planning, ener·gy 
planning and the like, that special attent.0n may need to oe given in developing 
countries. 

24. With rapid ex~ansion of tht informatics sector and data processing, the 
various categories of computers, which comprised $150 billion of business in 
1985-~6. are ~xpected to experience further rapid global gro~th in the coming 
years. JO/ In micro-computers, this may be as high as 40-6U%, while the rate of 
~rowth for ma'nframes is likely to be much slo'lier. Personal computers already 
account for 40% of the U3 market and 30% in Europe, and are finding versatile 
<1ppl ic;;itions in office operations, particul::rly as "office-v;ork-stat ions". 
Soft\·:a!'."'~ pack:Jging for computers has a I so hecorn':' <1 very fast-grm.;ing industry 
and is expected to exceed $50 billion hy 1989-1990. In communications, the 
growth rc:t,e is exr,ect-E·d to he ar0t1nd 15.3% and value of production is exr.ected 
to reach H level of $10 bil !ion Ly 19H9-l990. Uf this, customer-pre~i3~S eq11ip
ment ·,;,)uJd ;;ccount for around 14.5%, .dth telephone and d:--1ta ;;ad: stations 
regist.ericg fastest growth with,, globz.ll market estimater: .. ·. ::;:, .iii I ion by l'JfL. 
LocA! area net....-orks have also become important, in order to link micro-computers 
used in t..,1,siness. ThP ether mAjor it.ems of growth include trans:nission equip
ment, data communic·ation equipment, switching equipment, and 1:~1 lular radio 
communications, which is rapidly brc0ming pop11lar. The d~mand for testing and 
rie;:isurement. 1'q11ipment and for robotic equipm~·nt, 11sed mostly for applications 
as spot ;;el ding, spray painting, material hand! ing, etr., is also likely to gro....
fairly n,;p idly. 

:.:'~,. Trw f.•!er~tronic-> ind11stry r:an t,(· :;ubdivided und,.r s~·v1:T;.1] sub~:•·ctor":, though 
t.her"' i:.; ro1sidf·r;1blP iri1er·f;1cP ;1'1d ovf'r!apping in USP of equipmc·11t. ;md int•.'r
ch;-ingro;1b l,. componi:'n t.s. Nr·vr·r th•· I f's:;, ;1 broad c;1 t •-gor i ;~;, t i nr1 ·,;u11 Id ;is:.; i ;; t in 
ckfining t.h•· :.;r1b:.;f'ct.or·:; which co11lrJ tw r.,f ::pf'ci;il inT('rP:;t •.u r!r-v•·loping cr):mtri~·:c;. 

26. 1:onsum1·r r·lf'r·t.ronics: Thi:.; :;11b:;f'ct.or, ·,1hich inc luck:; Ligt1-t"id•.·l i ty ;111dio, 
FM r«'sdic;-:-"t.;.j-;:\/[;;i.or;-r~·r:;:iv«r:.;, video c;1:;:;1·t tf' r'·cord('r:;, ;ind ;1 gr·owin~~ I i:;t. of 
prod1ict:;, i:; lih·ly t.o hr.· of mo:;t 1mrn .. di;it1· int.fTf':~t to :;f"l/('r«il dr:v1·ioping 
councrif':; in tf'rrn:; of grow1nE d1·~1;snd ;ind pCJt ... nt i;il for ltll'.;il prod11ct.ion. T•·chno
log~r.al !y, U-l(' :-;11k;1·ct.or r;sngf':; fr·om t.h,. ::irnpl,_. to t.h1· co:npl1·x, p;1r·tic11!;1rly •,;i:.t' 
r1·cf•nt dev,.lopmf·nt.:: in :;o:and :;y:;t.-·rn:;, vid1·0 rli::k:;, lri:;1·r di:;lr:;, n<"w fo:·m:; of 
vi cleo ~~;imr·s, and horr:r· cont. ro I sy :; t.f·m:; of' v;1 r·y in~'. d1·grr·,.~; of ::oph i :; t. i c· :1 t. i or1. 

'?."!. T~H· cornprm,.nt.:; ;ind m;:t1·r·i;i::: fc,r n>n:;1irr11·r 1·lc·r·t.ronics incl11d1· p;i:;:;i'JI' 
cornponi.nt.:; :;qr:h :i:; inrl1wt.01·:;, n·:;i:;t.rw:;, c"i!::, c:ir1;1cil.()r:;, •'''"•;ind tlir>: ... <. 
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which are active, such as tubes and transistors. Such components are also 
classified as discrete where the components are individual items and inte
grated for those items which are in packaged form. The level of integration 
is becoming increasingly large, the current rate being of the order of 106 
on a single chip. Speed of operation and memory storage capacities are also 
increasing correspondingly. The production of high-quality components, which 
can be undertaken in a number of developing countries, is vital for the success 
of the consumer electronics industry. The production of semiconductors, which 
require expensive etching, bonding and packaging facilities may also need to 
be undErtaken, though perhaps in a second phase, with a beginning ~eing made 
with resistors and capacitors, either ceramic, plastic film, metal-film or 
electrolytic, which could be taken up for large-volum~ production. Simple 
types of printed circuit boards can also be produced in the initial stages. 
It must be recognised, however, that the ultimate quality and price of equip
ment would depend on that of the components which, in turn, would depend on 
the volume of production, and often the degree of automation. At a later 
stage, professional-grade items may be considered if the volume of demand 
justifies the large investments required for this purpose. This is partic
ularly true with respect to processing basic materials like silicon, which 
needs to be purified t0 provide electronic-grade polysilicon. On a lesser 
scale, there is need for electrolytic grade aluminium, high quality ceramics, 
and vari0us rnaterials including beryllium. Fiscal policies wil 1 need to be 
formulated so that it is preferable to manufacture components locally rather 
than impcrt. Technological developments in new materials may provide oppor
tunities for developing countries to use their raw materials in a more product
ive manner. An example of such innovation is with respect to fine ceramics 
required for 111Ltgrated-circuit packaging and ferrites. Ferrites are powdered, 
compressed and sintered ferric oxide mixed with other metals to develop special 
magnetic and resistive properties. The traditional ceramic industry has found 
new applications in such products as sub-strata for integrated circuits, ceramic 
capacitors, piezo-electric ceramics, thermistors/varistors used in industrial 
electronics, ferrites and translucent ceramics. 

28. Computers: Perhaps no other branch of electronics has grown so rapidly in 
recent years as computers. The volume of information shared and retrieved is 
now so large that information systems have become indispensable. Apart from 
the hardware comprising the central processing unit (CPUJ and peripherals, 
software packages have become of vital importance to extend and expand the 
application of computers in a wide variety of situations. CAD-CAM programmes 
and computer-integrated 01anufdLLu1~ ~c~ now becoming fairly common to better 
organize utilization of material and human resources in industrial designing 
and manufacture. 

2~. Computers are generally categorized under mainframe computers, including 
S\Jper computers, mini-computers and micro-computers. Micro-computers constitute 
the fastest growth area in computers and the demand for microcomputers is expec
ted to exceed $25 billion by 1989-90, with the market for mini-computers heing 
around $28 billion. Stora~e capabilities are being raised to JOO million bits 
per square inch, using tiny magnetic devices cal led Josephson junctions. The 
micro-field is dominated by personal computers using 8 and 16 bits, together 
~ith small business computers with more bits and storage capability. The boom 
in personal somputers has raised the problem of software compatahility, sine~ 
no one company can produce all the software neerlPd for the diverse applications 
of varied customer requirements. A certain measure of standardisation is 
nevrrtheless taking place. 

10. For developing countries, the growing demand for computers, peripheral 
rquipment such as disk drives, magnetic disks, printf'rs, kPyboards, f•tc., 
tog<'ther with software and systems, provide major potential for locr1l production. 
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Soft~are development provides special opportunity since, unlike the central 
processing unit and other hardware, software production is primarily labour 
intensive since it requires personnel to write programmes relevant to national 
needs and export requirements. 

31. Communications: This includes both telecommunications, and other facilities 
for two-way communications including telephone, facsimile, telex, mobile radio, 
paging systems, etc., as well as broadcasting of both sound and video. Closed 
circuit and cable television syste~s are also expanding coverage of their 
services just as new techniques such as citizen band radio, cellular radio and 
local area networks are increas~ng the capabilities of communications systems. 
Fibre optics which provides new means of transmission, and wide bank communica
tions, are increasingly being used to carry simultaneous single-voice circuits. 
Satellite communications technology has also developed into a powerful medium 
with considera!.. 1 e potential for flexib~ l i ty, processing, s;;i tching and grm•th. 
By the mid-l980s, Intelsat IV was able to provide 25,000 circuits at a cost of 
$5,000 per year per circuit and the system included 12 satellites, and 300 earth 
satellites in 125 countries. In addition, many countries, such as Canada, India, 
Indonesia, Japan, USSR, and the USA and others operate domestic satellite systems 
for communications and TV services. 

32. New developments in communications capability such as videotex, electronic 
mart, tele-conferencing ?.nd CATV are leading to automated offices and even home 
office facilities, where a great deal of information can be generated, processed 
and used for business operations and for recreation. Electronic publishing and 
video data are likely to replace, to a significant extent, the conventional media 
of books, journals and newspapers with customers obtaining information on demand 
from central data sources. Viewdata public service is now available in several 
industrial economies, while agricultural information systems have been widely 
extended in the USA and several other countries. While transmission equipment 
required for these services is fairly complex, auxiliary equipment and components 
can be assembled and made locally. New applications in communications wil I also 
undoubtedly be extended in a large number of developing countries, ircluding to 
rural regions in the near future. It is important that facilities for local 
production are also expanded to cover a wide range of com~unic3tions equip~ent 
and components. 

33. Industrial applications: This is a vast and growing field because of the 
immense potential of electronics to control and monitor complex systems and to 
prepare designs and conduct integrated production operations through automated 
equipment in various sectors. These can range from textiles and clothing, where 
CAD-CAM has already been introduced in several developing countries, to the 
manufactur~ of automated equipment, specially NC machine tools, which has been 
undertaken in certain countries, such as Argentina, 8rnzil and India. In this 
subsector, an important challenge is to tailor systems to suit specific req1Jire
ments of user enterprises. The demand for such systems is likely to be small, 
at least in the initinl stages, and since much of the syst.em would comprise 
assembly operations, invF>stment costs and irrfrastructure nPeds would not he 
unduly high. Apart from numerically-control led machine tool:> and work stations, 
industrial control systems and instrumentation comprise critical equipment for 
such applications. Industrial control systems can he variously cntegorised 
and include industrial driv<'s (both AC and DC), convertors/cind rectifiers for 
various control systems, programmable logic controllers for process control, 
flexiblf· manufacturing systf'ms (including num(:>ricRI control machine tools), 
road traffic signal ling, weighing, measuring and 11ackaging systems, and miscel
l;mpous items, suc:h a~; :;0J;1r pow<'r p;mels, indu~;t.rial l;iserf;, industrial ultra
sonic equipm€•nt, r-;ecurit.y r~yi;tems, special t.oo!G, jigs and fixtures, etc. Most 
of r;uch cquipmt·nt. and ~;y~;tf>rr,:-; have varying d<'grN'S of application in developing 
countries and local prod1wt.ion <1nd developmt•nt.s have to be plannt·d in rf·lation 
to national f;ict.or Pndowrni·nt.s and indw;trial and t.f'chnological capahilit.y. 
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34. Instrumentation a~e the building blocks of the control systems and range 
from simple measuring and test instruments, such as multi-meters, to higLly
complex instrumentation to determine and control various parameters in indust
rial operations. Such instrumentation can be utilized in various industrial 
applications, including oil prospecting and ~ri!ling, steel, cement, fer~ilizer 

and chemicals, paper, sugar, etc., besides '"Aning and agriculture. The current 
trend is to use sensors and transrlucers using new developments in the fields of 
micro-electronics and fibre optics. Distributed systems with several micro
computers can be physically spread over and handled through cables which may 
be either coaxial or fibre-optic. 

35. Testing and measuring instruments constitute an important sub-sector and 
are essential for increased production and greater productivity. These are of 
varying degrees of sophistication, from simple oscilloscope to frequency control 
equipment, signal generators, and logic analyzers and to automated test equip
ment. Various typP.s of instruments are in considerable demand for measuring 
different parameters of industrial investigation and control. 

36. Medical electronics: An area of growing interest is that of medical 
electronic equipment which are now being increasir.gly utilized for diagnosis, 
therapy, patient r1onitoring and clinical analysis. The range of such equipment 
is fairly wide, from relatively simple instrumentation to highly complex systems. 
New techniques include the use of lasers for opthalmology, plastic surgery, 
cancer treatment, etc. Ultrasound is utilized widely for diagnostic areas such 
as blood flow measurements, ultra sound imaging of heart valves and varicus 
other applica~ions, including in electro-encephalography and diagnosis. Nucleur 
magnetic resonance scanning is a newly emerging area, and is utilized in CAT-scan 
studies of brain and body tissues etc. Microwaves are utilized in diathermy as 
well as for location of cancer. Modelling and signal processing constitutes an 
important tool for thorough understanding of physiological phenomena. The extent 
to which medical electronics equipment can be manufactured in developing coun
tries would vary with the level of electronics development and technological 
capability but the rar.ge of applications would undoubtedly increase rapidly in 
coming years. 

37. Defence and aerospace: The defence sector requires very specialised 
electronics items including radar, navigational aids, communications for defence, 
marine and underwater electronics and specialised military equipment for aero
space, land and naval operations. Defence electronics has been a major source 
of technological developments in electronics in the USA, and to a lesser extent, 
in several West European countries, because of the massive fund allocations pro
vided for defence-oriented research. Most countri~s have defence programmes 
which are increasingly dependent on electronically controlled equipment. Not 
ma~y developing countries may need to design such equipment, but several of 
t~ese countries will need to develop maintenance and repair capabilities to keep 
zuch equipment in operational order and to make simple spares. Civil aviation 
is also an important field since many developing countries operate fleets of 
passenger aircrafr,. These require constant inputs in the shape of maintenance 
crew and equipment and availability of spares. While initial equipment and 
training would be provided by aircraft manufac~11rers, it is necessary to develop 
basic maintenance and repair capabilities at national level, as also to deve1op 
design skills for the simpler equipment used in civil aircraft. 

~8. Other subsectoral applications: The above account only exemplifies some 
of the var~ed applications of electronics in certain selected sectors. Such 
applications, however, are increasing every day. Whether it is photocopiers 
or cameras, fish finders or forecaatlng thP future, electronics seems to Pnter 
incrensingly into every-day life in various prod11ction and service sectors. 
For developing countries, electronics applications in the agricult11ral srctor, 
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including irrig3tion. forestry, anir.,;::1 husb"4ndry and the like, ·A"ould aiso t:e 
of special intt:;·est. Conbined ...-i th develooments in biotechnology, the ir:.pact 
on agriculture and relJted sectors is likely to increase subst3ntially in 
corning years and ...-mdd provide considerable potential for technology 
"blending" through the use of microprocessors anci the like in traditional 
processes and operations in agriculture. 11: 

39. Table 2 lists certain sub-s~~tors and the range of principal equipment and 
components under each sub-sector. The list is, however. only illustrative. 
since new applications are being constantly developed and extended. 

Sl. 
No. 

I. 

2. 

J. 

4. 

5. 

Table 2. 

Sub-sectors in electronics: types of equipment and devices 

Sub-sector 

Consumer 
electronics 

Components and 
materials 

Communications 
f, broadcasting 

Instrumentation 
(TPsting and 
control J 

Mediciil 
e I ec t.ron i r.r; 

Equipment and devices 

Radios (AM, FM. earl. TV receivers. (colour and 
black and white), hearing aids, amplifiers \Stereos, 
Hi-Fi), PA systems. TV games/toys, ~atc~es. tape 
recorders (two in one) VCR and TVR, record players. 
pocket calculators. 

Activ~: Transistors, ICs, micro-chips 
Passive: Pe~istors (wire-wound, carbon. metal 'fil~·. 
Capacitors (ceramic. paper, mica, plastic fil~, 
electrolyticl. 
Others: Ferrites (soft, hard\, printed circuit 
boards, tape decks, micro-m~tors, loudspeRkers, 
microphones, TV picture tubes, crystals, connectors, 
relays, switches, TV deflection components. 

Telecommunications: Equ~pment for transmission 
and switching, PAX and PA~X, tele~hone head sets, 
paging and mobile communication syste:-:is, facsi.~ile, 

telex, teleprinter. fibre optic systems. 

Broadcasting: LP transmitters, studio equipment. 
micro~ave antenna, industrial drives IAC and DC:, 
converters and inverters, traction and loco control 
systems, process control syster:-.s for· textiles, sugar, 
oil, cement, ref~neries, etc., traffic si~nal ling 
systems, rectifiers (SCR. thyristors), furnace control 
systems, weighing, measuring and packaging systems. 
indudtrial lasers, security systems, pollution 
detection and control systems. 

Signal generators, oscilloscopes, digit~il c0tmters, 
mult.i-meters, rirrnlytical instruments, spectro-photo 
meters, nuclear and geo-sr:ientific instruments, 
echo sounders and f i. sh finders. pu I se func t. ion 
g1merators, logic analy!:>ers, LCR liridges. 

/1udio mf>t.ers, ::.;ound ll'Vf:'l meters, pace milkers, X-rays 
<ind diagnor;tic Pq11ipmen~. defihri l l<itori:;, pat.ienl. 
monitoring ~;ys tf•ms, t' I ec t.ro-c;s rd i ogram ( ECc;) , ni 1c l t•ar 
magnet.ic re~.;onrmc<' (NMRi scanning. last•r for s11rgPry, 
CAT (Computf'rizPd Axi;JI Tor11ography) :·;c;rnnPr. 
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No. 

6. 

7. 

3. 

Sub-sector 

Computers 

Defence 
and aerospace 

Miscellaneous 
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Table 2. \Continued) 

Equipment and devices 

Hardware: Main frames, mini and micco 1 including 
personal l computers. 
Software: Packages fer di ffer·ent end uses. 
Peripherals: Line printers, teletype terminals, tape 
recorder, card reader, tape and disc drives, floppy 
disc. 

Radar, sonar, underwater electronics, weapon control 
and missile tracking systems, HF, VHF and UHF 
communications equipment fut' ground, air navigational 
purposes. 

Agri-electron:cs, mining electronics, solar power 
panels, NC machines, photo copiers, computerized 
forecasts. 

F. Electronics Development in Deveioping Countries 

40. While most developments in electronics technologies and applications have 
taken place in ind~strialized countries, there have been certain significant 
developments in a number of developing countries. The initial pattern of 
gro~th in the latter countries tas primarily been in consumer electronics ~nere 
increased demand and usage has teen accompanied by the development of local 
production capability, often through sutsidiaries of transnational corporations, 
in sev~ral countries. In the last decade, however, there has also been rapid 
growth in the usage of computers, particularly micro-computers, for a variety 
of applications, together with the use of communications satellites and other 
electronic equipment of varying degrees of sophistication. The initial resist
ance to the use of comp•1tPrs and data-processing •·ri·1i pm,,,11+- as aggravating loc:ai 
employment, which was a feature in several developing countries, has gradually 
given way to recognition and acceptance that computers and related equipment 
can be utilized as vital tools for socio-economic gro~th and the development of 
international competitive capability in the present era of technological change. 

41. Country classification: A brc3d classification can be made of developing 
countries in terms of usage and application of electronics and development of 
electronics production and technological capability. The first group comprises 
certain countries in South-E3st Asia, in particular the Republic of Korea, Hong 
Kong, Singapore and the Taiwan Province of China and, to a lesser extent, 
Malaysia, Philippines and Thailand. These countries,which have had considerable 
initial inflow of foreign direct investment and technology, mainly in offshore 
electronics assembly and production of components, have developed considerable 
capability in usage and production of electronics products and equipment. Not. 
only arP p)ectronics products extensively utilized in homes and offices,but 
in~rcasingly in computer-aided designs and production operations in several 
fields. The Republic of Korea and the Taiwan Provinre have, in particular, 
emerged as major exportPrs of ~icro-computers, peripheral equipment and compon
ents, besides a wide rang~ of cons11mer electronics products. The second group 
comprises some of the larger developing countries, including Argentina, Brazil, 
China, India, Indonesia, Mexico and Pakistan, in which there has ~!so heen 
com;ider<ihl<:> increase• in usage of comp11ters and other electronic Pquiprr.ent and 
varying levrls of growth in indigenous electronics production. Among thesr 
countries, the development of micro-elect.ronicd and informatics has heen the 



- 15 -

highest in Brazil. In some countries, particularly India, special emphasis 
has been given to software development, especially for exports. ~ocal 

production has been established in thes€ countries not only for a wide r3nge 
of consumer electronics products, but for assembly of per3onal computers 3nd 
per~phe-ral equipment and for manufacture of various components. These devel
opments have taken place through varying policies on foreign invest~~nt and 
technology, ranging from relatively unregulated inflo~ to varying degrees of 
regulatory control. Despite considerable technological absorption in certain 
~ubsectors of electronics, the overall pace of development in electronics 
production and applications has, however, been relatively slow, except in 
Brazil, where local pruduction has expanded very rapidly. 

42. The third group c0mprises several middle-size developing countries in 
Latin America, Asia and North Africa, including oil-producing countries. The 
level of technological development differs from country to councry but there 
has bee~ rapid increase in usage of computers and other electronics equipment. 
Considerable research has been taken up in certain of these countries, such as 
Ku'A'ait, particularly in micro-electronics and informati·::s. The fourth group 
comprises a large number of developing countries, including several African 
countries, 12/ in which there has been relatively little development of 
electronics~particularly in terms of local production and technologicai 
absorption. Fir.3lly, the least developed countries, and several island econ
omies, have not ex::;ierienced much impact from developments in eiectronics, 
except where production or assembly facilities for electronics components have 
been set up. 

43. The above classification is, by its nature, on':· indicative. The range 
of new appl~cations has undoubtedly become fairly ex-ensive. Apart from rapid 
increase of computers, wordprocessors and facsimile equipment in offices, 
electronics technologies are increasingly being utilized in finance, banV.ir.g 
and trading operations, as also in factory management and in design and manu
facture of garments, footwear and several other industrial products. Micro
electronic applications have also been tested and applied in some developing 
countries for demographic surveys, energy planning, public h~alth, agricultural 
operations, including surveys and remote sensing, forestry, irrigation, food 
storage, ar.imal husbandry and animal feed, weather forecasting and meteorology, 
and other activitiPs linked to agriculture. 13/ At the same time, it ~ould 
appear that, with the exception of certain countries in South-East Asia, and 
some of the large developing countries, the growth of local production and 
technological capatility in electronics has been fairly limited. There have 
been major constraints in usage and local development of computers and micros 
and related software. These arise both from infrastructure constraints such 
as inadequate and irregular power supply and inadequate communications facili
ties and from sever• shortage of trained personnel, particularly programmers, 
limited availability of hardware, including repair and .nainten<ince fac.Jities, 
little software capability and scarcity of packaged sector-Hpecific software 
of direct relevance in particular country situations. There is, however, 
growing knowledge of the implications and potential of electronics applications 
and production, and policies and programmes are increasingly being focused on 
various aspects of such developments. 

Hole of transnational corporations 

44. The role of transnational corporrttions (TNCs) in transf1>r of tPchnology 
to developing countrir~ in the elPctronics ~eclor has been relatively I imited, 
exc.ept for product.ion of con::umer rlectronic:~ t.hro11gh TNC affili;:ite:;;. In some 
countries, particularly Brazil and Mexico, TNC 311bsidiaries have also under
t.;,iken manufacttH'e of micro-comp11t.ers and p!•riphf'r;.1J equipmf'nt, hesidPs t.elephon(' 
and communications equipment.. The salrH operations of comp;ini"H such as IBM 
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have undoubtedly extended the use of comp~ters, both mainframe and desktop, 
in a number of developing countries, but, apart from offshore producticn of 
electronic components, there •as relatively iittle development of production 
or systems capability till the 1970s, when certain developing countries, such 
as Brazil and India, emb3rked on major indigenous development progra~mes, 
while several South-East Asian countries developed export capability not only 
in consumer electronics but for a wide range of peripheral equipment and 
components. ~/ 

45. It is important to emphasize the major, even spectacular, developments in 
production and exports of elec~ronic rr~ducts from Hong Kong, Singapore, the 
Republic of Korea and the Tai.-ar. Prov: .·c., as :ilso the major increase in 
computer products through natior.a l ly-··· "'nt-d cor."lpanies in Brazil and, to a 
lesser extent, in Argentina, I~dia a: ~exicc. These developments were often 
not primarily based on TNC investments in t~ese fields, though their techno
logical participation ~as necessary in mos~ cases. In the South-~ast Asian 
economies, offshore production of electr~nics production by TNCs undoubtedly 
triggered the pace of growth, but expo~·t-oriented production of electronics 
products no\t: largely rests wiU. n~t.i·inal companies, including major conglol'.l
erates such as Samsung, Hyundai, Daewoo and the Lucky Group in the Republic of 
Korea. In Brazil and India, increased local production ir electronics has taken 
place primarily through nationally-owned companies. The offshore assembly 
activities of transnational corporations did lead to significant diffusion of 
information regarding electronics, including microelectronics, but the initia
tive for ne..- production activities, based on foreign technology acquired 
largely through joint ventures or licensing, was primarily that of national 
firms, supp~rted by integrated effective policies for export development. 

46. A great deal of technology licensing and transfer in electronics has 
undoub~edly taken place among enterprises in industrialized co~ntries, 
specially bet~een United States and Japanese corporations, particularly in 
com~uters, semiconductors and other areas in microelectronics ana telecommuni
cations. In the case of developing countries, however, transfer in these 
fields mainly co~menced only in the late 1~70s and 1980s. Prior to this, the 
activities of TNCs cth~r than in consumer electronic:.:; ..:as largely confined to 
sales or leasing of computers and related equipment ind offshore manufacture 
and assembly of electronics products and components in some countries. This 
..:as partly because of small ~arkets for such products in ~ost developing 
countries, but also beca11se production, marketing and usage of microelectronics 
pcoducts was primarily c<>ncentrated in highly-industrialized countries. 

47. The advantage of cheap labour in South-East Asian countries, however, led 
to the rapid growth of offshore production and assembly of components through 
TNC subsidiaries in Hong Kong, R~public of Korea, Singapore, the Tai~an 
Province, and Malaysia, and other countr·ie£ to a lesser extent. During the 
late 1960s and early 1970s, several United States companies, including 
Fair·child, National Semiconductor:;, Motorola, Texas Instruments, INTEi., Mostek, 
RCA and othrrs, as also several Japanese companies, including "IEC, Hitachi and 
Toshibr.s, ;md European companies, such as Philips and Siemens set. up facilitif's 
f0r Plectronic component. m;1nufact.11re, including testing facilities in somt> 
rr.sses. I~/ The volume of imports of Plrctronic componPnts, including inte
grat.f'd ~'ircuits, tr<Jnsi~>tors, th~·rmionic valves and t.uhes, etc., to OECD 
co11ntr1e:; ro:;e t.o over.:; i(J(JO rr.i 11 ion by 1980. During Uw 1r1HO:.;, wit.h greatt·i· 
a11 toma t. ion in ~·I f'C t. ron i r :; p r·oduc ti on opf'r;1 t. ions, how•·vf·r, the t.1·end towards 
off shore produr: t. i 0n or compon•·n ts has bt>en ~.; i gn if i c <1n t. l y reverr;Pd. At. the 
samf' t 1mr-, s•·vt>r:d .Joint. vent.1Jrf'[; and I icf'n:;in~~ ;ir-r;1ng•·m1·nts have bPPn Pnt.f'red 
into for product.ion of rJP;,V.-t.op comput.f'r':; and swripht>ral equipmt•nt in a numta:·r 
of count.r1r:.;, inrl1Hiing Br;1zi I, fndia, t.hf• Hep11hl ic of Korf'rt, Singapore, 
Hong Kong .ind Tai.,..an Province. D<•v,.lopm,.nt of r;oftware ha:; also .incr•·ast>d 
consi<it·rably in m>1ny of t.h<·:.;r c01intriP:.;. If)/ 
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4f .. The b:mking sector aud f1mm._-;.;.;i in::;titutions ir.cluding rt:os,• invc)lvt>d in 
fin~ncing of R~D. and of exports. in nost of these coJntrie::;, ~!~yed an 
important role and 1'iere very supportive of local initiatives and er.try in 
electronics prod;..ction. An effective fra:::e~ork cf govt>rn1:1ent ;;ol icit:>S ·•as 
also a crucial element in all these countries in establishing a strong 
infrastructure for the developnent of c.icroelectronic applications and 
production. The role cf governments, particularly in South-East Asian 
countries • ..-as also v<::ry signif~cant in enhancing local p:-oduction expo:-~ 
capability in the electronics sector and constitute excel!er.t exa~ples for 
other dE-ve!oping C:.Juntries to er:!ulate. It ..,;oulci be ust~ful, in +::his context. 
to briefly summarize the gro~th pattern in electronics production in seiected 
developing countries. 

G. C:xpe:·ier>ce cf Selected Developing Countries 

49. The potential for developing endogenous capability in microelectrcnics 
and informatics can be better assessed in the light of experience of selected 
developing countries, which hav~ ~chieved significant growth in this sector. 
These include Brdzil, India and Mexico from arr.ong the larger countries and the 
Republic of Korea and the Taiwan Province from among the smaller, export-oriented 
econornies of South-East Asia. While policies in these countries differed 
considera~ly. the levels of development achiev~d were, in large measure, due to 
supportive national policies combined with aggressive industriai initiative on 
the part of local industrial groups and enterprises. 

B!"azil 

"JO. The electronics sector in Brazil has grown very rapidly in the past t:..-o 
decades. Apart from substantially increased local production of consumer 
Plectronics. there has been major growth in production of automated office 
equip~ent and hardware, software and systems for computers and peripherals, 
besides telecon~unications equipment. The critical role of national policies 
is exemplified in the rapid growth of the locally-owned informatics industrJ 
in Brazil during the last decade. A special Secretariat of Information (SS!) 
'aas set 11p in 1979 '.Nith policy-making authority in the elC'ctroniC"s sector. 
Funding for local electronics industries was substantiaily incre3sed by the 
National Development Bank (BNDE) and a Cc ·.re for Informatics Technology ...-as 
established. A well-defined policy was implemented for encouraging production 
of informatics products and services hy Brazilian firms. In 1984, a law on 
informatics was promulgated in Brazil, which w~s primarily desig~ed to promote 
production capability in computers, telecommuni.c:-1tions, software and systems 
by Brazilian enterprises. The law not only pr~vided a set of positive 
incentives and facilities, but imposed severe restrictions on imports of 
electronics products and components including by foreign-controlled companies 
in Brazil. The latter could primarily concentrate on informatics products and 
servicPs not unde:"~aken by Brazilian enterpriKes. As a result of protectionist 
support and with a growing internal market, Brazilian-owned Pnterprises .... ere 
ahle to ~xpand rapidly and their sales of computers and peripherals alone rose 
from $190 million in IC)79 to over $880 million in 1984, ;.·ith thP pPrcentnge of 
market share vis-i-vis foreign firms incrPa~ing from 2·~ in 1979 to ~2% in 
!~~4. 17/ In thP tPlecommunications sector, emphasis was placed on increased 
local purchast• of p<irts and componf'nt.s and on rf:'d11cing fon·ign m;sjori~y 
holding:~ of TNC suh:ddiaries in thi~; fiPld. Considerahlf' rt'Sf'::r·,·h is also 
bf'ing conducr .. ·d in th.- Hest·arch ;ind Devt·lopr.H .. nt. CPnt.re of st:st.e-ownc·d Telt·bras, 
psrt.icul;srly on digit.ally-stored, program-control lf'd exchanges, and in othf•r 
:::in-;1s of digital PXChange, transmi:;r;ion anrl pPripht·r<1l t.,.chnolo~,y. ~/ In 
r..icroelectror.ic!> alr;o, national rf'sN1rch t'ffo:--t.H h;sve heen Lsirly subst;mtiiil, 
including hy m;1,1or national producPr:· s11ch ;1:; \,c,hr:1, whosP Hl1D expPndit11rf' 
rost> t.o $10-J<) mi 11 ion in 1rm2. 
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51. Th'<' exp~ndi ture on resear.:h in Brazi I by local ins ti tut ions and 
enterp:ises, ho~ever, has been rPlatively low, •hen co~pared to those or ~ajar 
TNCs in this field and a najor proble~ Brazilian enterprises ~ay face is the 
higher price cf their products and ti;eir compar~tive lack cf competitive 
capability in international markets, besides the difficulties of keeping pace 
•ith rapid technologica! innovations in this field. At the sane time, the 
rapid growth of Brazilian enterprises in the informatics sector and the 
proportion of market sha ... _. acquired within less than eight y-:-ars ~md1 ubtedly 
represents a very significant achievem-:-nt. With an expanding local narket, 
internal demand may be able to sustain local production and systems capability 
of nationally-owned enterprises, but these enterprises will graduai!; need to 
compete more effectively in international markets. 

India 

52. The growth of the ~lectronics industry in India has been slo•'<'r than that 
of Brazil, but considerable indigenous technological capability has been 
developed 19/ and the pace of growth has accelerated rapidly during 1985-1987. 
The policy~hrust since 1970, when the state-owned Electronics Commission was 
set up, was to achieve maximum self-reliance and to utilize indigenously
developed technology "ls far as possible. An important feature has been that 
most of the production \70%-75%), particularly of radios, TV sets and components 
for the consumer electronics industry, was undertaken through small-scale 
industrial units. Foreign investment was perr.iitted primari!y for export
oriented enterprises, including those in the free-trade zone at Santa Cruz 
(Bombay), which had a slow beeinning. 

53. In November 1984, a new policy was announced on computers and peripheral 
~quipment, including libPralized licensing and iffiport procedures and providing 
special facilities and incentives. The earlier policies. which resulted in a 
growth rate of 18.7% annual!y during 1971-1981, largely resulted in increased 
production of consumer electronics, though pro~uction was also established of 
computers and industrial control equipment ($430 million in 1985) and 
component~ <over $300 million in l985). In March 1985, a new package of 
integrated policy measures on electronics were announced, ~hich were designed 
to accelerate both the use of electronic equipment in various fields including 
datd processing, control systems and the like, and local production of such 
equipment. The industrial licensing rules were substantially liberalized for 
this sector and majority foreign holdings were allowed for electronic 
components and other nigh-technology ite~s and up to 40% of equity capita! in 
all fields of electronics. Several facilities and incentives were provid~d to 
promote accelerated development of the electronics sector and, since then, the 
pace of growth of electronics production has been fairly rapid, with production 
expected to reach $5 bi! lion by 1990, and with exports of around $500 mil lion. 
Several policy measures cind incentives to encourage computer software production 
and exports were announced in 1986, which have significantly promoted exports of 
computer svft· ... ::lre. Such exports are expected to reach $300 mi 11 ion hy 198'j-90 
~hich will, however, still be Jess than 1% of estimated intercountry trade in 
software. 

~4. Local production in India prest.>ntly covers desk-top computC"rs ::ind 
peripheral items and a wide range of electronic components including colo11r 
TV tubes, hybrid circ•1its, connectors, capacitors, floppy disks, fe-rrit.t·~;. 

integrated circuits, print.ed circuit. ho:1rds and tht· lik(•. In t(·lecomnumicat.ion!.;, 
a significant devPlopment has been the C-OUT indigenou:.; technology for s·,..itch111g 
systems, besidPs swltching systems for long-distance exchange~ and trlrx 
f•xchanges. Most. t.ransm i ss ion equ i pm••n t has a I ~;o been devP I oprd t hrm1gh ind i
genou~; technology. Telephone im;t.rument.i;, t('leprint.C'rs, facsimi IC' Pquipment. 
;tnd most. access0r i es and component:.; <ire a I so hC' i ng prod11cf'd I oca I I y. Wh i I" t hr 
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level of local productior. f;:ll.s s~'ort of del!l::md for st=-ver;:d of these items, 
local t•·,·hnologi<.';.11 aeve!opme11t has been fairly signifiL·ant, particu!ar!y 
in tht' ,·ontext of the country's internal requirements. 

Mexico 

~$. T!"wn' ha~ bt>en ..:-onsidt>r:lblt> gro·.-th of co:isumer t>lt>ctronics production and 
of usagt' d:ld local pr·,Juction of computers in Mexico in rt.•Ct>nt yt-:trs. 
EI ectronics components had bet>n m:-lnufac turt>d in the country s inct' the 1960s 
hut it •a::; only durir.g the l'} .. 'Cs that substantial consumer electronics 
~·rodurtion ·.-as undertaken, together ..-ith t.elecomr:iunication equipment. Most of 
the product ion was under·tat-:t•n through atTi 1 iates of TNCs from the USA, Japan 
and Western Europe. The gro...-ing der:;and for computers, .,.hich rose to US$ 450 
~ill ion by 19~4, resulted in loc~l pr~duction being initiated and several 
TNC-:~ffi 1 iat.:d joint ventures -..ere 1 icensed to li!"1nufacture mini ?and mir:ro
computers, besides wholly foreigr,-owned subsidiaries of IBM and Ht.>1.:lf'tt-P<!ck::H''d. 
A fairly t•xtt'nsive progra!':\mt- of tr-;;ining of ski I led worker·s in this field h::.is 

been under~-.ken through st>veral institutions. A policy framework and guidelint>s 
on informatic,.; ·..:ere implemented in l9R1 which, ...-hile rt>lying largely on f0ri:-ign 
capital and tt .. chno!ogy for- this sector's growth, defined the nature of incentives 
and restr·ictions on imports, together with requirements of local intt•gration, 
technology tr1nsfer, local resear..:-h. and developm.:>nt of export capability. 
Despite tht:> cour.try's overal 1 economic problems, the e!e•:tr.,_mics indust.ry, 
including proauct~on of computers, peripheral equipment and systems capab~lity 
has continued to gro~ fairly rapidly in the last f1ve-yt>ar period. 201 

Repubiic of Korea 

56. The most spectacular gro...-th among de'v";.'loping countrit:s, in f'iect.ronics 
production, 'A'3S achieved in the P.epubl ic of Korea. Production of electronics 
product~ rose from a Vdlue of only $107 million in 1970 to ovt-r $7.1 hi Ilion 
by J<Jl:M 211 :md over $9 ~ii lion in 1986. F.xports of electronic products 
increased to over $4.2 billion in 1~84, ?and constituted a rising percentage to 
total exports. Tht:· rati:- of growth has b~>en 3'-)-40% ann•1al ly ovl:'r thf' last 15 
ye .... rs and continues to grow r;1pidly. (Jut of tot.;11 electronics production in 
1984, .'4% cor:iprisf'd consumer electronics, 16.9% i11dustri.<il t'lt·ctronics, whi l.~ 
over 49% w;-is of components. While components and consumer elt:ctronics still 
occupy tht> large~;:. proportion of local el~ctro11ics production, there is ,1 

growing shift towards increased production of computers and peripherals. A 
larg!' propo:-t.ion of f•lf·ctronics production is covl:'re-d by four major Korean
own~·d conglomt'rates, ._..i th foreign-ownC"d sub::;idi<-r·it·s contributing only l~-20% 

of p}ect.ronics out~11t. in recent years. TNC suhsidiarie~ have, howPver, bePn 
mort· dominant in semiconductor manufacture, with nine sub::idia!"i~·=- producing 
:,4% of tot.a I 011t.p11t. 

')7. A high dt·grPe of priority has bet-n ilCr.orded by U1(' (;ov•·rnment. to tht• 
informatics s•.•ctor <1nd iii) Electronics ~ndustry Promotion ~.;1w and a S(•rif•s of 
i ncf'n ti ve:-: and f;1c i 1 i t.i f'S, inc I ud i ng i r.d•Js tr i a 1 f"S ta tes, cont r i nu ted :> i gn i f i -
c;mtly to st>ct.oral dt•V(·lopmen!.. In the Fifth Pinn \ l'tH?-~'/J, U1e t•lectronics 
ind11:;try h:i:.; hf•f"n I i:.;t . ..-d as one c,f t.h1· ten m;1Jor :;tratf'gic ind11st.ri1's. A 
:>pf"c i ;II d1•v,· I opm•·n t. progr;unm<' has tH•f'n adopt.Nj for t.tw grow th of the 
:.;<-mi con duet.or industry, including for dt>Vf' 1 opmt'r1 t. of very I a n~t' int ('gra tt>d 
circ11i t.;; (VI.SI,. Consid~·rablf' rt>:a•ar-ch :.;11pport. ha:; tieen provirl•·rl t.hrough t.ht• 
Kor,_.;m ln~;tit111.f· of Sc1<'nn· and Tt·chnoloJ~Y (KIST) ;ind t.h1· Kon·;m Adv;mced 
Institut ... ~KAlSTJ, p;irt.ic11l<1rly in ;1pplied ~lP<·t.ronic~; rf•:w,irch. Comm(•rciali
zat.ion of !(•cal rc:a•;1rr-!1 was 1inrl,.rt.<1kF·n ,.ffpctiv•·ly thn)'•r.h Uw Kor(';1 

Tf•chr1ol<1.('_¥ Arlv:sn<'f•m,·nt. Corpor;it.ion (K-TAC:l. :.;pf'1·ial inc1·nt:v1•:; h<tVf' ;tl:;o 
bN•n provid•·d fur C"ntPrpri::;<'-level rt-Bearcti. At ttw :;;1m'· t.im1', <'on:;i<l,.rahl'· 
i mrinrt:3 of "I f'C t ron 1 c :; t.1•1·hn<11 o~(.Y h;1v1· b1•1•n t ;1k i ng p 1 '" :,. , inc I 11d i np, t hrm1,v.h 
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joint ventures (e.g., Samsung-Hewlt:"'tt-PackarJ; and licensing arranger.c>nts 
(for instance, Samsung-ITT and Hyunday-Inmosl. During 1930-1~34, 27 for~ign 
technology agreements were signed for manuf~cture of cooputers and peripherals. 
All four maJor Korean cc-nglomerates have set up facilities in the Silicon 
Valley in California, largely for product de~:gn, do::>velopment and testing, 
with selected products being oass-produced in Korea. The Republic of Korea 
has undoubtedly developed a very successful electronics industry, through a 
highly-effective combination of promotional p;:>licies and incentives and dynamic 
and aggressive ind:.istrial groups, no"' competing effectively in international 
markets for a wide range of el~ctronics products. 

Province of Taiwan 

58. While production 0f electrcnics components through offshore production 
units and increasingly of consumer electronics products, had grown conside•ably 
in Taiwan during the 1970s, special emphasis .-as given to the informatics 
sector since 1980, when informatics and machinery production '.Nere defined as 
the two strategic industrial sectors. Considerable fillip llfas given ".Nith the 
establishment of the Hsinchu science-b~sed, industry park where, by 1984, 71 
plants inc!uding those of several major high-technology firms in microPlectronics 
and computers, had been set up. The basic policy has been to adapt and innovate, 
in~ludir.g with respect to recently-developed technologies, and this has been 
highly successful in the informatics sector also. The growth rate with respect 
to informatics has been 2783 bet'Neen 1981 and 1984 and it is expected that 
domestic production of hardware (computers, peripherals and components\ will 
reach $3.~ billion by 1989, besides $700 million for software. This tremendous 
rate of growth is taking place largely through local firms, ~ith close linkages 
with foreign firms, particularly regarding foreign technology and marketing. 
Considerahle financial incentives and support have been provided oy the Govern
ment, including special, low-inte·est loans and research funding. 22/ 

59. The experience of the above countries indicates that national policies 
inevitably play a critical role in the development of the electronics sector. 
At the same time, foreign technology inputs are of vital significance, both at 
the initial stage when fo.-eign technology can be acquired through licensing and 
at continuing stages when technological innovations and developments have to be 
incorporated, either ~hrough local research, or through external terhnology 
inflow. An ~qually critical element necessary is the presence of dyna~ic 
local initiative and entrepreneurial capability, which can combine rechnology 
and local factor-situations into effective programmes for production and 
technological development in this sector. 

H. Prospects and Policy Issues in Developing Countrie~ 

60. The rapid development of the electronics sector is of vita! interest to 
developing countries as it conRtitutes a critical phasP of ind11~d:ri<il and 
technological devel')pment. Such development is e~.;senti;1J hot.II from th<' 
viewpoint of cr1:-ating new l'>mployment opportunit.ies ;ind of df:>vt·loping comrwti
tive skills and capability in a period of rapid tt:>chnologic:il change. It. 
needs to he emphasized that electronics production often involvrs l~s~; capital 
investm£-nt. than many other secto1·s. While th1> crei1t.ion of on"' .ioh r•.>quirt>;; :1 
fixed asset. i.nvec.tment. of up to $10,440 in petrochemic;ils, $l'J,CJC~J for ff•:'Tu11;; 

products and $7,494 in t<>xtiles, t.h.~ invf'stm(·n• r·eq11iremPnts for Jok; in 
elc•ctronics is i1round $3,212, hot.h in 8f'mi-;1r.;:wmhly ow·r;1t-ion:; ;snd in 'hf• 
product.ion of ;1 wide rang£> of product.;-; and comporn·nt ~;. Thf· m1mtlf'r of .iuti:; 
crented through an investment: of, sny, $1 mi 11 ion woiild tif> high•·r in r·l1•ct.ronic:-; 
than for most. product.ion ~;•·ctor~.;. Tht incrPa:.;ed 11:;(' and df·v•·lopm,.nt. of r:ii<"ro
electronic:-; and inform:1t.ics in dew'loping co1mtrit·s is ;1!,.;o •·:;:·;Pnti;iJ for 
ow·ral I technological df>velo!Jm<'nt. and c;:spah1 I ity t.o p:irt.icip:itP t•ff(·ctiv,.ly in 

I 
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international markets. On the one h~nd, usage of computers and other eq11ip~ent 
utilizing microPJectronic devices needs to be graJually extended to various 
industrial and service sectors for greater efficiency, productivity and 
competitive capability - these fields. While the nature of application 3nd 
usage may differ, in varying degrees, from that of industrialized countries, 
rr.icroelectronic applications cover a very wide range and have considerable 
potential for usage in all e;ountries. On the other hand, production capa:.i1Jity 
has also to be developed with respect to both hard~are and soft~qre. The 
nature and extent of such developments ·,;i 11 inevitably •;a.ry in diffencnt 
country situations, but it is essential to develop a concerted strategy for 
production of software and such elements of hardware as may be feasible fr0~ a 
techno-economic viewpoint. Several developing countries should be able to 
develop international competitive capability, both with r~3~ecr to soft~are 
and for· peripheral products and components for eyports, apart fro~ ~eeting 
internal requirements in different sectors. Capital goods production, ~hich is 
increasingly being undertaken in many developing countries, should take r.e~ 

technological developments into full account. Production of machine tools and 
of mechanical, electrical and transport equipment should incorporate electronic 
components to e"sure greater speed and accuracy and to keep pace ~ith glooal 
developme~~s in these fields, especi3J ly at the lower end of the technological 
spectrum. 

61. With respect to increased usage of computers, modern telecommunications 
systems and automated equipment, there is also need for evaluation of such 
usage for office and industrial management, hanks, insurance anj other services, 
economic models and macro-planning, census and statistical operation~ and 
agricultural and industrial activities. There is also considerable scope for 
blending microelectronic aoplications in traditional sectors, particu:ar!y in 
agricultural operations, such as for irrigation control, testing of moisture 
content. monitoring rainfal I and weather conditions, food processing and 
storage, livestock development, etc., and improving productivi~y in rural 
industriE-s. 23/ There is also substantial pot:ential for technology hlending 
in several m;nufacturing fields and in various sPrvices. The use or CAOiCA~·: 
needs to he extended to vario11s production sectors, particularly t:hos"' 'N'i!:t1 
export potential. While the •1se of robotics and of flt>xible nanuf;!ct!;ring 
systems m~y be more gradual, numerically-controlled machine ~ools hav~ 
increasingly to be utilized, and also produced in developing co?1r.1ries '1:here 
machine tools are tJeing manufacturt>d. At the same tine, hec:1use of thf.• 
continuing 3nd growing pressur,, for increcising Pmployment opµort1mitiE·'.-;, i': 
would be necessary to d1>termine hoth t.h•.> <1ppropri;1t.1? us;:ige of conrJtiters ;1nd 
automated eq11ipment. and thf" PXtent: to which hum.3r. li1bour should bi:• rq1lac13-ci 
in particular sectors and provided with retraining ~nd othPr fRcilitiPs, 
besides Alternative sour<'es of employment. ThP nPw jon opport:11nities crPat~d 
in the electronics sector .,;ould v;1ry consid•:·rably. At one "nrl, there v:otild 
be need f'or skilled enginN·rs, t.Pr:hnici;:ins ,;rnd progr;.;rT1r:, ... rs, •1:ho would .·Pq11in· 
t.echnic;.jl degrees and speci::ilized training. At. the ot.h('r end, t.lw rf·qu:re
ments would be primarily fer serni-sV.i I led pt•rsonnel, oft.Pn youn,I', wom•.·n, .:ho 
require very littll" trilining for ;i v;:iriety of jobs in •·lt·ctronics c1:-;~;··"1hl,r 

and marn1f;.ict11re. r~J,-.<'t.ronic~; rwodu<'ti.on c;in ;dso hf· unctr·rL1V.1·n on d 

r·elativP!y :-;m;.il l-sc;il•· hrisi:.;, .,;ith low inv••:-;t:rnf>nt ;ind I ittl" infr;1:;ti'W:t1irt-, 
t.hough f> I ec tr· i r, pow<·r supp I y is •·s:>Pn ti;, I . 

F>?.. The det.erminr1t.ion of ::1ppropri;iV· us;1;_•,1.· of' i•lf.'<'t.ronic t·q1iir.·1v .. nt. i:·; :J ~··.v 

elemf'nt of tN:hnology pl<innir1g anrl ;1:;"es:;ment., whif'h involves ;sr·ily:»i~; of 
various ohjf>ct.ivp:; ;ir.d prioritiP:;, ;1~; ;iJ:;o chr,icf' o~· the eli•ctror,ic:; 
s11bsf>r. I.ors t.o b.. d1 ·vp I op<•d, rang i ng f'rnm (' on:-;1 m1t• r c I t•c t runic:; t o pr orltll' t. ion 
of compon1•nt.:.; :inrl im;rr11mf·nt;it.ion ;ind l.o prod1,ct.ion of p1·n;ori;1l com 1>11t.1·1·:;, 
per- i phf' r:1 l i t.(•ms and !J· l ecnmmun i c;1 t. ion:.; (•q11 1 pmf·rt t.. Thf· rkvP I opmPn t. or 
softw;:irp and :..;y:; t.erw; c;1p;1h i I i t.y i :-; :i I ~;o ;111 i mpor t,;m t. rPq11 i rf•rn•·n t.. Wh i I 1• 
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cor.i~uter us:"lge :ind micr·oelect1·oni<· appl i1.:'1tions rnust i•e incr·p;1st'ti in st'Vt'i·:d 
fields :md developed f<-'r d;1t:1 prOL'f'Ssing, st.or:!e;e ~md corir:1u11ic:cd ions, this 
must be L·unsistt>nt ·.,·ith i.n·o:1der socio-ecor.or:iic go:.ils. Tht• r.1:,_;or constr·:1ints 
in t!w develoi ... mt.•nt of infr·,1stn.ctu1'<.' for hardwart>, soft\o.-:u·e :ind :c;_ystt'r:s 
L' :1rab i I i ty must :d so be l't'cogni zt'd and pn)\' i ded ror. N:i t ion:d po I i c it's in 
dt'veloping ~·otmtries should, aft('r Liking acc<-'Unt of such f.wtor·::-' :ind 

con::;tr:1ints, dt't.t•rminf::' spt·~·ific norms ::nd sr: .. mdards reg:1rdi.1g ,-u•;11·uters, 
miL'.roeit'ctronics :1nd t<-l~·communic;1~ions t>quiµr::t•nt :111d cor:-1ponents, :-ind st.uuld 
dt>firw the desired p:..ittc-rn of gro-.,th for· pr-8du,·t.ion ,.f h:1nh-::1rt', softw:in· :111d 
systems C'!~i:1bi Ii ty. Thi;-; h:1c; to be pt'riodi,·;tl ly !'f-'Vip·...-.·d bt>c:11lSt' or r:1pid 

ob so I t..•::;cerict:> and tech no I u~ i c;tl ch:m!S<" :111d the rkt'd not on I y to kt· ... p p:.tl'>.' ·,.·it h 

Of",,; innov;1tions -md dt"J•-lop::1t->nt:~ h•it to lt'·:1pfr·o1c• sud1 deve!uprr:t-nts U,:·ough 
t•·chno I og i1·:1 I ;,d:1ptat ion. 

f>i. Th'='l't' l!-i und011t.t.t0 dly c0nsith•1·<1LIP Sc'O!H" :rnd put.-n~i·.I ror· loc:tl m:rnu
f:1ct.ll!'P of v:1rious t:>lt•ctronics product,; :incl : .. ·0mpun··nt,; in :1 L1rg1· numbPr of 

d<>v,...Joping c01mtriPs once thf' h:1sic inf1·;istructu1·1•, p;11·ti··tll:wly h;un:1n sl-:iils, 
c·:in be dPvelc,pt:>d, .-ind sui tcil le p<il icy ~•"•Stfft·~; :ind incentivt>s :ir•· dt'firwd. 
Tb, :-;hi ft t .. i Ioctl prod11•·t.ion of r.101··· ,;0i1t-.ist i.·:1thi r•:H·ts :md cor~·i•ont'nts r:.:1y 
ti.- more· gr':1du:t! i11 ce1·t:c1in co1mtr1P~i '·'·~H-n· U1.- levPi ,Jf t1•chnolugic;,! ~ibsoqJ

t ion m::ty ini t icil ly hf' lo·,;. ti<;·,,,,v.-r, pruvid•.·d ttw h-1sic ir1fr:istructurt:' or 
(·I ec tr i c p0-.•;P r :1nd semi -o;k i I ; (·J :ind t 1·a i ned hurn:.trt rt'S<JtffCt"s c:in tie r.1:ide 
av?. i I :.1b IP, 1 he 1•r:ipr.as is in rr1os t. devt· ! ·1r1 i ng count 1· i .. s shou J d bt' on the dt'V(' I op
nt·n t of soft.w:Jrt:- capaoi Ii ty on t.h•· on,.. h:ind :md product.ion <c1nd a~;s1•r.1bly of ;, 
\,·ide r:c1ng(· of consur;ier t·lt·ct.r·onics and ir.d11stri;1J .-:-lt•ctronics pruducts on tht· 
other. 

64. Thf· df"velopm~'nt of loc:t! softwart .. constitutes bot.h an t•ssf·ntial 
prt>requisiV- :md ;i major oppor·t1mity for s .. Vt"r;JI devf•loping countries. With 
n·l;1tivPly cht:>it!J ;1vaiJ;1hilit.y of t.{·dmic:1l personr!el in several of ':hes" 

count.r·ies, t.herP i~> considf.•r;1hl{: t-JOl.ent.i;d for dPvt·lopmt'nt of ;1ppl ic;.t ions 
softw;11·e, both f<ir Joc;iJ n<-'eds :md for exriort. markets in industri:1l ize.j 
countrie:;, whPrt· :i major ~;hort.;-igr· of ~;oft.wc.r·t· progrrimmers is PXp1·ct<-d in ttw 
lrl'J(Js. Soft.w:lrP dev<·lopmf·n! m;Jy r·f·quir·p, ;1p:n·t. from oasic tn1ining in 
cornµ11t.Pr prr,gr;imming :it loc:t! in~;t itut.ions, f~n .. ign I inkagt>s in ttv .. · form of 
joint v•·nt•irf·'.'> or· :;uticont.ract.ing ::rr;ingt•mt>rlls with foreign srJi \·..:arP cornp;1nit·~;. 

~-i(·Vt-r;1 J rorpor;1 t. ions in t.hP Unit Pd :-; t.;1 tt:•s ;_ind Wf·s tern Europf' wn i ch : .. ,. «ngagt:d 
in :;oft.w;ir .. df·VP I opmt::·n I ;rnd <J!>!'J I i c;1 ti on,.; an· t>Xp I or· i ng ::.ivent1t<; few :;ubcon tract.
i ng so ft ·..:;Jt·e ;lpp l i c;J t. ions :ind dev1 · ! opmt·n t.. Thi~; h;i::; b<:>come f;1 i r· I y common in 
:-irn1t.h-E<1~;t A~;i:1, as ;1!:-;(l in India and oth<·r A~;i:in c·o1intriPs. With th•.· 
f'normou:; gro·.11th of ni::·w ~;of't.w;1n· applicition:-; during t.tw l9'JO~;, 2_~/ mo:;t. 
df'V(-' IO[' i rig c:oun t.1· i e:; :;ho• I Id cfr.ve I op ;i n i ch!' for Spt•C i r i (' r i (-'Ids of :-;oft ·.11;11·e 
<kvt·loprnent, with t.rainin~·. :ind int:Pnt.ives orient.f·d t .. o·.11;-H"d:; such d«v.-Joprnf·nt. 
;md w i t.h I i nl-:ngf·s and joint v"n t.1irP:> w i th for•· i gn sof t.w;i r1· com pan i PS. 1 t. m<1y 
b•· nC>cF~;s:1ry, in ~;omr· co1mt.rif•:;, t.o provide inst.1t.11t.ion;d ~;upport and »nt.rust 
t hf' in i t. i :1 I d•·vc· I orim"n t to p:1r;1:; t.;1 t.;1 I , ri{'Ve I opm"n t -f i nancP orj.~;m i z.1 t. ion:-; or 
!():;pt up ;1 :;f·p;,r;1t.t' corpor:tl.icm crf';tl.t-d :;pecific:d ly fort.hi:; p1irpo:;(•, •1Jhich 
c:m "Xplor"· lhf.' opport.11r1it.i«:; ;snd nt•got.i:1t.f· with for"f·ig'l :;oft.w;1n· curnp;1niP:..;. 

(,•,. Th<· dt·VPloprnent. of f'!Pctninic::; 
:1 l :-;() prf':;1·n !.:; :; i ~~n i r i c;snt pot !'rl t. i ;1 I 
pointr·d 0:1t. in I.ht.· pn·vio11·· :.f'ct.ion, 

h;1rdw;fff•, ;1p;irt. from con:;11mf·r· r•lt•ct.ninic:;, 

!'or :a.·v!'r:1l d•·vt·lopin~~ cotmt.ri•·:;. A~; 

it. :;hrnild ht• pm-;:;ibl<· lo 1md1·rL1k<· lrw;il 
pr(Jduct.ion of ;1 wicl<· r-<111,-,•· uf ind11:;t.ri;il t'l<·ctnJriic:-; prod1wt.:; in !hp:;<· 
crnmt.ri<·:-;. Ttw:;" cmild irwl11df' df':;k-!.op curnp11t.1·r:;, d1:-;k driv1·:;, l'l•·xibl'· 
m:sgnr·t. i c cl i ~;k:;, <·ornr,o:-wnt. bo;l!'d:-;, kPyho;1rd ;l:;:;r·rnh I y, di~;p l ;1y ;1:;:;1•rnh ly, 
:;c:;mn1·r·:;, print.,.r:;, plot.t<'r·:; ;ind rnf'mory ~;tor;ii~r· dt·vic-1·:;. tk:;id<':;, ;1 wirk 
r·;inf~" of' rli:;<T•'I.•· cornp<m•·nt.:; c:111 h1· loc;il ly pr·od11c•·d, :;1;d1 ;1:; diodt•:;, r·:srw.irw_ 

f'rorn :-;m;sl l, :;ignal diod1·:; l.r) dioclf<:; for :>p«ci<1l ilppl ic:1t ion:;, t.r:1n:;i:;t<.>r";, 
inc- I IHl i ni~ hi po I ;1r pow!'r' ·111d rn i c row;1vr· t.r;mi; i :; t.<>n; ;ind t hyr· i :; t.or~;, r·f'~-; i :; I.on;, 
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fe:rites, condensers, relays, tubes, hybrid circuits, including photo-r<'ceiver 
or transmitter packages, and integrated and printed circuits, ranging fro~ 
iinear, monolithic integrated circuits to interface, and c..1st0r:i-i::'ltegr'."l':ed 
circuit~. Audio components would include microphones, loudspeakers 3nd 
amplifiers. In the communications subsector, lccal nanufacture could be 
undertaken of telephone hand-sets, two-way communications syste~s and ~anual 
and automatic exrhange, in progressive stages. Various instruments can also 
be locally manufactured, ranging from simple multi-meters to co~plex control 
instruments used in industry, P"''•""r systems and the I ike. 

66. For many of these products, the initial investment is not und~ly high in 
relation to overall investments in the el£ctronics ~ 0ctor. Production 
processes tend to be similar, so that initial technological absorption could 
be rapidly extended to technol0gical adaptation, except perhaps at the higrest 
ends :if the technology spectrum. The acquisition of foreigr technology should 
not present major problems as there are several alternative foreign sources 
from which such technologies can be secured, except for advanced technologies 
and ~roducts, whose exports may be restricted. It would, however, be us~f!Il 

to develop a comprehensive information base at national level on alternati\·e 
sources of electronics technology and on terms and conditions of technology 
acquisition in the electronics sector. It must also be recognized ~~3t 
initial costs for technology may be fairly high. Developing countries, •,:here 
significant development of electronics has taken place have paid a consider
able price for such technologies, as have Japan ~nd othe~ industrialized 
countries, and this ~ill continue to be necessary, particularly for ne~ 
technologies, applications and products. It would also be necessary to group 
various products and components to ensLlre tecrno-economic viability, and 
initial production stages may be limited to ~emi-assembly till adequate 
technological absorption is achieved. 

67. Electronics production requires to be closely linked to growth in other 
sectors. The local machine-tool sector, for example, may need to provide 
various too1s and equipment for the wide r::mge of oi:;erations involved in 
elec~ronics production. The equipment could extend from sin1ple lathes, and 
drilling and punching machines to complex milling or grinding equipment, or 
spark erosion machine or fine blanking to form and shape special parts. 
Facilities for electro-plating, engraving and spray painting ar0 also 
necessary. If such equipment is not locaiiy manufactured, additional equip
ment imports would be necessary. Other equipment requiremPnt~ include those 
for woodworking, coi I-winding, plastic moulding, and for pack<•ging. !>'.ost 
electronics products, particularly cons11mer electronics, need after-s3lcs 
service, which i~ critical for such items as TVs, video recorders (VCRs·, etc. 
For this purpose, service centres would require to be set ~p. manned by 
qualified technicians equipped with necessary testing instruments. It may be 
necessary to train adequate numh~rs of such tech~icinns and provide them with 
the necessary tools so as to ensure that local ly-mnnufacturecl equipmt:-nt is 
well maintained. 

68. An im;-iortnnt. aspect is that electronic?., bf'ing critically technology
dep~~de~t, requires continuing contnct with innovations ~nd th1• generation 
of new electronics t.t·chnologies. This c~in pose a probl('m in most dev1'loping 
cour.tries. Onf' alternativP is to m;1int<iin contin11ing link:.; with foreit~n 

tPchno I ogy supp I i ers, i r t.f'rhno 101•.,y i :-; i rnport.•·d as it. wou 1 d hf' in it. i a I I y in 
most cases. In such c;c1st..•s d I so, i t, is nerer;:;;1ry t.o t>n:;11rf:" t.ha t. thi:· forP i 1~n 
partner or 1 ic<'nsor cont. i mH'S to gerH'ra !P ;Jnd devf:" I op nf'W t.ec·hno 1 og i Pr'. If 
not, alt('rn;Jtivt> sources of nPw t.~c:·1nologip~; wil I n•·•·d t.o be> •'xplorf·d. Apart. 
from c·xt.ernal tf'chnologic;d linkagf's, it is imporLml. to 1·n:-;un· closf' linV.;1g(':; 
with loc:a·1 rf':warch in:.;t.it.ut.ion:.; rind C"'ntrp~;. Thi:-; m;iy not. norm;illy rPLit.1.• to 
har.;ic t.f'd1nr1logical ar:lv<.nc1>:; ;ind brf•;1kt.hrough:-;, thougt1 thi:; rn<1y Wf'l l lit' 
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possible in certain developing countries. The linkages would be more related 
to oper3tional programme3, · .. :hich would increase productivity or programmes 
involving blending of technologies in traditional sectors and processes. 
A close link has to be established and maintained between industry and 
national R and D efforts in the electronics sector. Electronics enterprises 
should be encouraged to seek the active assistance of R and D institutions 
for solution of their problems, including through contract research. It would 
also be necessary to provide incentives and facilities for enterprise-level 
res~arch. Since entrepreneurs in this field are often technologists, they 
should be provided with facilities for doing their own research. This can 
take the form of tax benefits and other financial incentives, including grants. 

69. While significant growth can and should be achieved in electronics and 
infor~atics in most developing countries, a comprehensive programme in this 
sector would require major commitment, initiative and support on the part of 
national autho~ities. Apart from development of basic infrastructure, 
inc!uding training programmes, facilities such as industrial estates/parks for 
Plectronics production should be considered, preferably in proximity to 
rechnica! universities and research institutions. Appropriate institutional 
a?'ro,nger.ents should also be made, incluiiing a separate para-stat:al body 
exclu~ively for this purpose in countries where local entrepreneurship may be 
~ e:ci':ing. The parcirieters of producr:ion activities ·11i 11 need to te defined and 
negotiations undertaken ~ith TNCs and foreign producers of hardware and 
soft~are for setting up or participating in local production facilities. A 
local market should oe created, uniting the efforts and requirements of 
defen~e. teleco~munications, information sciences and the industrial sector as 
~~hole. At the same time, a niche should be gradually developed at the 
international level for· exµor·ts, including through foreign networks of TNCs 
~ar•icip~ting in local projects and producti~n activities. 

The atove approach is not easy to implement and requires considerable 
drive ~nd initiative both on the part of policy-makers and local entrepreneurs. 
A• ·~p sanP ti~P, it is a vital and Pscential programme, if developing countries 
ar-- to participate and compete in the coming decades when microelectronics, 
infor~~tics and telemati1:s will develop towards ne~ levels of advancement and 
~o~hi~tication. Once the initial base for local production and technological 
J~velo~~~nt in this field is created, it would be possible to gradually 
r~~Truct,jre systems of education in developing countries so as to enable 
V.nrn.1-"dge c.nd sV.ill development in microelectronics and informatics from th• 
,.,,,1 i(·st :;t.ages of technical t"ducation. It is necessar·y i;-i the present 
~itu~•ion, however, to provioe potential entrepreneurs in developing count.rie~ 
~ith certain ~asic infor~at.ion and data on electronic products and projects 
k1•1ing significrint potent.iril in a largP number of dPveloping countries. For 
this µurpos£·, a series of pruject profiles havp been prepared and incorporated 
i,1 f';•rt. IV of t.his st.udy. Thrse profiles provide t.hf· b3sic investment costs 
::t1d r:1:.in•Jfc1ctur1ng proct·sses involved in thp production of selPc:tcd electronics 
11roduct.s. Thr~r will, howevrr, need to be reviewed and modified in the context 
(Jf tht· m;.,rV.r·t. ;md other fact.or-endowments and situations previ'li ling in p;1rt.ic-
1il :1r ,:ountri(·~;. 
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1. Electronics 

2. Electronics equipment 

3. Elf'ment 

4. Electronics circuit 

5. Consumer electronics 

6. Electronic component 

7. Active component 

8. Passive component 

9. Chip 

JO. CAD/CAM 
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GLOSSARY OF TERMS 

Is aefined as science ana technology for 
control of movement of free electrons in 
order to receive, process or transmit 
information or to use such movement as 
energy. 

This is the arrangement of a number of 
electronics circuits to perform a 
particular task. Equivalent or similar 
terms are apparatus, appliance, device, 
instrument, items or products. Input 
and/or output of electronic equipment 
could be a non-electrical signal. 

This is the smallest unit into which a 
circuit or network can be subdivided. 

This is the arrangement of at least two 
elements to perform any function as 
defined in electronics. 

This refers to electronic products which 
are consumed by the general public. 

This is the smallest discrete item to 
perform any particular function in 
electronic circuits. It may be of any 
complexity in a single case (e.g., 
integration of several elements) but does 
not allow any further division without 
impairing its basic function. In the 
literature, the term "electronic part" is 
often used i.nstead of "electronic 
component". 

This is an element which converts the 
energy of one frequency to another. 

This is an element which absorbs or 
stores energy. 

A generic name popularly used for 
integrated circuits, it r~fers to a single 
package holding a large number of elec
tronic components. The term is derived 
from chips of silicon, the material 
commonly employed. Where the number of 
components is very large and the chip is 
small, it is cal led 'micro-chip'. 

Computer-aided design/computer-aided 
manufacturing or management. These are 
major are;:is for industl'i.al application 
of computer . .;. 



11. Computer net~ork 

12. CPU 

13. Display 

14. Ferrites 

15. Fibre optics 

16. Floppy disk 

17. Hardware/software 

18. Integrated circuits (IC) 

19. Laser 

20. Micro-electronics 
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Two or more computers that are 
inter-conne~ted in a manner so as to 
exchange information. 

Central processing unit. which is the 
heart of a computer and con tr·o ls a I 1 
operations of the computer and does the 
actual calculations. 

A method of representing information in 
a visible form. The most common displays 
used are printed paper. cathode ray tube 
and light emitting diodes or crystals. 

Powdered and compressed ferric oxide mixed 
with other materials and ther. sintered to 
possess special magnetic properties, 
classified as 'soft' and 'hard' depending 
on the magnetic characteristics. 

A recently developed technique of trans
mitting information through thin tubes 
of silica laced with germanium oxide; such 
fibres absorb and disperse light so lit~le 
that as many as 20,000 telephone. ~everal 
video circuits can be operated on them. 

A storage device made from a t~in circular 
piece of magnetic material (usually in 
sizes~ 1/4" or 8"). 

The physical part of electronics equipment 
is referred to as 'hardware' as against 
'software', ~hich refers to program~e 
material or data to he processed. 

Is the technique of packaging a number of 
components and circuits on a single base. 
The expr~ssion 'large scale integration' 
(LSI) is used when their number is in 
hundreds. while 'very large scale 
integration' (VLSI) refers t:o numbers of 
the order of 105. 

These are light beams that are 'coherent', 
that is, its waves have identical shapes 
and frequencies. Lasers can pack high 
energy becausP of this property and ha-.1t• 
found widP application in metallurgy, 
industry, medicine, micro-electronics and 
defence. 

May be defined ns the technology t.0 p<lck 
components in increasingly smaller 
pHckages resulting in grPater storage of 
information and spt•(•d of opE>ration. 
Micro-electronics has progressed with 
astonishing rapidity t.o integrat~ as m<lny 
as a million components on a tiny wafer, 
with spe~d!; up to hundreds of mi I Ii ons per 
second at H fraction of t.hP original cost. 



21. Micro-computer 

22. Printed circuit board (PCBl 

23. Peripherals 

24. PC 

25. RAM 

26. Robots 

27. Satellite 

28. Semiconductors 
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This is the central ~rocessing t..mi t of a 
computer that holds all the eler.:ents 
required, usually on a single IC. 

This consists of a copper clad l~~inate or 
glass epoxy board used to !'!:ount electronic 
compo~ents and to etch electronic circuits. 
These are no• alr.:ost exc:Clsively used in 
equipment design and can be single-sided, 
double-sided or plated through. 

Equipment external to the com(.;uter, tho;;>se 
commonly used include disc drives, printed 
keyboards, and cassette tape re.:-orders. 

Stands for personal computer •hich is built 
around a micro-processor. The PC h3s 
brought the computer into the hc~e to 
perform a variety of functions. 

Stands for Random Access Memory ~hich is the 
type comr.only used in a small co~puter, the 
time taken to find the information is 
essentially the same irrespective of •here 
it is stored. 

Machines that are designed to perfor~ 
repetitive manual tasks as a hu~an •ould 
\or even better), thus replacing operators 
on the assembly line and on repetitiv~ 
operations. 

Metallic spheres and obj~cts placed in 
geo-synchror.ous orbit to rel<Jy i'ind ~enerate 
information, th<>y are t1sed in long distanc~-
communication, for telephone and TV links 
and for weather forecasts, etc. 

Materials ~hich possess special condu~ting 

properties that ar~ used in ~lectronics ~o 

measure and control parampters. Sili~on, 

arsenic, gallium, etc., are some of the 
materials that exhibit such properties. 
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II. NATIONAL PGUCY STATEMENT C.'~1 ELEC'TRONICS ( NPSE' 

~1. The ~ajoi- i~pact of technolgical developments in e!ectronics. 
particularly the pervasive effects of mic:-oelectronics and inforir.atics in a 
nurr.ber of production and service sectors. necessitates that each country 
should revie~ its national situation ~ith respect to electronics development 
and fornulate specific policies and programmes to meet national objectives 
and priorities in this vital sector. National experience in a large number 
of developing countries already reflects rapid increase in denand not only 
in consume:- elect:-onics b~t fa:- various levels of office automation, for 
increased computerization in service sectors. such as ~dnking. airlines and 
tourisn. and use of digital syste~s and co~puter applications in various 
fields of p:-oduction. In the telecon~~nications sector. use of satellite 
comnunications and digital transmission systems has extended to a large 
nunber of deveicping cou~tries. These trends are likely to increase further 
during the next decade and. as highlighted in Chapter I, it is essential for 
each country to determine its gro:.th pattern and implement a comprehensive 
deve!opnent programme for the electronics se:::tor. The nature and coverage 
of s~ch a programne ~ould obviously differ frorr. country to country. In some 
developing co~ntries. the rapid progress already achieved in ~icroelectronics 
and informatics will enable them to keep pace with continuing technological 
developments taking place in industrialized countries. In other countries. 
the levels of development may differ, but certain aspects of electronics 
develop~ents can and rn~st receive special emphasis. both in terms of increased 
~s~ and applications and gro~th of endogenous produc~ion and technological 
skills and capability. 

1.::.. Nati.anal Pol icy St;;,t~::ient: The need for a N<stional Pol icy Statement on 
Electronics (NPSE1 stems primarily from the fact th~t specific policies, 
::ieasures and programmes are necessary for the development of microelectronics 
and infor~atics at the national level. Such policies and measures are also 
necessary tc indicate the ~riority accorded to the gro~th of this sector in 
particular co~ntries. A policy statement on this sector would also be 
instrumental in attracting critical ne~ investments in this field. ~ithin the 
frame•ork of defined nationai policies. The development of ne~ skills. 
thro~gh specialized technical education and training. would also require to 
be integrated within an integrated policy framework. 

73. National policies on electr~nics have been adopted in several countries. 
In some countries, specific legislation has been promulgated for this purpose. 
as in the case of Brazi!, •here a l.~A on Informatics was passed. which placed 
1>lectronics policy undf:"r '1 Council attached to the President and which 
prescribed several specific policies and instruments for their implPmentation. 
In other rot1ntrif's, specific policy announcements have been rr.ade for this 
seco::or. as in Ir.iiia's statement on "Integrated Pol icy Measures on Electronics" 
in March 198~. In South-East Asian countries, a series of sprcific policies 
~er~ introduced to enahlP the rapid growth of consumer and industrial elec
!.ronics. Such pol icy announcements are generally promotional in nature and 
are designed to attract major new investments in this field. Such policies 
have also, with the exception of Brazil, been designed to attract new foreign 
direct inve~tments in electronics manufacture. though major emphasis in most 
of the policy statements has been on growth of local production and techno
logical capability. 

74. Annotated Outline of NPSE: It is against the above background that an 
annotated m1tline has been prepared, which drscribes the elements to he 
covered in a national policy statement. The contP~ts of thP policy st~tement 
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.... ill natu~ally vary considerably, depending on the level of industrial and 
technological growth, the state of developmEnt of the electr0nics se~tor, 
the potential and desired pattern of future develop~er.t, the role Pnvisaged 
for foreign direct investments, the incentives, con~essions and facilities 
which .... ould be provided to r.e~ investment projects in this field, problem 
areas and possible solutions, and various other aspects, where perspecti•es, 
strategies and policies may be Jifferent in specific country situations. 
Nevertheless, these and other key aspects of promotion and develop~ent of 
the elect~~nics sector need to be covered in the NPSE. 

75. Basically, the NPSE should highlight the conditions favourable for 
investments in the electronics sector and the specific fields in -.... r.ich such 
investments would be particularly welcooe. It should also indicate the 
potential that exists in the country for the gro .... th ;:,f the electronics 
industry, including software. and the likely demand and potenti~l in the next 
f~w years. Any problems likely to be encountered should also be identified, 
together with remedial suggestions. The NPSE, besides being an objective 
assessment of the socio-economic climate for investments iP electronics, 
should also provide an opportunity for planners and policy-makers to assess 
and review their policies and programmes in this key sector of growth. 

76. Basic statistics: It is necessarv for the NPSE to provide some basic 
information regarding national economic features and trends which would be 
relevant for investment decision-making. The size of the country. its total 
population and the distribution bet .... eer. urban and rural population, together 
with demographic trends, should be indicated. It would also be necessary to 
provide basic economic indices such as the Gross Domestic Product IGDP), the 
Gross National Product (GNP), per c~pita income, rate of industrial gro~th, 
the balance of payments and debt situation, Ate. Trends in these figures 
should be provided and estimates made of growth rates of the econo~y at 
constant prices. The ~onsumption and savings pattern should ~e stated, as 
this would indicate the purchasing power and consumption habits, ~hich would 
be an important parameter when assessing likely local demand for consumer 
electronic products. 

77. Development Plans and Polici~s: The basic features of national develop
ment plans, insofar as they relate to developments in electronics, should be 
highlighted. These would cover ~uman resource development, as envisaged in 
programmes for higher technical education and specialized training, infra
structure development, particularly electricity generation and distribution 
and internal transportation, together .... ith the growth pattern envisaged in 
various production and service sectors, which would constitute major users of 
electronics products and systems. These would, in particular, relate to 
sectors such as engineering-goods product~on, including capital goods, 
automobiles and other durable consumption products and other production 
sectors utilizing sophisticated instrumentation and control systems, besides 
service sectors such as tf:'lecommunications, banking, insurance, tourism, etc., 
which extensively utilize electronics systems. Apart from the large and 
medium-scale industrial sectors, most developing countries also have smal !
scale sectors whi~h are widely dispersed. Small-scale industries may contrib
ute a significant proportion of total industrial outp11t and can also serve as 
supplier of parts and components to the large-scalp sector. It would be useful 
for the NPSE to also indicate thP p~ttern of growth for the smal I-scale sector. 

78. ThP administrative framework and procedurPs to promote, monitor and 
regulate the growth of t.h<> f:'lect.ronics sect.or in the country should be 
described. Normally, t.ht:· Ministry of Industry deals with the entire sect.or. 
Somet.imf"'s a S(•par~te agency under thf• Ministry ir; designated t.o deal exclu::;ive
ly with electronics. In somP countriP3, however, electronics is treated on a 
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priority b3sis ·..-ith a separate Ministry, to e!'.!phasize its role in moderniza
tion and raisin~ productivity in the econoffiy. The priority accorded by 
nationa: authorities to the electronics sector can often be assessed from 
the adr:iinistrat~ve arrange:~ents r.:aJe to encou!"'age national development in 
this field. It •o~ld be important to emphasize the specific administrative 
;::roceC:ures for· dealing ·.iiith projects and investment proposals in the elec
tronLcs sector. This is particularly important in this field, since 
production and other facilities have to be speedily established to capi-
ta' ize on ne• marl-':ets for rapidly changing electronics products ar.d systems. 
The procedures defined should cover both the approval of ne·.i investments. 
and regulatory arrangeme~ts, if any, relating to supply of equipment and 
for teci:mo!ogy. kno·•ho..- and tech.1ical services. 

79. The roie ascribed to foreign direct investments needs to be specifically 
discussed in the NPSE. If any specific liberalisatio.-; or relaxation is 
provided on the extent of foreign o ... nership and holdings in the electronics 
sector, this should be highlighted. The desired pattern of foreign investment 
a;1d technological participation should be e"lphasized. 

80. It is also important to define the role of the private sector in the 
develop~ent of electronics production. In some developing countries, state
o·..-ned enterprises have been set up in this field. It is important to clearly 
define the areas which are open to private investors, including foreign 
investors. 

81. ~ost countries provide a package of incentive~ for new ventures, soce or 
all of ~hich are available to investors from abro~d. Th~s~ include: 
industrial estates and availability of built-up work sheds for hire at 
subsidised rents. grants or interest-free loan, if sited at preferred locations. 
hire purchase facilities for machin~ry or supply on a leasing basis, water and 
po•,.er at concessional rates. tax holiday for the first few years of operation. 
accelerated depreciation allowance, supply of scarce ra ... materials, loans at 
preferred rates of interest, ~aiver of import duties on capital equipment and 
ra~ materials, and waiver of sales tax or conversion of tax into interest-free 
loans. The NPSE should indicate which of the above incentives, or any others, 
are offered to investors, both local and foreign. 

82. The NPSE should also define the import/export policy, particularly 
relating to the electronics sector. This should relate both to finished 
products and to supply of raw materials, components and suhassemblies. 

Al. An important aspect of particular importance to foreign investors relates 
to freedom for repatriation of profits and fe~s. This also applies to salaries 
of expatridte personnel. The existence of any agree~en; t~r avoidance of 
double taxation on such earnings may also be indicated. 

84. Local fa<:ilities for h,snking, insurance ;;nd other finesnci:sl servic~s 

should also t)e provided in the NPSE. This is particularly necessary in 
countries where government tends to regulate banking practices. Investors 
~ould also be interested in information, apart from interest rates and margins, 
on the more intangible degree of support the banking sector oxtends specifi
cally towards the electronics industry. 

85. The NPSE should obviously providP basic information on the 5tHt11s of thP 
existing ele<:tronics industry in the country. ThP extent. of local production, 
the fields of r1roduction, and t.hf' number of f'nt.C'rprises should hC' indicated. 

Hf>. It wou Id tif· us(' fu 1 to rC' fer, in the NPSI'.:, to <sny :;pPc: i <1 l prob 1 (·m~; which 
elN·tronics units int.ht· country may hf' fan•d with. Somf' r:ount.ries have 
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guidelines on the ethnic composition of labour to be employed. Again. female 
labour. which often forms a sizeable percentag~ of the labour force in the 
electronics sector. may require special treatment and facilities. 

87. A point of interest could be the degre~ of sub-contracting which 
electronics manufacturers could resort to. This would depend on the availa
bility of ancillary facilities for sheet metal working. wood working. electro
plating or such jobs as coil winding. spray painting. engraving. etc. 

88. ln1port and export statistics on electronic products would undoubtedly be 
essential for potential investors and can generally be provided, since most 
countries maintain such information. The problem, however. is that data on 
imports of electronics equipment and components does not usually indicate what 
these components are -- whethPr resistors. capacitors, or integrated circuits 
and the like. Where the statistics are not complete or entirely relia~le. 
rough estimates may need to be given, indicating their degree of uncertainty. 

89. Electric power is an essential requirement for the 
though the sector is not particularly power-intensiv~. 
requir~ments for electronics production can be so small 

electronics industry. 
In fact, the power 
that solar panels and 

wind-activated devices may be adequate in soa1e cases. What is, however, 
critical is (he stability of operating voltages and frequency as well as an 
uninterrupted supply of electricity. For many electronics plants, it may be 
necessary to set ur special devices which ensure that voltage fluctuations do 
not vary beyond certain limits and emergency generators can be s~itched on 
automatically whenever there is a failure of power sup~ly. 

90. Ancillary facilities are important for development of a significant 
electronics industry. particularly weli-equipped workshops which can undertake 
various precision jobs. Apart from simple bending and shearing presses, there 
is need for facilities for milling. grinding and other more complex operations. 
For some parts. a jig borer, or equipment for spark erosion or fine blanking 
may be nece~sary. Again, wood working. electro-plating. engraving and painting 
facilities are required for most electronic projects. The availability of such 
fac:lities should be indicated in the NPSE. 

91. Testing facilities are essential in the ~lectronics industry because of 
the need to maintain high precision of parts and quality of the final product. 
Ho'A'ever, test equipment is costly and it may be difficult, for local enter
prises, to provide investments for this purpose. It may, therefore, be 
necessary to operate common test centres either through d governmental or 
para-statal agency or by the industry on a co-operative basis. It wculd be 
useful to deal 'A'ith this aspect in the NPSE. 

9?. The availability of skilled and semi-skilled personnel is of course an 
important criterion and the NPSE should indicate such availability or measures 
that may be necessary in this regard. Skilled personnel will b~ required for 
production operations from several disciplin~5 -- fitters, lathP operators, 
foundry men, carpenters, coil workers, and others trained in vocational 
schools. For the computer subsector, personnel requirements will include 
programmers and operdtors. Another key group are the technicians who would 
be responsible for after-sales service of electronics equipment, particularly 
in consumer electronics where such facilities are a critical factor in product 
marketing. for the higher technical posts. engineering graduates would be 
required. The avail~hility of graduates in electronics and engineering 
should be indicated in the NPSE. 

91. An important requirement for local electronics production is the scope 
for interaction with research and dPvelopmenl institutions. partic11larly 
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applied research institutions, which can assist in technological adaptations. 
R and D institutions can also serve as a training base for personnel for 
servicing or for de~ign engineers and can also act as a source of technology 
or assist in the acquisition of technology, pdrticularly for small and 
medium-size enterprise~ ~hich require assistance in this regard. The rela
tive merits of competing foreign technologies may have to be ass~ssed in the 
context of the country's needs and the ability to adapt to the local environ
ment. R and D institutions can also advise industry on the purchase of 
suitable capital equipment ar.d ~achinery and can serve as consul·~nts to 
initiate production. The research institution or laboratory may also func
tion as a testing laboratory for certifying whether the product conforms to 
standard specifications laid down by national or international standards 
bodies. The existence of a research institution or laboratory devoted 
exclusively to electronics constitutes an important asset for the development 
of the electronics industry and it would be useful to indicate in the NPSE 
whether such a facility exists or is likely to be set up in the near future. 
It should also be indicated whether the institution has been accorded any 
special role for testing and standardization. 

94. A nece!::sary corollary to institutional Rand D facilities is the 
availability of a well-organized technology information system, which could 
provide assistance by supplying references on any specific topic. The avail
ability of such information services and facilities 111hich are lini<ed to 
international data bases should be indicated in the ~PSE. 

95. It is necessary for the NPSE to provide broad forecasts of demand for 
major electronic products and items over the next few years so that the 
market potential can be judged. Such forecasts should take ac~ount of 
developments in technology, public demand for new types of products, impact 
of life styles in advanced countries and availability of loc~i products at 
reasonable cost. The growth of consumer electronics demand is dependent to 
some extent on the expansion of broadcast/transmissions, both audio and 
video. Since these are often undertaken by governm~nt agencies, it is 
possible to assess the proposed coverage through these services and relate 
these to the likely consequent demand for products such as TVs and videos. 
Broad demand projections can also be made with respect to automated office 
equipment and computer-aided designs and production facilities in various 
industrial sectors. It is also necessary to provide bro~d demand projections 
for the principal peripheral equipment, as also for major components. The 
latter can be derived from the demand projections fer consumer electronics 
and for computerized office and industrial equipment. In general, the 
consumer electronics subsector generates most of the demand for components 
that can be locally manufactured in most developing countries. For communi
cations equipment, demand is based on the expansion of telecommunications 
networks and the increased capacity the country proposes to acquire. In 
other fields, such as defence, space and aviation, government programmes in 
these fields largely determine the demand for electronic equipment and 
components. Industrial electronic systems, equipment and software depend on 
the growth of the industrial sector as a whole and the need for computerized 
control and monitoring such operations. For medical electronics, the expan
sion of medical services by govet·nment agencies as well as greater public 
awareness would determine the growth in demand. 

96. The NPSE should indicate whether offshore assembly or manuf3cture of 
electronic components has been undertaken in the country and if so, the 
experience of such production and the further possibiliti~s in this regard, 
together with government policies, facilities and incentives for such 
production. 
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97. The NPSE should also indicate whether any free-trade or export zones 
exist in the country and if not, whether government has any plans for se~ting 
up such a zone or zones either exclusively for electronics or where it would 
be an important sector of production. The special facilities proposed to be 
provided in such zones, as also any restrictions imposed, should be defined. 
The median wage levels in the zone or proposed zone should be indicated, since 
these still constitute the basic attraction for offshore investment and 
production. 

98. The NPSE should define the special facilities, incentives and concessions 
provided for growth of the electronics sector. Such assistance usually takes 
the form of fiscal incentives and concessions, including grants for setting up 
training facilL~ies or to participate in advanced courses abroad, or facilities 
for import of equipment and maintenance inputs. 

99. The extent to which multilateral assistance, if any, is being provided by 
United Nations bodies and other international organizations for the development 
of the electronics industry should also be indicated. 

100. The NPSE is intended to provide an overall perspective of economic and 
technological development 0f the country, particularly with respect to 
development of the electronics industry, including hardware, software and 
systems. It should indicate ~he like1y growth potential of the sector and the 
special incentives offered to local electronics enterprises and should provide 
the potential investor with adE:quate justification for investment and/or 
technological participat~on. 
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III. ELECTRONICS INDUSTRIAL INVESTMENT PROJECT QUESTIONNAIRE (EIIPQl 

101. An important aspect of investment promotion and s~curing participation 
from enterprises having the necessary knowhow and experti~e in the field is 
to provide essential information regarding the proposed project to various 
potential sources of investmenL and technology. Most developing-country 
enterprises in the electronics sector wi1l, for the present, require external 
investment or technological participation in one form or another. These can 
extend from joint ventures involving foreign majority or minority holdings to 
non-affiliate technology licensing agreements and contractual arrange~Pnts 
of various types, including turnkey contracts and buyback agreements for 
components, subassemblies and the like. For the type and range of ele(tronics 
products which are of interest to most developing countries, comprising 
consumer electronics, automated office equipment, personal computers and 
peripherals, and certain categories of industrial electronics, including 
instrumentation and control systems, several sources of technology in 
different countries can be identified for each product and the acquisition of 
technology and knowhow is not an unduly difficult process. At the same time, 
knowledge of such alternative sources and with regard to the intricacies of 
investment and technology agreements in the electronics gector is of course 
of criti~al importance. Expert assistance in this regard may need to be 
obtained, particularly through an international agency such as UNIDO. 

102. The first stage in the investment promotion process is the identification 
of the basic information requirements regarding the project to be promoted. 
For this purpose, an Electronics Industrial Investment Project Questionnaire 
(EIIPC) has been designed to provide necessary information on a specific 
industrial project for which technical assistance or financial investment, er 
both, are sought. 

103. The questionoaire is patterned on the general questionnaire formulated by 
the UNIDO Investment Co-operative Program for various indus~rial projects, with 
some modifications relating to the electronics industry. There may be further 
variations between different electronics sub-sectors such as consumer electron
ics, components, etc. HowevPr, since such variations would be comparatively 
limited, a commor, format has been prepared for all electronic subsectors. It 
i~ recognized that data on some aspects included in the questi0·1naire may not 
be readily available. In this event, such information should b~ f~rnished as 
is practicable. 

ELECTRONICS INDUSTRIAL INVESTMENT PROJECT QUESTIONNAIRE (EIIPQ) 

(FOR SECURING FOREIGN PA~TICIPATION) 

1. Basic Project Information 

I.I What are the products proposed to be manufactured and proposed level 
cf production. 

1.2 Has a market survey and feasibility study been done for the project? 
If not, the basis for project formulation should be indicated. 

1.3 If a market demand survey has been conducted, what is the current 
and proj~cted internal demand for the product/products proposed to be 
manufr.ictured and what is the normal retail price (band of prices) at 
which it is sold? 

1.4 Is the product(s) already being manufi:tctured/w:rnembled within the 
country and by how m<my enterprises? What is thP tota 1 production 
capacity of existing local enterprisPs? 



l . 5 Are .:my exp,w ts pl :.rnned, inc I ud i ng t '-' ne i ~!"-,t'vt::· i ng co~:r: ~T:. e::' , 
through the project? Is the product\S ~eing exr0rted fro~ ':~e 

country by existing local er.terpri.ses~ \fih::it :=:re tt-,'=' L1c:.'i'.::ies 
and incentives for such exports? 

I .6 ~ha:: is the estinated capital cost of the prcjec:: ~s on 
~tv" H.:1ve arr::mgene:its ~een :.:ade r.egc':~::ted re~ lo·,:; 
capital, includir.g · . .-o:·king capiczd·: Is there :my :·eqt:i:-~'~e:1:: !',:ir 

foreign invt>str:lent 0r loan to cover t>xtern::: ! co::;t:0 of ::-.e ;..·:·,,.1e.::-:: 

1.7 N.:1t11r·e of foreign part1ci;_::Jtion. ·..:r.ettwr j0inr ventt;re, o!
non-affi 1 iate technology Ii ·ense, or other cont1·actu::l :J.:'!':J.nge::cent. 
If joint venture, indicate ~rrp0rtion of foreign eqL<i~y .:cnsidt":·e.j 
desirable·: 

2. Project Details 

2.1 Phasing of production: Indicate the phased progra~~e of 
manufacture of the product:products, as also rhe l0cal content tc 
be achieved at the end of the first year, third year and fift~ yea~ 
of commencement of production. 

2.2 Is the proposed level of prod~ction based on projeccions of 
inte~nal market demand or any other factors? 

2.3 What specific steps have already been t3ken for project 
impli:'mentation? 

Has government approval \if required 1 ceen secured? 

Has the plant site been selected? 

Has the land required for the project been purchased~ 

P.as construction of buildings for t!.e p!aqt ~een cor:-,i.-•leted 0r 
undertaken? 

Has machinery and t•quipment for the plant Oef'r order,•d ,w 
selected? 

2.4 When is the proj~·ct scheduled to commenci> production'.' 

~.5 Are any specific :1rrangem(•nts for by-~iroduct di~;pos:il !1t'<"Ps~:l?·y 

to conform to the country's environmental Jaws~ 

3. Location of Plant 

~.I Where is t.he propos•.d plant located ;rnd what 2~"" the principal 
easons for the choic""? 

3.2 ls the sitP located conveni0nt for transport.:ition of J;ihot1r, 
rRw materials and finiHhed products? 

·i. J Are cidequat.e how;ing and othf'r rac i Ii t.ie:-; such ;i:.; b;sr.~. po:;t 
office, t.plephonP., school, rt'cre:it.ion, f'tc., av:1il:1hl~· close tiy·' 

'L4 Are thcr.;• any t.cchnical :ind H!,O in:;tit11tions nt·arby to whid1 
t.he p I ;1n t rn;iy h;1vf• ;1ccp~;~.;-.' 

·i.~, Ar<' any !;pt>ci;1! f'iicil it i~·~; n'q11irPd to tlf' providt·d ;1t pr·u.1pct co:;t'' 
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4. Building and utilities 

4.1 What are the building requirements for the project (square meters)? 

4.2 Are special precautions necessary to ensure freedom from dust? 

4.3 I3 adequate electric po~er available at the s~~e and are voltage 
and frequency fluctuations within tolerance limits? 

5. Machinery and Equipment 

5.1 What is the total cost of the plant machinecy and equipment, 
including eqcipment for testing and ancillary services? 

5.2 What is the value of machinery and equipment required for the 
project that requires to be imported? 

5.3 Are special facilities (such as leasing, etc.) available in the 
country for import of machinery and equipment? 

6. Raw Material, Parts and Components 

6.1 For assembly operations: What are the parts and componen~s 
required for project assembly which will require to be imported during 
the first year, third year and fifth year of production, and their 
total value? 

6.2 for production of parts and components: Are any special materials 
required for production which will need to be imported? If so, indicate 
the appropriate annual value of such imports. What is the tariff on raw 
or processed material that requires to be imported? 

7. Technology and Knowhow 

7.1 Is it intended thrit, production technolo~r and knowhow for tne 
project will be acquired from foreign sources? Are there any restric
tions on such imports and will the agreement for supply of technology 
and knowhow be subject to review by a government agency? Are there 
specific, prescribed guidelines in this regard? If so, these should 
be enclosed. 

7.2 Is there any national R&D institution that functions exclusiv~ly 
with respect to the electronics sector? If so, is it intended that 
such an institution will be utilized for future technical assistance 
for the project? 

7.3 Are the following technical-support se1·vices availc:ible within 
reasonable distance from the project site? 

General engineering workshop, foundry, electroplating, Jig boring, 
spark erosion, moulds and dies, wood-working, spray painting? 

B. Foreign Personnel R~quirements 

Indicate the requirements, if any, of foreign personnel for the project, 
including for in-plant training, and the period for which they would be re··uired. 

rJ. Inforrnatior. on Sponsor( s) 

9.1 Name of company, address, telephonr, telex, telef~,x. 

9.2 Background of business and industrial experience of sponsor(s). 
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IV. PROJECT PROFILES FOR SELECTED ELECTRONICS PRODUCTS 

Introduction 

104. The following descriptions of products have been prepared to assist 
potential manufacturers and assemblers to gain better understanding of the 
products and the processes, ~achinery, equipment and materials necessary to 
start production. Special emphasis has also been given to the perscnnel and 
quality control ~spects. 

Intellectual property rights 

105. It is important to note that many of the products described may be 
subject to stringent intellectual property rights regarding the use of 
materials and processes which are covered by patents or copyrights. It is 
important for intending entrepreneurs to determine which, if any, of the 
processes or materials to be used are covered by intellectual property rights 
and to obtain licenses from the holders of the rights before production is 
started. In most instances, the suppliers of parts, components, and supplies 
can furnish the information to whether the supplied item is covered and, if 
so, whom to contact to obtain the necessary permission or licence. While 
such permission may be freely given in certain cases, more often an arrange
ment to pay a royalty or licensing fee is required. Such costs must be 
factored into the economic and financial plans of the proposed production 
operation. 

Cost of Technology 

106. The estimates provided in the project profiles du not include the cost 
of technology acquisition, including royalty or licence fee or other payment 
for using patented technology, or copyrights, as in software, or ~npatented 
but proprietary knowhow in the electronics sector. This is because such 
payments can differ considerably and are dependent on several factors, 
including size of the market to be covered, the likely growth potential, 
various factor conditions impinging on electronics production, and the 
bargaining capacity of the prospective licensee enterprise. These factors 
vary considerably from country to country, resulting in significant varia
tions in technology costs for enterprises in different countries. For 
purposes of initial costing, a royalty of 5% of net sales may be assumed. 
The actual payment for foreign technology may, however, prove to be 
substantially higher, or may even be lower, depenning on the stage of 
development of the technology and several other determinant factors. In 
this regard, it needs to be emphasized that national guidelines in certain 
countries which prescribe ceilings on roy~lty payment may need to be reviewed 
insofar as the electronics sector is concerned, particularly if substantial 
inflow of foreign technology i.s sought. 

Estimates of equipment costs 

107. The estimates of costs of machinery and equipment which have been 
included in the various project profiles are based primarily on current U.S. 
costs of equipment. These would be fairly competilivP in relation to costs 
of machinery from other industrialized, developed countries. Certain specific 
items of equipment may be able to be obtained at lower cost, including in 
certain developing countrips such as Brazil, India and the Repuhlic of Korea, 
but these would not have major impact on the overall costs of machinery and 
equipment required for partic•Jlar ::irojects. M<Jchinery costs could also be 
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spread over a ~ider range of products and it may, therefore, be necessary to 
group various electronics products and components which could be manufactured 
in the same project. The information and estimates included in the project 
profiles should be revie~ed in the context of ~articular country situations 
and will need to be developed into detailed techno-economic feasibility 
studies before specific projects can be considered for implementation. 

Project profiles 

A. DICTATION MACHINE 

1ntroduction: This is a simple device for recording and reproducing sound 
through electro-magnetic means. A built-in microphone picks up the sound, 
converts it into an electrical signal which is received by a magnetic head. 
The signal is recorded on a moving magnetically coated tape which, when 
played past a second magnetic head, reproduces the original sound made 
audible through a loudspi-·aker. The tape is generally contained in a cassette, 
~hich may be of two internationally standardised sizes. Dictation machines 
are used in business, commerce and government to record ideas, letters, etc., 
for later review and transcription. Different from entertainment tape 
recorders, the dictation machine is monaural and must be of rugged construc
tion. 

Manufacturing Process: The manufacturing process starts with the purchase of 
parts from a variety of vendors. When the parts arrive, samples are sent for 
quality assurance testing. Mechanical tests are made to check tolerances and 
~ear er survivability. Electronic tests are made for function, current and 
safety. Once a shipment is approved, the parts are stored on shelving for 
easy identification and access. The parts are unpacked before bringing them 
to the assembly line, placed in rubber bins or baskets for distribution and 
placed at the appropriate workstations. 

The dictation machine is a combination of the mechanical assembly 
involved in the tape mech3nism and the electronic circuitry for the recording, 
amplification and repruduc.:Lion of sound. The tapt m· c;, ...... ~_;m basically con
sists of a recording head, a reproducing head, a micro-motor and a drive 
mechanism for the tape cassette. It may be imported since the audio quality 
of the device depends on the precision alignment of the heads and the constant 
speed of the motor under varying degrees of tension of the tape. At a later 
stage, the tape mechanism may be fabricated locally, although the heads and 
the motor may still have to be imported. 

The electronic circuitry is simple and the electronic components, e.g., 
transistors, resistors, diodes and transformers, are mounted on the Printed 
Circuit Board (PCBJ and soldered. The subassembly is tested for amplification 
and frequency response characteristics. The ~ubassemblies are then assembled 
into the main housing whirh is a plastic cabinet in which are fixed the 
built-in microphone and th~ loudspeaker or output to earphones. The final 
assembly is tested for electrical chnracteristics; frequency response, 
distortion, noist-> level. It is also tested for mt·chanical featllres such as 
flutter and wow. Standard specifications, either n~tion~I or the IEC are 
usPd for thPse tests. 
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Scher'.13ti.: Process Flo11o· Diagram: 
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I CHECK r fJNAL TEST AHD -
INSPECTION ASSEMB:.Y 

Ctwr;,cLt'ristics of a Typical Production Unit: 

Capacity 
Tun: Uver' 

Sp:>et' Requ i n·d 

1'-fach i nery: 

M~-i t.fT i <1 I :; : 

10,000 Units 
$250,000 
350 square meters 
Work area 
Store 
Office 

Drilling Machine 
Shearing Machine 
Tools, Dies and Fixtures 
Stroboscope 
Insulation Tester 
Hand tools, soldering irons 

Audio Oscillator 
Transistor tester 
Oscilloscope 
Output meter 
Distortion factor metrr 
Stabilised powPr supply 
Wow and Flutter m~ter 
Test Tapes 

Tape Mechanism 
Microphone 
Plastic cabinet 
Loudspeaker 
Printed Circuit Boards 
Transistors 
Earphone jacks 
Capacitors 
Volume Control 
Resistors 
Switches 
Diodes 
ConnC'c tori; and crib l (':; 

250 square meters 
50 square meters 
50 square meters 
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Cost: Machinery cost ;;ii I be around $H,OfJl); equipmt'nt cost ...-ill iw $1~ 1 :'1._-,1._), 

of which the most import~mt items cire ..-ow and flutt<>r r.!eter, L'scillosco~.·· .-,ri.,.i 
Transistor Tester. These may be imported from USA or UK. T:ipe r•i.::•chan i sr. r.;;y 

be obtained fro~ Singapore, Hong Kong or Tai~an ~t the rate of 510:20 per piec,•. 

Personnel: The fol lowing personnel will be needed tu staff the enterµt·ise. 
Persons should be recruited who have the ability and background for the 
particular job specification and who have the ability to grow or develop into 
the logical successor positions. 

Pe rsonne I n·qu ired: Product.ion Manager 
Testing Specialist 
Shop Foreman 
Assembly Operators (9) 
Line Inspectors \21 

Sales/service technicians (4) 
Administration (21 

The I 11:"'s of professional development are: 

Assembly 0perdtor to Line Inspector to Shop Fore~an or Testing Speci~list 
Sales/service Technicians to Testing Specialist 
Line Inspectors to Testing Specialist or Snap foreman 
Shop Fore~an to Production Manager 

Training: Somt· special izi>d training wi l I bt:> neci:-ssar·y fur !JF>rsonnel to iiecom· 
fully qualifiPd to perform the tasks necessary for· t.hP spPcific JOO cl:1~;siii

cation. Some of this training can be ohtained from sup11liers of p~r~icul~r 
equipment, somP CciO bt• obtained from local education;d instit11tion:;, ::.nd .;or>·· 
can only he obtairwd through speciill t!"aining providt•d by the t•mployt:·r. 

Ski 11~; requirt:>d for assembly arP ~;imp le and rPquire a ·....-el•:.:'s tr<lining on 
the job; for testing or inspection speci:::d ists and shop forer:i;1n, a vocit i_,n:1i 
school background is nt>cessa::"y, 'Ahi le ~hf' Product:.on Manag0r should preff·r·;1!ily 
havt> a diplom>1 in Electronics. Sales/se!"vice t'='chnici;ms can r'•·c>-ive jo:> 
specific training on the job, but should have a hackgrot1nd in onr or th~ uth•·r 
subject from prior experience. 

Quai ity Control: In the field of electronics, ·1ual ity contr·ol is par·t.ic11l:1rly 
important. The reason for this is that deviation from qu~l ity standards mar·~ 
often t.h21n not. ! Pads to cat.as trophic f;ci i 1 ur~·, ra the:-- than reduci:-d per forr:1;inc~·. 
Th1> accPpt.<rnct:· of a product, and indc>t·d, t.ht- ('redibi I ily of a manufact.urer, 
hingt•s or. ad,.quc.te qurllity control. Thi,.; control mu:;t tw m;1int;,irwd through
out the mam 1 f;ic t.ur • ng or <'.lssemh I y procf'ss. Tes ts must. bf· rn:-1dt· <Jn a I I cor'lp<Jn• ·11 t :.; 

wh irh ;u·p ~;011rcf·d from outside thP cornpnny. ThP f i na I pr·odur t· i :; no Let I.Pr tt .:11: 

the worst. of it~.; comporn:nts ;:ind continu01:;; t.Psting is n .. ct·ssar·y t.o a:;~;11rt· t.h:.t 
I.hi:- sapplier ha:; not slippt:'d in his q1Jality control proc(·sse~;. All prod:!('!'.; 
mu~; t. hilvf• ;J forma I proct•ss which t.e~; t.s I.hf· product. and its :.;uh<1:.;spmb i i •'S :1 t. 

I og i c<i l points d1ir i ng ma nu fac t.urt· so t.h;i t corrPc t. ion~; can ti(' m;1df', or t hf· 

manufac t.11n· "1hor !'.Pd. 

At.tPntion to qu;dit.y control i:-; critical wtwn :;f•l('ct.in.P, :;11p,..rvi:;cw:;, 
i nspi.·c t.on.; and t f'Chn i <:a I emp l oyf•f•S. Th!' der; i ~·r1 <>f r1tieq11a t.f' pro~~r;im:; m;1y 
n•qu i rP U1<' 11sf• of c11 ts i df• consu I t.an t.s for orig i na I l.t-:; t i ng sch»rnt·:;. H• "Ji• . .,,, 

of t.hi> pro<:1·:;:;<'S must occur rwriodical ly fur :;t.at.ic pr·0d1wt.:; I •·v•·ry ·i-f. 11<,rit.h:; \ 

and 11pon in t.r·od1Jc t. ion of ;iny nPw prod\j(: !.:; . 
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B. COMPONENT BOARD FABRICATION 

Introduction: The Printed Circuit Board (PCB\ has become the standard base 
for th.:> •iring of al I electronic circuits uti l L~ed in ElPctroni-: D.:>vic<:"s, 
Recorders, Radio. TV. and .:>special iy ~icrocomputers. and hPnce is an essential 
acce~sory for developr::ent of the electronics industry. Mar.y cf the t:>nhance
ments to the basic nicrocomputer are achieved through the use or PCBs ·.-!",ich 
provide ne~ functionalities to the computer. such as colour output. expanded 
memory, graphics capability. etc. These are achieved through the assembly of 
specialized chips {EPROMs. RAMs. etc.·; on a PCB 'A'hich can then be inst>rted 
into vacant slots on the "mother" or host PCB of the computt>r. Indeed, th€' 
producticn of mother t::oards for use in supplying m3nufa.:turer~ of r.:icro
computt'rs is a profi tab I e business. In all of these applications it is 
necess~ry to obtain, through license, the design and specifications fvr t~~ 
board. contract for the components, assemble and test the board and ther. 
market the product. 

Manufacturing Process: A Corr.ponent Bo?.rd is a PCB cor.sisting of an insulated 
rr.aterial such as Fibre mat or Fibre-glass impregnated ~ith a therno-resin 
binder such as Paper or Glass epoxy. Electronic circuits are designPd into 
the board to connect specialised integrated circuits (chips' to acco~plish a 
particular function. 

The manufacturing process starts with the purchase of parts from a variety 
of vendors. When the parts arrive, samples are sent for quality assurance 
testing. Mechanical tests are made to check tolerances and ~ear or surviva
bility. Electronic tests are made for function, current and safety. Once a 
shipment is approved, the parts are stored on shelving for easy identification 
and access. The parts are unpacked before bringing them to the assembly line, 
placed in rubber bins or baskets for distritution and placed at the appropriate 
workstations. 

Art ..,.ark is prepared first, depicting the path .... ays and connections for 
the circuitry on the board, according to customer requirements. This is then 
processed, either through Comput('r Aided Design or Photography to prepare a 
photomask. The image is then transferred to a copper clad laminate ~hich has 
been c I ear.ed we I l and coa tt·d .,. i th a photo-sensitive res i. st using one of the 
three methods -- Screen Printing. Wet Process or Dry Film System. Screen 
Printing is the cheapest method b11t does not en$ure sharpness of lines and 
the quality depends on the skill of the individual printer. Se~i-~utomatic 

or Automatic Screen Printing machines are also available depending on the 
volume of production and the density of the packing of component.s on the board. 

After printing, the board is ~lated in a tin bath or tin/lead bath. After 
the plating process, the extra copper in the PCB which is not plated is etched. 
Before etching, it is necessary to removt;> the ink,which is done by a suitable 
solvent df'pending on the ink used. The etching is done .,.,ith vario•is solutions 
such as ~erric Chloride - chromic-ammonia, etc. 

After the board has been etched and dried, holes are drilled for the 
im;ertion of components. Ori I I ing machines used vary from singlt--spindle, 
low-speed to high speed and very high speed (45,000 rpm) and NC controlled 
wilti-spindle machines. The boards are finally cut to size, for ~hich various 
mPt.hods such as slitting saws, shears ;:md, now, lasers arl' err.ployed. 
Connecting fingers are plated with nickel or nickel and gol1l. For cutting 
con tc•.irs Hout. i ng Machines <1rt• dVa i 1 ati I e. The PCBs art> then r,·;.1dy f0r packing 
iind 8hipping. 
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Sche~ati~ Process Flow Diagram: 

'---PilE_I~-~-~-?E-~~~ ;::::;~ ~-~~~-~ ·~... I.,_ _____ ~ O'~CX I 
v 

r---~ AES!S'r C,;J.\rI~ ~_j l."tE.:X ..._ __ _., . ..._ _______ ___.; ! ... __ ___. Q 

I 

OtECK ATTAcr. I ~ 
--C-IACU-.. ITS-.....;t-c_:-----:_CO!'U'OfCE ___ NTS_---'t<~ 

I 
BUillt I!' 
CIACUI:S 

TEST 
FUNCTION 

PACP.Al';E 
PiiOOOCT 

I 

Characteristics of a Typical Production Unit: 

Capacity 

Turn Over 
Area required 

Machinery: 

Equipment: 

Materials: 

5000 sq. meters (Product Mix depends on 
ac tua 1 orders) 

$800,000 
500 square meters 

Scree.1 Printing M::ichine 
Precision Camera or CAD ImagPr 
Plating Bath 
Etching Machine 
Shearing Machine 
Drilling Machine (Precision) 
Circular Saw for PCB Cutting 

fl i ,~h Vo I t;Jge Tt>s tt·r 
Continuity Tester 

Micro::;cope for cht><:king pal.t.t>rn:. 
C: i rc:u i t t.t''.; t. i nr, Equ i p~»n t 
Micro comput(•r 

CoppPr ci~d phenolic or Glass-Epoxy 
shf>f•ts 

Chemicals for plating 
Photo fi Im 
Chips rt~; requirc>d for spPcific orcit•rs 

Costs: Copper clad laminates will n<'Pd to be imported 
for plating anri etching; tlwse wi 11 c0:;t. about $18 p<'r 
sinr,le-sided PCB. Cost of machinery will be> $40,000. 
bf" around $~.ooo. 

as also the chemicals 
squar<' mc>ter for a 
Equipmc>nt co:.t wi 11 
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Personnel: The fol lowing per:.vnnel ·..-i 11 be needed to staff thi:- enterp:-ise. 
Persons should be recruited ,...ho have the ability and background for the 
particular job specification and A"ho h:we the ability to gro• or develop 
into the logical successor positions. 

Personnel required: Production Manager 
Testing Specialist/Programmer 
Skilled Workers 
Asse~bly Operators 
Sales/service technicians 
Administration 

The lines of professional development are: 

Skilled Worker to Testing Specialist 
Sales/service Technicians to Testing Specialist 

i4) 

!6 
i6i 

\2.• 
(2i 

Training: Some specialized training ,...i 11 be neces~i:!I'Y for pe-rsonnel to 
become fully qualified to perform the tasks necessary f~r the 8peci:ic job 
classification. Some of this training can be obt~ined frvrn suppliers of 
particular equipment, some can be obtained fron local educational institu
~ions, and some can only be obtained through special training provided by 
the employer. 

Skills required for assembly are simple and require a ,...eek's training on 
the job; for testing specia~ist/programmer and skilled ~orkers, a vocational 
school background is necessary, while the Production Manager should preferably 
have a diploma in Electronics. Sales/service technicians can receive job 
specific training on the job, but should have a background in one or the other 
subject from prior experience. 

Quality Control: In the field of electronics, quality control is parti ularly 
important. The reason for this is that deviation from quality standards ~ore 
often than not leads to catastrophic failure, rather than reduced p€rformance. 
The acceptance of a product, and indeed, the credilility of a manufacturer 
hinges on ad~quate quality control. This control must be maintained through
out t~e manufacturing or assembly process. Tests must be made on ail conponents 
which are sourced from outside the company. 

The fir.al product is no better than the worst of its components and 
continuous testing is necessary to assure that the supplier has not slippej 
in his quality control process~s. All products must have a formal process 
,...hich tests the product and its subassemblies at logical points during 
manufacture so that corrections can be made, or the manufacture aborted. 

Attention to qua Ii ty control is critical wh.:>n selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outside consultants for original testing schemes. Review 
of the processes must occur periodically for static products (every J-6 mvnths) 
and upon introduction of any n~w products. 

C. MAGNETIC TAPE CARTRIDGES/CASSETTES 

Introduction: Magnetic tape cartridges ~nd cassettes are metal or plastic 
enclosures housin~ two reels and a length of magnetic tapP. They are used in 
a variety of applications, including dictation mact1ines, stereo entertainment 
systems and computers. The quality of the tapP and the precision of the 
housing are governed by the application of the product, with morr preci~ion 
requirf'd for stereo and computer usP th"ln wi t.h di.ct.at.ion. 
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r·!;-;n~f~:C~~!'ing Pro..:e-S$: The r:a~!uf.:tLturin~: proc~:.lS s~;~r·ts Ai t~1 th~~ ~ ~!!'1..'i"'.:!St ... vf 
pa?·ts f:-,1~· :.:. v;u-it't:y of vendors. 'tiht'n t!-.t> parts ;H-r.:.1:t>, s:i>'lplt>s ;,ri::- s~nt for 
q~1:llity 3ssu:-an..:e testing. Mech~nic:tl tt'Sts :tre m::ide to ch;:>ck tc!t':·an..:~s ~ind 

••-'a:· o:· ::ot.:rvi...-atility. Electrcnic tests ;ore r:iade for ft;nction, current and 
s.-ifo:-::;. un..:t' <t shipr.·.:-nt is approv,,d, th~~ parts art' stort'd on shf>lving for 
t.~.•==':; i<i·.•:1~i.L.c2tio~ and ;::cce~s. The pa:·ts ar<' unp~1ckt'd b<'·for.:- bringing tl;•·!·: 

tq : =-~-:. ~:ss~~~-· iy J it~t:, pl<lced in rubiH.>?" t)ins or· :J;:skt:ats for d~~trit.:...~~-ion .~n ... i 

.. ·:·:·· 
~· ~- :;:.!L··~ic ;~:~t· is ::cquir·".•d throug~1 u:~t:llr.!·.· ;1~::- .... ·:'~z_::.-.;t~. ~·::.i~ ··-· ~· ·.-.:~: 

\....·~·: :!··::··-4
:·: • .:.·_~·- .:: r·cqui1·t.~d for the intt"!'"ld~J .-i~~;: l\:.:..:~irJ!:, ~·-!~~, 

; .. ·:··--,r,:; v:· ..'::;;zm. The bulk t::pt" is slit to th•· ;:;..·~•r».Ji)r·i.::t., ·.·:>:.-: .. 
;"::·ticc:L:r- ::p~llc;c>t1on. cleant>d (utilizing soJ·,;..,•no;:~,; ~nd t:l•:-~::;.-.:,;,· 

CC!·::.,:;·_~cr: ;:.~chint"S• and ri::>·•ound onto feed spools. 
ho..;:o i Oi i .; t.i"t:-n prep;::r·ed for inserting the ree} S. 

Tht' Ca::;sett!o- or C;:i·t_r;J,··· 
The tape is wound frc~ T~,. 

~~~~ ~1u0!~ unto tne lake-up reel, which is then placed in t~e hous1~~- r~ •. 
t~~~ i~ ltd throug~ the feed path and attached to the housing's feed s~a0l. 
1 In ,cu•··· ~:r;r·l ication'' special leaders are used to attach th.:' tape to t:~--

:>pu'.:, .. ; . ·:-i:•:s•· i t":.:de:·s provide extra strength, and in some c:~s.:·s. c· i <'."::: l!.c 

r::::c:.,-! ;,- ht·::d~: in thP tape units.) 

i:.·· :,o:;sin,s i!" th<"n closed and secured and the tape is 1'iound e:nc :·~·.-:~:..ir.': 

In critical <:tpp!ications, the tape is certi~-i~d ,-._.:· 
it::. :-:·;r·:.-_,,_~,. ;:n~ ::;GF:_!;t:-::ic characteristics .. SpE--cial eqt·:pm,._·nt is ust::d fc:~ r_r.::· 
01:•.·:-~:-~"-::. In f_~._-. c~s-~ of audio tapes this stt:>p may not t· nec<:-ssc,:-y. 
r'ir.,: !:. , :r, .. i:c;•.isi:;i' :s plact-d in :i prote-ctiv<· cover, usuc.l ly r. p!::5•.i·:: 
·::r~t:!...;~=~-=···, ;::1t_i :sf:r-.n~-·...;r-ap sealed to protect th~ product fro::1 hu::1iciit.:.; <:!.C 

ri' ~- • .. 

'. -·· 
-· -~ ~ -> CUT/SPOOL INS:i:RT Si'OOLS SECURE .... -~: F A~t T~Sr 

,,,.. 
~;: : :-;..:-:. TA!-E TAi'E IN CASSE:TTES/ r-> CASSETTES/ 

CARTllIDGES CARTRIDr,ES 
I I I I 

! 
( 

FOR DIGITAL RECORDING 

v FuR #- ~•11:.0G 

I F-?.:.:':: ?~:~.u i "'"" I I 
' PETEN:-;!l1N 

I 
~ 

TAf'F. ... '!'AP~ 

[EJ . 

c:r1.ir·::"~··r-i:;t.ic:; _r>f' .. ~!lr.~~!. Prod1 ·ct ion Unit: 
- - --- - - - ----

Cap:1•: it y 

Turn Pv,.r 
~·)p;J<'f' !it·qt I j r•·cJ 1":>0 ~;q tJ;i re me> t." rr> 

Work arc>ri ?50 ~;quan· ffi"t.••!''.', 

St.on• 50 ~;qu;trf' mr·t •·r·:" 

Off i o· '>0 sq11an· m,.,_,.r·:; 



Machinery: 

Equiprr.ent: 

Materials: 
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Shearing Machine 
Drilling Machine 
Hot Stanping Machine 
Tapping Machine 
Po...-E'r P1·ess 
Grinding Machine 
Tools, Jigs, Dies and Fixtures 
Hand to~ls, soldering irons 
Tape Slitter 
Tape Cleaner 
Tape Winding/Stuffing Machine 
Housing Sealing Machine 
Packaging Machine 

Tape Certifier 

Bulk Tape 
Housings for Cassettes1Cartridges 
Spools, Rollers, Pads, etc. 
Packing Material 

Cost: Machinery/Equipment ocst wil I be aro;.md $30 ,000-50 ,000 depending on 
production volume. Cost for Materials ~ill change with prcduction vol~me, 
quality of tape and housings used. P:-ices vary widely and are si..;bject to 
changE' depE'nding on demand, petroleum supplies an0 coating availability. 

Personnei: The following personnel ~ill be needed to staff the enterp1·i~2. 
Persons shou!d be recruited ~ho have the ability and backgro~nd fer the 
particular job sµecification and ~ho have the ability to gro~ or d~velop 
into the iogical successor positions. 

Personnel required: Production Manager 
Purchase Specialist 
Testing Specialist 
Shop Foreman 
Assembly Operators r !Oi 
Skilled Workers 14) 

Sales/service technicians (4l 

Administr~tion (2) 

The lines of professional development are: 

Assemhly Operator to Skilled Worker to Shop Fore~an or Testing Specialist 
Sales/service Technicians to Purchasing or Testing Sp~cialisl 
Ski! led ~~rkers to Testing Specialist or Shop F~rem~n 
Shop Foreman to Production MRnager 

Training: Some specializPd tr~ining will he nect>~sary for peraonnel to hPcome 
fully qu-'llified to perform the tasks necessciry for t.hP specific job classifi
cation. Somt· of this tr::iining can be ohtained fr·yn suppl i':rs of particul'-lr 
equipment, some can be obtained from local educat.ional institutions, and some 
ccln on 1 y bf· ob t.a i nf'd t.h rough spi>c i a I training prO\, i d(·d tiy th•· f:mp l oyer. 

Ski l I:; requ i rPd for <i~·;semh I y ar'" s i rnp l ~· and r't•qu i rf• ;:i wN·k' s training on 
thr joh: for tPst.ing or in3pection specialists and 3hop for~man, a vocational 
schoo I h-'lckground i ~; rwcessary, wh i I e thP Prc,·!11c t. ion Man;JgPr ~;hou Id pre ({•rab 1 y 
ha~e a diploma in Electronics. Sales/service tPchnicians ~an receive .loh 
spN:ific training on th(' job. h•!' .. :.iiould have• a background in om• or t.hP ot.her 
subject from prin,... ..... 1.wrlPOCP. 
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Quality Control: In the field of electronics, qua Ii ty control is particnlarly 
important. The reason for this is that deviation from quality standards more 
often than not leads to catastropic failure, rather than reduced performance. 
The acceptance of a product, ar.d indeed, the credibility of a manufacturer, 
hinges on adequate quality control. This control must be maintained through
out the manufacturing or assembly process. Tests must be made on all 
components which are sourced from outside the company. The final product is 
no better than the ~orst of its components and continuous testing is necessary 
to assure that the supplier has not slipped in his quality control processes. 
All products must have a fnrmal process ~hich tests the product and its sub
assemblies at logical points during manufacture so that corrections can be 
made, or the manufacture aborted. 

Attentior. to quality control is critical when selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outside consultants for original testing schemes. Review 
of the processes must occur periodically for static products (every 3-6 months) 
and upon introduction of any ne~ products. 

D. MAGNETIC TAPE CARTRIDGES/CASSETTE~ UNITS 

Introduction: Magnetic tape cartridges/cassettes units are assemblies 
comp::-ised of an electr·ic motor, drive mechauisms for two reels and the 
read/record tape transport, magnetic read/record heads, electronic circuitry 
to amplify the magnetic signals and to control the motion of the tape, 
connectors t.o attach the assembly to the using unit and a suitable cabinet 
to house the 3ssembly !internal to a computer or external for interconnection). 

Manufacturing Prc~ess: The manufacturing process starts with the purchase of 
parts from a variety of vendors. When the parts arrive, samples are sent for 
quality assurance testing. Mechanical tests are made to check tolerances dnd 
wear or survivabi Ii ty. Electronic tests are made for function, current and 
safety. Once a shipment is approved, the parts are stored on shelving for 
easy identification and access. The parts are unpacked before bringing them 
to the assembly line, placed in rubber bins or baskets for distribution and 
placed at the appropriate workstations. 

In the initial assembly a chassis is prepared to accept the mechanical 
parts of the tape drive m~chanism, the motor, gears, belts, capstans, 
rollers, and posts, which are mounted and tested for mechanical operation. 
The electronic components ar~ mounted on a PCB, which is then installed in 
the chassis. The read/record heads are mounted on the chassis and connected 
to the electronic circuitry. The motor is connected to the control circuits 
and the assembly is then tested for speed, tracking, signal genera~ion, 
amplitude tolerance, etc. The chassis is then mounted in an appropriate 
cabinet, packed, sealed, and label Jed for shipment. 



Sche~atic Procrs~ f lo~ Diagram: 
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Characteristics of a Typical Production Unit: 

Capacity 
Turn Over 
Space Required 

Machinery: 

Equipment: 

12,000 Units 
$600,000 
400 square ~eters 
Work area 
Store 
Office 

Shearing Machin~ 
Drilling Machine 
Soldering Stations 
Hot Stamping MRchine 
Painting Equipment 
'!'apping Machir,e 
Powf>r Prf>ss 
Grinding MachinP 

350 square meters 
50 square meters 
50 square meters 

Tools, .Jigs, Di~·:.; ;,rHl Fixturr·;; 
l n:;u J ;it ion 1't·:; \,('f' 
H•ind tool~-;, so I rl• T 1 r11; i r·ori:; 

W i df' hand osc i I l o:;n>I>' · ( ·~'>U r.'.tlz) 
P0wf'r Supp I if·:; ( ~) 
AC Milli-voltmetrr 
Function GPnl'rat.or 
IC Tes tt•r 
Con ti nu i ty Te:dJ.·r· 
Circuit tf'sting Equipm~nt. 
Osc i I I oscopP 
Output. mPter 
St;:ibi I i:wd pow<'r rrnpply 
Te<; t Tap<>~> 



Mater-ials: 
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Chips as required for specific orders 
Cabinet 
Transistors and Diodes 
Capacitors 

Plastic Fil~. Electrolytic, Ceramic 
Resistors 

Carbon Film, Wire Wound 
Potentiometers 
Printed Circuit Boards 
Hardware Items 
Tape Mechanism 
Switches 
Connectors and cables 

£ost: Machinery/Equipment cost wil! be around $30,000-50,000 depending on 
rroduction volume. Cost for Materials will be around $30,000-50,000. 

Personnel: The following personnel will be needed to staff the enterprise. 
Persons should be recruited who have the ability and background for the 
particular job specification and who have the ability to grow or develop into 
the logical successor positions. 

Personnel required: Production Manager 
Purchase Specialist 
Testing Specialists (4) 
Shop Foreman (2) 
Assembly Operators (10) 
Skilled Workers (4) 
Sales/service technicia11s i2) 
Administration (2) 

The lines of professional development are: 

Assembly Operator to Skilled Worker to Shop Foreman or Testing Speciaiist 
Sales/service Technicians to Purchasing or Testi~g Specialist 
Skilled Workers to Testing Specialist or Shop Foreman 
Shop Foreman to Production Manager 

Training: Some specialized training will be necessary for personnel to 
become fully qualified to perform the tasks necessary for the specific job 
classification. Some of this training can be obtained from suppliers of 
par~icular equipment, some can be obtained from local educational institu
tions, and some can only be obtained through special training provided by 
the employer. 

Skills required for assembly are simplP and require a week's training on 
the job; for testing or i~spection specialists and shop foreman, a vocational 
school background is nece:;sary, while the Production Manager should preferably 
have a diploma in Electronics. Sal 0 s/service technicians can receive job 
specific training on the job, but should have a background in one or the other 
subject from prior experience. 

Quality Control: In the field of electronics, quality control is particularly 
important. The reason for this is that deviation from quality standArds morP 
often than not I eads to catastrophic fa11 ure, rathf'r than reduced perforn.ance. 
The acceptance of a product, and indeed, thf' credibil; ·a manufacturrr 
hinges on Adequate quality control. This control must •intained through-
out the manufacturing or assf'mhly process. Tests must on all 
component;; which arf' sourced from outside the comp;rny. Th<' 11n<.tl product. i~; 
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no better than the worst of its component3 and continuous testing is necessary 
to assure that the supplier has not slipped in his ~~ality control processes. 
All products must have a formal process which tests the product and its sub
assemblies at logical points during manufacture so that corrections can be 
made, or the manufacture aborted. 

Attention to quality control is critical when selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outside consultants for original testing schemes. Revie" 
of the processes must occur periodically for static products levery 3-6 months• 
and upon introduction of any new products. 

E. FLEXIBLE MAGNETIC DISKS 

Introduction: The flexible magnetic disk is a plastic disk on which a coating 
of magnet~c material is placed and on "hich digital signals are recorded for 
use in computing and data processing applications. Primary uses are ~ith 
microcomputers. There are two principal types of flexible disks ~hich are 
defined by ISO standards for both unrecorded media and the recording and 
certification of such media. The manufacture of the plastic film and the 
coating of the surface are extremely comp!ex processes and highly Cdpital 
intensive. It is better to purchase the bulk stock than to attempt domestic 
manufacture. 

Manufacturing Process: The manufacturing process starts with the purchase of 
parts from a variety of vendors. When the parts arrive, samples are sent fer 
quality assurance testing. Mechanical tests are made to check tolerances and 
wear or survivability. Electronic tests are made for function, current a~d 
safety. Once a shipment is approved, the parts are stored on shelving for 
easy identification and access. The parts are unpacked before bringing the~ 
to the assembly line, placed in rubber bins · baskets for distribution and 
placed at the appropriate workstations. 

Bulk magnetic stock (disks) is acquired through out~ide purchase. This 
stock will have the characteristics required for the intended a<plication, 
e.g., High or Lew density recording, Teflon-coated for dirt resistance, etc. 
Bulk stock can be purchased from manufacturers in the US, UK, Germany or 
Japan. The hulk stock is cleaned (utilizing solvents and ultrasonic cavita
tion machines) and inserted into the housing. In some applications a special 
hub must be attached to the disk prior to insertion into the housing. The 
housing may be lined with special material that lifts dust and dirt from the 
disk surface. The housing is then closed and sealed, ultrasonically or 
mechanically. The disk is certified for its surface and magnetic character
istics. Special equipment is used for this operation. finally, the housing 
is I laced in a protective cover, usually a Tyvek envelope, and shrink-wrap 
sealed in 3hipping containers to protect the product from humidity and dirt. 



Schematic Process Flow Diagram: 
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CERTIFY 
DISK 

I 
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DISK 

Characteristics of a ~ypical Production Unit: 

Capacity 
Turn Over 
Space Hequired 

100,000-500,000 Units 
$500,000-5,000,000 
500 square meters 
Work area 
Store 
Office 

Shearing Machine 
Drilling Machine 
Hot Stamping Machine 
Tapping Machine 
Power Press 
Grinding Machine 

400 square meters 
50 square meters 
50 square meters 

Tools, Jig3, Dies and Fixtures 
H~nd tools, soldering iron3 
Di!;k Ins('rter 
H011:; i ng '.jea l f·r 
f';v;k;ig i ng Machin<:> 

Di :-;k Certifier 

Bulk Magnetic Disks 
Hou:; i ng Assernb 1 i e:.; 

f';wking Material 

~~;:~-~: Machin<'ry/r:4uipm{·nt. cost wi I l b<:> ;1round $!'>0,000-'/0,0CO dep1·nd1n1: rn1 
production volumP. Co:-;t for Matc•rial:; wil I r.han1~e with production vol11m,., 
qu;iJ it.y or tape and hour;ing~; w;Pd. l'riu·s vary widf'ly and are r-;ubjf'ct t.n 
d1an.r;P dPp1·nd i ng on dPm;snd, P"tro I Pllm supp I i e:; ;md r.oa ting ~va i 1 ab i I i t,y . 
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Personnel: The follo'liing personnel will be needed to staff the enterprise. 
Persons should be recruited who have the ability and background for the 
particular job specification and who have the ability to grow or develop into 
the logical successor positions. 

Personnel required: Production Manager 
Purchase Specialist 
Testing Specialist 
Shop Foreman 
Assembly Operators 
Skilled Workers 
Sales/service technicians 
Administration 

The lines of professional development are: 

( 101 
(4) 

(4 \ 

l 2 ~ 

Assembly Operator to Skilled Worker to Shop Foreman or Testing Specialist 
Sales/service Technicians to Purchasing or Testing Specialist 
Skilled Workers to Testing Specialis~ or Shop F~r~m~~ 
Shop Foreman to Production Manager 

Training: Some specialized training will be necessary for personnel to become 
fully qualified to perform the tasks necessary for the specific job classifi
cation. Some of this training can be obtained from suppliers of particular 
equipment, some can be obtained from local educational institutions, and some 
can only be obtained through special training provided by the employer. 

Skills required for assembly are simple and require a week's training on 
the job; for testing or inspection specialists and shop foreman, a vocational 
school background is necessary, while the Production Manager should preferably 
have a diploma in Electronics. Sales/service technicians can receive job 
specific training on the job, but should have a background in one or the other 
subject from prior experience. 

Quality Control: In the field of electronics, quality control is particularly 
important. The reason for this is that deviation from quality st~ndards more 
often than not leads to catastrophic failure rather than reduced performance. 
The acceptance of a product, and indeed, the credibility of a manufacturer, 
hinges on adequate quality control. This control must be maintained through
out the manu!'acturing or assembly process. Tests must be made on al I compont·nts 
which are so1Jrced from outside the company. The final product is no better 
than the worst of its components and continuous testing is necessary to assure 
that the suppliPr has not slipped in his quality control processes. All 
products must have a formal process which tests the prociuct and its sub-
assembl ies at: logicrll points during manufacture so that corrt:>ctions can he 
made, or the manufacture aborted. 

Attention to quality control is critical when selecting superviscrs, 
inspectors and technical employees. The design of adequate programs may 
require the use of outs i df' consu I tern ts for· orig i na 1 testing schf'me~;. HPv i ew 
of thE:' proce:-;ses "lust occur periodically for :-;t8tic prod;1ct.s (every ~-6 months) 
and upon introduction of any rlf'".•1 product.s. 

Introduction: F'lf'xible m;ignPtic di;;k drivE:·:-; <1n• ;1ssembl ies compri;;f'd or ;sn 
f..•lf·ctricmot.or, drivf' m~·ch;rni;;ms for t.hP dif;V.:-; and t,h" r(•ad/rt><"cJrcl mf'ch;sni:;rn, 
magnetic rf'ad/ rf'cord hei.lrb, t> I PC t.ron i c c i r·cu i try t.o ;1rnp I i fy I.ht· mci,~nf• t i c 
r;ign~llH ;:ind t.o cont.rol thf' mot.ion of U1f• di:;V., connPct.or:: t.o ;it.Lach t.h(' 
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;:isser:'bly to tht' using unit and a suitablt, cabin·:-t to house the assembly 
( intt•rn:!l to ;:: cor..puter· or external f:::ir int.:rconnection). 

Manufacturing Process: The manufacturing proce5s starts with the purchase 
of parts fror:; a variety of vendors. When the parts arrive, samples are sent 
for qua! ity ~ssurance testing. Mechanical tPsts are ~ade to check tolerances 
::::nd ·.·:e2r or sun!iv:!bility. l::lectror.ic tests are r;;:.:d•.• for 1\.:nction, currC'nt 
and Sdfe~y. Once ~ shipment is approved, the p3rts ar~ ~tared un shelving 
for e:::sy idE•n7.if~c··o,t i•:>tl and access. The p~:rt:s ;!r·e un;::c:~:i::•d L·:-for'•-' l-ringing 
•_hl"r:. :·') 'b- :is:c:•_,~t,Jy i ine, placed in rc1bL•.'l' Lin~~ o:· L :c·~:t·t ,- t'u:· dis•.rilH1tion 
~,nJ '.:,_-._.,i :,1 '.'t:c :;':'r·,;priat._• workst;:1tion:;. 

In ~h~~ ini ti:..: I ,::~sembly a chassis ~=~ p:·t.~;.._'::~-··d ~.c ,:,~1..'··~.· 7_!!~· r:;~--._·:~·ir1ic~1J 

parts cf r_ht" dis~: drivt:. ~echanism, the mote!', f. 1 <:rs, :_,._.:....-:--; ;:~~·:i c~1µs~;.;ns, 

·.-:hich nr._• riounted <'>r.·i te:.;ted for mechanical op~r-ation. Tt.-' --!ectronic 
components are mountt>d on a PCB, which is then inst3! !•-j in U1.:· chassis. The 
read'record heads are mounted on the chassis and conn~:t~d •o tt1e electronic 
circuitry. The motor is connected to the control circllits ;_rnd the asserr.bly 
is then tested for S?~ed, tracking, signal generation, amplitude tolerance, 
etc. The chassis is then mounted in an app~opriate ca~inet, packed, sealed 
and labelled for shipment. 

Sche~atic Process Flow Diagram: 
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Charac!J·ri~;t.ic; of ;j Typical Production Unit: 

Cap;jr i t.y 

Turn r;v1•r· 

Spi.!C(' Hl"qll i rc•d 

1 '2 ,000 llni t.:.; 
$ I , '>OO , 0()0 

400 squ;,ire rn1· 1.,·r·:; 

Work area 
Storf" 
Office 

- n:sr 
ASSEt'.BLY 

I 

IN57ALL 
IN CA~E 

:i•,o ~;qu;,ire me t.('rs 
'>0 r;quare meters 
•,rJ :;quare mC'tf'r;, 



Machinery: 

Equipment: 

Materials: 
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Shearing Machine 
Drilling Machine 
Soldering Stations 
Hot Stamping Machine 
Painting Equipment 
Tapping Machine 
Power Press 
Grinding Machine 
Tools, Jigs, Dies and Fixtures 
Insulation Tester 
Hand tools, soldering irons 

Wide band oscilloscope (350 MHz) 
Power Supplies (2) 
AC Mi!Ji-vo!tmeter 
Function Generator 
IC Tester 
Continuity Tester 
Circuit testing Equi~~e~~ 
Osc i 11 oscope 
Output meter 
Stabilised power supply 
Test Disks 

Chi~s as required for specific orders 
Cabinet 
Transistors and Diodes 
Capacitors 

Plastic Film, Electrolytic, Ceramic 
Resistors 

Carbon Film, Wire Wound 
Potentiometers 
Printed Circuit Boards 
Hardware Items 
Disk Mechanism 
Switches 
Connectors and cables 

Cost: Machinery/Equipment cost will be around $40,000-60,000 depending on 
production •1olume. Cost for M2terials wi 11 be around $45,000-90,000. 

Personnel: The following personnel will be needed to staff the enterprise. 
Persons should be recrLlited who have the ability and background for the 
particular job specification and who have the abilit) to grow or develop 
into the logical successor positions. 

Personnel required: Production Manager 
Pucchase Specialist 
Testing Specialists 
Shop Foreman 
Assembly Operators 
Ski! 1 ed Work"' rs 
Sales/service technicians 
Administration 

The lines of professional development are: 

(4) 

( 2) 

( 10) 
(4) 

( 2) 

( 2) 

Assembly Operator to Skilled Worker to Shop ForF>man or Testing Specialist 
Sales/service Technicians to Purchasing or Testing Specialist 
Skilled Workers to Testing Specialist or Shop Foreman 
Shop F'orem'm to Production Manager 
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Training: Some specialized training will be necessary for personnel to become 
fully qualified to perform the tasks necessary for the specific job classifi
cation. Some of this training can be obtained from suppliers of particular 
equipment, some can be obtained from local educational institutions, and some 
can only be obtained through special training provided by the employer. 

Skills required for assembly are simp!e and require a week's training on 
the job; for testing or inspection specialists and shop foreman, a vocational 
school background is necessary, while the Production Manager shouid preferably 
have a diploma in Electronics. Sales/service technicians can receive job 
specific training on the job, but shou:d have a b~ckground in one or the other 
subject from prior experience. 

Quality Control: In the field of electronics, qu~lity control is particularly 
important. The reason for this is that deviation from quality standards more 
often than not leads to catastropic failure, rather than reduced performance. 
The acceptance of a product, and indeed, the credibility of a manufacturer, 
hinges on adequate quality control. This control must be maintained through
out the manu[acturing or assembly process. Tests must be made on all components 
which are sourced from outside the company. The final product is no better than 
the ,;orst of its components anrl continuous testing is necessary to assure that 
the supplier has not slipped in his quality control processes. All products 
must have a formal process ~hich tests the product and its subassemblies at 
logical points during manufacture so that corrections can be made, or the 
manufacture aborted. 

Attention to quality control is critical when selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outGide consultants for original testing schemes. Review 
of the processes must occur periodically for static products (every 3-6 months) 
and upon introduction of any new products. 

G. OPTICAL DISK SCANNER UNIT 

Introduction: Optical cii~x scanner units (drives) are assemblies comprised of 
an electric motor, drive mechanisms for the disks and the read mechanis~,, laser 
unit, electronic circuitry to amplify the laser signals and to control the 
motio~ of the disk, connectors to attach the assembly to the using unit and a 
suitable cabinet to house the assembly (internal to a computer or external for 
interronnection). 

Manufacturing Process: The manufacturing process starts with the ~urchase of 
parts from a variety of vendors. When the parts arrive, samples are sent for 
quality assurance testing. Mechanical tests are made to check tolerances and 
wear or survivability. Electronic and optical tests arp made for function, 
current and safety. Once a shipment is approved, the parts are stored on 
shelving for easy identification 2nd access. The parts are unpacked before 
bringing them to the assembly line, placed in rubber bins or baskets for 
distribution and placed at the appropriate workstations. 

In the initial assembly a chassis is prepared to accept the mechanical 
parts of the disk drive mechanism, the motor, gears, belts and caµst~ns, 
which are mounted and te~ted for mechanical operation. The electronic 
components are mounted on a PCB, which is then installed in the chassis. The 
read he<1d and l a:-;er arf· moun t.ed on the chassis and connected to the 
electronic circuitry. The motor is conne<:ted to the control circuits and th~ 
assembly is then tested for speed, tracking, signal generation, ~mpl itude 
toli·ranct-, ~·tc. Thf· ch;1ssi~; is thi·n mountf·d in an :-1riprc;priate c;:ibin!'I., 
packrd, sealed and label led for shipment. 
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Charact,•r·istics of ·• Tyrical Production Unit: 

Cap~.c i ty i: ,000 Uni ts 
Turn Lh:t•r $1,500,000 
Space Ht•qu ired 400 square meters 

Machinery: 

Work area 
Store 
Off.ice 

Shearing Machine 
Drilling Machine 
Soldering Stations 
Hot St.amping Machin!:' 
P:-1int.ing Eq1Jipmc>nt 
T.1pp inc M:-1ch inc> 
flower PrPS!> 
c;r· i mi i ng M:1ch in•' 

.100 
50 
50 

Toni:;, .Ji~:;, llit>:; and Fixt.1w1·:; 
I n:;1l1 :i ti on Tf's t.Pr 
lt:md too I:;, :;o I dc>r i ng iron:; 

w id<' b;ind o~;c i l I oscopc> ( .l~O Miiz) 
l'ower S11pp l i c>s ( 2) 
AC Mi 11 i-vol tmt>l<>r 
1-·1mction G<'nPrat.or 
IC T<'slt·r 
Continuity Tester 
Circuit t.e:; t. i ng Equ i pm<'n I 
O:;c i I I o:;cop<' 
Out.put. mp te r 
~; Lth i I i :a·d pOW(•r :;i1pp I y 
T<·:;! lli :;k:; 

TEST 
"55Elf.BLY 

I 

INSTALL 
IN CASE 

I 
PACiL'SEAL 

::;qua re met,•r,; 
square mt~ters 
squart' melt•rs 
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Chips as requi n•d for spec i fie orders 
Cabint-t 
Transistors and Diodes 
Capacitors 

Plastic Filrn. Electrolytic, Ceramic 
Resistors 

Carbon Fi 1 m. !to' ire Wound 
Potentiometers 
Printed Circuit Boards 
Hard-.are Items 
Disk Mechanism 
S-.itches 
Connectors and cables 

Cost: Machinery/Equipment ccst will be around $40,000-60,000 depending on 
production volu!!le. Cost for Materials will be around $4~.000-90,00(•. 

Personnel: The following personnt:-1 will be needt'd r.o staff the enterpris~". 
Persons should be recruited who have the ability and background for the 
particular job specification and ~~o have the ability to gro~ or develop 
into the logical successor positions. 

Personnel required: Production Manag€r 
Purchase Specialist 
Testing Specialists 
Shop Foreman 
Assembly Operators 
Skilled Workers 
Sales/service technicians 
Administration 

Tht' lin€-S of professional development are: 

(4! 

(2' 
(lU! 
(4) 

(2) 

(:?) 

Assembly Operator to Skilled Worker to Shop Foreman or Testing Specialist 
Sales/service Technicians to Purchasing or Testing Specialist 
Skilled Workers to Testing Specialist or Shop Foreman 
Shop foreman to Production Manager 

Training: Some specialized training will be necessary for personnel to bream~ 
fully qualified to perform the tasks necessary for tht• spt->cific job cl<J:;sif1-
cation. Some of this training can be obtainPd from suppliers of particular 
equipment, some can be obtained from local educational institutions, and some 
can only be obtained through special training providt'd by thf' Pmployrr. 

Ski! Is rt'quired for as~>Pmtily arP simp!P and require a WPf'k's tr·aining on 
thP job; for t.t•sting or inspection spPcial ists and shop foreman, a vorat.ion;ll 
school background is necessary, whilP thP Production Manager should prPferatily 
hav~ a diploma in £1Pctronirs. Sales/servicr tPchnicians can rec~ivP Jut• 
specific t.r<lining on th1' job, hut. should havP <l background in onr or the other 
subject from ;>rior rx1.wriPnce. 

(Juality Control: In the field of t>lectrunic:;, quality control i:> part.ic1J!;srly 
import.ant. The rpa:;on for th is i~; t.hat drv iat.ion from q•m Ii t.y :;t.;snd;Jrds mort· 
oftc•n t.h;sn not. le;:id~: to cat.;1:-;tropic fai lurP ratt1c·r· t.han reduct>d rwrform:inn-. 
The acceptanr.P of a prod11ct, and indc•f.'d, Uw crf.'dibi I it.y of n rnanufactw·1·r. 
hinges on adequa t.p qua 1 i t.y con tro I . This con t.ro I mu~; t. rw main t.a i nt>d t.h rou•~h-
01.1 t the ma nu fac tur i ng or as:.;Pmb I y procPsS. Te:.; t.:; mu~; t. he· m:idt• on ;JI I 
companPn t ~; which are sou re Pd from ou U; i df• t.ht> company. Ttw f i na I prod11c t i :-; 
no bettt•r than t.hp worst. of i t.r; componPnt.s rind cont.i nuou:; t.p:,;t. in,g i:; nt-<'f':;:;ary 
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to assure that the supp11er has not slipped in his qu~lity control processes. 
All products must have a formal process which tests the product and its sub
assemblies at logical points during manufacture so that corrections can be 
made, or the manufacture aborted. 

Attention to quality control is critical when selecting ~upervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outside consultants for original testing schemes. Review 
of the pr0cess~s must occur periodically for static products (every 3-6 monthsl 
and upon introduction of any new products. 

H. KEYBOARD ASSEMBLY 

Introduction: The digital keyboard is the primary input unit for micro
computers. It consists of a set of keys representing the alphabet, numerals, 
punctuatio11 marks and special functions which the microcomputer can perform. 
Each of the keys, when depressed, produces electronic signals repr~senting 
codes for the operation of the micro~ulture or data to be processed by the 
microcomputer. Keyboards are usually produced separately frol'l the computer and 
in many cases are interchangeable among comput.ers of different manufacture, as 
long as the operating systems of the computers are the saml". This means that 
there is a separate ~arket for keyboards, independent of sp~c~fic micro
computers. 

Manufacturing Process: The manufacturing process starts with the purchase of 
parts from a variety of vendors. Wher. the parts arrive, samrles are sent for 
quality assurance testing. Mechanical tests are made to check tolerar.ces an_ 
~ear or survivability. Electronic tests are made for function, current and 
s~fety. Once a shipment is approved, the parts arP stored on shelving for 
e3sy identificaticn and access. The parts are unpacked before bringing them 
to the assembly line, placPd in ru~ber bins or b3skets for distribution ~nd 
pi~red at the appropriate ~orkstations. 

ThP manufacture of the keytoard begins with the purchasP of the major 
component.s. They are the k(·ys, thf· PCB, the chassis and th.-> ~~o;i~-ing. As 
prod~ction grows, it will be possible to fabricate thP chassis and housing 
i n-p I ant, but it is easier to continue to purchase the PCB s toc!c and the keys 
from outside sources. The key is an assembly consisting of an elecLronic 
chip, embPdded in a plastic enclosure to protect it from dirt and ·noisture, 
which produces a unique code when po~er is passed through the ~nip. The key 
ass~mbly also has a key-top ~ith the symbol of thP character or ~1nction the 
key encodes, and a spring mechanism to return the key-top to the disconnect 
posit i .. m. 

The PCB is gen€ ra I I y a through-ho 1 e type with ho I es for tio th t ht· I ei1ds 
from t.he key assemblies an<i the ancho:- lug of the key assembly which holds 
the assembly in placP. 

The chassis is a formed met~I plate with holes for the key assrmhlie~. 
ThPse holes art· used to mount t.he plastic enclos•.ire of the kr>y ;issf'rr,hly. 
When tht> assemblies are in pl<icf', the pla:..;tic enclosurPs and th•· ch;-1:;sis form 
a dirt resistant. barrier for the PCB which is mounted dir1'ct ly b1·low Uw 
chassis. 

The ma nu fac tu re or assemb 1 y proct>ss begins by mounting tht· <ippropr i a t.P 

key assemblies in the proper location on the chassis. The elPctronic leads 
of the assemblies are t.hen positioned through the PCB, which i:; then attached 
to I.he ch;lss is and 1.h(' I Pad:; ar•· :;o I de red t.o I.ht' PCB. Thi' conn•·!'! or c ;Jb 1 t.• is 
then attached t.o thc- cha~rnis .in<i t.hf' keyboard is tE·:;tPd by conn<·ct ing it. to a 
tP::;t df'ViC(' and each li:ey ir; t.r:.;t.f'd to det.f•rminf' if the propr-r codr ir.; 
transmittPd. 
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After testing the subassembly of the chassis ~ith keys and PCB, it is 
mounted in the housing. Th~ housing can be a muulded plastic enclosure or 
a pl3stic top with a mC'tal base plate. when fully asser.iblt'd, tht' keyboard 
is again tested to check al 1 possible cod~'s and combinations. The keyboard 
is then packed in an impact resistant container and sealed, with instructions 
for instal iation and use. 

Schecat:: P~ocess Flow Diagram: 

PR::·:-,_;:-:: r-
l~r~.~~:~ !:.; i 

' 

MOUNT 
KE'f S 

PO:>Incr• PCS 
TO CHASSIS 

'---!~-~_-!_~_:.._:.. _ _.11 ~L' ~1'--=--I-NG-IN-~ ~ ... _K_~_~_~_~:_~_ ... _ .... ~B 

Characteristics of a Typical Production Unit: 

Capacity 
Turn Over 
Space Required 

Machinery: 

12,000 Units 
$600,000 
400 squart' m~'lt'r!; 

Work area 
Store 
Office 

Shearing Machine 
Drilling Machine 
Soldering Station:; 
Hot Stamping Machine 
Painting Equipment 
Tapping Machine 
Power Press 
Grinding MachinP 

](JU 

Sr) 

5rJ 

Tools, Jigs, DiP:; :snd Fixt1u·•·:; 
Insulation TP:;t.('r 
Hand too I:;, :;u I dr·r· 1 ni•. : r<i~1:; 

PowPr S11pp l i P:; (;>I 

AC Mi 11i-vuI1.m•·t.pr· 
Jnsuldt.ion T(•:;t,·r· 
IC TesU·r 
Continuity Ti·:; 1.r·r 

Circuit tf.•sting Eq11ipm•'ri!. 
Micro comput('r 
Osc i I I o:;cop(· 

Output. mP l<'T' 
Kt>yhoard Tt-:> t. Machi rw 

::;4uare 
sq1J:::irt~ 

squart• 

Kt'YS as r,..qu i n•d for :;p•·<· if i c onl,.r:; 
Tr;:ins b; tors and JJ i od1•:; 
Capac i tor:; 

Pla:;tic Fi Im, r:J1·ct.rnlyt.i<·, l>·r.im1c 

meters 
meters 
meter:; 
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Resistors 
Carbon Film, Wire Wound 

Printed Circuit Boards 
Hardware Items 
Switches 
Connectors and cables 

Cost: Machinery/Equipment cost will be around $40,000-60,000 depending on 
production volume. l.nst for Materials wil I be around $45,000-90,000. 

Personnel: The following personnel will be needed to staff the enterprise. 
Persons should be recruited who have the ability and background for the 
particular job spec:fication and who have the ability to grow or develop 
into the logical successor positions. 

Personnel required: Production Manager 
Purchase Specialist 
Testing Specialists 
Shop Foreman 
Assembly Operators 
Ski 11 ed Workers 

(4) 

(2) 

l 10) 
(41 

Sales/service technicians i2) 
Administration (2) 

The lines of professional development are: 

Assembly Operator to Skilled Worker to Shop Foreman or Testing Specialist 
Sales/service Technicians to Purchasing or Testing Specialist 
Skilled Workers to Testing Specialist or Shop Foreman 
Shop Foreman to Production Manager 

Training: Some specialized training wil I be necessary for personnel to become 
fully qualified to perform the tasks necessary for the specific job classifi
cation. Some of this training car. be obtained fron suppliers of particular 
equipment, some can be obtained from local educatio~al institutions, and ~ome 
can only be ootained through sp~cial training provided by the employer. 

Skills required for 3ssembly are simple and require a week's training on 
the job; for testing or inspection specialists and shop foreman, a vocational 
school backg~ound is necessary, while the Production Manager should preferably 
have a diploma in Electronics. Sales/service technicians can receive joh 
specific training on the job, but should have a background in one or the other 
subject from prior experience. 

Quality Control: In the field of elPctronics, qua! ity control is particularly 
important. The reason for this is that de~iation from quality standards more 
often than not l1>ads to cat;istrophic frli lure rathi:r than red11ced performanct>. 
The acceptanct• of a produc~, cJnd indeed, the cr·edibi Ii t.y of c1 m;rnufact.urer, 
hinges on adequat.P quality control. This control must. be maintained through
out the manufacturing or assC"mbly proc~'ss. Ti>sts must. tic m<Jde on ;ii I components 
which are sourci>d from 011t.sid1· the company. Thf• f'iniil product. i:; nu twtt.er th;rn 
the worst of its componi:>nts ;ind c·nnt.inuour; t.psting is necessriry to assur~ that 
the supplii>r has not slipped in his 4u;1l it.y control processes. All products 
must. have a form<il process which t1·:;t.:; t.hf· product. and its suhassf•mhl if·s ;it 

logical point~; during manufrlct.ure so that C<lrn·.~t.ions can bf:' mridP, or the 
ma nu f;:ic turf' ab or tPd. 

Attf·:it.ion t.o quality cont.rol i:; crit.ic;1l whf•il ~H·le'.~tin~~ s111wrvisor·:;, 
i n~pi>c t.ors and t.N:hn i ca I <'mp I oyf·r.·~;. Thi· d1·:; 1 Y,n of adeq11a t.P progr;1m~; may 
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require the use of cutside consultants for original testing schemes. Review of 
~he processes must occur periodically for static products (every 3-6 months) 
and upon introduction of any new products. 

I. DISPLAY (CRT l ASSFMBLY 

Introduction: The Cathode Ray Tube display is the prim&ry output device for 
operator use on microcomputers. A Monochrome display is similar to a B/~ TV, 
~hile a Colour display resembles a colour TV. Assembly of these devices is a 
relatively simple procedure. M~nufacture of the cathode ray tubes is complex 
and needs greater technological skill; their production becomes viable only 
in large volumes. CHT displays meant for the domestic market will have to 
conform to national radio frequency interference standards, but those meant 
for export markets may need to meet different standards, such as FCC, PAL, 
~ .. CAM, NTSC and CCIR. 

Manufacturing Process: The manufacturing process starts with the purchase of 
parts from a variety of vendors. When the parts ar~ive, samples are sent for 
quality assurance testing. Mechanical tests are wade to check tolerances and 
wear or survivability. Electronic tests are made for function, current and 
safety. Once a shipment is approved, the parts are stored on shelving for 
easy identificatio~ and access. The parts are unpacked before bringing them 
to the assembly line, pl&ced in rubber bins or baskets for distribution and 
placed at the appropriate ~orkstations. 

Both Monochrome and Colour Displays use a sequential assembly system. 
Initially ~ith low volum~s of production, this can be done manually; later a 
conveyor belt may be used. In the preliminary process, components are tested, 
formed, bundled and insulating tubes are inserted. (These steps are Jabour 
intens~ve and requirP patience. I Various resistors, condensers, coils and 
transformer·s are mounted on the PCB, fol lowed by inspection. 

!Cs and transistors are then fixed on the back of the PCB and soldering 
is done by ~n auto-soldering machine. The assemble~ PCB is tested for 
t•mctional respon::>e to microcomputer output, including colour board for 
colour displays. 

The ~iring is then completed to the PCB ass~mbly. It is then moved to 
the finishing SPction f~r the final assembly inside the cabinet in which thP 
Cat:hodP Ray Tube is alr·~·;,dy fixed. The assembly then undergoes an adjustment 
of the deflection yokP and <1 final inspection of its frequency and insulation 
with its backplatP fixed, where the computer connections are made and 
adjusted. Hazards due to high tPnsion on the controls (due to faulty 
insulation in the fly-b;1d: HT transformer) or due to picture implosion 3rc> 
tested according to the !EL standards. 

Final packaging is important due to the fragile nature of the product, 
particularly to avoid damage to the surface of the cathode ray tube; 
operating instruction and guarantee rard are inserted before the set is 
fin<illy Sf.•aled, with appropriate m;JrJ.'.ings for delivery t.o thf· dPaler or for 
export iibroad. 



Schematic Process Flo~ Diagram: 
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CHECK VIDEO !MAGi:. 
FREQl.iEN:Y 

t--i "'" 
I 

PACKAGING FINAL TEST 

Characteristics of a Typical Production Unit: 

Capacity (Annual) 10,000 Monochrome Displays 
4,000 Colour Displays 

Turn Over $ l . 8 mil I ion 
Space Required 1500 square meters 

Work areci 

Machinery: 

Equipment: 

Start' 
Office 

Soldering Stations 
Hot Stamping Machine 
Temperature controlled oven 
Painting Equipment 
Spot W('ldPr 
T~1ppin1~ M;ichirn· 
f'owr,r Pr('~;:-; 

tirinding Machin,. 
Drilling MachinP 
~;h1·<H' i nr. Machine 
TnoJ,;, ,Jig~; ;md Fixt1.u·.,:; 

VflF Swt>ep Gf'n0r;1tor 
Al i gnm0n t. Scop0 
Colour TV P:Jtt1?rn Gr>ni:r;itor 
C:o I rnw Ana I y:;(•r 
VTVM (with HT prub0) 
f111dio l'owPr Output Mf•tr·r 
I.CH llridgr>/Q-M0ter 

HEAT R'.JN 

800 square meters 
500 square meters 
200 square meters 

vii dr• band O:>C i I l OSCOfH' ( ·i<,o MHz) 
Power Supp I i 0:; ( 2) 
AC Mi 11 i-vol t.metPr 
Fune t. ion C('n<' ra t.ur 
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Wave Form Monitor (625 lines) 
Insulation Tester 
IC Tester 
Variacs 

Cathode Ray Tube 
Cabinet 
Deflection Components 
1ransistors and Diodes 
Capacitors 

Plastic Film, Electrolytic, Ceramic 
Resistors 

Carbon Film, Wire Wound 
Potentiometers 
Printed Circuit Boards 
Hardware Items 

Cost: To start with, components may be imported in CKD form which consist of 
all the components including picture tube; they are available for $25 per kit 
for a Monochrome display (12"-14") and $75 for a colour display (20") from 
Korea or Taiwan. While production of Colour displays may need to continue on 
this basis due to low demand, m3ny components for a Monochrome display such as 
the deflection components, PCB, plastic and metal parts can be produced 
in-house or sub-contracted locally when production of such items is established 
in the country. 

Cost of machinery required for production will be around $50,000 
depending on the extent of 'in-house' production planned. Cost of test equip
ment will be around $50,000, of which the more important are: 

VHF Sweep Generator 
Colour TV Pattern Generator 
Colour Analyser 
Oscilloscope 
Wave Form Monitor (625 lines) 
Q Meter 

Personnel: The following personnel will be nPeded to staff the enterprise. 
P~rsons should be recruited who have the ability and background for the 
particular job specification and who have the ability to grow or develop into 
the logical successor positions. 

Personnel rPquired: Production Manager 
Testing Specialist 
Shop Foreman 
Assemb J y Opera tor~; 
Sales/service tPchnicians 
Administration 

The I ines of prof~·ssion;il devt·lopmf'nt drP: 

(8) 
(2) 

(20) 
(6) 

(6) 

Ass~mhly Operator to Skillf'd Worker to Shop ForPman or Testing Specialist 
Salf'~;/s!·rvic€· Techniririns t.o Tf·:..;ting Sp~·cial i~..;t 
Ski I It'd Workt'r to TP:;t.in~·. Srlf'ci:il if;t or Shop Foreman 
Shop Fon·nian to Product: ion Man;iw·r 

Training: SomP :;pPcial izPd tr;sining wi 11 tw nf·~:f'f;r-;ary for p('rsonnc·l t.o bPcomP 
·foT fy .. ~~ua I i f i ed t.o per form Uw tasks rwcP:;:~;1 ry for t.hP i;pec i fi c j oh c J;1~o;~,i f i
c;1 ti on. Sorn<' of thi~> t.raining c;in bf' obtaini·d from :.;•Jppl ierr,; of p<1rt.icul;1r 
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t'quipment, some c::tn be obt3ined from local educat ion:~I iPst i t.ut iuns, ::nd sor: . .
C<ln on!y be obt.'.1irwd through sp»cial training µroviried by the i:-mployt•r. 

Ski l ls reou i rt'd for asst'mb I y are s imp I e and require ;, · . .;eek' s t r;i in in~ on 
the job; for testing or inspection specialists and shop L.rem;,,n, ·1 vocatil'n<:! 
school background is necessary, while the Fr·oduction Manager should µrefer::t>ly 
have a diploma in Electronics. Sales/service technicians can receive job 
specific training on the job, but sho11ld have a background in one or the other 
subject from prior experience. 

Quality Control: In the field of electronics, quality contr·cl is par·ticular·lv 
important. The reason for this is that deviation from quality standards ::ion· 

oft~'n than not le3ds to catastrophic f<Ji lure r;:~her th3n redw·ed perforr;;;,nc"'. 
The accept<1nce of a produ;.:t, ;md indet0 d, t~.c: ct·edit:ility of a manufactur·er-, 
hing(·s on adeqi;citt' qu::tlity control. This cont!"ol must bt0 maint:1i1wd through-
out the manufacturing or ::issembly process. '!\>st::; must be :nade on :~I I cumpon,-·r:tO' 
\•:hi ch ar·~ sourc~·d from outside the cor:ipany. The final product is no bt·ttt·r th :r. 
the worst of its components and continuous testing is necessary to assure tt;~t 

the supplier has not slipped in his quality control processes. All product.s 
must have a fn!'mal process which t.t>sts the product and it::; suhasst:.'rr1bl ies ::t 
logical points during manufacture so that corrections can be made, or the 
manufacture aoorted. 

Attention to qua! ity control is critical when selecting supervisors, 
inspectors and technical employees. The design of adf:'quale µr·cgr<-sm~ may requir··· 
the usE· of outside consultants for· original testing scheme~;. R•_•vie .. : of tlte 

processes rnu::;t occur periodicil ly for static [H"Odu,·ts (every ·i-6 mo:1ths • and 
upor: i ntr·oduct. ion of any ne\oi produc t.s. 

J. PC/MTCHOCUMPUTEH !\SSEMBLY 

Introduct,ion: The Persomi I Computer or Microcomputer is a free-st anding 
computer for individual or shared use, usually based on a 16 or i2 t1it 
L>rchitecture. The PC gt•neral ly is configured to h<svr- intf-r-n;il 1chip) rcindom 
.11·<•·s'.; r~l'r;:ory lllAM), on.-· or mort> flexiblE disk drivc·s :mo" v.i:':<:ly of 
opt ion:tl connf><U·d pPrir1h..-.ral e4t1iprnent., f'.g., h:.ird disk drivPs, t.apr· 
c::.s:-i•.·tt~- or cartxidgf· unit~;, printt·rs, comm1:nic:· 1 ions intprfacf:o; (rnoder:1:o;l, 
e t.c . It. i :-; tht· f;is test. grrn.li i ng device in ttw bus i ne~~.-; rn:i rk•- t.1, I ace :1nd h••c ;,w;1 · 

of its 1itilit.y, Vf•rsat.iiity :md e:,s~· of use it promi:<es to continue '.;t.rorigly 
in t.o th:· fu t.u rP. 

p;sr-t.~; rr·r,rn ;1 vr.ri•·ty of vendor:-;. Wtwn !J1f· p;:rl'.; arr·iv1., :~:imp!,·:; :in· :;1·rit !'or· 
qu:il i t.y :::-;:-;1ir·;111c1· t.1_•st.ini1,. M1·ch:tnic:il !('~;!.:-; di'<" rn:.1d1· to dwck t.o!Pr':mc•·:; ::ricl 
·11f·:cH· or :'11rviv:1hi I it.y. Elf·ctronic I.PSI'.-~ :ir•· r:1:Jdt· !CJr f1mct.i(Jn, curn·nt. :ind 
c;.if1·t.y. fJn,:1· ;, :;hipm•·n!. i:-; ;1ppr·ov•·d, trw p;irt:-; ;ir·•· :;tor·•·d <Jn ·:h1·lvi .. h t'<lr' 
•·:1:;y idf·nt.i fie::! ion :ind :iccP:;:;. Th•· p:irt:; :we 1mp:wk1·d h•·for··· 'win)'.ill~', trwm 
to tr\I' :i:;::i·r:•r>ly I irw, pl;"·1·d in r1ibh1·r bin'.; or· b:1::k1·t:; fc;:· di:.t r·d;1it ion :111d 
pl:v1·d ;it th1· :•ppr'cJpri:st•· ·..:or·k:;t:it.ior1:;, 

l'r·int.1·d r'.irc:tli~. flo:1nl'.: (l'i'.H:;J :n··· trw ir':;t compon•·r,t.·: t<i hr· :1:;:;1•r:1rd1·d. 
nwr•· ;J['r• 11::11:i l ·.Y fr·ur~ I\ t () f, l't:H:; in " !'(;. Ho:inl ;1:;:;1·r:ib ly I:; ('(lf!\f• I ··x :ir1d 
n1·1·d:; :1 :·•·ri:·r·:it.1· pnHJ1wt.1on i irw. 

I•r·•·rwir1t.1·rl ho:1r·rl:; with 1·l1·r·tr·rH1i<· circ11it:·., h11t. no cornpc,rwnt:; :ir·1· ho11 1'.iit 
from :in <,11t::id•· :;11ppli1-r-. r'r·od1w' iori -.•Jor·k•·r:; tJ1·r1rl :;rn:1l I 1·l1·ctroriic v.in· l1·:1d;; 
;st ::p•·(·ific· :1ri,'.I•·'.: or ::l•TV•· trw l··:1d:; '1;ith ir1::11l:stiori. ritllf'r· p:1r·t:: :sr·r· 
:;or·t•·rl 1,.v rn:wtiirw in :;pr·1·1!'ic onlr·,· :1rid :1t.t:whr·d !.rJ r·•···l:; ,,f ::11'·<·i:tl :1dlw.:iv•· 
L1p1·. Tlw r·r·•·I:: :1r·•· t.l1,·r1 l•·d int() 1rt"lh•·r· m:;chiri•· U1:1: r·:ipidly picV.:: <>IT 111" 
p;sr·t::, iri onlr·r·, :1r1d pl:w1·:; tlwm <HI tlw t,fJ;1r-cJ:;. 
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Some parts may be <tcquired on reels of sprocketed µlastic f.ilm already 
positioned for automatic placement on the PCBs. 

The PCBs contain hundreds of components. About 85 percent of the parts 
can be pl~ced automatically by machine. For example, one machine can install 
integrated circuits (!Csi at the rate of 4,000 chips per hour. A second 
machine can insert resistors, fuses and diodes at the rate of 26,000 per hour. 
A third machine places capacitors, transistors and other components at sinilar 
high speeds. An automatic conveyor shuttles the boards between machines. 

The remaining 15 percent of the parts, including large capacitors and 
integrated circuits, are installed by hand. A "buddy system" is used for this 
work. The system is one in which workers inspect the previous person's work 
before performing their own assembly tasks. This system catches most assembly 
errors and helps promote a high-quality attitude. 

After all the parts are placed on the PCBs, the boards pass down a 
conveyor to a soldering machine. This machine bonds the electrical leads of 
all components to each board's preprinted circuitry. 

As the production facility progresses, surface-mount technology (SMT' can 
be employed. With SMT most components are attached directly to the surface of 
the board, instead of having their leads inserted through pre-drilled holes 
and then sol de red. SMT components are m11ch sma 11 er than the through-hole 
counterparts. SMT components can also be mounted on both sides of the board, 
which is not possible with through-hole boards. SMT requires an "intelligent." 
machine to place hundreds of SMT part5 on the board accurately to within 
5 ten-thousandths of an inch. Such machines are very expensive and available 
from only a few sources. 

Both SMT and through-hole boards are subjected to electronic testing 
before being released to the computer assembly line. Each board is placed in 
a custom huilt machine, which gives the board complex electronic commands to 
perform to test the functional carability of the board. Failed hoards are 
shunted to a rework area for diagnosis and rework. 

The passed boards are sent to the main assembly line. At the head of the 
line is the chassis fabricating machine. It is programmed to crimp, bend and 
rivet pieces of sheet metal in the PC chassis. The chassis is then sent to 
the first of a series of workstations. At each workstation an assPmbly team 
worker adds components to the chassis. At successive stations other workers 
pull parts from the rubber bins to install them on the chassis. As the 
chassis moves down the line it is equipped with shock mounts and disk drives. 
The main processor board is installed, as are the boards for disk and power 
supply controllPrs, random access memory and ;;i multifunction board, as 'Alt>l 1 as 
a power cable, speaker, and the final component, the power supply. 

Upon leaving the final assembly station the comµleted computer is 
shuttled to a be[·ies of tPst stations. The unit is plugged in and powered up. 
A flexible disk containing diagnostic sof'tware is ins~rted and the unit is 
thoroughly tested for all '!. igned functions. After ~;L.nessflll ly compl.,.ting 
the first test, the unit .. ,,.,,(·!~ t.o thf· "burn-in" test .. At. Lhi:; rdte t.h1· 
di'1gnostic software causr . .. 1:omput.(•r to run cont.iniwusly through a 11 its 
key functions for 24 to 'JL "' , ·s. 

After t.P;;t.ing and burn-in thP comput.ec is t.;iken t.o ttw fin;1! f'l0.:t.!'onir 
t.Pst st.r.1tion. The computer, r,;till wit.hout. it:; PXtfTn;il ho11r;ing, ir; conm•ct.1·d 
t.o a varic·t.y or moniton;, prinU•rs rind k<",yhoanh ;ind ;1g•iin p11t. t.hro11gh 
exhaust. i VP t.P:-> t:~;. 



Firnlly, Ult' unit l't'Ct>ives tht> cxt~'rnal housint; ,:r1J is p:ickt'd felt' ship~t'nt 
in :1 :3hockf1r·oor c;:rton <.:!•.mg with its keyboard ~md pu;...cT <·0r·J. 

PRC!,:,:.:: 
CHA~S::: 

INSTALL 
POill'E!l 

CABLE 

I 
I 
I 

:>i 
' ! 

I 
I 

INSTALL 
SPEAK::F. 

! I 
·-,--~ E::ii 
· I . t.<.. 

I •· "·' 
' ' 

I t 

-~ 
1 
I 

:NS7ALL 
::'?JCESSOR 

BOARD 

INSTALL 
POWER 
SUPPLY 

Il'iSTALL 
OTHER 
BOARDS 

TEST 
BURN-IN 
COMPUTEil 

FINAL TEST W/ 
EXTERNAL 
EQU!PMENT 

PACK 

Characteristics of a Typical Production Unit: 

Capacity 
Turn Over 
Space Required 

25,000 Units 
$1 ,800,000 
l ,000 square met~rs 
Work area 
Store 
Offict• 

Plating Bath 
'.;t1t>a r i np, Machine 
Drilling Machine 
Circular Saw for PCB Cutting 
Soldering Stations 
Hot Stamping Machine 
T~mperature controlled ovPn 
Painting Equipment 
Spot W(•) dcr 
Tapping M;:ichi~e 
Power Pres:; 
Grinding Machine 

750 s~uare meters 
I "iO square metPr~; 
lOJ square meters 

Tools, Jigr;, DiP~; and fixturt:>~; 

Insulation Testt:>r 
ll<ind tc,o I:;, r;o l dC'r i n1~ i rem:; 



Equipment: 

Materials: 
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PCB Test Machines 
Component Placing Machines 
Chassis Fabrication Machine 

Wide band oscilloscope (350 MHz) 
Power Supplies (2) 
AC Milli-voltmeter 
Function Generator 
Wave Form Monitor (625 lines) 
IC Tester 
High Voltage Tester 
Continuity T~ster 
Microscope for checking patterns 
Circuit testing Equipment 
Oscillosco!)e 
Output meter 
Stabilised power supply 
Test Disks 

Chips (ICs) as required for specific orders 
Cabinet 
Transistors and Diodes 
Capacitors 

Plastic Film, Electrolytic, Ceramic 
Resistors 

Carbon Film, Wire Wound 
Potentiometers 
Printed Circuit Boards 
Hardware Items 
Disk Mechanism 
Loudspeaker 
Switches 
Connectors and cables 

Cost: To start with, most components will be imported. Some components such 
as the PCBs, plastic and metal parts can be produced in-house or sub-contracted 
locally when production of such items is established in the country. 

Cost of machinery required for production will be around $250,000 
depending on the extent of 'in-house' production planned. Cost of test equip
m~nt will be around $150,000. Materials cost will be around $300-$500 per 
unit, depending on ~he complexity of the unit. 

Personnel: The following personnel will be needed to staff the enterprise. 
Persons should be recruited who have the ability and backg~ound for the 
particular job specification and who have the ability to grow or develop into 
the logical successor positions. 

Personnel required: Production Manager 
Purchasing Specialists 
Testing Specialist 
Shop Foreman 
Skilled Workers 
Assembly Operators 
Sales/service technicians 
Administration 

( 4) 

(8) 
( 2) 

( 10) 
(20) 

( 6) 
(6) 



- 6" -

The lines of professionill ~!velopment ilre: 

Assr:'mbly (.1perator· to S~:illt'd Wurker to Shop F<Jr·enan ct· Tt-s~i.n~ ~~;·Pci:t!L;t 

Sales.'st:>:--vice Tt>chnici:1:1s t<J 'L·sting Spt'<'i3! ist 
Ski I led Wo1·k,,r t.o Tt>sting or· Purch:ising :-1pt•cial ist 01· Shor-· Foro:.·~,,n 

Shop Fort•man t 1J Product i 0n ~'.:1n:11?~'r 

Training: Some specialized t:·aining ·..-i 11 h» n.:-cess:.iry for t-iersurinc•l tu ~,.,•.:o~:"' 

fully ..:iu:t!ified to pt:>rfor:.i the t:i:,~:s nt>ct>ss;iry for the sp"'cific jut· c!.::s::::fi
c:1tion. Some of this t.r::ining can be obt:1ined fror.i su(Jpl ~er·s of ;..;:_:rtietil.1t· 
equipmt-nt, some c::n te obtained from local edL:C<1tionGI in::;titut ions, .:nd ::>G'.'.ic· 

ca!1 only be obt<.1irwd through spt·cial tr::ir~in~ providt•d by th<' t•r..~doyer-. 

Skill::; requirt>d fo1· assc:-mtily are sirnplt• :ind re411ire ~' ·.-:t>c·~:·s t.r-:1inin.; c•:1 
thf' job; for testing or inspt•ction spe•:ial ists '-Ind shop foren::n, ;~ vocation 11 
school b<tckgrmmd is necess:iry, while the ProdL:ction :O'.:m~igt'r should µ1·.:-ft"r:1t·l.:o· 
have a diploma in Electronic::;. Sale::;.'se:·vice technici.ms cm r·en•i.v'' job 
specific training on the job, but should h~ve ~ backgro11nd in one or the other 
subject from t-:rior exper·it>nCt» 

Uual ity Control: In th.-> field or elt'ctronics, q11:.tl i ty contn;l i:--; r-:r-t icul'•r·I::.· 
import:'lnt. Th-:-- reason ror this is th:--:t devL1tion f:·o1' q1nlity st:,:ndcir·d;; ~cir·e 

Often than n1)t Jeads tO C;.;tastrophic raiJurr•, l'athe_•r th,:n !'PdtH.:••d ~,,_•t'fOr'o!;tn~·t'. 

Thf- ::cct'pti1ncP of z.: product, :!I'd indt't'd, the ~-redibi!ity <Jf '' ;-,·,nufacturt·r, 
hinges on adequci t.~' qu::J I it y control • This cont :·o l r.:us t. Lt· r:'.:1 int:, i n,•d t hrougLou t 
thf' m:1n11f;1cturing or :1ssembly pr·oce::;s. TP~;ts nust t~•' r::dt· on :;J l cor:>p'Jn•"rlt.-' 

which are sourced from outside tht- company. Tt1•· fin:,! fJroduct is no t.t:·rte:· 
t.hz.:n the worst of its cor.iponents and continuous t.c·st ini; i.'> r1t•;.:;_•ss:1r:,- to :ts.;urf' 
that the supplit>r h;1:; nllt ~;J ipped in his 411::! ity control pr·0c1·:--;:~e~~- A! I 
products r.111st. h~ivt· '-' forrr.~11 pr·ocess ·.-:hich t•'~;t:-; tn•• p:·od•.:ct ::nd it:.; .'u:·-

assPmhl it•s :it ll)gical point.s d11ri11g r.-1;inufactur~· :'u th:1t <'<Jl'r'l·l .. ir;n::c; c :n t"- :·-.·,.:,., 

or the· rr.:1nuL1<:tur.:- nbort1·d. 

Attention t<: q11;\lity contr·ol i:; cr·it i,·.-iJ -...-r·-.,·n st·l»ct tn~ :;t1f''·r1:i::"r·:;, 
i nspt"c tors .:.ind tee hn i ca I Pr:'.tJ I aye•":;. Th·.- d":~ i gn of ·1f!t-q1 i;, t t· f, r·u,_; r·:l'·:~·: :-, ·1y 
ref1U i rP Uw qs.- of outs id•· cons11 l t::n t :; for <H' i ~'. i n-sl t 1·:.; t in~ . :d .··•·: .. :-:. :·. "-'; ...... 

of thP procr·ssp:; m11st occur· f•f-riodic:,:sl ly t'ur :-;t.ir ic pr·ud•1«t:; i ···:,·ry 1-•· :·,f•nth:;: 
:ind upon introd11ct ion of ;,ny nt"..: products. 

V.. [Jr JMESTI C A!iD C AH HAD; :~ 

Introduct.i(J!"l: 
or Cons1 imer· EI ec t r·on i cs :1nd r•·prt•:;vn t. :i st :1 rt i rl)~ r,o in r for· 1.h•· i!.row th of th .. 
Elf'ct.ronics Ind11:;t.ry in ;.;ny crnmt.r·y. Th•"l'« i:; :i )~Uod dor.tc:;tic ·:•:irV..-·t in r;1u:;t 
count.rie:; ·11i th incn::i:;f·d c<,v1•r;1g•· of r·:Jdio hro:1dc:1:;t.:;; t h(·rt· i:; ·1 I :-;o :1n 1·xport 
market. pot,.nti:1!. 

cow; is t. i ng of :1:>s•>mb I y of' cornp0n• ·n t.:;, acqu i r·r-d th rotl>'.h pt 1rcn:i:;•·, :ind t •":: t in~~ 
th•· fin:il rir-oduct; !;tl.t"r", it ·.vi: l t ... pu:;:;itil•· to rn:1k•., in-hou:;•_·, son:.-· of thf' 
p;irt.s :;11ch ;,:; n·:;i:.;tor·:; :ind IF (lnt.t·r·mc•di:tt•· rr···qUt'rl<'.YI lr:sn:;!'or·m1.-r·;-;. 

r:ompon .. nt.:; :;11ch ;1:; t r:sn:;form•·r·:; :ind <'lli I:; ;ir'f· fi r:;t. r101int •·-! in t.lt(' 
Print.Pd Cir<:1Jit. Ho;1rd (PCH). l.:tti·r·'! tr·.1n!~i:Jtor·:-), r(·:;i:;tcir·:; ;ind c~1p;1citor·:·; ;ar·t-
fixc·d on Ulf' f'CH ;ind th1·n :;uidr·n·d. ~i•·p,ir,it.•· PCH c·;wd:: :u·•· 11:;1·d f'or I.hf· 
o:-;ci 11:1:.or· :md :ir~pl i fi•·r· :;1·ct.ion:: to :1voi(1 l'•···d-t.:irv. Th•· :1:-;:;1·rnt1ly i:. t.h<·n 
t.f':;t.f•d for :;,.n:;it ivit.y, :;1·1,.«t ivit.y, frPqtH·n:·y t'l'~;pon:;,., 0L1t.p11t. g:iin, .. t.c. 
Thf• :;ub;i;;;;1·rnh l i ·:; ;1r•· I h1·ri conn1·r· t.1•d !.OF.'' Uwr· :ind m1;1m I ,.d 1 n :s r::ih i rw t., 
11:;11:il ly ~,l;1:-d.i1-, t'tU.1·rJ with vol1rn11· r·r,nt.n>l, h:md-r:h:1n~'.'' :;v;i l«h (in r:;i:;•· 1,f 
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171ulti-band radio) tuning control, loudspt'a!{er and aeriai asst'nhly. Wood .. ·r: 
cabinets mav ~~ used where quality wood is ~~sily avail~ble. The final 
assenbly is then tested for the electrical ch3racteri~tics in an inter
ference-free chanber. The set is subjected to a life Lest, as well as 
mechanical tests (drop test, climatic and humidity test, etc.) as prescribed 
in the national sµecifications or as specified by U1P IEC. 

Dor:i.e-stic Radios <:!'·.- usu;,l ly sir1gle t,;,nd (r::c·dium -.:::::.ve ':>2':>-16U~' H::_, ur· 
three b::md (one med i ur.i :.-:cive and t.wo short waves 2-6 MHz and 6- I .s 1·'.':::). In 

sor-"" countries where FM broad.:~•~ts ci!·e oµerated, an f~l band :Bt:.-11."' r-:Hz' l:.: 

<:<iso pr·ovidt"'d, but the circuitry b~·cor:'~'s r.iort" complex bec;:tu:3·· of:.·. ·L .,:::;.i1-
tqd•- :-:n::i fr-PquPncy disci·imin;,tion. 

Car radios have basically the sam':' design as the dorr,estic r<.:c:ci:;, hut 

they have to withstand greater vibration and also be cor:ipac~ enoug~ tu fi• 
into the car dashboard panel. There is also need for a special filter 
arrangement to suppress the interference due to the car's electr1cal sy~trm; 

for this purpose, inductive tuning is generally employed. 

Schematic Pcocess Flow Uiagram: 

~>[;]> H 
I 

I CHECK I C·. ··:£.·(..~;::~.: RESISTOR 

! : ·. ? == CAPACITOn 
I 

;."~? ;;-·::: I >i OSC PCB ~>~>· i 

l t<- '"( PACKING TEST El.f.C 
/, l'!C:CH 

Characteristics of a Typical Production Unit: 

Capacity (Annual 10,000 Domestic Radioi· 

Turn Over 
Space Required 

2,000 Car Radios 
$400,000 
400 square meters 
Work areri 
Store 
OffiC":P 

r 
>1 S~L~ER I 

I 
I 

I 
v 

8 . 
v 
I 

I 

;.:;~;;;·~='..'{ Ir• l CAo::;ET 

! 
" 

[ .. '.. I 

100 square mrtl·rs 
':>(J squarr mrtc>rs 
'i() sqwir·f· mPtrr:; 



Machine r·y : 
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Coil Winding Machin~ 
Soldering Irons 
Grinder 
Drilling Machine 
Transformter Winding Machine 
Stoke Press 
Air Compre·;sor (with Spray G~nl 

Some of the machinery wi 11 be avai !able locally; other may nee-:! to be impor~.t:'"d, 

as well as most of the test equipment. 

Equipment.: 

Mat.eri<..i Is: 

Doub I e beam Use ii I oscope ( u-1 U Miiz 1 

RF Signal Generator/Oscillator 
Audio Oscillator 
Power Supplies (4) 
General Purpose Uscil loscope 
Distortion Meter 
Vacuum tube Voltmeter 
Multi-meter 
Interference-free Test Chamber 

Permeability Tuner 
Transistors/lCs 
PCB 
Condensers 
Resistors 
Ind~ctance coils 
Band chdnge switches 
Volume Control 
Tuning Control 
LoudspPakt• r 
Ft>rr i te Rods 
IF Transformer 
Dial 
Cabinet (plastic Gr wooden) 
Battery holder 

With rPspPct. to raw mdt.pr·icils, init.ially much of it ·..-ill b~· bo11ght. 
I oca I I y or i mport.f"d, but I a tcr, somt" of the i terns such ;1s PCB:-;, HP:>i st.ors, 
IF transformers, etc., c;:in tle made within the p I ant. In t.h1· c-1~~ ... or cat· 
radios, an attractivP finb;h i:-; import;-mt from the poir1t. or :;alt·!; :!pfw:ll. 

The front pl<it.e should be chromium rilatf·d or finishf·d in r.1:itt.1· black; if 
fcicilitie~ are not. av::iilable Joc;:sJJy, t.ht• grille and ;JcCf':;:;orit·s may :iJ:-;o 
Of'Pd to br imported. 

Co~~: Tot;Jl cost. of machinery wi 11 tw around $10,0UO; cost. of Te:.t·. P411i~rn1-nt. 

wi 11 bf" $;.>fJ,0()0, of which th,, import<Jnt. i lf•m:·; :1n· Doub I~· tw:irn f)~;r:i l Jo~;c:opt'; 
HF ~>ign:1l c;(•rwr;1t.or. Tht·:;f· may ~>l' impr,r·t•·d from U~>A, UK, WP:;t. (;f·rm:iny or 
Japan. 

!'f·n~!2~·.i. Tht• f'o 1 lowing pPr~-;onm· 1 w i I I bt" n••Pdf·d to :; t<J fT l.t\f' •·n t.t"rpr i :;p. 

Persom; :;hm1 l d h,. rt·r· 1·11 i U•d who h;ivf· Uw ;.ib i I i t.y ;ind backgr<.'tmd for Uw 
part.icular· job :;r,N·if'ic:it.ion ;ind who hav1· It'll' ;1hi I it.y t.o grow or· df·v•·lop 
into I.hf· I rig i c;11 :;11ccr·:;:;or po:; it. i om;. 

f'•·r:amn1· I r t··q11 i n·d: f'roduc t. ion Man;1g•·r· 

Purcha~a· !ipp,: i :11 i :; t. 
Ti·:; t. i ng '.-ip•·c 1 ;i I i :-; t. 

:;hop Fr)n·rn;1r1 
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Assembly Operators (10) 
Line Inspectors (4) 
Sales/service technicians (4) 

Typist 

The lines of profession::.i development are: 

Assemoly Operator to Line Inspector to Shop Forema~ or Testing Specialist 
Sales/service Technicians to Purchasing or Testing ~pecialist 
Line Inspectors to Testing Specialist or Shop Foreman 
Shop Foreman to Production Manager 

Training: Some specialized training will be necessary for personnel to become 
fully qualified to perform the tasks necessary for the specific job classifi
cation. Some of this training can be obtained from suppliers of particular 
equipment, some can be obtained from local educational institutions, and some 
can only be obtained through special training provided by the employer. 

Skills required for assembly are simple and require a week's training on 
the job; for testing or inspection specialists and shop foreman, a vocational 
school background is necessary, w~ile the Production Manager should preferably 
have a dipioma in Electronics. Sales/service technicians can receive job 
specific training on the job, but should have a background in one or the other 
subject from prior experience. 

Quality Control: In the field of electronics, quality control is particularly 
important. The reason for this is that deviation from quality standards more 
often than not leads to catastrophic failure rather than reduced performance. 
The acceptance of a product, and indeed, the credibility of a manufacturer, 
hinges on adequate quality control. This control must be maintained throughout 
the manufacturing or assembly process. Tests must be made on all components 
which are sourced from outside the company. The final product is no better 
than the worst of its components, and continuous testing is neceEsary to 
assure that the supplier has not slipped in his quality control processes. 
All products must have a formal process which tes•s the product and its sub
assemblies at logical points during manufacture so that corrections can be 
made, or the manufacture aborted. 

Attention to quality control is critical when selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outside consultants for original testing schemes. Review 
of the processes must occur periodically for static products (every 3-6 months) 
and upon introduction of any new products. 

L. TAPE RECORDERS - AUDIO, CAR CASSETTE, AND 'TWO-IN-ONE' 

Introduction: This is a simple device for recording and reproducing sound 
through electro-magnetic medns. A built-in microphone picks up the sound, 
converts it into an electrical signal, which is received by a magnetic h~ad. 
ThP :-;ignal is recorded 011 a moving magnetical Jy coi"lted tape which when played 
past a second magrwtic hP:.id reproduc(•s the original sound made audible through 
a loudspeaker. Tape rrco~ders come in different ~inds: mono or stereo; car 
'asset tee for use in th(· ;1u t.omob i IP; dicta phones pr i mar i l y for spe£>ch. A 
popular ven;ion is to us£· ii. along wit.ha r;,idic ('two-in-one'), which besides 
thr radio, also provides the t'acility to record internally from radio 
b1·oarlcas ts. 

Manuf;icturing Pr·ocf·~;:;: Thf' t.ape re<:order i:-; a comhin'1tion of mPchaniccil 
~s("rnhfYi~\voJV;:(JirJ th<" tapr- deck mt·chan i :;m and thf' f' 1 ec tron ic: ci rcu i try for 



; -

::::!y !c' ir.ror·ted sin~·t' ttw a11dio qu:1lity of th·· th-vie•.' dt.·p••rads on th,- pr·(·L'isr,~r• 

;d i~:n::c···:lt ,,:- th•.· L..-·;<i~~ ;,nd tht· C•)nsLu1t spt·t·J vf :.ht· r..uttir· undt•r· v:::·yin~: 

de.~~r- .. •t•:,: u!' t,?n~~ion uf lht1 ta~1,lo. At_ a l;:tt~r ~t:t;;t•. th,·· t:.Jre title~: r.i~:.·: tit~ 

f::t•:"it..':~~':·li 1~" .. ::111y. -11 thou,_~r: tht .. Lt ... td!.~ :ind th·· ri\.~t.or r-·.JY ~.::· i 11 h:svt~ td tit-. 

l !::f' '··.i. 

;ind ~h·· l"':!d~~p~ ·:r-:.·r 1.._H· 0;1tpuT to ,-.11·11h:,r1t·:.-.;. Th·· fin.:: :!~~:>·r--·.: ly i~.; ; .. •:;~,-l~ t":· 

hvtL ,.~··t.'tr"il'.:! ,-~l :r·~:<'tt .. r'i!.~ti 1.':.:; -- frt. 1 q11~·r!cy !···sp8nst•. di~torlit>rl, noi~t-.. 

It··v.,•J -- a:; ~..:t'l ! ;;3 r.:Pc-h;.ini•.·;.tl fe:!C.ur·,,,; suci; 'ts fluttt·r· and ...-o...-. Thest' ;,rt' 
laid dc·..:n in st:mJ.·:rd spt•1:ifi,~::t.i1m:c;, ..-it.ht·r· national or· th._, !EC. 

In the C3St' of th•• car C<!s:5t•t lt> p I ;.y<.·r, Uw sp<.':tk<·rs are separated from 
th.- 1:1·,in as:o:c·rr,bly to b,• fittt>d ;i.t th,· kid: of the car; furtht.'r, th.:- mounting 

nt't'ds to bt• vitir;stion pr-oof. For th':' two-in-one radios, a radio (us•1al ly C''1•' 

band or thret" band 1 is housed in Uw s:im•• Ci.lb inet a I ong i..-i th an aerial 
att;:,ch::-.·.·nt. 
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Equipaent: 

Materials: 

- 7<1 -

Drilling Machin~ 
She:1r i ng Machine 
Tools, Dies !nd Fixtures 
Stroboscop,, 
Insul:cition f-:>ster 
Hand tools, soldering irons 

Audio 0scillator 
Tronsistor tester 
1)sc i I I oscope 
01itput nett:>r 
D~stortion factor ~Pter 
Stah~lised po~er supply 
~c~ and Flutter neter 
Test Tapes 

T3pe Deck Mechanis~ 
Built-in ffiicruphone 
Plastic cabino:>t 
Loudsp• -~ke r 
Printed Circuit Boards 
Tr:.,ns is tors 
Earphone jacks 
Capacitors 
V-:il 11r.-1.- Control 
Resistors 
Ornamental front panel 
Diodes 
Connectors ~nd cables 

Co~t: M:,chinery cost. •.vi 11 be --iro1md $!C',l'•)U; eq•.•i;::;r.-.Pnt cost. ·.·:i 11 rH:- $.?•_.,,,;,_,,_, 
of ,.;hicr. t.h.- most i1:1portant. iter:is -::re 'IJ,y,; ·<nd Fl1:tt. .... r Y.<c>t.1°-r, G::;cilloscop<· :,r~d 

Transistor Tester. These may be imported from US~ ,,r ~~- Tape Deck 
mPche1nism m3y be obtained f:--om Singapor~·. Hong Kong or T:1i:..13,1 :)t the r;.::tP of 
$10 per piec.::· for the si.r;;plP r:1or10-c;_.ssett.~· :·ecurder; for the ~Ol··· compi.-x c;:r 
c;::issetl:t' (with ?.utu rt."JPrse f1'•'-ltt1n· 1 or for the 't.•;o-in-on•:-' recorder·, t."1t· 

price of the Deck mPch<::nisrn ·,;i 11 be aroimd $2D 1wr pit·ce. 

~er_:_;onnf'~: The follo·,:ing personnel will b€' ne•·ciPd to st<d'f t.hl' tnt:.,-rpri:.:w. 
Persons shou I cl b<:' rer:ru i t.ed ·.vho have ~he nb i Ii t.y ;ind be1ckgr01md for t:1e 
p:fft.icular· job specification ;rnd who !V.lVP t.he ;wi I ity t.o gr0·,; or d~velt-ip into 

thf' logic3l suc<:h;sor positions. 

Per~onnrl requirPcl: Prod~1ct irJn M;1nagt'r' 
P11rch;1sP Sp•·c i:1 list. 
Tt.·s t. i ng :-;per: i ;, l i :; t 
Shop For,..man 
Asf;t'"r.1b l y i ;pt·r·;, t oL-; 

L inc I n:-;p1 ·r: cw:.; 

S;1lt·:·;/~;··rvic1· ri·chnici:m:-; 

Ty11 is t 

( l () ) 
( fl I 

\ 11 , 

A:;;.;pmb l y < >p•·r .. t.or t.o [. i rl'' l n:;pP• · t.(I;' I u :-;hop Fon·r~;lfl or· T,.:; t. in,'. :;p,.r· i :1 l i.; r 
:.;;iJ•·:;/:a·r·v1cf• T1·chnici;1ns t.o !'11r·c·h;i:;in.>'. nr· T!':;tin.1~ ::p(·ci:ili:;! 

l.inr· ln:;p,.ct.<ir·:; t.;i Te:;t in.1~ Sw·c i:sl i:;t or :.;hup For1·m.in 

Sho11 r'ur·pm:sn t.o Prod1ic t. ion Man:sw·r· 
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insp~·(·tcr:.: ·1nd tt-·l·hnic·il ~:;1r!0yt"t·~~- ·~ht~ dt':.-)i~~r~ \.)~ :Hif·q1i.·:tt· ~,r·1..;gr:1'.'"".~ r. :y 
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·:r1ri 11pun int rnd.:1(" t ivn of -~ny :1' ·:. ~ 1 r·cd·:,· r :: • 

lnt:·:)fh;,·t ion: Th•· :1~1~:t·r.1~ i:.,r of T\.. t'("r.·~·i\·r·t·~: i:; c~;r:-~;l~·x, : !l! 
----------
·.·:··! 1 '.; t :md:,rd i :-;•·d. It:~ in'.'t·~~·P1.'°"·nt i:· C(.i:.1~•·1r·~t ~· .. ·t·:.v 1.-) .. : ·!n'1 

dP'."'":·1nd for c·o~:.pon,·nt~; unct-· t-.hr.· TV r't·c··iv~·r r~ 1r.u(:1r·t11r,· ~:.:tt·d r.· i::u·~.t·rtfti;""1. 

l•hn:1f;wt'ir•• ()f" pi.·l•l!'(' t11ht>:; ;m:I clispLsy d•·vicf·:: i:.; rcn:··· ,·,":1p!•·x 111d ni .. ·d:; 

gn·:s••·r !··chnolo_gic:I! ;;\.:i 11; th1·ir prod•JC! i(ln iwcor..•·:; vi·::. I•· .~nly in !c:q..'•· 
vc,J11r,£>:;. TIJ !"f·Cf·ivf.'!'~, rn,.:1nt for I.ht• dom .. :.;t ic •n.:!'V."t ·,.i 1 l !1::•; .. !;1 ,·,>:.fun:• tu 

n:1tior1:1I tr:sn:;r;;i'.":;1on '.;•::nd.·sr·d:;, hit tr.o:-;,· r., .. ::nt fn:· •·Xp<·r·• r:· :r·kr·t:; r:::1y n····d 

tom•·"' f'our· d;!T•·r,·nt ~:l•:rnbr·d:;: f'Al., ~1ECti~'.. NT'.-~l'. ·snd ('("[!<. 

A f•illy :·:olid ·;t;s!•· d1·:;ign 11::ing int··~;i·:dcd circ11it:; (Ic::: 
wt:ir·h m;:r:•·:-; for· r•·li:1bilit.y, :;t;1bility ;and d11r:1hility; 

Low f1ow1·r con~;urnpt ion; 
Pict.1wr· t.11ti1·· t:h::t 11:;1·:; fl() pow(•r ..-twn thr· :a·t i:; off; 

A11'.om:ilic g·iin control (M;CJ t.o K•·Pp r111t !IF int1·r·f•·r1ri<·" f"r·"m 

;11itomohilf·~; :and low flying ;1irr.r-:irt prod1win~· '::now' :snd fl1:tti·r; 
VHF and IHIF l11rlf'r:; t.h:it 'LwV.' c.1to !ht· sp1·c1fi1·d frt·q1ll'r1ri•·:;; 

H1•g11Litf'cl pff..i•·r· ::11pply which ~'.iv1·:; ~~nod picl:1r1· with fi1J<'t11:st.in 1• AC 

V<>IL1w·:;; 
CATV/MATV for· C;1bl1· TV or M;i:;tr·r Ant1·rm:1 hooV.-11p 



A Colour TV 1-\t•ct'iver h;is the foll~l' . .-illk?. ch~:r:1,~terist.ics in addition: 

- In-line gun, slotted mask and black natrix for better contrast and 
brighter colour; 

- Auto Colour/AF"T (Automatic Fint> Timingi adjusts automatically tiw 
pictur·e for colour and tint; 

- Autorr.:1tic de-gaussing to P't'V•·nt. n:!1!n·.·tic:1l ly c~wsed colour d::,Lor·tion 

r.:.-~rn:f-:h·tu:·in~ E'roc•.'-->s: Uot:h il it: ::nd C•.::-lot;r· T\! 1·<.>ct0 iven; ust' :1 st•q·_!;"nt:i::l 
ass<::'r.::iy syst.<'r.t. l:1iti:1lly,·,:i~:1 '·)·,: vn!:1:·."':; or pn1duction, this c:::=i b,_, dun·· 

In the prel ir..inary p·o~·«ss, 
Lompvn-:?n~s art_~ testt-d,. for1:ied, tii1:1dl~· 1 i ::rH! i.n::-)ui:-1:.ing t.11f·es art.~ in:-3~~,:~·d. 

(Thes"' steps art• l'.lbour int.-n~'iv,0 :md :···q:1l!·<- p::ti•.>nce. l Va:·ious resisto?-s, 
condensers, coils and transfarr..ers ar·t• r:1our:ted on the PCB, fol lowed by 
inspection. 

ICs and transistors are th~n fixed on the back of the PCB and soldering 
is done by an auto-soldering m3chine. The assembled PCB is adjusted for VIF 
(Video Intermediate Frequency) and AIF (Audio Intermediate Frequency) to make 
the picture and sound adjustments. 

The wiring is then taken up; a tuner and VR are connected to the PCB 
assembly and after inspection, is followed by a second VIF adjustment. It is 
then moved to the finishing section for the final assembly inside the cabinet 
in which are already fixed a Speaker, Picture Tube and mask elPment. The 
assembly then undergoes an adjustr.--.ent of the deflection yoke and a final 
inspection of its frequency and insulation ~ith its bdckplate fixed, where 
the aerial connections are made and adjust~d. liazards due to high tension on 
the controls (due to foulty insulation in the fiy-back HT tronsformer) or due 
to picture implosion are tested according to the IEC standards. 

Final packoging is important due to the fragile nature of the product, 
particularly to avoid damag~ to the s11rface of the picture tube; operating 
instruction and guarantee card are inserted before the set is finally sealed 
with appropriate markings for delivPry to the dealer or for export abroad. 

Schematic Pro• ss flow Diagram: 

ii, __ :_ .. -)Ii_" ___ :._;:-:;-_,_-_, __.')r::i-) r:::i-)~-) ,__V_l_U~--1)-1-1'!-A(-;f.-. _ ... _ c.:; ~~" I ~ ~ ~ rnr:(iur:r;-:v 
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Characteristics of a Typical Production Unit: 

Capacity r mua l J 

Turn Over 
Space Required 

Machinery: 

Equipment: 

Materials and Sub-assemblies: 

IU,UOO B1 W TV Receivers 
4,UOU Colour TV Receivers 

$1.8 million 
1,500 square meters 
Work area 
Store 
Office 

Soldering Stations 
Hot Stamping Machine 
Temperature controlled oven 
Painting Equipment 
Spot Welder 
Tapping Machine 
Power Press 
Grinding Machine 
Drilling Machine 
Shearing Machine 
Tools, Jigs and Fixtures 

VHF Sweep Generator 
Alignment Scope 
Colour TV Pattern Generator 
Colour Analyser 
VTVM (with HT probe) 
Audio Power Output Meter 
LCR Bridge/Q-Meter 

BOU square meters 
50C square meters 
200 square meters 

Wide band oscilloscope (350 MHz) 
Power Supplies (2) 
Audio Distortion meter 
AC Milli-voltmeter 
AM/FM Signal Generator 
Function Generator 
Wave Form Monitor (625 lines) 
Insulation Tester 
IC Tester 
Variacs 
Centralised Signal System (if production is 
above 100,000 sets annually) 

TV Picture Tllbe 
Cabinet 
Tuner 
Deflection Components 
Transistors and Diodes 
C<-.1pacitors 

Plastic Film, Electrolytic, Ceramic 
Re:; is tors 

Carbon Film, Wire Wound 
PotentiometPrs 
Loudsrwaker:~ 

Pr·int.erl Circuit Boardf; 
Hardware I tern:-: 

Cost: To start with, componPnts may bP imported in CKD form which consist of 
a 11 the componC'nts, incl lld i ng picture tub('; I.hey are ;wail able for $~l'1 per 
kit for a B/W Reef' i Vf'f' ( 1 ;.>"-14") ;ind $I()() for " col Ollr r~·u· i Vt'r ( 20") from 



r::Jre~J. O! .. ·'?~1i· . .-~1r.. ·~·~l-.i!f~~ ~~r-oduc-tion of Co!our rect")iv~r-s :.i:ty r.f't•ct to c0n~ir.l!t· 

on thi.~ ::C!s:s dur· ':<J Io· .. : dt-r.:::-lnd, !TI3.n~; cor:-:punents r~.H .. ~-: 8 1 
• .Ji rt!'-'t•iver, suc~t 1~ 

the defl•·L·tion ccriponents, FCB, spe:1ker, ;:,lastic ~-,nd ~:iet.~1: ;•:t!'ts, car; t:~' 

f.i!'oduced in-r.ouse er sL::·-,-on~:rc.ctF·d locally wht·n ~·rodLKtion cf su,-h i t,0 r:::; i,: 

established in the country. 

C0st of machinery ;ec;:.!ired for rroduction ·,!i 1 ! roe around S5U,CU\..', 
depending on the t'Xtent of • in-hcuse' production pi:HHiPd. Cost of test 
E'quipment -.-:i 11 be around S::.·.:>,•._C1U, of · .. :hich the rr.orf' ie1p•Jr·L:nt ar-e: 

VHF s~eep Generator 
Colour TV Pattern Generator 
Colour Analyser 
AM 1 FM Signal Genprator 
•Jsc i 1 l oscope 
Wave Form Monitor (625 lines• 
0-Meter 

With larger volumes cf production, a Centralised Signal System may ~eco~e 

necE·ssary. 

Personnel: The following ~ersonnel ~ill be needed to staff the enter?rise. 
Persons should be recruited ~ho have the ability and bac~ground for the 
particular job specific~~ion and who have the ability to gro~ or develop 
into the logical successor positions. 

?ersonnel requcred: Production Manager 
Testing Specialist 
Shop Foreman 

( 8) 

(2 
Assembly Operators 1201 

Sales/service technicians (61 

Administration (6) 

The lines of profession3l development are: 

Assembly Operator to Skilled Worker to Shop Foreman or Testing Specialist 
Sales/service TechniciHns to Testing Specialist 
Ski!lPd Worker to Testing Specialist or Shop foreman 
Shop Foreman to Production Manager 

Training: Some specializ~d training will be necessary fur personnel to become 
ful~y qualified to perform the tasks necessary for Lne s~·t·cific job classifi
cation. Some of this tr~Jining can be obtained fro:n suprl iers of particular 
equipment, some can he obtained from local educational instit11tions, and some 
can only he obtained through special training provided by the employer. 

Skills required for assembly are simple and require a week's training on 
the job; for testing or inspection specialists and shop foreman, a vocational 
school background is necessary, while the Production Manager should preferably 
have a diploma in ~lectronics. Sales/service technicians can receive job 
specific training on the jnb, but should have a background ir1 one or t.he other 
subject from prior experiF·nce. 

Quality Control: Int.he field of electronics, quality co11trol is p;irt.icularly 
importanl.-Thf' rea:~on for this is that deviation from qua! i ty stnr:Jards mere 
oft~n th~m not. ]pr.ids to cat.;istrophic fni lure r;ithf·r t.h:-in rf'rlucf'd performance. 
The acceptcince of ;:i prorl11ct., <ind indeed, th(" cn:dihilit.v ,fa manufactun-r, 
hinges on <ideqtrntc qual i t.y crmt.rol. This control 1:1w;t. tH maintainf'd throughout. 
tlw manufact.uring or :-is~wmhly process. Tf'sts must hi· rn;Jd1· on 'ii l componPnt.s 



..... ~1i-..·L -~ct· ~-)t)llt"'l"•.~d (!"·.)'!! :..)lltSith• t~:t· •.'J!: 1 f.1 .1n~.'· Th~_':. 

th:tn ·~:t~ · .• ;l)~·~t uf it:::~ 1.'o~?~r :;, ·,nJ z..:ntin11,Jus 

!:1ut\~~sst~mhl it~s ·tr logi1." 1l p1..)ints durin.~ ~-:·1r·l 1 1f:h:: 1 :!"·· :-~u +~1: 

l)•_~ n:1dt'' t_")[' t t:·· r:·:n:1f·~,· ~ li!"o-:• ·::;·)!'~ ·-~~i . 

. A.t~·--n~iun tt• qr1·1! l'°y "-·ont~·o! i:; ~:r:• ic :I ·,,\·!11--_·n :.:-'~l-i-1..·+in.~ ~J11;».-.:'r··:i:~.,_ir~. 

in:·pt--:.1.._·~ u!".:-1 ·n1U • ._~(·hnic:~ l .. •r:-.p 1 ujit·:·:-;. ·r·L,.> d~,:": i~:n 1.Jf ~1deq1,-~r-'=""' p~·v~t·-tr;:.: ·~.:~~.-

r·t-·;111 l rt· t~".~"l '!s-· ~">f 011~.--:i::..!t) .;..·o~L~.1!t_·n1t:...;; fo!· 1;rig~n.1! ~est:.n~ ~ ·h"(_~r:;~s. F~·v t·:. 

uf tht .. pt·,_1\·r· ~~~··-~ ri~·J:---~t ·J~..:c~.~r pt)ri·._j.Jic·1l ly fv:" 3t_:1t i,_· p:·ud1ic7.~; 1 -.-v~r~: "-~_. ·-.u:-:ti..._~ 

:1r:J 1 !p'-Jrl in~r.Jd1i1.._"~ L·-,n ~)f :~nv n,• .... .- ~-~~'-1d1rc~s. 
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Materials: Foam Rubber/plastic 
Transistors, Resistors, Capacitors 
Input/output transformers 
P'Jtentiometer 
Sliding Switch 
1.5 V batteries 
PCB 
Plastic or metal housing 
Ear phone 
Connecting cord 

Cost: Cost of machinery is likely to be around $5,000, while equipment costs 
will be about $10,tJOO. Most of the components may be import~d in a kit form 
consisting of the PCB, ear plug, microphone, volume control 3nd housing 
cabinet. These cost $20 per kit and are available from Korea and Taiwan. Pt 
a later stage, some of the components such as the PCB, housing and plug may 
be made in-house or sub-contracted locally. 

Personnel: The follcwi~g personnel will be needed to staff the enterprise. 
Persons should be recruited who have the ability and background for the 
particular job specification and who have the ability to grow or develop 
into the logical successor positions. 

Personnel required: Production Manager 
Testing Specialist 
Shop Foreman 
Assembly Operators 
Skilled Workers 
Sal~~/service technicians 
Administration 

The lines of professional development are: 

(2) 

(4) 
(2) 

(4) 

Assembly Operator to Skilled Worker to Shop Foreman or Testing Specialist 
Sales/service Technicians to Purchasing or Testing Specialist 
Skilled Workers to Testing Specialist er Shop foreman 
Shop Foreman to Production Manager 

Training: Some specialized training will be necessary for pcrsnnnel to become 
fully qualified to perform the tasks necessary for the specific job classifi
cation. Some of this training can be obtain~d from suppliers of particular 
equipment, some can be obtainPd from local educational institutions, and some 
can only be obtained through special training provided hy the employer. 

Skills required for as~~mhly are simple and require a week'~ training on 
the job; for testing or inspection specialists and shop foreman, a vocational 
school background is necessary, while th'' Production Manager should preferably 
have a diploma in Electronics. Sales/service technicians can receivP job 
sp~cific tr<iining on the job, but sho•ild h<ive a background in one or the other· 
~ubjcct from prior experience. 

(Junlity Control: In the fiPld of electronics, quality control is pdrticularly 
imp or ta.1 t. ThP reason for Lh is i H th<1 t deviation from qua I i ty standards morP 
often than not le;ids to catastrophic failure ratht:>r than reducPd pt•rformance. 
ThP acceptance of Pl prorltict, and indeed, the cr,.dibi I ity of ci m;,rnifncturer, 
hingt:>s on mlequatt· quality control. Thi!; ':ontrol mu~;t. tw rna1nt.;iined thrr.111gh
out I.he marni fac t1ir i ng or· risst•mb I y procpr.;:-;. Ti·~; l.f; m11s t. bf' rnadP on ;1 l l compcn
en t:· •11hich arP !;ourcPd from out.side t.hf• cornp;1ny. T11r· fin;il prod1wt. i:; no 
b('t t.1•r Pwn thf• worr;t. of it:.; com11onPnt.s, ;ind cont.irniow; lf':.;t.in,1~ i:; w•cps:->ary 
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to assure that the supplier has not slipped in his quality control processes. 
All products must have a formal process which tests the product and its 
subassemblies at logical points during manufacture so th3t corrections can 
be made, or the manufacture aborted. 

Attention to quality control is critical when selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
req~ire thP use of outside consultants for original testing schemes. Review 
of the processes must occur iJeriodically for st;:tic products (evecy 3-6 monthsi 
and upon introduction of any new products. 

0. DIGITAL METERS 

Introduction: Digital Panel Meters 3nd Mu~timeters are widely used in almost 
all electronic circuits for measuring voltages, current and resistance. 
Modern industry needs a large number of such instruments for control and 
monitoring purposes. Hence, there is likely to be a sizeable demand wichin 
the country for such items; there may also bP a good export potential for them. 

Product Description: 

A Digital Panel Meter is basically a voltage measuring device. It consists of 
analog switches, integrator, comparator and control circuits with display unit. 
These find ·..:ide application in industrial plants such as refineries and 
fertiliser units. 

A Digital Multim,•'..,er is a device to measure voltage, current ;ind resist'lnce of 
any circuit. The basic principle is to convert analog signals lo equiv~ient 
digital pulses. First, tlw signal passes throllgh a convertPr ·..:hich gerierates 
cor~esponding DC voltages. These are then passed on to t~o different types of 
circuits -- one responding to che rms values, and t.he other to avf"rages. Logic 
and display circuits are then employed to give the rrading. This equipment 
finds wide use in industrial automation, df"fence and precision electronic 
mf'asurements. 

Manufacturing Process: 

Digital Pan~'! Meters: Vari011s electronic components such ~is n·sistors, 
capacitors and transistors are soldered on the printrd circ11it. hoard (PCBJ. 
Sub-assemblies of power supply, switching circ11it, intPgr~t.ur, comparator and 
counter circuit are assembled and tPstf•d for acc:•Jr;::icy, rl"sol11t.ion drift, 
operational ;:imp! ifiPr characteristics, input imw·dancf·, Pt.c. ThP outp•1t is 
checked on a jig fitted with nixie tubes. Standard voltages :ire f~d to thr 
inriut circuit. ~md is agc1in calihrnt:eJ and t.est•.'d. 

Digitnl M1.ltimeter: r:lectronic components :;-;uch a~; rP:.;istors, capacitor:; and 
spec i a 1Piirpos-•· transistors ar•· so I dc•red on daub I •·-s i d•·d pr· in !.ed c i rcu i t 

boa rd. The :,ub-a~·;sf>mh I i rr; are t.es ted for vo I t.:11'.r· rangP, input r;mgt·, 
ricc1 iracy, input. imp er:. 1r1cP, di<;µ 1 <1y r;.i t.t•, ou t.p•l t., freq1 H··ncy r:ingr·, 
conncct<:'d to nixic tutw;,, Lr:D:; or oth,·r ,.]('(:t.ronic di:;ril:Jy:; •.-1hi~h 

,. t t. 

~!rP 

on ri c;:1h i nr· t. '1'h i :; is ag;J in t PS tf'd by feeding :; t.:ind;ird vo I t :1i:,i-:-;. 

tPsU•d to ohtain nccur<icy of + C1. l%. 
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Cost.: It is possible to import kits containing the housing, display device, 
PCB and ICs and do the assembly within the country. The kits are available 
for $40-100 per piece from Korea and Taiwan. Subsequently, item$ such as the 
PCB assembly can be done in-house. Display devices and !Cs will have to be 
imported, while cabinets may be sub-contracted locally. 

Cost of machinery will be around $20,000, and equipment costs will also 
be around $20,000, of which the Standard Voltage required for Calibration, 
the Oscilloscope, the Signal Generator and the LCR Bridge are the most 
important. 

Personnel: The following personnel will be needed to staff the enterprise. 
Persons should be recruited who have the ability and background for the 
particular job specification and who have the ability to grow or develop 
into the logical successor positions. 

Personnel required: Production Manager 
Testing Specialists 
Shop Foreman 
Assembly Operators 
Skilled Workers 
Sales/service technicians 
Administration 

The lines of professional development are: 

(4) 

( 10) 
( 4) 

(2) 
( 4) 

Assembly Operator to Skilled Worker to Shop Foreman or Testing Specialist 
Sales/service Technicians to Testing Specialist 
Skilled Worker to Testing Specialist or Shop Foreman 
Shop Foreman to Production Manager 

Training: Some specialized training will be necessary for personnel to become 
fully qualified to perform the tasks necessary for the specific job classifi
cation. Some of this training can be obtained from supplier·s of particular 
equipment, some can be obtained from local educational institutions, and some 
can only be obtained through special training provided by the employer. 

Skills required for assembly are simple and require a week's training on 
the job; for testing or inspection specialists and shop foreman, a vocational 
school background is necessary, while the Production Manager should preferably 
have ~ diploma in Electronics. Sales/service technicians can receive job 
specific training o~ the job, but should have a background in one or the other 
subject from prior experience. 

Quality Control: In the field of electronics, quality control is particularly 
important. The reason for this is that deviation from quality Htandards more 
often than not leads to catastrophic failure rather than reduced performance. 
The acceptance of a product, and indeed, the credibility of a manufacturer, 
hinges on adequate quality control. Th13 control must ~e maintaine1l throughout 
the manufacturing or as.;embly proc~ss. Tests must oe made on all compon~nls 
which are sourced from outside the company. The final product is no better 
than the worst of its components, and continuous testing ii; neces!;ary to assure 
that t.he supplier has not slipped in his qua] ity control proc:esses. Al I pro
ducts must have a formal process which tests t~e product and its suh~ssrml1\ies 
at logical points during mant1facturr so that corrections can be mndr, or thP 
manufacturr aborted. 
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Attention to quality control is critical when selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outside consultants for original testing schemes. Review 
of the processes must: occ11r periodically for static products r every 3-6 months' 
and upon introduction of any new products. 

P. TELEPHONE INSTRUMENT 

Introduction: The t0lephone has become one of the versatile tools of modern 
life for communication in business and social activities. Basically, a 
telephone instrument consists of a transmitter and receiver which is able to 
reproduce human voice. For intelligibility, it is adequate if the frequency 
limit for reproduction is up to 3 KHz. The assembly of the instrument is 
labour-intensive. 

Product Description: In many countries, the telephone n~twork is operated by 
a government agency which pr·2scribes the specifications for the telephone 
instrument. Typical specifications of such an instrument are as follows: 

Transmitter sensitivity must be 52 + 6 db at 1 KHz. 
Dynamic impedance of the transmitce~ is 20-60 ohms at I K~z. 
Continuous noise in the transmitter must be less than -90 db. 
Receiver sensitivity is 71 ~ 6 db at 1 KHz. 
Impedance of the receiver is 160 = 50 ohms. 
Impedance resistance of the receiver between coil terminal and 
protective panel must be more than 50 meg-ohms. 
Average impulse speed is 10 = 0.8 pulses per second. 
Call initiated either through dialing or push-button. 
Other specifications relate to weight, resistance to shock, 
resistance to wear, etc. 

Manufacturing Process: Manufact11re of the te 1 ephone ins trur.:en t ,;an :,e mcrP I y 
an assembly-oriented operation with purchase of m~tallic and plastic parts 
and electronic components. Investment will be in land cind buildings, as ~el! 
as test equipment. Initially, all of the pci1·ts r.iay be imported in kit forr~, 

but at a subsequent phase, some of the plastic and metal parts may be r.iade 
in-house or suh-cont~acted locally. 

Assembly is carried out through three lines. The first _is~;'-'mble~; ''nd 
tests the ir1duction coils and springs. Tht• second ;1ssembl.-·s tf.t· hou~;i·1g, 

handle and rubber or pla:"ic items. The third assemblf·s other itPms s ich ~s 
lever., b;:ise platP and terrnincils, as 'IJPl l cis the final .isser:1rily. 

The m<inufactur·ing ;Jrocf>ss !"or s0mt' of the p:1crs is givf'n belo· . ..-: 

Hous in~: Thermo-p I ;:is tic r·t·s in is ffJrm~·d into ttw requ i rt'd shape t.hrough ;in 

injection moulding m:,1chine. AdjustmPnt of' opf'rating p;1r;nnPtf'rs such :j,; t imc, 
tempf'ra t.ure and pn'::siiri' i ~; vi L11 for· the proc~·s:;. Thf' working <".Ond it ions 
prescribe ;1 cooling time of '-,(J-i)'.J :;econd:;, ti·mp•·r:it11rf' c•f lHil-l'll1 <' ;it. Uw 

middle of U1P e>crew, :1nd pr<.'~;:-;ur1· ot 70-ilrJ V.v/:-;q.cm. c;1,101ir i:; deU·rmirlf·d 
separ:1 t1:-• l y. 

~~~V. Sw~~ch: This i:; ;11:-;o rn,;rif> t.hnlugh in.i,.,·1 ion mo11lding, orJf-r;it in.I-'. 
conditions bf'ing ;>O-]IJ s,.cond:;, t.r··m1wr·:1t1l!'!' ot l'JO-??(J C, ;ind pr·irr.,1t',V 
injPct.ir>n prf':';:;1w(• of' 'JO-l!Hl kvs/:;q.cm. 

~~~_!".::?_: Thrs•· ;,n· m;1dP thrrn1,~h ;1 pl1in~~(·r· t.ypf' r!it· t·:i:;t.ing m;H:hirw u:;in~; :1 
four c;ivit.y di" c;;i:;tin•~ rnrnild fr·orn ;tJ11miniirn rn,,ltPd in ;1 f'1wn<1<'f' :it. h'1c1 C. 
Cooling t.irnr- i:; /llJ-'ll :;l't'<>rHI:; :ind c·:1:;t in•~ 11r":;:;111·1· ::; f,•,11-'/'/11 k,;:-;/:;q.cm. 
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B:i::o-t' Pl ,:tc: r.:i !d ::· .... ~i is ust•d as !'ii'-' r:'.;:tt•r·i;,J :H1d pr·•'~'~;.•d in .:.: sht:>;1t·ing 
machin~· ;.::1d ~.' t~'n i:,·c:::·nt:·ic pr·ess, perfonning cuttin_i;, sht.>~:ring, boring, 
dra~ i nr ;1?1d er.it'('~S i r.~. 

Ternin~! aGd Pin r~rts: 
thf" t-quipr:~.?!lt i~: :: ~li!~~: 

cuttin2 ·trv) t·c~:·in~· . . :> 

~.;:1 ter i a i used is copper p I =1 tt' or copper ;_i I I oy and 
sr~ed press sinultaneously p~rf0rming shearing, 
J'rc•cision Gould is used to piffi<.:t: l to 3 pit··c,·~~ cit 

: .. ·:: 

fit··:: ·:2_".:..:.:_•~.:·.~--:1' ·!: .. :. .iHk in ;1 ch:1rdier furr1:i-~·-· (21 r:VA1 ·"'ith td'.lperalttr·· 
'-' t. R<c1: _· ~·n:- ' t: ,._:!·~,. I ! i ~~ thPn cooled to 350 c in tb. r1:rnaC("· and ttlf" 
p:-oduc~,; 1r· .. t~ .• -:, '. ,;.:._·L '-ut for cooling to 1-oor.1 temper.:.:tur.,.. C1n- must l!e 

t:il-u·r: r.:t: to I•< ox:ct-,• i8n ocr:ur on tht> surface of the product while ..... orking. 

Surf~~e Treutm~nt: ; EVC lined tank is used and the plating liquid is m~de 
by blending NHS<)4'.;i.~12 and H3B03. Working conditions such as reaction 
tempPr<, ·.ur-··, pf! ;ind el ec tr ic currents at the cathode and anode ar<:> important. 
Proc(·:.;~ in.:-ludt·:.; d<·greasing, hydro-chloric acid treatment., copper plating <1nd 

semi-d1:i l ni,~k(·l pi.>ting completed with hot water drying. 

Spot~:_i_~~nr:: ; .. n :: 1~.or:,:-1tic spot .,,.el ding machine is used. The material used 
i8 1 .& ~~ di~n. ~!lay ~ire for cutting, spot-..... elding and forming into an 
;.ipp"O!>I': ·: • ·· ;-:pc;' •; ~ ;;:.- • 

\>Jin.Ji::"·: i':·nd•;··· ;:; L.xr·d in ;i winding jig holder and the required numb•·r 
are ·,;o•.::·,J :;~; I'•·ri;.;r-.-r··;d un the counter. The resistance mt•ter is set at 
1000-l':,.",,.J ohm:>. /,f-.(·:· ·.dnding, coil resistance is measured on a Wheatstone 
Bridg;: ;-,nd ch:1:-t)''.·~: :n 1·,-::;ic;tanc<> are measured through tempPrc:ture differencP. 

- -> .. c=:J--· .... ·.,,•r·.· >J . • '-· "' • r l 
~-~-~- ~----

~---·-· __ ·_·_· __ ....,_r----->1~1 __ '_A_r_1_;·-r:A_T_M_•_:r._·1_· __,,~>i ___ P_1_.A_·1_1_r1_''_/_i'A_ir_•·_·__.~>~> 
v 

r:::-'L FINAL L::_r----___ A_:_;:;_r:_M_fl_Lv __ 



- 87 -

Characteristics of 3 Typic3l Production Unit: 

Capacity 
Turn Over 
Space Required 

Machinery: 

Equipment: 

Materials: 

100,000 sets per year 
$2.5 million per year 
500 square meters if only assembly is 
undertaken, otherwise, a ruch larger 
area - 3,000 square meters - ~ill be 
required. 

Injection moulding machine 
Crusher 
Shearing Machine 
Eccentric Press 
Drilling Machine 
Tapping Machine 
Ber.ch Lathe 
Engine Lathe 
Furnace Chamber 
Sawing Machine 
Rectifier 
Air Press 
Die Casting Machine 
Transforrer 
Tools, Jigs and Fixtures 

Automatic telephone Test Set 
Side tone attenuator Tester 
Tension Gauge 
Sensi ivity Tester 
Max·.11e 1 l Meter 
Breakdo~n Voltage Tester 

Dials/Push ButtoP Assemblies 
Receiver and Transmitter Capsules 
rerrite Magnets 
PCB 
Ena~el Jed Copper Wire 
Resistors and Capacitors 
Hardware - Levers, Pins 
Housing 

Cost: If kits ;;ire used to start production, they may be impo1-ted for abo11t 
$12pi>r piece from KorPa or Taiwan. Cost of machinc·ry if µrodur~.ion of 
metcil and plastic pnrts is t:"ken up is I il-':ely to be <iround $1'.0CJ,01 1u; 
depending on the accual products made, equipmPnt costs will b~ ~ho111 Sl0u,uo0. 

Pt>rsonrwl: The fol lowing personnel wi 11 be net'ded to staff th€ ent.i·rprise. 
Persons shou 1 d he rf'c ru i te>d ·..iho have the <ib i I i t.y cind hrickgrotind for the 
particular job specification ;rnd who h;ive the :::ihilit.y t.o grow or d1·velor1 into 
thE' loRical succPssor positions. 

ProducLlOn Man;'.)grr 
TPsr.ing SpPc i :ii i~;t 
Shop ForPman 
<J11a 1 i ty Control Man;.ig»r 

(8) 

( :.>) 

M;wh i nr• Clp,,ra ton; I I?) 
f\!;s~·mn 1 y C11,,.r:1 tor~.; ( ')U ! 
'.;k i 11 Pel WorkPr!; ( I()) 
'.);i 1 c:; I :;1• r"J i (' 1· t r•din i c i :in:~ ( '1) 

f\dmirii:;tr:stinn ((,) 
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T~e lines of profe~sional development are: 

Assembly Operator to Skilled Worker or MachinE Operator 
Sales/service Technicians to Testing Specialist 
Skilled Workers to Testing Specialist or Shop foreman 
Shop foreman or Quality Control Manager to Production Manager 

Training: Some specialized training will be necessary for personnel to become 
fully qualified to perform the tasks necessary for the specific job classifi
cation. Some of this training can b~ obtained from suppliers of particular 
equipment, some can be obtained from local educational institutions, and some 
can only be obtained through special training provided by the employer. 

Skills required for assembly are simple and require a week's training on 
the j~b; for testing or inspection specialists and shop foreman, a vocational 
scho,11 background is necessary, while the Production Manager should preferably 
have a diploma in Electronics. Sales/service technicians ca:1 receive job 
specific training on the j0b, but should have a background in one or the other 
subject from prior experience. 

Juality Control: In the field of electronics, quality control is particularly 
important. The reason for this is that dPviation from quality standards more 
often than not leads to catastrophic fa~iure rather than reduced performance. 
The acceptance of a product, and indeed, the credibility of a manufacturer, 
hinges on adequate quality control. This contra' must be maintained throughout 
the manufacturing or assembly process. Tests must be made on all components 
which are sourced from outside the company. The final product is no better 
than the wcrst of its comp~~ents, and continuous testing is necessary to 
assure that the supplier has not slipped in his quality control processes. 
All produ~ts must have a formal process wnich tests the product and its sub
assemblies at logical points during manufacture so that corrections can be 
made, or the manufacture aborted. 

Attention to qu; lity coutrol is critical when selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outside '~onsultants for original testing schemes. Review 
cf the p·'ocesses must occur nt>riodical ly for static products (every 3-6 months) 
and upon introduction of any new products. 

Q. LOUDSPEAKER ASSEMBLY 

Introduction: The loudsp':'aker is an important component used to convert 
electrical power into acoustic energy. It is used in many consumer Electronic 
products, such as Radios, TV s~ts, Tape recorders, Bf'cord Players, etc. 

~roduct Description: Loudspeakers range wid':'ly in quality and specifications. 
In High Fidelity Systems, the speakers are required to reproduce a wide 
frequency range up to 20 KHz, while in low-cost applications the fre~uency 
limit is up to 6-8 KHz, and in the horn systems used for public meetings and 
sports frnctions up tu only 3 KHz. In this descripti0n, two types of speakers 
are described: 

High Fidelity Loudspeakers of round and oval shapes and sizes 
10 cm x 6 cm with responsr up to 18,000 KHz and flux densities 
of the order of 10,000 Gauss; 

General purpose speakers of round and ovRI shapes with frequency 
response from 'l,'>00 c/s t.o I0,000 c/s and powers up t.o 10 west.ts. 



In ~oth ca5es, thr spr~krr consists of a paper cone ~hich is activated by 

a voice coi 1 into -..·hici1 <H't' ft>d the electrical signals that ;,re required to be 
reproduced. A magnet (usually ferrite) is used to set up the magnetic field 
on which are superi~posed the electrical signals. The paper cone, hrld by a 
metallic frame (Llsually kno~n as the 'basket') moves in response to the 
variation5 of the magnetic field and produces sound ~aves audible to the 
human e-..- The qu3 Ii ty of the> speakt->r is dependt->nt on th•' qc•-:> l i t.y of the 
paper cone, the voice coi 1 eind Uw stn·nE:;th of the ;.arn·.,Lc fi(•ld. 

but it is possit"le to m:i~:e t·ht.~r:i in-houso:..~ ;.:t :1 1;:t .. r :~: :r··- ·:: .•. p,··:;.··r · . .:unt.~ i~ 

t'!~::idt- fro::i speci:-:! p·1p•_~r sh:1vint;:.s ·~·:hi ch ~l~··· ~-:ix···d 7fJi:~,.·: .• :· ·:~.: ::. 11.lci·:.d in~n ;_: 

p:iper· corw of the requirt•d ~h:;p<' and ~~i~·::• in:; !1; t.Lm: :·· i'.•>:::">··r·, ~·- io; 

prt.'ferable to buy locai ly or import them. Thr- \.'oict' c•;.i i i:: ~:·1d<> s•·pc;!"'att·ly 
by fixi.ng the C•Jrt on a winding m;-ichirw ;ind ·,:inding er.-;::i•.0 1 le•·.! copµe:· · . ..-ire of 
the required gaug~ on it. The permar;ent nagnet is bought, b~t can be nade 
in-house by magnet:ising the soft iron core on magrwtising eq<;iprr.ent. The 
voice coil, basket, and the paper cone are fixed on the yoke and spider 
assembly with special adhesives. The rubbrr lining is plare~ along ~ith the 
edge of the basket. Leads are taken out to ~~ch terminal eyelets. 

The final assembly is tested for: 

Impedance' Frequency Ri:>sponse' r:on-1 i nt>:ir dis t:o:· ti rm, '.IU tpu':' 
insulation. 

For the acoustic tests, 3 ~;peci<-il ly trPat.r.-d ';rncc~:oic' , r•·verLPra~ion
freel chamber is required. 

Schematic Process Flow Diagram: 

PAPr:? ~~ 
~>~>~> 

i:·: -· J r···~ l ~'"T ! •• "'"''( I ,__ ___ , '·"'-' '· r-> '··'• >----> '" .<!.'·,:·.. ..----->· 
i I I I :I ... ------ I..__ __ 
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Characteristics of a Typical Production Unit: 

Capacity (Annual) 
Turn Over 
Space Required 

Machinery: 

Equipment: 

Materials: 

200,000 
$3l'O,OOO (depending on product mix) 
400 square meters 
work area 
Store 
Office 

Coil Winding Machines (2) 
Welding Machine 

300 square meters 
50 square meters 
50 square meters 

Riveting Machine 
Magnetiser 
Temperature controlled Oven 
Drilling Machine 
Buffing/Grinding Machine 
Tools, Jigs and Fixtures 

Audio Oscillator· (BFO) 
Amplifier with Stereo Player 
Audio output Meter 
Sound Level Recorder 
Resonant Frequency te~ter 
Wow and Flutter Meter 
LCR Bridge 
Multi-meter 
Acoustic Analyser 
Anechoic Cham~er 
Noise Generator 

Enamelled Self-bonding copper wire 
Paper Cone 
Ceramic/Permanent Magnet 
Metal Yoke 
Braided wire, special rivets 
Adhesives 

Cost: Cost of machinery will be about $20,000, and that of Test equipment 
around $10,000, of which the Acoustic Analyser (with monitor), Sound Lrvel 
Recorder, Resonant Frequency Tester, Wow and Flutter Meter, Audio Oscillator 
and Noise Generator are the mure important pieces. Most of the equipment 
may be imported from USA, UK, Japan, West Germany, Sweden or Denmark. 

Personnel: The following personnel will be needed to staff thf enterprise. 
Persons should he recruited who have the ability and hackrround for the 
particular job specification and who have the ability to gcow or develop 
into the logical successor positions. 

Personnel required: Production Manager 
Machine Operators 
TPstine Sper1alists 
Assemh 1 y Opera tor~; 
Administration 

The I ines of profesBion 11 developmt•nt arP: 

(2) 
(4) 

(4) 
( -~ ) 

Assembly Open1r.or to M;;ichim• Op(•rator .;1 T('st.ing Spei:ial i~.;t, 
Machine Operator t.o T<>sting SpPdal isl, 
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Training: Some specialized training wil I be necessary for personnel to become 
fully qualified to perform the tasks necessary for the specific job classifi
cation. Some of this training can be obtained from suppliers of particular 
equipment, some c~n be obtained from local educational institutions, and some 
can only be obtained through special training provided by the employer. 

Skills required for assembly are simple and require a week's training on 
the job; for testing or inspection specialists and skilled workers, a voca
tional school background is necessary, while the Production Manager should 
preferably have a diploma in Electronics. 

Qua! i ty Control: In the field of electronics, qua! i ty control is particularly 
important. The reason for this is that deviation from quality standards more 
often than not leads to catastrophic failure rather than reducPd performance. 
The acceptance of a product, and indeed, the credibility of a manufacturer, 
hinges on adequate quality control. This control must be ~aintained throughout 
the manufacturing or assembly process. Tests must be made on all components 
which a1·e sourced from outside the company. The final product is no better 
than the worst of its components, and continuous testing is necessary to 
assure that the supplier has not slipped in his quality control processes. 
All products must have a formal process which tests the product and its 
suba5semtlies at logical points during manufacture so that corrections can be 
made, or the manufacture aborted. 

Attention to quality control is critical when selecting supervisors, 
inspectors and technical employees. The design of adequate programs may 
require the use of outside consultants for original testing schemes. Review 
of the processes must occur periodically for static products (every 3-6 months) 
and upon introduction of any new products. 

R. REGULATED POWER SUPPLIES 

Introduction: Regulated power supplies are essential equipment in various 
org2nisations such as production units, R&D establishments and educational 
institutions. They can bP Automatic Voltage Stabilisers which supply a 
constant A~ output with fluctuating inputs, or DC Regulated Power Supply 
which provide fixed or variable DC voltages as required for the electronic 
circuit. 

Product Description: 

An Automatic Voltage Stabiliser adjusts ex~Pssive fluctuations in line voltage 
(common in many developing countries) to tolerable limits. In a typical case, 
input voltages ~ay vary between 160-260 V, while the output is between 
220-240 v. The constant output voltage is independent of the load without 
in•roducing harmonic distortion. Stabilisers were formerly controlled hy 
se1·v0-motors, hut it is now common to employ eiectronic switchi11g circ··its 
for greater reliability and speed of operation. 

A DC RPg1Jlated Power Supply provides constant voltages to other equipment such 
as amplifiers, electro-medir:al equipment and for various test purposes. This 
can be+ 5 V required for testing ICs or other voltages required for thr 
particulC'lr circuit. It mainly consists of a linP transforrwr which stPps down 
the 1 inf· vo I tage ( 220 V or I I 0 VJ t.o the required va I ue, rec t. i fi PS it and tlwn 
regulat€"s it. with respE•ct to lim· or load variaUons. This erpJipmf'nt. is 
essential in a wiclf• v;iriPty of nppl ic'it.ions. 



Manuf::icturing Process: 

Automatic Voltage Stabiliser: The assembly o~eration can be divided into 
three sub-assemblies: 

The first part consists of assembling various electrical and electronic 
conponents and electro-magnetic relays to form a circuit which operates the 
relays to choose the appropriate tappings of the transforr.ier to supply the 
desired output voltage, when the input voltage varies within certain lim~ts. 
The st•tting or the• relays is done at different voltages to get the desired 
oper;:Lion. Electronic circuit is bast•d on th0 switching principle of 
trans i ~; t.,)I':; .. 

The s.•cond opt.'r·ation is the 2ssembly of the transf'ormer·, which essentially 
consists of winding and c0re. The required number of primary and secondary 
turns are wound on the bobbin. Tappings are taken out from the secondary 
winding at thP proper number of turns. The coil is then heated and 
impregnated with varnish at a suicatJle temperature. The core is then fitted 
into the coil and cl~mps are fixed on the core. 

The third operation is the final assembly of the transformer and the 
electronic circuit 0n the chassis. The assembly is then checked for its 
performance according to the standard specifications. 

DC Regulated Power Supply: The fabrication is similar to the Automatic Voltage 
Stabiliser, exctpt for an additional stage of rectification to convert it frcm 
ftC to DC voltages. The electronic components such as resistors, electrolytic 
capacitors and transistors are mounted on a PCB which is wired and soldered. 
The transformer is then mo11nted, and the total assembly is fixed on a chassis 
and housed in a metal cabinet. The final assembly is then tested for ripple, 
stability, temperature coefficient, etc., according to the standard specifi
cations or customer req11irements. 

Schematic Process Flow Diagra~: 
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Characteristics of a Typical Production Unit: 

Capacity (Annual) 

Turn Over 
Space Ret..Iuired 

Machinery: 

Equipment: 

Materials: 

Automatic Voltage ~tabiliser - 9,000 
DC Regulated Power Supply - l,000 
$250,000 
400 square meters 

Transformer Winding Machine 
(Semi-automatic) 

Impregnating ;ank 
Baking Oven 
Drilling Machine 
Bending Machine 
Instrumenc-maker lathe 

Cathcde Ray Oscilloscope 
Multi Meter (Digital l 

Audio Generator 
LCR Bridge 
TPst Bridge 
HT Test equipment 
Megger 
Variacs 

Chassis 
Dial Plate 
Relays 
Volt meter 
Transformer Stampings 
Ir.dicator Lamp 
Bridge Rectifier 
Transistors 
Resistors 
Electrolytic Capacitors 
PCB 
Enamelled copper wire 
Knobs, plugs, socket, PVC sleeves 
Joggle switches and ether hard·..;are 

Cost: Manufacture can be started with voltage Stabilisers imported in a CKD 
form. This consists of an auto-transformer, relays, voltmeter, tran5istor, 
diodes, resistors, capacitors, PCB, cabinet and other accessories. ThP cost 
of the kit wil ! be about $12 and may be imported from Hong Kong, Korea or 
Taiwan. Later, the transfor~~r, cabinet, PCB, metal parts, can be mad~ 
in-house or sub-contri:lcted. The cost of machinery is about $1CJ,000, rind 
that of the Test equipment rcirour.d $20,000. 

Personnel: The fol lowing per~onnel wil I be needed to staff the rnterprise. 
Persons should be recruited who have the ability and background for thP 
particular job specification and who have the ability to gro~ or develop 
into the logical succ~ssor positions. 

Personnt I required: Produ<"'.tion Manager 
Testing Specialists (4) 
A:;spmbly <Jw•rators (6) 
Machine Op.'ril tors ( 6) 
Saleslserv1ce terhnicians (2) 
Adr;1 in i :, t r;it, ion ( 4) 
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The lines cf professional development are: 

Assembly 1Jperator ~o t·~acr.'ne Op.;>rator or Tf'.'sting Specialist 
Salt>s.1ser•.-1ce Tecr.nicians to Testing Specialist 
Machine Gperatcr to Testing Specialist 

Training: SomE specialized training ~ill ce necessary for personnel to become 
fully qualified to perform the tasks necessary for the specifi~ job classifi
cati~n. S0me of this training can be obtained from supplit:"rs of particular 
equipment, some can be obtained from local educational institutions, and some 
can only be obtained through specia' training provided by the employer. 

Skills required for assembly are simple and require a week's training on 
the job; for test:ng ·)r ir.spection specialists and machine operator, a voca
tional school background is necessary, ~hile the Production Manager should 
preferably have a diploma in Electronics. S2les/service technici2~~ can 
receive job sp~cific tr3ining on the job, but should have a background in one 
or the other subject fro~ prior experience. 

QLality CoPtrol: n the field of electronics, quality control is particularly 
im~orLant. The reascn for this is that deviation fr0m quality standards more 
often than not leads to c~tastrophic failure rather than reduced perfornance. 
Tht> accE·p tance of a rroduc t, and indeed, the cred i bi 1 i ty of ' manufac t~irer, 
hinges on adequ3te quality control. This control must be maintai~ed throughout 
the nanufacturing or 3ssembly process. Tests must he made on all components 
which are sourced fron outside the company. The final product is no better 
thar. the ~orst of its co~ponents, and continuous testing is necessary to 
ass•1re that the supplier has not slipped in his quality control processes. 
All products ~ust n~ve a fornal procesF which tests Lhe product and its 
subassenblies at logical points during manufacture so that corrections can be 
made, o~ the manutacture aborted. 

At.tenrion r.o quality control is critical when st~lecting supervisors, 
i.nspf·c tors and technical emp 1 oyet>s. The design of adequate progriims rr.ay 
require ~h~ usP of out~id~ consultants for original testi~g schemes. Revie: 
of the p;:oces:o•·s ~·1st. uc..:ur pf'riodic:al ly for static products (Pvery -j-6 months J 

and upGn i. n t roduc t. i ·in of ~my r.e·....- produc t.s. 

S. W IRE-WUUND 1-:ESISTURS 

Ir.troduction: Wiri:--·,;ound n:·sist.ors find extt·nsivP ;:,pplicat.ion in radio:; and 
'11so as m1·rer shunts, rriti0-arm resistor in Wheatstone Bridge, and V3rious 
other elf·ct.ronic "'quiprr.ent wher<' st;c,shi Ii ty of the cal ihration is PSsPnti<1l. 
They are also ~r:iployt-d in circuits 'liht>re high i,o....-Pr dissipations <ire involvt·d. 

Product Specit'ir~t1ons: 
a" fol lm;s: 

Rangt' 
To I errtnrf• 
TPmpf·r·;s tun· Hrir1gf· 

Temper"t.urf· (CJf'ffi< i ··11t 

I nsu lat ion H••:; i :-; Lmr·•· 

1.c.;sd St.ah i I it .Y 

10 uhrr. to 4·; K ohms ( l 11Jrtt ts to Jo \N;c1tts 1 

+ ':>% 
':>'>" c t 0 ?.00" (" 
fl.? pf'r u° C ( m:sx. 1 

Minim1im ':i(l<J Mc·g Uhms at. 5CJO V DC -
c.::in w i t.h:-: Umd I , 'JOO V DC: or AC p<>ak. 

Dr:w'.; not ch;sngr> morf" t.h.m '1% <.1fter 
I ,!J(JrJ hours of int.ermi t.tf•nt. ful I 
r;1U•d loml ;st /() 0 r:. 
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Nichrome Wire 
Porcelain/ceramic tubes 
Vitreous enam~l po~der 

Cost: Cost c>f r..achinery · .. .-ill be about $20,00Cl. Test equipr.ient will be about 
s15:._·,co. 

Personnel: The fol lo·dng personnel ·.Ai I l be needed to staff the entt:-rpris<:>. 
Persons should oe recruited who have the ability and bacKground for the 
particular job specification and who have the ability to grow or develop into 
the logical successor positions. 

Personnel required: Production Manager 
Testing Spe~iaiist 
Skilled Workers 
Sales/service technicians 
Administration 

The line3 of professional development are: 

Skilled ~orker to Testing Specialist 
Sales/service T~chnicians to Testing Specialist 

(4 \ 

( 10 I 
(4) 

(4) 

Training: Some specia!ized training will be necessary for personnel to become 
fully qualified to perform the t;1sks necessary for the specific jot'. classifi
cation. ~ome of this training can be obtained from suppliers of particular 
equipment, some can be obtained from local educational institution~, and some 
c~n only be obtained through special training provided by the employer. 

Skills required for assembly are simple and re~~ire a week's training on 
the job; for testing or inspection specialists a vocational school background 
is necessMry, ~hile the Production Manager should preferanly have a diploma in 
Electronics. Sales.lservice technicians can receive job specific trdining on 
the job, b•1t should have .:: background in on<:> or • "1P oti-..t>r subject from prio:-
experience. 

Qualit) Control: In the field of electronics, quality control is part.cularly 
important. The reason for this is that deviation from quality standards more 
often than not leads to catastrophic failure rather ~han reduced performance. 
The acceptance of a product, and indeed, the cred~bility of a manufacturer, 
hing.-s on adequate quality control. This control must he maintained throughout 
the manufacturing or assembly process. Tests must he made on all components 
which are sour~ed from outside thP company. The final product is no better 
than thf' ·,;ors t of i ~.s ccmpon"'n ts, and continuous testing is necPssary to 
ass1irr· that t.~H' supp 1 i<·r has not s I ipped in his qua Ii ty contra I process£>s. 
All products must have a formal process w~ich tests the pr0-~ct and its 
su~asse~hlies at logical point3 during man11facture so that corr<:>ctions can he 
m~de, or t ht· m;mu fr:ic t.tlr" ;1bor ted. 

Att.<>r,t.ion to q11;slit.y control is crit.ical wh~·n se!er·ting supervi:.;ors, 
insp-:·ctor:.; and technical ,.mployef:·:-;. ThP d~·r;ign of adequ;itt• progr;ims may 
rPQuirf· '.tw u~;f· of oulsiri•· ronsultant:; for original tf•st.ing schPmes. H~·view 
of the procf':;:;,"; must nrr~11r pi·rioriically for static pr0riucts (l'ver.v l-6 months) 
;ind 11pon int.rodurt.inn of ;my nf•:,; product:;. 
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T. PRINTED CIRCUIT BUAHD 

Introdl!ction: In re·· •nt y':':.irs. the Pr·inted Circuit Board (PCB\ has become the 
standard l>;lS':' for the 'Airing of al I elt>ctronic circuits and ht>nct' is an 
essenti;ll accessory for <1ny t•lectronic industry. Tht' ::>implest type is tht> 
Sing!<' Sidt>d Board, fol io·, . ._,d by Double Sided 1o."ith Platt•d thro•1gh Holt>s tPTHI 
and Mu It i- I ayer Boards, in orJt>r of comp 1 ex i ty. 

Product Description: A Printed Circuit Poard consists of an insulated ~aterial 
such as Fibre mat or fibre-glass imprt~natect lo."ith a thermo-resin binder such as 
P:mer or· li!ass epoxy. PCBs can also be clas:,ified as rigid ur flexible. The 
rigid type::> can be single, double or multi layered; the flexible types consist 
of a number of conductors bPti.lleen tlo."o or· rnort:> layers. initially. single and 
daub 1 •' l ;:yt'r typt:>~. can bt' taken up for production. 

Manufacturing Process: Single Sided Boards are simplest to manuf3cture. Art 
lo."Ork is prep3red first clCcording to ct1stomer· n•quirerr.c>nts; usu;::d ly it is 4 tu 
10 times larger than the final size. This is then photographed 11sing 3~ecial 
graphic I ine fi Im to give a sharp focus. Tht' image is then t r~rnsferred to a 
copper clad laminate which has been ~leanPd wt:>ll and coate<l ~ith a photo
sensitivr resist using one of the three method3: Screen Printing, Wet Process 
or Dry Fi Im System. Screen Pr·inting is the cheapest method. but does not 
ensurt' sh::=trpness of 1 i nes, and the qua 1 i ty dt:>pends on the ski l 1 of the 
individual printer. Semi-automa 1.1c or A11tomatic Screen Prin~ing machines are 
also availablr, depending on the volume of production. 

After printing. the board is platPd in a tin hath or tin/lead hath; 
alternatively, it can he passed through a rol!er-tinn~r in which the tracks 
are coated with tin/lead. The quality of the roller tinned boards is not 
high, but it is cheaper· ;=,nd fdster, and qua! i+:.y is generally acceptable for 
the entertainment electronics field. After ~he plating process, the extra 
copper in the PCB lo."hich is not plated is etched. Before etching. it is 
necessary to remove the ink, which is done by a suitablP solv.nt depending on 
thf' ink us"'d. The etching is done 1o;it:h various solutions such as Ferric 
Chloride, chromic-a~monia, etc. 

After the board has been etched and dried, holes are drilled for the 
insertion of c0mponPnts. Drilling machinPs used vary from single-spindle, 
low-speed to high s~eed and very high speed (45,~JO rpm) and NC controlled 
muiti-spindle machines. For single type boards. punches 11sing presses and 
tools c3n also be used. 

ThP boards ilre fir.al Iy cut t.o sizP, for 1o;hich v;srious mPthods such as 
slit.ting s?.w:·;, shears and, no.,.., lasPrs are PmployPd. ConnPcting fin~ers are 
pliited with nick(•! or nirkPI :snd gold. For c:11tting cont.ours. Routing Machines 
arP rsvrs i I ;sh If·. 

Dout> Ir Si df·d PI at.Pd t.hrough !lo I(" Bo:1rd~.; begin :1s g 1 ;ms epoxy sheets w i th 
roppPr cladding on both :;idPs. Tt-,e rrocess :;t.rirt.:; ,.;ith drilling the holes to 
bP pl;1t.Pd through; th~· diamPt"r selPc:ted for the drill is :"li~•htly la1·gf'r 
t.h;in t.hf· :;izf' of thp final hol~·:> n•quirPd. AfU•r I.hf' holt":> h:svt• been drilled, 
dehurn·d ,ind po 1 i :~hed, if nf'<.t ~;sary, 11s i ng Si 1 icon Carh i de, ~ lw boards arP 
:-;pnt to th•· plat in~~ :;ol11t ion for «IPctrolyUc pl;sting. Thi:-; i:-; a caref11l ly 
cuntrol lt>d proc1•s:; wher•· Nic~<·l/1'l;tt.in:1m i:; dPpo:;it.C'd in UH' holt•:.; t.hPrf'
aft1·r, Uw thirkm·:;:; of thf' coppPr in:.idt• ttJt• hol1•:; i:; incr~af;"d by 
1· I, ... t. ro 1 y t i « coppt> r p I at. i ng. A f 1.t>r t.ht· PTH prncf':;s, ttw hoard:; ;, rt• i map,t"d on 
both :;id•·:;, Ttw :;impl1•:;t m(•thod i:: to c:o;1r. th<· ho;1rd with ;1 dry film 
(phot.opolym1·r n•:;i::t fi Im) 11:;ins'. :s l:o1min;tfor. A ff pr· t.he fi Im i:; dr>vrlopt>d, 
!.hP prn<"f":.;:; of plat.in~~. l"f.rhins'. and f'ini:;hifl~'. i:; c;1rrit•d 0111. 
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5,vOCJ squarP meters (Product Mix 
d~pends on actual orders) 

$800,0rJO 
5iJO sqi;;:.:re m~· ters 

S~r~en Printing Machine 
PrPcision c~mera 
Plating Bath 
Etching M-.r.h~ne 
She~ring Mnchin(' (f0ot operatPd) 
Ori I I ing M;schinf' (PH•cision) 
Cir·cuhr '.)~1··• for f'CR Cur.ting 

Hi,•.h Volt.::p.'· t••.;t.er 
1:.ir1t.1n11ity t•·:;t .. r 
Ir>:;11l.1t.1on rc·:;i:;t.~·r.c•· f.t":;t.t_·r· 

:.:1,·:«J:;···•p•· f.,r <:h .. ·cV:in>: p;st t••r·n:; 

'·: op1 w r r. l ;:<i ph1•no I 1 c or c; I;,:;:; -r·poxy 
:>tl"• ·I :; 

Ch1·mic·<1l:; for plating 
Photo f 1 i m 

c;,~ ;r_; •'•J!>l'''r· rLs<i l;smir;:d.f•:; 11i I! n•···d to ii•• imported, 
f()r pl::t1f\f'. :m<I •·t.c.h:ni•; t.fw:;•· wi 11 c:o:;r <1tH>•1I. $1H p<·r 
:;1.wl•·-·;id1·<I !'CH. Co:;!. of m:wrlin,·ry w111 tw $?11,000. 

;s:; al:;(J tJ1 .. dl"rilt .: 

sq11:1re mi· t.•·r t c;r· :1 

F.q11ipm•·nt. cr,··.t ·..-iii :'" 

:irr11;r1d :~l',,<Hl·l. It 'TI;iy elf' rir·•·f,.r:1Ll•· Ir; L•·•~ln with Uv• ;.impl1·r :;1rw.l•·- .id·-.! 
Pc:B .sr:d •',<> t.o th,. rnqr1• r:nmplr·x do11bl1·-:;id•·d :ind pJ.st,.cJ t.hrr1Uf,h tJq:srd:; .s! 

!;1!.1·1· ::Lw•·. 



E'«r's<•n,; sl!uuld h· t't•,·r·ui t, .. _i <dt<' h:1vt• th .. :it i Ii •y ::nd t·:i.·~:~r1>t1thl f,i:· !!:•· 

µ:wt i1·L1i:t1' _iot· spt'<'i fi.-.:t it•rl ::nti 'Aho h:IVt' tti, .!t'l ii ty tu r:·...:~..: or· dt·\'t·IU!• 

int<...l tht) lof:i;.--:!1 st!l",· .. ·~~~L ... r~ p,;.)::-·iti1-)tl::.~. 

~-r,.)1.h:~"t i4~'n M.tn:t~ .. ~~:· 

Tt•:.; t i ng ::->pn· i :, I i ~: t 
~k i I I t•d ,.-c.,r·k··r·s \ t• • 

:-i:\lt•s's•·r·vict' 1,·,·hni1·i.1n:.; \.'·· 

Admini:.;t r·:1• ion : .) ' 

S~: i I It'd IA/ur·ko->r· to T··s ~ i !I~' S! ,.,. i :1 l is t 
Sales 's•·r·vice T,•ch1:ic1:m:.; t0 Tt•st ing Sp1·1·1:tl isl 

!_r.1~ni1~~; S1)•·:·· :.;p,·ci.11 •~~··d t!·:1ining 11.'i i I h· r;,.,·,·s:.;.:1·_-.; f0;- pt·r·s·J!Hl•·l tp t:• 1·u:;,· 

fill ly q11:tl it'i,·d ti) pt•r·tun:: H:·· ~:1::k~; nt•c.-s.; :ry fo?· th•.' :-'p•···ifi,· J•'l' ,·l.::.;:;ifi

,·.1t 1ori. :~<':".'•' ,)f tt.i:> tr·:tinirir c:.n b•• otit:1in··d fr-u:,, :.;:1pr·I i .. r·:-; of !-::!·t ;,·11i:ir· 

,•qt:ip:~.f·nt, '''-"'.It' 1:.m l-t· obt:1in~·d fr·,ir:: Io,·:il t·d11c:·t i<'n.tl in:-'t it:1t inn:;, ::nd :»!'.::.

c:1n urily !••· utit.iint•d thr·,J1:.d1 :;p,·ci:d tr:iinin~ pruvi1!t•d by tt~t· •"";-lu:..·,-.:·. 

~i-:ill~: r·t•q11ir~t·d t",n, :i~~~e:.1hl_y :n·r· sir.i~1lt_· :ind !'t·qliir·t· ·, ·.-.·':·t~-·~- t:·::~nin.~: '-'~l 

the .!•_•b; f<H' t.-:.;t in;' or· in:;p•·,·t ion :;pt•c1.t! 1:-'t:: .md ::I~i 11,·d ·,;._,:·~:.·:·:: :i v,,,.,,_ 

t i or:.: I :;chu<> I t•:H ·k~r·•" md 1 :> n• ·c ••:;:;:1r·y, •di i ! t· th·· E'r·11dt1<" t i ,in r.::1n:1g~·1· :;L1_•11 l d 

1•:'t·f•·r".1t-ly h:1v.- :1 dipl<lr-1;: ir1 Fl··ct:·.,nics. ~::l•·:;'::•-rvic.- tedrni,·i.·,n:; 1·:1r. 

rt•cr·iV-:" _}11:• ~pt•,·ific tr;1inint' on Tht· .hlL, t 1 ut ~'th,~1ltl h:t\it" ·1 b.~1.·~:;.~!·, 'l!;d in ~Hlr 

1)r :ht· oth,-r· Sllt1Jt''- t frdr1 ~·r"ll•r t'XJ t·r·it•r1l·r·. 

i;'..':il~~-_v:-~·'.i.:_1!~:.'2).: In ttw fl•·ld 1J! •·lc•,·tnm1•·:;, q11.1I ;ty nlntr·1.•l i.; t .::" 11·tl1::1·ly 

i;c,1·o:·t:1nt. Th•• r· .. :1:;un f.ir· tLi:; is th::t 11.·vi·di<'n t:·.i::i q11:.I;ty :·•·1rnh:·d.: r: .. .>r·.

dt'lt·r1 tL:sn nnt lt·.:rl:: to ,·:t!.s::trophic f:1i liw•· :·:st ht·:' ~t:.1n r"·d1t-:,-.i r·1·:·( .. n-.. :1t<"·· 

Th•· :1C<"•·1>t:1nc.- nt :s l't'<ldtll'', ·1nci in1h···d, tt .. · ,·n·di: i I; ty ut :1 ~;.1n1;t':11"1.r·1·r-, 

hing .. :-; "n :1d•'<j1J:tft· q•nl i t_v ;·nnt r·ol. T~1i~: 1·<>rit r·"l r•:q:;! t .. · r::1int:sirwd tt.n>t11·t.(111t 

th•· n:1r111f: .. ·t11?·in~: ur ·i:;s•·r-.t·ly pr·oct•:;::. T··:;t:.-. rn11::t b•· r:•:id<" on ii I ,.,,,.,f·"n•·nt;: 

·...-hict: :11·• su11n·,·d fr·o~ 01:t:;id,. tl-;1· cor.,1•:1ny. 

rtw fin:il 1:r·,ld1wt 1:: Ii" t.• t t1·r th:1n trw ·..-or·:;! ot' it:: ,·.,:-:.: "'"n!::, :irni 

1·unt in11011:. ti·::t in~·. l:· n1·1·• .... ir-_v t.o ;1:;'.;tw•· th:it !h•· ::11r·pl i•·: t1:. ri"' ;;l i1·1·•·,! :n 
t:i:; q11;sl i ty 1'c>nt nil f>r'(H···:;:;.-::. I\! I p:·ud11,·t-; r:111::t h.:v•· :1 t'•'-t'f':.:i t:r·,.; .. ·:;:: ·,;h"·h 
!":.;!:: n,,. ;.rud111 t ·:nd 1 t:: :::1h:1·:::•·r"til i•·:; :it l<wi•· 1! pnint:.; d111·in1• •·:.:r1'lt ... ·t1ir··· 

·;" tt1:it ,·.,r·r·····t 1"11:: .-.:r1 r"· :-..id•·, (Jt' th•· n.1r111r ... ·t111·.- .1ticl!·t··d. 

1'\l"·nt 1,in '" q·;.il ;r_v ""ntr·»l l:: 1·1·it i.- 11 -.d1··r1 ::.·I···! ;r:,• :.'I!'• 1·1:1::.n·::, 

1n::rw«!•H·:: .1r1rl 1,.,·t:ni •. si 1·r-1ril1iy:·.-::. Thi· d1-.:i)!n o!' :id.-q1i:st.- pr-.i1•r.ir:.:: ::1.1:; 

n·qt1ir•· Pi•· 11 : .. o! r,qt: id.- "''n::11l t.snt:; for· or·i~'.in:t! lo·::t l!I)' ::•·t.•·:: .. -.:. H•·v:•·;.o. 
<,f q,,. r•r'1)(·.-::::.-: r.:11::! ,,,., 11r· •·: i"di1·.il ly !'<>r· ::t:i! 1.- r·r·"d111·t:: 1.•·•1r·r·v ·-I r:t1J1:tt·:: 1 

·:rid 11p.ir1 intr·rHl•1<.·11.,r: 111" .1ny rt•"'1o p1·od11ct:;. 
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An t'lt•ctrtn1ic cor:ipont•r.t is the sm:d I ,n,;,T"t•· it·.··· ;.;1i.d1 pt•rf0:·t:'s ct:'rL:in 

cont:·Q! function::; in electronic.,;. 

?r~)jc•ct prvfiles are includt'd fur l'.<':"::in t·,1:·-::.J::!::-·;:;·.·d components. 
p;_ir:.icuJ·,1 ly res~st.or·s ~~nJ diod•:s, 11ihi·.·i: c::n h·· l·i-· :! ::: ::. :::::L·1ctur«d in a 

lart:'~ m::-::i~·r· of <i-·•;elopinis c":1ut1·i·.·s. 

C:irccn (:Or.1pos!tion resistors us,..: a ·.·v·7:~ .. ):;i! il_:n ·,,f ..._·ond.Jctivt'" carbon 3n~ 

non-conductive resins. 

l. APPLICATION AND MARKET 

Carbon compositic:. resistors are rel:;t.iv··ly :,nc0-~ i ic:1lt>d fixed elements 
which are used in electronic equipment fer g•·n·•r:d-pt1:-;-·n:-;e application, 

especially consumer electronic items. 

The production of carbon composition re~istor~ i::; sho~~ in the table 

belo~ (in millions cf dollars): 

Europe (Westi 

Japan 

United States 

2. DESCRIPTION 

1982 

126.0 

320.2 

56. l 

l '.l:i .; 

11! --~ .. 

354.2 

~'~.-; 

! ':--\4 1987 iEstimates) 
-----· 

l 
., 

.. l ~-; . I 

; ·-~ .7 530.8 

. \) 82.0 

A carbon composition resistor con;;i:;ts r:1:1inly of ,·<.mduct.ivt:· carbon po...,der 
(soot), graphite and non-conductive epoxy rPsin:;. Thr proportion of the 
conductive parts versus the non-conductive matpri:1l:.; <l•·fini·:; the conductivity 
of the compound. This material is prt·~;:;t>d ti»t:..:•·•'n t·,;,) conr1••ct.ion ·..:ires and 

is coated with an ins•ilating surface. 

A typical ::;ize for carbon compo:;it.iun r·•·::i::tcw:; . :;L•11:n rJ·lo·..: in 

Fig•1:-<· ! . 

'II Ira·: NA I I. HF.AO 

EPOXY INSULATION 

t--- '> MM ----f 



;:! 

A typic~tl ~1!'1.JL-t .. ~S flt...n•: ... .-h.·!:"t !°<.'!' 1.'·!:'t;1.'ri "Ut'tH):.:;iti1~1n ~ .. ~ .. ~-:i~:·,,~, 

~ s ~: i \"••n in F i.k;t~~'r_ .. 

:-:.· ::; ----------------------41 

l 

Tb· production proc.~~;s of c;~rbon compo~;it.ion rPsi::;tor:~ :;t:1r·t·· ·,;ith :t,·· 
pn·p.:r·.:! 1cir1 ar.d mixing of ttw compound. 

·;·ri .. i-:ind or r·;,,; m·1t.t•ri:1L;, ttwir t.rt-;1t.rrwnt and t!wir· ,·o:~·~"': 1! , .. n 1:: •:··r··: 

•-r-ir.-,. !"·>r· !h·· q•.:lity o!" tL·· lst··r pn>d11,:t. 

~ \ t I ~ •. ~ ' . 

h·· :ri .. 

,.·:.in,·.··:·. t.._,; pi.-.·· .. (1! i.·:ir··· 1'<J~71inr·. t'ror~· .1 ~ ·:1~;1n, f.\~ 

:' 11r1·· ··:i·i t)I. t~1·· -,,.1:···.: ·:r11~ ~jt'r :~::t·;: ttl•· t'••:;1::' 1r1. ~· 1· •. , 111~1~.: 

f h, . : ~ : i j t., .. I, t ) t ) . ' I . ; •• { • ,· ~ j '\ ; i.. . I .. ) ! ~.'I t h l : ; , , r. ( )(. f • : : : : ' t r . • . ~ : \) t " ' • . • ~ " 

r··· .. ;:·. ..: ix···!. ·:·r:·· t"r>!l,,.,,in;• ::l•·p, •l•H1•· hy rti ... ·. :;·'.· ' ' : ! i : : 
r: .. 11·t•tri·· q,,. r:: >1.Lr11' of .::1 1n::1il.t1 lll)'. l.1_v•·r· 'Jf 'l'"X.'; r·· : l :. I r ' ) i: ' 

; 

: ·:1 

~ r 

r·,·.~i.·t ·~ ind rti·· ··!;1·•:1) 1. id t~.·· . ..;t1()l•· ··l,·:~it·nt Th·· 1·q:·iru' t·:·...... .:··~ .. ·:1 

v•·r·:1 :·11.t, on 1;, •. r:··1'.•·r·1.il:; r1···cl .ind th•• q11:1l1ty ot" t!w 1·111.t 1·:·, l:; 

Th•· t.>1.11 .i:···1 r·,.q1;ir···r::•·r1' i:: :11>"111 "/l)(J r..' 
:rho11l<1 i1•· t1•m1H·r·1'i1r·•· ,·.,nt,.,>ll•·d. 

:'. 

" Tt .. · niri1rn1ir:\ ,., "r1or•:i1· pr·,,<11;,·t ion !or· rtll' poptil.tt' ::r'.1.11 I .:1:.·· of.' z , rii:1 

r·•·::i:·.tor·:; 1:; ;ir·rnir1d r•:1 l I t1HJ r···:r1:;tnr·:: p•·r· w•·•·K, "I' .i m, l l 11111 r···.:i :tnr·:: p•·r· 

rn11:1th, !1.1 :•·d 1111" 11r·r1,!>wt ,1111 ,,f' two ~·.-h1J'1t· ::hi ft::. 
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Cost of prodt~ction, machim-s_a:1c E'._~P~~~·e_r:''.t__.'_[_ .. 6-

Air filtering and conditioning 
~illing and ~ixing equi~~ent 
Trial press 
3 ~olding machines 
Curing stove 
Sorting r:>achine 
~:ark i ng machine 
Other required equipmen~ 

\e.g., for production control 
and final inspection· 

Subtotal equipment 

Su~total building 

Manufacturing plant 

equipc:ent 

Raw m~terials and other 
production materials required 

Resins 
c~rbon, graphite, additiv~s 
Copper ~ire, tinned 
Paints for marking 

~anpo~er require~~nts 

Enginel'>rs 
Skil!Pd technicians for maintenance of 

equip~ent and mac~inery 
Skilled workers tot· trai~ed on th~ joh 
Unskil Jed workers 

Complete manufacturing plant 

$ 10,0CLi 

$ l (), Ol!t_-
$ 40 , ,_,, )ll 

$ 45(-' •('(' 

s :;c '~~ Ui~· 
i •)1""\ ( '1, " 

'-'- 't _.,,_,._ 

<:: 11' ,-i(. - , ' ... -

$ )I"; , \ ' . 
.),,_ . \,_ - ' 

s 600,0(10 

$ 100 ,uOC1 

Quantity per 
1,co:-, 

rPsistors 

l kg 

101 .. g 
8(; r.-, 

l Ci g 

-, 

8 

(Juan ti ty per 

Price per 
1,000 

resistors 

s 2 
$ (! .5 

s 

I ,000 rt,sistors I ,O(J(l resist.ors Uti_I i ty r('quiremPnts ------- -------- -------- ----- -------- ------

Electrical po·,;er $ (J. i 

I .2 WIRL-WOUND POWER H~SI~TOR~ 

Wir4"-wound power r•-si:;t.ors u:H· ;1 wire madP of tf•mpf'rat_urP-r(·sist:-mt metal 
al Joy with low t4"mrwrat.11re roefficient as thf· matPri;il prod1Jcirig th~ 

resistancf'. 

I . APPLICATION AND MAHKET 

Wirr--wound rf'sistor·s arP rPl<ttively simple f1xf'd elf>mt>nt.r-; which nr(' u:;C'd 
in <ii I elN:tronir: Pqui11r;,~·nt. for prof£>ssic,r.'11 and gt•nf'ri11-pllrpor-;f· ;ippl irat.ic;n 
wlwrf> highPr powf'r di:. ,;~,atifJn i~-; rPquired. 

Th(' prodtir t. ion of !' i xf>d w i rr·-·,;oimd rt>s i ~-;t.ors in Uw !Jn i tf'd S t.;1 ti·:-; ros(' 
to ovf·r $I ()(1 mi I 1 ion in I 'lilf,- I 'IH'/. 
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.. luy, l1f · ... :hich th~ v..·ire is r.~}t..h•, 
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A ·ypical process flow ch·n .. t. fni· ·.-:i!···-;,.·.·)'!:1·: ;"'·:.··:· ...... :~··;?" ;J!· .. -;j:~\~r_ion i~~ 

givPn in fo"igtwe :_,_ The produclion ;>r'U•"''''. :·t :r·~.: :.i'.'.. ·:.·· r,x,~:r.io:: •;f t.h·:· ··r.ci 

conn•'ct.ion to thf· ··~ramie rod. IJq,•'ndir:,; <>n ;r; •. ·i:c" ::n• .ty :1n(! j~·'.>igr1 of 
the c0~p0.H··nt, thi~; is donP by h.-n1J-op,·:·-::~··d f1:-:· ;~··· •· t:,'_t· ·~1it.nr:1.·!tic m;1r"hin·-·:i. 

of th•· win"' is put on U\•' carri•·r· ~;uh:_:r:·:: ... l! r;, .. ·"•· i.· in:;11l·:t-·d, th··y 
might toud1 •·ach other. If non-in'..;1il::t."d ·1:i;1· :.; 11::•·1:, .: ,·•·!·t·:in di,;r:rnc» ot 

turns h~1s t.o be calculated i:-. adv;in,-,-., : ~1: c:n h·· cont r ._,] l··d by lh•· winriin1; 

ffi;)Ch int·. 

Fi i',•H'•' ., i { 1 ·_.; ' t ~ ! ~ .• 
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-~-t- r1~x- s~~:.. :::7 ·~:~ · ....... ~:dir:.g Jf -::~~ ·.-:i:·':.?" t1.) +.:r--:.~ ~nd cor:.n~~·--·~i.0n~. 

: ~'.Jces::3 ·-:l :J.-:S ·:n --!d __ ~:_:~1:.:.·i:::.!1• of .. r.~ !"P~is~3rh'"~ to 7""[;,e !'"t-q1-..li.~'"Pd ·.;-_-:...:u~-. 

·:0r1s"::",,_r:-:-:-.~:\.·, .. :".~~ :0~:t~n is v·1!"'ni:::~-~ed ·.-:ith :: :er.pt-:.r;::tL:~e-r-t·si~~.:..~r.t ~nd 
:.r:sul~: ... ir:~ ~<:ir~~. ~~- •,_"' 1..:··:-.~~--:~C ·.-:i.::h;:: ci:---~"~!r::c cc·!~, er r.c·_1.:;·_·J ·.-:i·h:n :~:e l·~r.:::-:-~---· 

,~cs,.. of ;_:!'"'c ... d·_lct:.icr., :.1~ct".i.nes z;.nd equiri:..(-r!+- 1.F'-g) 
--- -- --

~-' filrering ~nd candicioning equip~enr 
~ix~~ion of ~nd ronnectiona 
iire ~inding ~achines 
~i;e ~~lding nac~ines 

·.;-:;;nis!"ting .:;r r.0;1si:l.g ~,nr:: ;c:c\ring 
: :~.er r.o-q1.: ired eq;,J i r,::-,-=-n c 

P.g., for p:oduction control 
::1nd fin?.1 inspection· 

Suntctal ~quip~~n~ 
Sunto~al ~ui!ding 

~anufacturing p!~n~ 

End cunnPctions 
~Ptal cilloy wir~ 
Vnrnish, cer~mir coating 

or housing tuhes 
P~ints for ra~rking 

Engiw·Pr- :; 
SV.i 1 l.-·d 1,r,chnici~1r.:~ 1or· maint.f·n,incf· of 

•·q11i1,mo•r. "nd rr,;,rhin€·ry 
:;v. i I 1 .. d ·,;or·V.f'r:; to r,e tr;, i n•·cl on th•· job 

!Jn:~k i I I uJ ·,;ork•·r~; 

Comp I(• t.•-· r:1cin1if';w t 1Jr' i ng ri I -iri t 

s I l' , Ol''.: 
11__: '1_1(;~i 

1 ( .:C , ~}r~{.1 

$ 2t)C· 'OL(I 

51; • (.!()() 
-----

Qi_:antit.y p~r 

I . l !)(j 

?. '1 or_1 
1 (J g 

l 
2. 1 (_i(j 

l (J g 

pieces 
µieces 

2(J 
;() 

pi ,-.~~e~:. 

; 
f, 

12 

V.g 
kg 

s 2 
$ 

:: !1.' 

s 2 

f)1;;1nt·it.y p1·r l'ri('r• rwr 

20 
10 

Cl)(> 

,?C 

I ,r11J(.1 r•-:;i:;t,.Jr:; I ,r1110 rr·:;i:;t.or:: -- ---- --------·-

'>: ') 
"' ' 



I . j CAHBL1N FI!.!'! H!::.:> ISTGHS 

Carton film resistors use a thin film of crystalline carbon as the 
matt•ri~1 l producing the resistanet~. 

I. Al'rLICATWr< Arm !·!AHKET 

C:dion fi lr:i resistors are fairly simple tixeri elements ~...-hich art' used in 
;Ill P]ectr·onic c·q11ipmc'nt for general-purpose applic1tion und<>r avt>r::gt: qu<:lit.y 
1·,•q111rc'"'nt:;. They :-H't:> us.,d, therefore, mainly for cons11r:iPr' elPctronics. 

r, ,-,:diun ri !1;1 r·c•sistor consists 1Painly of a ceramic rod of por·ct•lciin, 
st..-·:;Ut,. .,r ~:lur.jnia on which a thin layer ('\..0.J - l µm) of crystalline 
carbon is deposited. This carbon film defines the properties of the component 
and has, therefore, to be produced under strictly controlled conditions. 

;·ti,. foi lm-:ing 'L.echnical data are achieved with the present technology: 

resistanc"' value 

dissipation power 

st.aLility (e.g., change of resistance value 
~ft('r l,000h at full load and 
r~ted temperature) 

Lemper~ture CO(·fficient 

l Ohm 

30 mW 

0.3 

100 M Ohms 

3 w 

< 3% per I ,OOOh 

A typical size for carbon film resistors ls shown below in Figure I: 

Fig11re 1. Construction of carbon film resistors 

SPIRAL 

CARBON FILM 

IE:.c.--- SUBSTRATF. ROD 

WIRE 

CAP 

-L l'IHl!ll JCT JON P!<1 >CES'.; TECllNOLOGY 

A typic;sl proc0:..;:3 flow ch;.irt. for carbon film r€'sistor product.ion is given 
in Fip,1ir·r· ;.>. Th(' prod1wt.ion proc:<":.;s of carbon fi I~ r('f;ist.or:; :;t.;-irt.:.; with !.h(• 
t.11mhl inp,, (·l.1hing and cl(•aning oft.ht· crlrri€'r substr·Ht.P. Thi:; is rPqllirt•d t.o 
obL1in ;1 1irnp<·r :;hap(· for lat€'r capping and a suitablP stH'facP for c:arhon 

rJ,.po:; i I.inn. 

T.1" m:iiri :;t,1•p i:; t.tw fol lowing d<>po:;ition of th€' c;-irbon fi Im. It. i·· 
S~Pn"r-;11.,.rJ by cr;ick i nsr. of hydrocarbons at a t.Pmperat.1Jrf' of aroun<l I, :po K. 
Th•· r·,.;w t. i c>r1 t i m•· v;sr· i (•:; ;srrnmd on<· ho•ir, d<'~H·nd i ng on th<· ;1 i mc·d r1·:; i :; L1w:1· 
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v<.llue. For the reaction, t\•O prud11ction furnact• allt.'rnativ .. ·s :u-._· in u::;t.•. 
The tube furnace is better suited for larger ~izes, higher v;1lues and lo~ 
quantities' where3S lhe hat en furn:.ict~ i ~ u:~t'd r0r :5m:J 1 I <:r s i Zl'S' I O'A v:1 I ues 

and high quantities. 

ETCHING AND CLEANING Of CERAMIC ROD 

I 
DEPOSITION OF METAL FILM 

t------
SORTING CAPPI~G 

I 
SPIRALLING PHEVAPr; rsr: n;G I S'Jf<TIUS 

CAPP ING :3P lh!d.r. IN,:; 

t 
WIREWELDING 

I 
VARNISHING ~~LGIN.; 

~ 
MARKING, TESTING, PACKAGING 

The next step is the sorting 0f the sem1-finisht·d product in~.o c:l~1~:s .. s 
of various fi]m resistivities. Should it be ~ignific:ant to dPterr.iinP valuPs 
properly, then the substrates are gen(·r·"l !y capp· .. d :rnd r1r·ev:irni:~h..r! b••fort-

set.ting. 

The ordE.>r of production flov1 r.i:1y :i!:;n b" .alt .• ·r···d •l--r···r,!ir11'. ()f. t:.·· 

tr>chnolog_y appl iC'd. 

Tht• final resistancf' v:il11" i:; d1·t•·n:iirwd r1y It, .. :;pir·::! l ~ri;·, ·,::,•·r .. ·~1·· 
carbon film is cut helicoicblly to form" :;11ir-.il :ir'1>1md t!1•· 1::rT1··r :•;•!. 

Thf.' r<>quired mrichines u:;e Pit.lwr :i :;h;1rp hi1'.h :;p····d 1·,r·indirw. ·,;rw• ! <1: :1 

I as(•r beam for very fi Of' ht> I ix c11 t:;. 

In the I as t prorluc ti on ph;jSf', th,. connf·c t. i rw. win·:; ;sr·· · .,.,. Id• "I to ! hr· 

cilp:;. The product ir; t.hen varni:->twd or mold1·rt wit.h ''pnxy r·•·:;in 1r: <Jrri•·r· !() 

i;,ol<itP and prott>ct it pro1wrly. It i:; Uwn t•·:;t1·d, m.ir·V.1·d, :1r1d r.wv:w"r!. 
[ n th i fi Stage the rf'S i;. I.or i :.; f'f•;idy for :;hi pm• 'l\ I .. 

.. 
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The produc: ti on p I ;mt_ tns to be divided in to the fc I Io...- i ng four- ;:!'••as 

( ~;t ·-' Fi gurt' -3) : 

Cerarr;ic: rod prf'parat ion 
.. -_. C:1rbon filr.i deposition in tube or bzitch furn;:Kt>S 
'· C•pping. spiral I ir.!!. varnishin~ or molding 

T._-.,,1 in~',. r:i:-?.r~:ing, p::c~:;iging. st0rin~ ;ind ~;hippinr 

D 
0 
0 

1 

WIRE lllELDING 

I l VARNISHING 

PRE'.IARNISHING 

SPIRALLING 

DODD 
CAPPINu 

DD 
PRESORTING 

:-:..:. ··- 'r\.:8£- OD 
QUALITY CONTROL 

MJ\NAGEMENT 

"i. The mir.imum economic prod\Jction for smal J 2 x 5 mm resistors is :>round 
I mi 11 io;. r£>sistors pPr week or 4 mi 11 ion resistors per month baser. on ;: two 

h ho'1r :;hi ft prod11ction. 

Air fi I t.,.ring ;ind ccndit.inninr; f'q11ipment. 
r':1rhon d"posi ti on furn;:ict'!-; 
!'r1':;1)rt1ng, capping <md spiral I ing miichinP!; 
!'r·,,v:1rni~;hing I inf' 
Product.ion line with w<>lding, varnishing 

and t.rsling units 
Oth"r rPquir<'d equipment 

( •·. )~. , f Pr production con tro I 
;md fina I inspection) 

Suh!ntal (•quipmE'nt 
S11tJt.otr.il bui !ding 

M;irllJfar.turing pl;mt 

$ IO, 000 
60. 000 
flO, 000 
20,00() 

200,000 

30,000 

$ 400,000 
100,000 -----

$ ~>00,000 

I 
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Raw ~aterials and Jlher production 
materials requir~d 

Quantity pt-..:" 

Cerai'.lic rods 
Fluoric acid 

Hydrocarbons (Methane, Bt>nt.'Z"'n" J 
Pvre Nitrogen gas 
Varnish or epoxy r~sin for 

protecting co<:!ting 

Caps 
Copper ~ire, tinned 
Paints for marking 
Paper tape for production and shipment 

Manpower cequirements 

Engineers 
Skilled technicians for maintenance of 

equipment and machinery 
Skilled workers to be trained on the job 
Unskilled workers 

Complete manufacturing plant 

1.4 METAL FILM RESISTORS 

l ,UlJ(j 

I ,21)0 

J ur' 

Ir i:-. 

2. ~)l_)() 
I ~I• 

!t.' 
Jt)'' 

r~·s ts t_<Jr-s 

pi<:>·~<:'S 

- 10 g 
,, 
"' 

- l • L)(i; ·, 

pie•~PS 

::-

g 
i'.l 

2 
6 
3 

12 

g 

Price !-'~'r 

I ,000 resistors 

$ I ... 2 

2 

s 1 
s 

Metal film resistors use a thin film of a metal alloy as the resisting 
determining material. 

1. APPLICATION AND MARKET 

Metal film resistors are relatively uncomplicated fixed elements which 
are used in all electronic equipment where the requirements for quality are 
above average. They are used, therefore, especially for professional 
electronic items. 

2. DESCRIPTION 

A metal film resistor consists mainly of a ceramic rod of high percentage 
aluminia (85 to 96% A1 2o3 ) or glass on which a thin layer(~ 10 ... 100 mm) of 
metal alloy is deposited. This metal fi Im defines the pro~erties of the 
component and has, therefore, to be produced unckr :;trictly control !Pd 
conditions. 

A typical size fc'r metal fi Im resi:;tor:·; i:; :-;hm:n in Fig•.:rf• I. 

Figure I. Con~~truction of m~·Ld fi Im rP::;istor:. 

SPIRAL 
METAL FILM 
I 

ROD 



resistance value 

dissipation power 

st~bility (e.g .• ch~nge of resistance value 
;iftPr l ,01JOh at ful I load and 
rated tt"npt•rature) 

i. PH:JDUCTIOtl PROCESS TECHNOLOGY 

Ohm 

10 mW 

l•' ·'-

10 M Uhr::s 

2 w 

... L.>' x ]'.) r. 

A typical process flow chart for metal film resistor· p~·uduction i::< giv•.'r: 

in Figure 2. The production process of metal film resistors starts ~ith 
cle3ning of the carrier substrate. 

The main step is the following deposition of the metal film. Dependir.g 
on the technical parameters to be achieved, high vacuum evaporation of metal
al loys (e.g .• Nickel-Chromium) or chemical deposition (e.g .• Phosphor-Nickell 
are applied. 

The next step is the sorting of the semi-finished product into classes of 
various film resistivities and temperature coefficients. To drtrrnine values 
proµerly, the substrates are cappeti and prevarnished before. 

Figure 2. Process flow chart 

CLEANING OF CERAMIC ROD 

I 
DEPOSITION OF METAL FILM 

SORTING CAPPING 

SPIRA!.LWG PREVARrl I SH I NG 

:;.;HT ING 

CAPPING SPIHALLlNG 

W!Hr:WELDINC; 

VAHN(Slt!NCi MOL.DING 

I 
MAHKING, n::;Trm:, PACKAGING 
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• :<•' o:-d,··r cf ;i:·oduc t ior: f ! o·..- r..ay 3 ! so b(' al t t't ·('d d•·pend i. ng on tht> 

tt•ctuw!,igy 3ppl ied. 

·~Lt· fin:il :·es1st:'!OCt> valut• is dett.'rnint-d by Uw ~;piral ling. 'Ahert' the 
nt>~ ::I fi ln is CL:t he! icoidal ly to for::i a spir<l I ;:round th.:- .:arrit>r rod. The> 
rt>q~:i:·c-c r..•z~hin.,-s us•· •'ith.;>r a sh:!rp hi.gt: sp·.'t•d f.'.!"indi.:,; ·,_·:.··el or ~' laser 

bt")..:~ fc:"" \.t .. ~"'Y f:ne· h~Iix cuts .. 

!:1 ~.Lt-. !:::st. r:·oduction phase the c:onrk,·t i~'!l ·,:i!·•·s ::rt• ·,_.,Jdt'd to tr .• · 
c~::ps. -:·h·· ~'!"cdL:c· i.s ~.hen varnish~d o!- rnld··d ·.-:i!"~! t:-r· . .::·::·l ~"·!~:.!! :o :_:.t.~ 
i~ol.=:"P·d ::-:n~i p!"C~·:-,--:.~d properly. test•,·d, r.:!rk,--d ;ind !1:-~ .. ~:-lg~·-J.. :n ~~1is stagt: 
th~ r .. 1 ~1.:'.c'!:" i:; r,.:.~:dy for ship!':",~nt .. tJnly !.irh ,;?:·:l~t: .. · :•,-.-s shot:ld ~1f~ J.gPd 
:: cou;.•!t· ,_,f d:sy~ :..!:-tdt~r elevated tr~p£·r·.-1tur· ..... p! .. i•,:!· to ~:.~·i!· :~pplica~:.on. 

4. L'Cf-.Tln~l C NDiTI<_•N 

The production pl;}nt has to be split into t!w fol lm.:ir:g three arc-as 

(see Figure 1i: 

.... -· -

l. Ceramic rod prt>paration and metal fi Ir:. dt•pno· i ~ i·m by 

evaporation (and/or cher.iical depo~i tiun .l 

2. Capping, spiralling. varnishing or molding 
1. Testing. narking, packaging, storing and shippin~ 

Figure 3. Layout for tht• !'!lanur~1cturi:1g pi ;-,nt 

11I!!E •ELDING 

VARNISHil'iG 
TES7:NC 

;-:-~;-;•~::·r. § I I A:i:'.l li!Ai'K ISG 

l 1 
[ PREVARNI~Hlrt;; I 

:.;p ;FALLING ;.):·::~:: 

::·:~? -~;.:: ~~· 0 0 0 D 
D C:J 

CAPPiNG , 
c:::J D D 0 

0 c:::J ~ S:-~ ! i'P Ir•·; 
f'Pf. '.:;ORT! ~J ; 

D 0 D :;. :. ~: :' ' . ~ . ~. : !· 

YA:tA- .r.~r.:.: 

--
LI 

·- LJ 

•,. Th(• minimum Pconomic pr·oduct.io11 for· t.tw ~;m:il I, rnq:;t ly 11:;Pd sizr· of 
? x <) mm i~; around I mi 11 ion resist.or:; per w,.<·k or I\ mi 11 ion rr·:;ir;tor~ pl'r 

month, tia:;(·ri on ;1 t.w" Ii h<iur shift procl1wt 1ori. 

I 

• 
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Cost of production, machines and equipment (FOBl 

Air filtering and conditioning equip~ent 
Metal evaporation units 

$ 
$ 

20,CCO 
3:JO,OOO 

Presorting, c~pping and spiralling machines 
Prevarnis~ing line 

$ 
$ 

80,000 
20,000 

Production line with w~!ding, varnishing 
and testing units 

Other required equipment 
(e.g., for production control 
and final inspection) 

Subtotal equipment 
Subtotal building 

Manufacturing plant 

$ 200,000 

$ 18(: ,000 

$ 7;:J,OOU 
$ 1C0,000 

:s 9\J0,000 

Raw materials and other production Quanti•y per 
_m_a_t_e_r_i_a_l_s~r_e_q_,_u_i_r_e_d~~~~~~~~~~~~~l~·~OCJ resistors 

Ceramic rods 
Nickel, Chrome and Nickel-Chrcme

Alloy for evaporation 
Pure argon 
Varnish or epoxy resin for 

protection coating 
Silver paint 
Caps 
Copper wire, tinned 
Paints for coatii1g 
Paper tape for production and shipment 

Manpower requirements 

l ,200 pieces 

l ... -10 g 
0.01 - Q.l g 

100-l ,000 g 
0-10 g 

,200 pie-::es 
80 m 
10 g 

100 m 

Engineers 2 
Skilled technicians for maintenance of 

equipment and machinery 4 

Skilled workers to be trained on the job IQ 
Unskilled workers 4 

Complete manufa~turing plant 20 

Utility requirements 

Electrical Power 
Water 
Liquid nitrogen 

2 . DIODES 

2.1 SILICON POWER DIODE 

Quantity per 
1 ,000 resistors 

1 - 2 kWh 

0.1 ... 0.5 

Price per 
I ,000 resistors 

$ l • . . 3 

$ 1 ••• 3 

P:-ice per 
1 ,000 resistors 

$ ;) .2 
neg! igibl~ 

Silicon power diodPs are designed for hLgh current or high voltage3 1n 
forward direction. 

1. APPLICATION AND MARKET 

The high current. type powPr diode is us!'d as semiconductor swit.ch for 
rectifier purposes, and for DC as well a:> AC current sources. The high voltage 
type, for instance, is used for X-ray power supplit•s. The market situation is 
as fol lows: 



')' ... ' 

I"":• .. '· 

. ~ .... 
'. ,/ ...... .. ~ . -

! l.. 

10 MM 
I 

!'P-.! 
-------- -- -------- ------ ----

.... 1' - ' 

.. 

!r. ·,d,!ir i·;1, !re u-,,. :_Lit ic characteristics, it is nect'ssary to char-actt>rizl" 
th•· ~-~1 .. ~·-.::! :, .. !, :;:r,r, :;·1< h ;,:; housing tf·mpt:"rat11re, necessary heat sink, therm::! 
n·s i :; ~.::nc•·:· , ! "1·,;··r Io:;:;, ;incl if n~<:f':;s;;ry, the frequency ht:-hav i or. 

'.ci l i,·,,~l r•-:;-_>:;r;1·t.i.,ri:; for po-..r•.•r diod<'S ;1rf' b:ssic.:sl ly t,roduCf•d by diffu:;ior; 
l'r•v•·::: . .-:: 1 ,' .. ' .;1l1• or• 1;,·rH·r:d·-P11rpos•· Oiod•·i and al J0yinj; proc1·:::;~·:; 
I/.'. :>·11•·:· [),,,,j. Tt1• ditfu:;ion :;tf'p prr)dllCf•:; a V•·r-y f,<>r:l-''g•.'fl•'OlL; f•-fl-

-~1in1·~ Len r,·..r··~ .; .:?·;··· ;s:···.s. Thi:; i~; Vf"ry imrJort.:snt' L~·c 1u:; 1· fh~· fHY-A'P!' 

< <;r. _·;~~.;.·it .. :. i .. 1!~:·· 't l:; t;:·c1;1<ir·t ir>n:.11 t.o th~· ::i l icun :1r'"• (T.ypic;sl l·.1 ?•, 1 'J-,-~1J<i 
A·,-· ·:1 it." ,,:11"1· h.1r1rl, :i:i :sl loy ;d lo·,.;:; ,, v .. r·y p,o.irl lt1•·:·r:i;sl cor.tact to ~.h .. 
hri·:··.;n;•. :::,,:, ti. .. :•·f•w•·, :11th• t..-:st :·.i11k. A t.y1,i•·;sl f•rr,· .. :;:. !'low ch:srt ;:; 

,: l ·:,·n ! !'l r· i .-t.t;!·,. ;'. 
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I 
D iFFl_!S ro:; 
:.sc:E 2.21:3! 

CLEA'. ING 

I 
::.L.!.JY !NG 
ISEE 2.2122; 

CUTTrn;; 

SOLDERING 

SEALING 

TESTING 

The diameter of the single crystal 1 ir:•· silicon died··- ,:-·; t'L·_~,; 
::;-.1.xint~:-1 switching current and covP'rs tht· r::ng .. ·- r ... ~t· ... i ... ,*l.n ": !·r-·.·: '7'~: ;::-. ~ , :!~ ·:1··.·. 
Tht• · .... ift•r:s are the basic materi:d and .~re :;.-J 1 1~~!:t 1o:i tr. ; - c.::· n-ric1;·1: .. ·. ·-··· -. 

corchin<>d diffusion and alloying st~p tht·· diffu:::ion io. ..:::!·;i.-J 011• f:;:;: t_._-.»:.;.=·· 
it oc:._.,_irs at about 1,100°C, where3s th<' alloyir:g n.·~·ds 0;1ly ;:,.·~·''t: - ..... _ ... ·.·=·: • . :· .• -. 
finish~·d °'"'afers are ~ut for lo·...- po•..:er dion~-;.. ·,;h,•n·::.; for t::~~h po·..-•. , ·.!•·•::.···:: 
th0 cc~plete ~afer is used. 

CLEANING ~P-SILrc:;r; 

:-'.~:TALl.IZATION 

ALLOYING 

CONNr:CT I ON 
TO ti< JlJS I NG 

,; I. 

r· " I 

~:~~I 
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S·~'-~:! ir~~: :ind cont::ctin~ of tht~ po·..arr diodt~s is :! v-:.•:-y :-:.;'ot'"'~--:r'~ ~Js~: :ln'-i 
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Area I requires distilled and filtered water and filter~d pressurized 
air. The vapors from the etch baths have to be siphoned off ~nd drained. 
For th~ etchants and solven:s, it is neces3ary to supply special storage. 

Area 2 requ~res distilled ~ater. 

Are~ 3 requires cooling water and heat ex~h~nge. 

Area .:l requires exhaust fans for the solvent fumes. 

Maintenance of pumps, ~otors, gas and water supply, etc., should be done 

via the maintenance acce5s. 

Severe s3fety prP~autions have to be taken if gaseous sources are used 

for the diffusion. 

5. The number of diodes on a wafer depends on the s~itching current. For 
an economical production line, it is necessary to handle ahout 50 wafers 
(2 or 3 inch' a day. It should be noted that the production process al lo~s 
the production of a whole spectrum of diodes and the factory need not 
exclusively produce power diodes. 

The follo~ing equipment is required: 

Cost of production, r:iachines and equipment (FGB) 

Etching and cleaning 
Mechanical preparation (cutting and poi~shingJ 
Diffusion oven 
Met;:il l ization 
Al Joying 
SoldPring and encapsulation 
End con ~.ro I 
Packaging 
Sma I I equ i r,men t 
Subtotal equipme~t 
Subtotal building (including installations 

fur air conditioning, etc.1 

M;:ni1facturing p ! ant 

Raw materials nnd other production 

$ 70,000 
60,000 
40,000 
~s.ooo 

50,000 
210,00(1 

60,0UO 
70,00(J 

$-7o<;,l)C0 

600,000 

$ I , 3'l~, UOO 

Average qu~ntity 
per I ,000 rtio~es 
(diode ~~rea 2~ mm' 1 materials r~quir~d ---------------· -·------- ------------------------- ·---· 

Silicon wRfrr~ with a diRmetrr of 1 inches 
Distil !rd and filtrrrd water for cleRning 
HCl, H202, tl?04 fc,r etching 
Pure nitrogPn in pressure hot.t!Ps 
Polishing mRterial 
f'hosph i nE> in prPssurP bo t.t If•:.; for doping 
MPtal for alloying 
Soldrring disks and soldrring material 
Housing matrrial 
Paints for marking 
Paper for packaging and shipm(·nt. 

7 

l4U 

14 
140 
iOO g 

hg 
2, 000 pi 1·crs 
I , 000 pi 1·crs 

10 ~ 
'j()(J rr. 
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Manpower requirements 

Engineers 
Skilled technicians 
Skilled workers to be trained~ .. the job 
Unskilled workers 

Complete manufacturing pl2nt 

Utility requirements 

Electrical Power 
Water 

2.2 SILICON GENERAL PURPOSE DIODE 

4 

12 
J 

21 

Quantity per 
l ,000 diodes 
(diode area 25 mm~\ 

5t) 

200 
150 kW 
300 I 

Diodes are the simplest active components in semiconductor technology. 
They can be used as rectifiers, demodulators, switches, limiters, stabilizers, 
mixers or oscillrttors in electronic systems. Silicon general purpose diodes 
are low cost rectifiers made out of silicon as semiconducting material. 

l . APPLICATION AND MARKET 

Silicon diodes are applied in nearly all electronic items for professional 
and consumer electronics. 

A c!assification of general purpose diodes according to th~ir capability 
and application is as follows: 

I) universal diodes 
2) switching diodes 
3) rectifier diodes 

According to Electronics, Ja~uary 1984, the following market expenditures 
(in millions of$) existed for diodes: 

1982 1983 1984 1987 (Estimates) 

Europe Rectifier 179.3 188.3 201. 3 420.2 

Signal 56.0 59.7 62.2 85.6 

Japan Rectifier 220.8 213.7 249.2 540.6 

Signal 83.4 96.2 101.1 160. 2 

USA Rectifier 212.2 226.6 24~.o 480.9 

Signal 59.0 60.6 61 .4 Fl8 .4 

2. DESCRIPTION 

The most important piirt of a S('miconductor diode is ;1 p-n-Junc:-t.ion whict. 
is formed at the transition be tween a p- and n-doped st•m i conductor 11n ter i a I . 
For si I icon diodes, single crystal I in<- mat.Prial if: u::(•d. 

A typicri: universal diode in ri g1;1ss s<-al ing is shown in Figun• 1. Thf' 
weight is about 0.2 g. 

• 
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Figurt' I. Typicc1l L:onstruetion o! ,::od•.':-? 

CAP 

~ff--- Z-BEND 

::i:-::.::._;v::r;u.=-~\2R---tt:J9~~== SOLDERING DISK 

~~~t---SOCKEi 

'.~IRE 
.._.. ____ FE~:-r~r.~~~.u .;;~ 

-L.... ..... -

The fol lowing technical data are achie·1ed with the prPs.·n~ •pc'-.rw; '.•:i: 

Temperature stability (forward direction) 

Temperature stability (reverse bias) 

Switching time 

Capacity 

Universal 

Reverse bi~s VR 50-300 

Forward bias VF I .3 

RPv""rse current IR 0.2 

Therr.i;j I ri:'sistance Rth 180 

'1. PHrJDUCTION PROCESS TECHNOUJGY 

- 2 r:.V h 

7 

0.01 - 10 us 

- pF 

Switching Rt•r·t.ifi•'r 

30-80 6-'300 v 

l . ] I. I v 

0. I -5 µA 

l(J0-700 '-Jt;() rnf: / 11.' 

Th" bet:~P rn;1tPrial i:.; :;inr,lr cry:; Lil I inf• :;i I if'.<m •11::f1·r·:. ·,;i I:; :1 !1 tr::"t.•·:· 

bf~t·,;N·n? inr.hr:; and "'; inr.h('~L ThPy cir(· 11:;u~il Jy bo11;~lit. ·,;i th :i !'1111:.h .. d :;1u·f;,, ... 

Thr· t.:1icknes:,; of th(' W<Jf<:>r:; b; about. o.·\<) mm and t.hr·y ;1r1• ri- or· p-dup1·d. 

A typical process flow ch11rt. for :~ilicon diodf':; i:; giv(·n in r'iE11r,. ;•. 
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CLEANING 

l I I 
DI :"Fl.JS ror~ CUTTING PLANAR TECHNOLOGY 

I l 
(SEE 2.2212) 

l 
i;LLOYING 
lSEE 2.213: 

I 
SOLDERING 

I 
SEALING 

I 
TESTING 

i 
CUTTING 

The raain technological step is doping of the wafer. A hatch of 50-100 

silicon wafers is usually ~recessed at the same time. 

For the diffusion process the p-doping is carried out with boron and the 
n-doping with phosphor. Gaseous, liquid or ~olid ~dterial sources can be used. 

The thickness of the diffused layer should be about 1-2 µm. 

BPca~se the diffusion process tDkes ~lace on both sides of the wafer it 
is necessary to take away one sidn by polishing, etching and cleaning the 
surface after the first diffusion step. After th·· second diffusion, the oxide 
layer is etched away. Then a nickel layer is deposited by either evaporation 
or sputtering in vacuum, or by electroplating. ThP finished wafers are cut 
with the help of a diamond saw to appropriate squares of 0.5 x 0.5 mm~. 

Sealing and contacting of the finished structures is a major 
total assrmhly. Three different possibilit.iP~ of sealings exist. 
list".'d below in df•Crt'<~si_ng ord"r of rost: 

part of th•· 
Thl"y ar<' 

l) Mr·t.211 hou:-;ing (:;11ggf·sted for' high r''li:1bilit.y <ipplicat.ion ;:rnd for;; 
·1:i<h- t<·rnp(·raturt· !'<HI/'."(-<,<, ••• +17';°C)). 

·i) f'o I ym"r hou!; i ng;;. 

F'or tPst.ing, it is m·cps;-;~ry to control t.h,... quality of the individ11al 
I ayf·r~> and th€• fin i shPrl rkv i CC'. 

E;Jr:h diodl" ha~; tn hi"" marV.Pd by a color cork which d<'r;cribes t.hf' bar;<' 
m~t.Prial, thP t.ypr of rlinrlP, <ind thr t.olerancr. 

Trw p-n-j1mct.ion r;m ;-i)~;o b(' fJl'Orl11r.ed by al loyinr, ;1:; is descr·irwd in tilf' 

Profil<· ?.?IJ (Z,•ncr rliodr·) and by a pl•inar t<'chnolcgy which is dl·scrihPd in 
ctrlai 1 in Prnfi l(' ?.;>?I:! (Bipolar Tr;in;;i;.;t.or). 
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4. AREA AND PLANT 

The production plant is generally divided into the fellowing four areas 
(see Figure 3): 

l. Chemical processing 
~. ~echanical processing 
1. Layer processing 
4. Encapsulation and testing 

ThP economic building size is given by th"' diffusi..y; c·:·.·r.,, · .. :~.:.-~-. :-.·:v.- ··, 
!Pni·h <)f :-ibout 8 m. This defines the length of tti._. tt~:!·.j c't··::iG:: ,_,:· ::: )•_l: 

!1) r,. Th>:' total length amoun+:s to about 30 m, and for ·r.-' r0~.:1l :;r·,-, :;r,:in··:·:~

~~tely 300 m' should be considered. 

Figure 3. Layout of the m ... mufacturing p1a:it 
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Arf'<:J I requires distilled and filtered water ilnd pressuriz<'d air. The 
vapors from the etch baths have to be siphoned off nnd dr<.iincd ov('r· Uw 1·00!'. 

Fnr· the ~·tching agents and solvents, it is necessary tJ) :;upply ne11t.ralization. 

Are~ 2 requires water supply and pressurizPd air. 

ArPa ·1 rc>quires effective heat exchange, cooling wau~r and pre;;suriz('d ;Jir. 

ArP;:i 4 requires exh~us t fans for the so I vcn t fumP~; caused by th(' ~;o I df'r i ng 
procf':-;:-;. 
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Airconditioning is necessary in all sections. The air must be filtered. 
Maintenance of pumps, motors, gas and water supply, etc., should be done via 
the naintenance access located outside the cleanroom sections. 

Safety precautions have to be taken if gaseous sources lPH 3 , B2H5\ are 
used for the diffusion. 

5. The minimum economic production is about 50 wafers per day with 2,000 
diodes on each wafer. The yield of a properly running line should be aro~~d 
90%. To be profitable, it is necessary to fabricate about l million diodes 
per month. 

Cost of production, machines and equipment (FOB) 

Etching and cleaning 
Mechanical preparation (cutting and polishingi 
Diffusion ovens 
Metallization 
Production line with soldering and sealing 
End control 
Packaging 
Small equipment 
Subtotal equipment 
Subtotal building <including installations 

for airconditioning, etc.) 

Manufacturing plant 

Raw materials and other production 
materials required 

Silicon wafers with a diameter of 3 inches 
Distilled and filtered water for cleaning 
HCl, H202, H2S04 for etching 
Pure nitrogen in pressun· bottles 

as protective gas 
Polishing material 
Phosphine and diborane in pressure bottles 

for the doping (only if gaseous sources 
are used\ 

Nickel for metallization 
Soldering material 
Copper wire 
Housing material (only for metal cases) 

(only for glass or polymer) 
Paints for marking 
Paper for packaging and shipment 

Manpower requirements 

Engineers 
Skilled technicians for maintenance of 

equipment and machinery 
Skilled workers to be trained on the job 
Unskilled workers 

Complete manufacturing plant 

$ 

$ 

70,00C 
60,000 
80,000 
55,000 

180,000 
60,000 
70,000 

110,000 
685,000 

600,000 

$ 1,285,000 

Quantity per 
1 ,000 diodes 

0.5 wafers 
10 1 

I l 

10 I 

10 g 

5 g 
20 g 
60 m 

l ,000 pieces 
100 g 

10 g 
JOO m 

J 

13 
2 

20 
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Utility requirements 

Ele~trical Power 

2 ~ ZENEH DIODES 

I. APPI.ICATIUrl AND !·'.hH~:E"'.' 
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Quantity pt>r 
1 ,000 diodt:>~ 

10 
20 

20 kW 
~o l 

Zer1t'r diodes ( :t.-diod1•s 1 
·::··· 1l:it•d for· rcf:'re!:'.::e purpose:-: an.j fc:· 

sl:1'.·iliZt'r:; (for inst;::\•'t·. 1.'ulLl~~·" st;:l'iiiZt'r·s) in prcfes:oicn::il zrnc ..:c1su:"lt'r· 
,·lt'c~trunics. F11rttw:·:·)?'c. :t;··:: •::in llt" ust"d as limiters and for g::::n.=. Th.:

~;ff.-:-.··t si t11ali•Jn \in rci. l ! ;.,re .)! :3 ·, 1:; ~is fol lows: 

! ~~~12 1~83 1984 j 9p;i ( E ~: : i c. a t t"::; ) 

Eur0pe --~:; . 4 46.6 50.C 84.6 

J() .. 1 38.3 45.0 110 .5 l Japc.n 

United States 103 .0 117 .4 134 .1 160.6 

2. DESCRIPTION 

Z-diodes are the only diodes 1...:hich are used in the reverse "breakdown 
regime'' of a p-n junction. This junction is formed between a p- and n-doped 
region of a single crystallinP silicon material. 

., 
,J. PRODUCTION PROCESS TECHNOLOGY 

Technology and P:--oce::os f!m-: ;;re Uw same as for other diodes of small and 
medium power. A typical process flow chart is given in the Profile 2.2122 
Silicon General Purpose Diode. The most common technologies for single diodes 
are the diffusion process (2.21?2) ~nd, as an alternative, the alloying process 
which ~ill be described her~. 

The base material is single crystalline silicon wafers with a diameter 
between 2 inches and 5 inches and a finished s11rface. The basic technological 
step is the al Joying of th<' dop;mt material (Figure 1) in order to achieve a 

p-n junction. 

Figure l. The Al Joying Proce:-rn for the Production of p-n junctions 

~ ~ ~N-SILICON CUTTING 

I 
~~ CLE-:ANING 

I ~Al. (P-DOP!NGI 

MnALl.IZATION N-SI 

AG PU GI:: SB 

P-SI ~ P-N JUNCTl0'' 

ALLOYING ~ ~:SI 
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Unlike the diffusion proct'Ss, ttv.' rutting uf U1t• ·..-.:t"t•:·:; ~:!~:._.,, pl:h'•' ti.,L.1-., 
the !,Jreparation of the p-n junction. The homog•_•rwously n-<..i0pc•d ·..-;:fc't' i~: ct1: 
in 2 x 2 mr:-1' pit>ces. To product' tht> p-n jun<.:tion, alt:~:irn1'7' i:; :d luy•.'d intci 
silicon at about 600°C to 8u0°L'. During a slow coolinE.; proct'SS tht• silicon in 
the alloy crystallizt'~; and forms a p-layer. At the sa::.e timt', th•.' n-typc' sili
con bast' mater i a 1 is al l oyt•d tu for·n a n-n + ohr.i i c crin Lie t l. n + r.1e:ms ~1 i gt; l y 

doped) ;1t th~· back sidP. A typi,·:il alloy for thi::; pr'-''":<;s C)nsist:' Gf 

Ag + Fb ~ Gr + Sb. 

After· tht' ;:lluyir:,:, t_h.- di<)<k c:·\·:;t.:!l is r1o•mt._,d int11 th .. diod,, hoc::,in,:. 

Th~a ~urf.:t<~t .. r.,ust L·~ C;,.):tt•_'d ~~~ ::: :: ~~t!rt':~(-t~ prnt,!ct'ion tJ .. ·.c:!n:::r· t~1·_-. p-:;.-j!;:1t~t i~-:-~ 

For· i,.,;t.irw, i" :'.' n"c,•:·:;·::·:-: ~., ,·,H1tp,J tht· qu:!Ji•:: n!' t.L•' lnc!:vi(~·.:.il 

l ;1yer':.-: :ind t ~!~..,, fin! ;~~1··ii .1,-·\r l · ·t..•. 

E~ch dio<.k tF::; tu b .. m~:r·k··d liy :i ,:olo:· codt' lo.'hich dc»;•:?-it:,•" b;:s·.· c.::••"!'!~:1, 

type of diodt>, 1,,],·r·;:n<'•'. :in.1 :h._. Z-vol t;,~.:'. 

4. AHEP.. AND PU'-.:ff 

Th<> pruducti•m pl;mt. is generally dividt>d into thre<:> r;rpas (s._-e FigurY 21: 

1. Cuttinf ;md clt':mint-~ 
2. Layer processir1g 
3. Enccipsula! ion :>nd tt•,;ting 
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The e-conomic building size not including any offices is about 2~0 m· 
Air conditioning is necessary in all sections to guarantee temperature 
stability. The ctir must be filtered. ~aintenance of pumps, motors, gas and 
wat~r supply, etc., shou 1 d be done via the maintenance access which is out
side the cleanroom sections. 

Area 1 requires water supply, distilled and filtered water, and 
pressurized air. The vapors from the etch baths have to be siphoned off and 
drained over the roof. For etchants and solvents it is necessary to supply 
neutralization. 

Area 2 rer,uires cooling water and pressurized air. 

Area 3 requires exhaust fans for the solvent fumes generated by the 
soldering process. 

5. The minimum economic production is about 50 'Nafers per day. f·or .3 inch 
diameter wafers the output is about 700 diodes for each wafer. The yield of 
a properly running line should be around 90%. To be profitable, it is 
necessary to fabricate about 600,000 diodes per month. Because the production 
p~ocess for signal diodes and Z-diodes is the same, it is useful to produce 
more than just one type of dionP ~~a production site. 

The following equipment is required: 

Cost of production, machines and equipment (FOB) 

Mechanical preparation (cutting) 
Etching and cleaning 
Metallization 
Alloying 
Pr0duction line with soldering and sealing 
End control 
Packaging 
Small equipment 
Subtotal equipment 
Subtotal building (including installations 

for air conditioning) 

Manufacturing plant 

$ 50,000 
70,000 

100,000 
60,000 

180,000 
60,000 
70,000 
9l) ,(JOO 

~A0,000 

600, GUO 

$ I ,280,000 

Quantity pt"r Price p~r Raw materials and other production 
mat~rials required ___ I_, O~Q_? i od~~--- --~~~~__9_ i od.:_-_:; 

Silicon wafer with a diameter of 3 inchPs 
Distillrd and filtered water for cleaning 
HCl, H2o?-, H2so4 etc. for etching 
Pure nitrogen in pressure bottles 
Materials for metallization 
Soldering material 
Copper wire 
Housing material (for metal cases) 

(for glass or polymer 
carws) 

Paints fur marking 
Paper for packaging and shipment 

I . :, 
·10 

'j 

]() 

I ') 
20 
()() 

I , 000 

I 00 
Io 

10() 

wrif•·rs $ ·;. '-, 

I $ ( J • <j 

$ (J. ~ 

I 
g $ (). ·1 

g $ ().~ 

m $ l.O 
pic>Cf'~; $?().() 

g $?(I,() 

g 
m 
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Manpo1'ier requ i t-.:r:ien ts 

Engineers 
Skilled technicians for maintenance of 

eyuipment and machinery 
Skilled workers to be trained on the job 
Unskilled 1'iorkers 

Comp 1.:>te r..:mufacturing plant 

Uri!ity r~quirements 

1.0 ~·JS FIELD EFFECT TRANSISTOR 

3 
12 

19 

(.)u:mtit:; pe:· 

j 1) 

MOS field effect transistors are mostly used for large scale in:.._,g:·at.:-d 
digital circuits. 

l. APPLICATION AND MARKET 

Discrete MOS field effect transistors are mainly used as high i~pedance 
input stages in amplifiers and other electronic circuits. The market de~3nd 
(in millions of$) is as follows: 

Europo::· 

J;;pan 

United States 

2. DESCRIPTION 

1982 

28.8 

53.4 

43.3 

1983 

29.6 

65.3 

61.2 

1934 J 93·; \ Estir..~·.ec; · 

33.3 

79.2 l ln.; 

8i.9 140.8 

The MOS field effect transistor consists of a currf'nt ch;mrn . .>I ::t t.tw 
surfacf> of a silicon single crystal. The resistance of this channel is 
determined by an electric field perpendicular to th~' chann'-'i ·,;hich i:.; ~.ppl Lt'd 

via a gate electrode. For p-channel MOS transistors, two strongly doped p• 
areas are diffused into an n-type doped substrc.te. They act as current 
injecting (source) and absorbing (drain\ electrode. The gate electrode, 
together with the dielectric (silicon dioxide) and the ch3nnel in th~ silicon 
substrate, acts as a ~apacitor. for negative eate vol rage;, ;u1 inc~··";)~;»J 
half· df'nsity in the channel area exists, and a cw:-r .. ·nt flo..: n .. t ..... f•t•n so•irc•' 
and dr;)in occurG. Typical supply voltages 1'iithout <sddition.11 ion irpl::nLi'l<m 

stPp~; are l~-24 [ v). ThP packaging for tht> t.r;}n:;i~;tor-:; 1:; d irw in r'1•"V.I 

hn11:;ing:; or epoxy molds as shown in Figurf' I. 

Figure I. Typical housing for ;1 Mo:.> t:·:1n:;1.;tnr-

CASE AND SUBSTRATE 

SOURCE 

GATE 
DRAIN 
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3. PRODUCTION PROCESS TECHN0LCGY 

Single MGS field effect transistors ar-~ usually bui ! t on surfa-=es of 
n-type single crystalline sLlicon. In pianar technology. the necessary 
doping steps are carried out by diffusion or ion impldntation •see Profile 
2.22121. The gate material usually is alumint~. A typical process flo• 
chart is given in Figure 2. 

The basic m~terial is 3 or 4 inch silicon •afers. Incl~ding the pads 
for bonding. a transistor has a typical size of J.3 x 0 . .3 mm1

• 

Sealing and contacting is very important and is a major part of the 
total asse~bly costs. The sealing has to be leak proof in order to avoid 
moisture and corrosion. 

4. AREA AND PLANT 

The production plant is generally divided into fiv~ areas (see Fig~re 3:: 

Area l: 
Area 2: 
Area 3: 
Area 4: 
Area 5: 

Cleaning and etching 
Photolithography 
Layer processing 
Testing, bonding, and encapsulation 
End test and packaging 

All areas should be air conditioned in order to guar~ntee temperature 
stabi I ity. 

Tht areas - 4 are clean rooms with a particle density belo~ 100 per 
cubic foot. The follo~ing special requirements are necessary: 
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Ari·:, I r,.quir•·:; d1stil!Pd :ind fiJt,·ri·d .,,.-,1_,.r .tn:1 filt,.·r·r•d pre:;'.;ur1;'.ed dir. 
Th·· v:1pn:·;; from th•• .-.r..~h bath h;;•n· •rJ i;•' ::ir,hr;nr•d <)ff ;ind tir·'1ine<1. 
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Arca .1 r••(pl i rC':; cr,o I i ng w;:, U·r and he>;:i t exchringf·. r·or th<' di f fu:; ~on, usu a 11 y 
g:1:;('ou;; dop i nr, ~01ircP'.~ rt rt' u:;f·d, which :sr<' poi :;onous. There fore, 
:;<'Vf'rf' :;:sfr•t.y pr<'caut1ons, s•Jch a~-; l<':tl-: d,.t,_.,:t.ion, hriv-:- to b(' includ,,d. 

Are:s ~ ha:; no :;w·c i il I r<'q11 i r<'r.wn ts. 
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5. for a~ inch diar.eter. usually 4.~0C transistors are prod~ced per each 
~afer. The yield of a proper running line is aoout e0-9Q%. for an econocical 
pr::>duction line, it is nect"ss;;.ry to handle at-out 30-50 · . .-afers a day. It should 
bt" no~ed that :~e production orocess allo~s the production of single transis
tors and s~a:J scale integrated circuits. Ci!cuit and ~ask design. as ~e!l as 
·..-ori<ing r.asks, shoi.;ld bf'> t 0ought. 1.)ther-.•ise, the costs art? increased signifi
cantly. 

Cost of production, machines and equipment (FOBi 

Etching and cleaning 
Pho~olithography 

Oxidation and annealing 
Diffusion 
Metallizat.ion 
C-.:tting 
Die bonding 
Bonding 
Encapsulation 
Testing 
Sorting, narking and packaging 
Subtotd! equipment 
Subtotal building (including installations 

$ 8(.i ,OC·0 

150 ,1)1..:.J 

180, .JCO 
!80,COO 
130,000 

35,000 
30,000 
30,000 

180,000 
90,000 

105.000 
$ 1'190,000 

for air conditioning, etc.' 900,000 

Manufacturing plant 

Ra~ materials and oth~r 
production materials 
required 

Silicon wafers ~ith 3 inch diameter 
Distilled and filtered ~ater for cleaning 
HCl, H202, H204 for etching 
Liquid nitrogen 
Special gases (02, H2! 
Doping gases (POCl3, BBr 3 ) 
Metal for metallization 
Working masks 
Bonding material 
Housing material 
Paints for marking 
Paper for packaging and sl,!p'l'lent 

Manpower requirem~nts 

Engineers 
Skilled technicians for m~intPnance of 

equipment and mar.hinery 
Skilled workers to he t~ained on the job 
Unskilled workers 

Complete manufacturing plant 

$ 2,090,000 

Average 
QuanL ty per 
I ,000 resi ~tors 

6 
12 

) 

?Fi 

Average 
price per 
1 ,000 resistors 




