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SEtF;C.TION OF' M!CR()El..Ji.10TRON111 SUB.1Ii:CT »At'!'ER Ji'(')R 

'.[J).iptfS'l'R!AL AR'lS ;tN$',filJCTIQN. 

The purpose. of this study was to derive iudustrial arts subject 

m.at:ter:. suit.;t.ble for U.$e .at f;h<::l s¢eond.al!'y sehool lervel, ftom the tecb-. 

no logy of mioroeleettonic.s ~· This s.ubj~et mat;i;;er ~IEJ.s to reflect :t'b.¢ 

techiiol~gy of the. mier<>eleetrord.c. in.dust.ry and also be compatilHe t¥ith 

the objectives 0f indus.tri~l ~rt.s ecih.:u::.at.ioth 

'l'he study invqlved three m~J<:>r steps. The fi:i;st: step was the 

ar:i:angem~nt o.f informatzion ~bou~ thta t:echnolt>gy of mtero~leetronios 

inf.l:.o groups of information denoted by eonventional ele~tl!'ic terms. In 

the second step# :i,nd.ust,-;ia.1 aJ'tS. subjeQt mat;.t:er was seleeted. from th~ 

groups of information by us.i:ng llJlson•s 0 cur:rieular components0 as. 

11 catageri;~s of sul;>jeat matter''.. The third step involved the pla¢ing 

of the selec:~ed subjeot matter under the. technical, a.vocat:ton.a.1, and 

consu.merfQ.llctions of ini:iust:rial arts, 

The sources of in.fomna.ti.oil a.bout the technology o.f tn:f.eroelec,.. 

tronics were 312 peri.odieals dealing with the electronic ind.ust:ty fi.!>t 

the yeat'$ 1963;. 1964,. and 1965. The <te:tived subj~ct matter was pre,. 

seut:ad in b<>th. nartativ~ and. topic.al outline fotms. 
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,, '; ' ' ' >,-.:·_. c '., _.-. • 

f~t' the:Mi ewi ti¢ isms. a:nd s\$gges,_ 

tion.s• 
\ 1 ' ' ' 

Wh~ ~titJ'lCt'.il'· also wl$h~a t:P t.hAilk 



Recent developments.in t;ll~ techn.olll)gy of ind,ustry should be lie.,. 

fleeted. in industtia.l a~ts subject tlla~tier. By such refleetion the v.;ilue 

a.nd girls to live in a '(Vo:ttl.d which may 'b• a¢c~tatl.ely ¢ha.rE.t~t:er:b:ed as in-

dustrial and ~eehnologiQa.1111 will b~ etlhan¢ed.~ 

c<>l'lstant review 0£ the deve1:¢ipments in the techn<>.1<>$Y .of iildUsttlfY fot 

.the putpose o.f sele¢1tin~ subject matter ma.t~rid to be used i'l.'l industrial 

tn those f.:t~tds of industty where .d.eve1opm~nts :tn. te¢hno1ogy 

oc;cm: "With the gteatest rapid:ttzy,. the need f«!lr 'Up .. to .. dat;e subJe.ot mattet' 

is the gre~t:esth Otte fielQ. ~£ indust:i:-y ~<Jith a·· srE;a:I: fref;lueu~y of new 

tr¢.nics industry, is the develo~meJ:\t, ef ··the tec:ht\<>lggy of mie:tt<leleotrol'ties. 

Thi$ stuCiy was designed to ide~t:tfy and. present~. tn an organbed 

fomu, sut,,tt.ec.t matter .ma\\:e:rial £r.om tb:a t:.echh~l<>st of mi~toeliactwonics for . 

use by tea.C:he:rs of se~qndat1 leite 1 :iiud.-u$t1d.a.l atts in el,e~tz:ronic.s classes. 

This study was $:iteatly influenced by ~he poin~ of view de.vefope4 

1(.';ordo}l o. Wil'belt:. lndusntial iU'IZ& in Cener~l E~b.t~titton:. .. (.~11cL Ed. 
itevis~d). (S.cra.nton, J?ennsylva.nia.: · l'.nterna.t:tonal T$xt:book ~ompa.ny, 
·1954)~ P• 1. . 



point ·of view 1:1.1:.;i?erts that i:ndu:st't'ial arts subject+ matter shQuld r:~flee.t 

the te.¢hno1ogy 9~ Amerit?an in4.ust:i;y, whUe at the same time 'being com-

patible wif:h t.be Ql,;Jective$ Qf in4usttia1 arts. · 

Speci;Eieall;r; this stu.dy 'Wa$ e$n~erned wUb de:tiving .~ 'body of 

stll'.lj~et rnattteJ;" ftQl'n. the ~~dlnology of mioroel$et:~on:l<;s and the~ organiz."' 
; :. ' 

lt1P9~he$±s 

· ::saaed.. on £:<>41'.'. yea.:tt$ of 9'b$ervat.io11 9£ the . 8l!CiWth: of niictoetee.• 

ele.c;tJ;:¢oni¢soi. t:he writet ft'>~tttaee~ the fo!lotoiiU-f! hy.~Qthests. for this 

.. 9tuQ:y~· 

The te:~hnoiPS'Y· of· m:i.c~eei¢eti!'.~n;i¢e contai~s 4eftni~e tn.dustti.;tl 

atts sifbje~t matte:t' whi® ci:i;i'\·. pe ·id~11\t.if1ed ~J:\d P:Z'g~:ttized f.('):t use ·:tn 

Th¢ m~in purpoa~ <.>f · i;his s~udy was to seler!t. s.uhj.e<!t maeter 

:ffr$m availa'bl.¢ ttt~tature d$al.ing with th¢. t¢cblil.¢>lo~y t>f m:ter<>eiectt't>n,.. 

1¢fh B.nd ,:c~sent. trM.s subJ$c·lh, mattel:' f\'i:ir '1S¢ i't( se~ondaty sohool level 



Speelfi.caUy~ the pttr}iQse of the stu,dy w~s to ident:i:fy micr.e"" 

electr1:1ni.c subject matter in selected liter;;it:'l,u:e ;Jn.d organiz.e it. for 

use in industrfol at't~l electronics in the follpwin.g a.re.as: 

l. 'f:he .;}re~ of consumer knowledge i.n. the field $f electronic 

equipment• 

2~ ~he area ¢if set'Vil!!ingt rep.ai:r1 ;sn.1<& installation qf ele.c.-

t:ronie equ.ip\ttene .~ 

s. The area of manufactudng pr~cesses used in the pr0dttctiqn 

o;E ele.(ftrl3nie e~u.ipment. 

4, Iha 1£ll!'.e'a qf aifpcat::ional int:erests in .electtonte equipment •. 

~he main. source ~f dat~ £9r this st:i.idy wa,s electrQnic periOdic:als 

of the past tht<ee y¢ars (l.963,..1966)~ 

Need for the Study 

In order f~r <:1n industrial a:t:t$ teacher t¢i keep subject. 111attei!i 

ttp'"tP .. date,. he should «Zbtl.st.i:n1t:ly ~ev.:i,ew adva!ttces ~nd deve19pments i11 

industry. He sh.Quld itte¢rp~rate h1t¢ his ci;>1;1rses that n:t~te:t'hl 'Which he 

h;:ts gathered .f;i:Qm his review ()f industria.l P'..!!'Pgress. l'.n this mannet' b.e 

enhances the value Qf h:h: cPutaes,. and cart asS:ltlie his student.s 0£ an l,t.P"' 

to""d<:lt:e presentatiQn of fa.ce.ts .¢>f Ai,nertcan in.d:ustry .• 

;(n the :fEa.st <::hang:i..ng elect:r~l,\:i,(?.S fiE!ld;. c!;)nst:an'!:: :rre.v:tew by the 

int!u;;;trial art:s teaeher is even. more :i.mpert21nt. '.l?i1:'¢ig:tess in electronic 

technQlogy ha,s i!_nvolt:ed such a change :tn <;oncept:s* pr@cesGes~ operl'!lti'Qnst 

u,$e aud inGtallation of electrl:lnic equip1i1entit and p'r()i::luc;ti,on ~f tl;te 

equip:ntetl;t th.::it: :lt has made ltibii10lete m.µi:::'(t of. t:tl.e technol¢igy (;;f five ye.Q.~s 

agp. 



.8 

elec!,::ronics as · subj~et m,g.tt<nr f()r. it;dust;rial <?:t:'ts... This. ],mpertap:t. phase 

<;if el~Ctl'.°OJ;lfC l~echn9lt;igy Sh()Uld b~ included. 5,J;), :i.P,i'.JUSt::j'.';t,al,: attS instt"tH;;<:"< 
' .. ' ' ' . 

general elec.t:ric ity•electrpniGs .. ·. Som"" Qf the$~ .• teacr,:e:ts tack, an in,.,;difi;>th 

backgr.ounii.l in electr()nies: whfch ·w~uld allow them t() ma.ke e~~tensive in"' 

vestigations of microelec;:tr<l!nics 1~.se~;i:cb of subject matte;t, 

This stµdy should be «if value tQ these teachers of elec.tr<\'!.nics 

fi.rst and m<>st fµnda.wental a!'lsumt'itian we1s that in.dast:ri.al a',t't,i$ stJ.l>J¢ct 

matter . 13ho.u1d refl¢et tht; te<!hn~logy of tndui;;try • 'Xhis assumption was 

subso.dpti.on. 



9 

For th.e purpose of this study,. the following del:i.mitatione were 

establish~d~ 

1. .· .That. th:ts study t1e gnly c;!;')ncernef!l w:ttb. the $<U~etion pf ~:ub• 

.Ject matt.~i:' fo.r indtlstt:ial arts ele¢tt>oni.~s tvl\lion reflee~s 

matter. 

J. · That nQ .attempt be maQ.e to l!ls,tab.U.sh a. grad~ ley~l at .which. 

the seleicted s.'Ubject :matte.r .. s'ftout4 be ptesent~d• , 

. trial A2,".ts Depa:rtment 1 Vbgin:ta ?<>lyteohnio '.tnl3:1:i~ute> will 

be .c.<>n$ulLted during the eoqtse e:I:. t;he study, 

Terminology 

Terminology is defined as the special e>r technical expression 

used i.n art, science~ o"t business. Terms related to industtial atts and.' 

the technology of mieroelectronies are llst~d below: 
I .·, • ; ' • '.-.' ,,, 

Course of s.tzuciy: a guide prepa:r:ed by administrators, supervisor$~ 
and teachers/ of a patt:ieulat $Qb.oo1 olt!' school syst~m., ~fil an ~ic! .to 
teaching a given su'bjeet o.r a;t:"ea of st1.ldy for a given gJ:a.de or 
$tudy. g:roup.3 · · 

'l ' . . . . ; . . . ·. . . . 

. .,Oat'ter V. Good~ (ed.), ~:tction.a.;ry. o.£ mduua:ti(.nl, . (New Yo~~l 
·McGraw-Rill Book Co •. 1 Inc.,, 19!19), p. 143. 



York: 

lO 

systel.llS utilizing electron devices :r includit1g eleetton t:'libeis.~ 
magnetic !lUllpl:tfiers, tt~nsistots~ and other devic$s that do tne 
work of electron tub~s. · 

Mie;roeleatronies; ttarm used to deacrib$ any elect:t;onic eir~uit:, 
sul.)system, or syst~m whos~ par~s density e:itceeds by any order 
of magnitude qr more; that attainable utilizing eonvant;ion~l 
compo:nents.5 

Subject mattte:r: the £act$, inft>.nnation, knowledge; ot cc,int~nt 
constituting.the substanct:J of any co~rs:e Qf study and to.be 
acq,uired by the lea:J?nEur ~ as d:tst:b1guishfi'ld fl'.Qln the 1lletbods> dis .. 
ciplines, anC!l activities t.;:hat 1$iva tomn t~ a eoutse~ the ¢on• 
tent of aducatie:n as: cont:t:aste.d with the s¢ienqe of edue\attna .. 6 

Teehnolo@!'.: indttatrial science; the seienee or systemat:te kn0w-
le~g, of the industrial arf;s., especially as a.ppli~d to manufactur .. 
:tns. 

Sibid. -
6sooc1., op .. e:U.:., p •. 535. 

7w:ebster's New Collegiate, :tU.ctionaty. (~atnbrtdge, t1ass .. ; the 
lU.varside J?ress, 1956), p,~ 872.. · · 



supet"ficial suwey of the }?rQfessi:otli;tl literature in the fie1.d G>f iridus .. 

trial arts leaves· little d$ubt that the an'lllys.is Qf trades and :fndtistrial 

skills 'has been the maJe:r method of •selecting industrial a:r4s subjiect 
·. 8 matter, 

It \.;till l:?COn bectl'lme dear that a. s:tt,ldy l;)f operations rN"hich 
skilled workers are e~pected to petfeim wil 1 th:tt0w light upon only 
a segment of the needed tea.bhing content for industrial arts.9 

8 
Robert G. Uammond, "t>etermining Content in lndust:r:Lal Arts~ 11 

Indui::tria1 Arts' and Vocati•t'irtal Educat:t~n, Vol. 501. N(;}. 10> (May~ 1961)~ 
pp. 2A.,.25. 

9 ' '.. . ., ·. ' ' ' ' ·. '•' ' '. ' ' .. ·. · .. ' 
Emmanuel E. E;ricsQn and Kermit .Seefeld* ~achJ:,nia the, lndustri,?1 

Arts. (Peoria.,, Illin~:ts, Cha$, A. Bennett Co. 1 lnc., 1960); pp ... 276.;,, · 
477. 



12 

' " 
arts subject matter·. tneluded. amOl.tg t'he e>bjeeti~ns ht!! Usts are: 

·(1) the ei't'cttmsedbi~ t'!Stli'.ll'e '4)>f. ana1ysii:t with, its tenden~y tfi 

(2) its! tt<>n""ildaptability 'I;~ gener"<:i.11\1.dustti~l arts; 

(S) its teudency tQ. prevent student tl.niti.ative and :Original 

l .: ' 10 p qinn;i,1'fi• . 

Milbe11: · ah~ 9bji?cts t·o the analysis e:J$ trades and industrial 

sltil.h in (lrder to . .,btatn i:o.dust.rtal att:s subject :matte:tt.. 'fie states 

that the:t"e h ~n,e pdin~rf '.f.Jl1.ir:ptse f:f*r S\lbject matter,. Jiu:uttelp . ., H ~ ~. ~ 

to achieve the :Obj~¢:t!v·es of the p~1;'t~¢~l~r ¢<>urse ;,;n qUesttfim~''lllfo 

tnen defines Q;bjeetives in te~s if changed b.eh.avi@t( on the: part of t'be 

student. and fu~the~ ~rtatee th.!;lt subject nta;tter eh~l~ be evaluated by 

. the qu~i:rtJ.~tH nllil>Cl.1$ it:. e4!lntti.bUtE;! s·igl'l.i.fieantly tOWa)rd; bringing abQtit 

one '°";!(' .mf)re ·of the desi~.ed beb~vie:tr c.hanges~tllZ 

l(etns als¢ s~pp~rts the us~ f;J:f c\'>urse ~bJective$ in selecting 

industrial arts subj:eet niatteat. it~ lists nine c:lesit-a'ble objeet;:tves f~r 

industrial arts ti() be used ia subject m~ttet seleet:ion.. 13 Miller and 

lOJ.<:>hn F. F~iese •. 0 Atta.1ysis ·('jf eourse...:'~fiiii$tudy Mate·r!als ffl.l'.11 . 
l:ndustrial Arts, 11 lQ<:h.t:sJ!tia} t\:ittfJ. a9d Vf'eat.i"nal Elduca.tti.Qn1. Ve:l. 42; 

. No·, 9, (Sept. 1953) •. PP~· 2•08•211.. . 
11 ". ' " ' ' ' ' ' 
.· G<ittdfljn O~ Wilber• !n.:dust:i;.i.al .J~:tts i.n Ge!neral Edue~t.,i"Qa. 

(Seran:tt>n; Jen~sy1van.ia; . ltnte~aetona.1 text B~.,,k ceingan;Y. 1?43) p, 58. 
121· b· •· . .;t· J..u. -.·-· 
13a. Ray t(grnes, ulmpr,oving lnd.~striaJ, A:rts Edue$ti~ni Smne 

Ditnens:tws 4lf the. Prbble:m~'* industdal Arts 2/~a.cber1 May .. June., 1960~ ·~h 19. 
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matter beg:tnswith an a\1alysis af course objectives,14· 

Use o:f cQurse Opj.ec·Uves 'in Sr,:!lect::tng i~duE;t.rial att:s subject 

:matter is <Jnl;Y part ~f the p.ioture h.@wevet; the;ire iJ3 still the (fti:est::j.~n 

of what shall he the source :gf t;ne su'bject tflat:tet fQr :tndust:t;fal sn:tslt 

One. peint: ~f vie'l.J(!'. h~~~ by Fierer ati.~ ti1'C1l?ec:k,t .is tha'.t t:u:r:ricµlt.il!l C"1tt"" 

tent should c¢iroe :lh?Pm·''fhe changing ·t:echn61Qgy~JS Stadt. stat;ei:\ .t:.h-Ftt 
. . 

subject :matf:et sp~<!lali.st.s sb.ould sea'rch th~ 1.itet'ature of their field 

to identify £oz-ces wtlich are ge1,,erated by .:tn4ustty and to $elect matelr"" 

;f.al.s whi,ch 1end, irtte1Ugibi1ity to these :fQrces.~16 

industrial arts su.'!>ject matter .• ~n.d, has pr•pcp:esed .~ plan £011 th€\ d~ri.:vifl"" 

t::t9n qf $U.'bje<:t: matter ftQm tt.echn~t(ilgy thr01.1gfh the U$e 6f'·ct11u:rse ebj~ctives.17 

As ~t'E!'\ti()tisly p()inte¢1 ()Ut• th:ts study addpted Qls.on•s point 

14 Re:lll ·Mil1etr a;nd Lee ~. Sina1t~y, ·.Slf:Hl~e,d R¢adin,s.in. Industr:t~l 
(Blcorningtl!ln~ lllinoi·s·:. Ma.~,ight & M~l{.n.ight. l?ubHshb1g C®ipa.ny" 
P·~ l56~ 

15J~h11 J .•. ., '.t!iereJ: ~ml J~hnll. '.4ia4beGk,. lndust;~iaLAlft$. J!!duc:iitt1cn. 
(Washingtcn.~,, D.C.: The Center fQr Appi:ted Resea.reh in Edtio,ati!tln1. :tn.c.,. 
1964} :t P• 90 ~ . . 

l6Ri:tnlald w,, Stadt 11 1'A Neth$<1 ef Selecti11g CC!intent f~li Lending 
Intelligibility to tndustt;~n .. · A Ct~t:ttque and a. l'tap1Jsal ,n · (Wnpublished 
Do~t:Ot' ~ s lH,f:lsertation,. Unive:tl'sity ¢f :tJ.U,nl;liS'i· 1962). 

17nelmar Wlater Olson, Technology and Industrial Arts. (Colum-
bus, Ohio: EpsilonPi Tau, Inc., 1957) 
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ln h:b proposal, fls()tt p:i"tsent:e<l sbc. func:;·Uons oJt pintpose-s of 

indtist:d.~l a'ttst the· soci.a1 fU.not!on> the ~ult:urat funeU,on, the ot:i.en .. 

tation ft,mc;'C-ion; the t~f:bnic;al iunatton, the oon$\Ull&r fµu<;tton.,, u.d the 

· a.voeatdona.1 tWic:t.ion. ihe$e: functtons:. w•1re then, d'i!:ftned by Q!$<m a$ 

btU.ng 0atat$1llents of mtssion oi :Ladus.t:ri.al arts. which !de•ti.fy its put:' .. 
• I ' ' 

:pos~s and constitut?e :tUs objec:rt:iVes and auiding princtp1~$· ttl$ 
,·· ... , . '· 

' ' 

ular eQt11pon1n.1i:s, 0 ·w~te;ll he tt•fin~$ a;$ "tthose el~ents~ ot" uceS:EhttY paxes. 

follOW·itlg t'b.if.a ·4n,41)t$l$ Of the f'unctiGS Of indUStr1a1 S.ttS·i 

Olson· p;i;e<;f;led~d t;•l · 

;,:·· 
~stab~lish. sj$i®ls of ~lassificatton *Ot' th.e · cete.got:ies of 

.tndust11ies .. 

2t' ~l:yze tt'ha ~att~g~rie$ &.f ittdustri~'S fo:i:' g@J:t~t'Al b,atu~ ~nd 

i;n.l\'lur:U~t:tal arts subJeet matter• 

$~ Identify b1*si<% !udustti!'ial materials p:ro~essea.> P'l."Olllucts~ oe ... 

¢.up~ticms~ s~tvi4•&• i$:nd info:c11lat:ton~ as t:e\teating <>f tht · 

cont•t of itldu$tria1 art·s $ubjec.t: matter,~ 

4. J)eritr~ 11c.it:U:'tieu.1at CQillpO:cten:ts'' flt'Ot!l the °"AtegQt'i~a. Of i.ndustl'.'1$$ j . 

Otson t;hus de~ve.d ~o sets. ofe eu,t·:tcu!aJr eompotte.ntts. .The fks~ 

s.ee -was ob~'l.ined through EJ,),\ ~-lyats. ~f d..l~ ful)~fi!ims (obj.~~tives) of 

18tf>;i.4~, p. ,:>. 

19tbfA .. t '!h 105 .•. 

1 ...... 



u .•. •. · •. 

Each cqmpi.::rr1..ent is a, body su.bjeet n1a:tte1t, ~nd when they a~e 
all c:(;)rnp:Ued int.a a ma.st\ilt list • • • ~·· the basic 6)1.em~nta of su.b+ 
jec.t 1t1attet fen: io.dusta:>tal . .a:rt:.1:1 1 ch:awn ft<>m in.dtJ:st:ryi w;Ul be 
:i.dentifiea,22 · · 

20].bid,~ p.. 1Q6. 

21tbM:i 11~ i66. 

22.;tP,if! ' p. 103. 
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1.i~t~i 

•$1J:JS~ ~i$1f .Q:E! e~~Ptf~· ¢0MH©'.NEN$:$ .A$ 

¢~~opa,J:ll1$ eJ?· --~tf~O~ ·:~~~$1{;. 

·Human eriglt.·n~~rins' · 
lns,pecti-en; . ·. 
instal,J.ation 
:int?,fUll"!itmEl!~~s 

~ntegrat;iOJ:t 
!ate,rpretatti·~ 
1'.n.vention . . 
l11v~at:l.g~tt.on 

J;t~l:l 
)#e~:Lsla t·iQn 
tt.hrary Wi±;l!'k 
""ubtiGatt-011. 

. Ma~h!Ll,1.f;S 
~nagement: 
~~ufa~i;::ut'iilg 
~J;::e'l;'i..;tl.$ . 

M;;ttherai:tt it.es · 
1:-ie~h~n'.i.~lJi, 
Meenanisli1.l!1 · · 
~~·d:µg 

l1ptd!i? 
Mode ts 
$~¢U·l)Ei:til.;)n$ . 
oi)er~ti.!Jn · 

O:itgan'iza~:L~tt 
.~h:ysies 
flan.ni-i:l.g 
Jilo-..,;ite:t" 

. )?t"~sen~~t:t$ns 
. l?r~$~rvii:ng 
P.tinetp.tes 

l?r®~$s//!es 
i7t~h;l.¢~$.·. 
:P:r(!;ldtiet:ten 

.... fx:i\l.<!U.ct:s 

. :Recq~~$ . 
iecre!'.lit $..en. 
Rei;Jul.<it:i.Qn . , .. · 

· llept<;!s!$ntat!·~l:is. 

R.eptt~duc t:.iPn 
~e$ea:rch 
Sa~ety·· 
.s~1v~ge 

$el~e~i91;1 
S~rvt~es 
.$ol.u$l~µs · .... 
Speclf 1eat~~rie. 

$tand.~~"as. · 
Structures 
(" - ·- . .; ' '• ''; - . ' ' 

Stt.udy 
.Sttlletvi.sir.i:n 
'-.... ..,. '-,,' 

$up')?l.tJ?$ 
Sutveys 
$Yl'lthl'!'t1'.es 
Systetttfi? 

1t$chrt.~~wes 
Westing 
':rh~Q:tti$$ 
'Wools 

lJJ:t:'anspP'rtt~ti~ . 
Uti'.L tzal!i:Qn 



~es~atch 
~x.per:tment 
tie.sign 
·l>evel~pm~nt • 
Services 
Engit1.~e-.r:tng 
Gom.ponen.ta 

'l:t\la!iE 2 

$~C$RON:~~. qrJ~l~W~ ·C#~l'<;Tl>©~'l'S 

'.JlnventiQn. 
:Manu:f actur•e 
~e:e:riea 
¢~t:cui,ts 
Operation. 
t>rocea:se13 
~hystea 

1.ltino:tples 
tn:s.t.;:tlla·t: :tQn; . 
Sy st.em$ 
:@!l.t¢~i,<t1t: 
Aopp lJ,co~tif>n 

}$'.atertal identif;led and organized as $tib,if;lct. tlla~tet under these 

Q.urr:teula.:r components is .both l:e£1ectiv~ ot·· tachuology t;ind ¢oro.pat:i.ble 
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An as$umpdf;ln in this stti:dy was thaiz perfliidica1 literature deal;. 

ing w.ith el.eot:rqntos ccntatp;ed :tn:fet'ttl~'t:i.~n abcut the technlt?logy of micr~:.. 

electronics. !he ~uth~t prf/ip~sed that ·~. meth~d:i.cal search .(If this l:lt:er·" 

ature -v1ould revea:l th.is infQil\'mat.:tt;1n, and that industt:Ltl.1 arts subject. 

:mattet could be derive<! ft<lin1 it .. 

Tb.e study '/1as d:i:vided i:O.f:.Q thre¢ phaseSl (1) the selecti<>n ef 

tentative subject: matter :fot :tndust~:tal t;1rts fr.i::im the liter.i:ttrure t'teaUng 

with the technQl~~Y 9£ mic.r·0etectroni.csi (2) the '1erivatif.)n and ~tgi;i.niza"' 

ti.on, Q:f aubjec'!; matte:it f:tom this t:entati,vl;l subject matter by applicat:titin 

q,1f Qlstn.t•s ·1•c.ur:r1icula~ cQmp1J11nt!1,1.t$'' and Ofune~J;;.0n.s*' olasslfie.ation; (;l) 

the presentat:t1'n Qf the dedved subject matter in a form for use :in 

industrial .att:.s at the se¢()ndary schQ~l level.• 

$electiQ11. :of ~er~t:at::tve subject matte:i:- fr:~ li.t:erat:ute d~e,ling 

.with micrQ.eteettqtilczSJ Si,nce the sul::ljeet ma.ttex ptesente4 j.n this study 

was intended :f<Jr uf.fei ifi industrial art:s eleet:tr:.Pnies cou:rs~s (in ~,;;;hich 

the maJ¢itity <0f $ubjeet matter is cencerned with ct!nventi~nal elee~r<Jaics),. 

it was felt that the r11icll'tieleetr:~nic •$ttbJect wt'l!Elt' sh<;Iuld h.e l:Clli!ted a.a 

sc.nne i:nanner to conventional electruntc.s, 

'l'hi.s \\l]Q:uld help ke¢p the selected mie.rcelectronic subjeet ~,tter 

cempati!Jle wLth c.snvent;~.!l.)t1,al eleetron:tcs si.fbJeet xn~ttet',. The tetr11s listed 

bt=low helped e.sta.bli.sh thl.a relat:i,¢5nship and pl:'ovided. a meth€Yd ef ~rgan"' 

.izing t:h.e tent~t:~V(:! st:tbj~ct: matter~ 
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L Trans is tors 2. T;ransformers 3. Inductors 

4. Resisto~s 5. Switches 6. Amps 

1. Circuits 8. Connectors 9. Ohms 

10. Capacitors 11. Cells 12. Volts 

As the e!Kamiuation of the literatu,re proeeeded., items of irtfor .. 

ma.don which seemed to have value ias tiantative subje¢t matter we:i;-e com .. 

pated tdth this list of terms. If an item could. be relat:.ed to one of 

these terms, it was w;r:ftten down on a th:we~ inch by five inQh e:ard. The 

.c$td wa.s then identified by writin~ t:he term lielated to the t::entative 

subject: m~tter in the upper l.";i.gh.t,..hand cornel1' of the card. At the cQ!tl"" 

pletion. or the e~amins.t::ion of literature, this t)rocedure resulted in a 

body of tentative subjec.t matter dealing with mieroeleetronie technology 

listed under t~l;ms common to .eonv~nti<>nal eleetron.:f.cs. 

This organization on cards of the tentative subject: inatter ta.i!"..en 

from the literature $;teatly si;mpli'fied the n~~t step~ which involved the 

de:dvation and organization of subject matter from this body of t.ent:;i.tzive 

subject matter. 

Dei::ivatiou of stdi>ject, tti,att;et .f:izom th~ bodif of tentat~ve ~s.ublect 

matter:. The }:>rocedure outlined th.us. fa;r gave a body of micwoel$e.troni~ 

information ~lassified by eonvent:i.ona.l electronic t.e:i:'lns. I'll order t(t 

select or derive subJe.ct ma.tter appropria,te fo~ industrial art,s from 

this callec.tion, it:; was decided to us$0lson's 0 curr:i.eula+ c.omponent$u 

and bis utechni.o~l, eonsumet:. £l1ld avo<;:ational fui1etio11s 1' ~s set fol.'.'th 

tu his propo$al for t;he ndertvation of subject m~ttie:r to ref leet teoh .. 

nology. 0 



. , ·' ~-

'the ''*<;ul.·iw~lt . 'Ett)fllia.l# anci o.ri4n1.attion fu.no~io\\$;~ u 'a$. deftn~d by ll$e>11l;. 

"1et'e ®t us:ed itt th$ oJt~blittloll .•f · th ts·· s'lif>j,~t;~: nt$i;~r f~t' · lb'' f<JllO-W;.. 

. - . . ' . : 

sboul4. d~v.elop. ~ttb.itvth.e ,s•.ud(lft>ti: .4\n i;pP'f~~~~tt~ t>f .~t. s~tJ.e a-ml de ... 
- ' .yJ:·, 

$:i;.p ()f the l)tu.d1a~s. ,0~ , tndn••"r •"· , lh~~lh '· tmts, i~\i~~ttm '" the stttcltnl • 
1$ ette<>1trage4 t• :tt•ec:ttti,~l;l· t:h~ ·.a,1~h•tie> vat~~il' ti>1l .:tn4uat:ttal pr-u~as · 
·as w"'ll •s ttll~ val\le t- .pe;rf:!l):a~g· the:. ;jp,s,: ;fot-, wht~b ~hev tf'-'re d~$l.I:t •. . . . : 

J:t-.::....--.. A~"""''*"·,, ·°'"h .. · .• ,!<II ""<I:"'"•;;;." -.,-. .• :..t,'t. :f.: ·~~~'f<;oi'l,~'1· .,.,......,A•.1"'"" 1 ""'Cl ' ,,.,_ .. n;:o"'!!""' * v.· .... ,.. .... e .. ti!: e.it" '~~ ......... \11':1'1',# :li-·~'"'···9-""" ' Jl ....... '.!" .......... ~ 11" .. ~ ......... t;J. e~-

' ' ' 

*liliOt,tiJ;s ~ S'i\\tJe ae&~h~tl•.- 4•M.p,, ts· ~tt:dL~ .. ,"*~' <fi devel~ptris w mam:t"" -

£~t•"'t11tg ~lefl;ltitQut•- ~u~.;d.t•.~ it· ts. not i1l<11ude4 . t• -- 1~uiH~\Tia1 tt"ts 

ete•tJton:tg aulijet1ti ®*titt~t- •.. li eaQ; 41~C>· bt ·n;ot&i tlialt "hilt Ob11>;i:t tn• 
clud•s ae&th~·ties lll?i ·b.i$,m&$~(MI! lt$t:.···9't 4~~.t¢U;ta't· ~-P~ .. ts (ia*>le l)j 

it f.Ei not ine1u4•4 it\ bits lui of el\ilfr•·~•l.e ~u~~t<aultr e~poa-t$. 

..... , •·' • • ,, • ' ···;' ·1 

·ne ••so"1~1 f~~t:io•*' of !\\d~tt:·f.al .al1t$,~ a~1n 4.e~<:t't'-dlfll t• 
Ols•• ts coa~'f•d ~dth iieve:to,illa d~sitable soGiat n~ld--& ~~:. at•t.;.· 

tudes -thttoush · e~~4i-te,t:i~s it& ·th~ in«us-tu1·:1A-1 !.'t'/fZ$ sb:cp 01' 1•bora•.ory.. 

This ·4ev~lepm•t of fJo<d,41. t\\teUtgenfe. oeeurs 1a;tge.1y th:~(>t11.#ll t.be 

it'lte11ae'4iU.ti of tl\ca Sttaade?les as th~J puts• '7'."tio• a¢iivtties ~. . Ju1;1b,. · ... · 

a~t~vities ar• 4efettdent upel.1 'lfht.t 't:he tea•b~r; d•si~~t~s. ;as·' be,:ll.\$ 

app:ropit\tttie iwiah ~~t:l't4-t;:f) th~ subject: l>tlng s:1tud.teci¥: ots~n d~es not; 

in•:J.~e. tn n.ts. ele'#tt~f.e out~i~vi.r c:•Pt.Jli~nts ~ny . ~.l~e:r:t# w.h toh e.c;u:ld 
_,•·:.: 

be e~~4 s.oe:tal · i.• tl:atiltt•· fQl'. t:hts~ :ll!e-'ie~s ie' wa.$ f~ll.e tl.1¢t e·t~4U•id.e 

,/ 
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$UbJect matter~ by itself, wPuld n()t 9<;1n:tribute ~(lWard social dev~topmenth 

an(J. was not iii.eluded in thif? study •. 

Th$ b~sic value qf th~ <>:rientati&n ifunet;ien, ac~ord.:i:ng to Olsen~ 

is its t"ote in ass:tsi;in.g th~ pupil in. making. an o.eeupatia:nal ehoice which 

ma.y l~ad him into voe~tie>nal prep.ara.tiqn in. the £tna.l years of hl.s edu"' 

ca.tio:nal p'.l?ogr~. 01.e!on recllt!mlend$ th~t this function be fulfill4id to 

a large degree through field trips~ inte:t"'Vi¢tvs~ fitlms, eo®selling, and 

re.adiil:8• Such items are tiP:i;-e dependent upon !the individ.Ual eeacher 1 s . 

resources~ than upon a.ct;'ual subject mat:tet. lfot' this .reason the orien"" 

tat.ion. funet:i.o:n was not. used in this. study •. 
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gorie$ tht..'tt re£1.ected teehnql:egy and at the same t:ime, .. was compatible tvith 
, I 



:· ·L 

. . 

• ·:Pre,s~?ting t~,e: .s~~J~~! ;mat~~~f •'ae $ftb'}~e.t ·· mattef· ~~tv!ad ··by · 
the i~t"eg<)!ng p.rGC·SGS W~ pt'e~ei'lt eci :i;tt bO'.lt~ \'Uitl:'.tative attd ,t.,pf;~;;i:.l ~Ut'-'· 

tine J!~t'ms~. Thi$ . w&a dE;ne f.ia;t 'f:he e~n11el!1ien'1\'.$ ~£, .11elt$~s . ~~il,is this 
.. '· ., . 

,study·· as s~liqe· mated.i;i:1 i!t\lll' .tl?.~l2FJtirta:1· .a%-es· .et$ctteici.$ l.~:shro~t!;~i 
.. '·· . 

·. ·!SJ"*l'!ees ·~·f -$$ta: ·• 
P~t the :PUt'ffse& ~l th!$: :$tU,Ys- ·it ~$ Q$$U.ed that up.wt•;,.d~~e 

·nttc.r,.ecleett~·il).llli¢ t:eclirt.<i:t.~31 wa;t';I p.~es~il:te~ !U;. tbe .· pe1tqd.ic; p~bl.ii.e:atttans 

4~.ftl!il~l ~ith. elect"t~~i¢.$•; ·.!I~ w~fl felli! that..~h:i.E> a~~t~~ ~£ su};)j~et :t,'(t;;lt"'" 

tet w.a.$ -·~# pa~11:tcu_i.~t tmpj,\)tt.mcitei t;(!I; tl\1!)ae p,e~$111)~ Whtt •evel ... c:~ree . 
• • < • • 

~n~ent;~ d.n.e& st.len ~ubli!ii'att•s are. ~eMtiy. ~vat~al~t~~i ;· 

. ma~t.et- f~l' thb s·t~a,. 

1 Eh;e lel,., !2!~nh\'>A ·· M~ "·-J.ite 
· .. ·j\ AA .. -~- J1f. J _Jl'·.":0.<t%J¥1ifi;tt~.;.:wl1.=dll: . .. •" ... 

lle-U- fS,yste:m. ~bl2,¢g;it.t. 

t:f:~ \!O!f~~' ti·.~ ·f:~ 

lub-lisb.ed ··~~t' t~itJes a ye~ll' 

a~ _ ~t1e~~ol\!!~ 
.Mc~l:'~~;.._tRll t ln~~ · 

·iq~tt Jo·~-.; ·~.- r. 
~'bt~ahed W~ty·-

3 ;. l!lllft~o.!J1<:$J Enats~trta~ . ', . ·,:.· .. . . ~ . ·-, ·. . ... . . . . . :, 

.~~~31!\lll '.Btothe'.tr'IS- (l1tt!llishitl.g) 'imi.'!!~d 

~n4'~. lngl~nd 

l?u~1U,shed Mo11u:h1y 



Gh:i.lton Oo:mpany 

l?h;Had¢lph:i.at J?a • 

t'ti.bl;l.shed M~ntb1y 

5 ~ Elect¥£>n.ics. Wea:ld 
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Ziff ... Davil? PubU.shing c.ompa.tJ:y 

Cn:icagQ." !U:tnP:f.:3 

l?ublished Monthly 

fQr i1\dt1.$t:tla1. arts mict;(l)elec;!tton.tc.s, itt was d~dded t:.;;> e:xatnine and ~na"' 

lyze e.s,ch iS$U:El· .o;li the abQve :publi¢a.t:i'Pns for t::he pet'iod Januaty t963 t:ei 

.tanuaty 1966.. 'this e:itaminatiCirt µnd analysis :tncluded 3114 individual.. 

issues ef the publications U.sted. E:Ka,minatiQn and analysis we17e made 

.Qf 36 if:>.SUes. of e<:t.ch of the f~U0wi1.".l:g pubU;c~t;l4}n$ ior i;he .iiadic;:<Jt$d 

One hundt'ed fS.fty .. s:t:11; issues of Eleet:ren:tc:;; W<B:t:~ 

'li'welve ;tssu~s the l}e.ll .TelePh~ne Magazine Were 
"~IP,'.,,. .,. . ·-*.- -~ , ... -, . . . ·' ~ 

also e~~amined and an.aly.zeq.~ 

'J,:he Bell Teleph(}ne> ~§Saz:tn,g :ts the Qn.ly '1house t>rg~n5' in the Be"' 

1eeted publ:i,¢ation~ and !.$ the <:h-i.ly pt;tbliofl.t:.ion in wh:tch a pt'esent~ti.on 

f13,voring a pa:tt:i,culall' c¢rn1l~ny is hi.gjhly prob<'J.ble~. ig :Lt:> a pttblieatio11 



.)' 

·tl'f ttbe ~ttte;tiean Rai.i~, R~~.ay ~~ague,;. t.nJh . 'l:h~ A:mer:tean aactie Re1¢ty taague 

b an otgani'Ae.t:t~tJ''Qf' ~'htim~' ·tadio tlf)i)erat;(YJ:af and .tts puh1tead.on ~iils iii~. 

clud~d tn this· s.tiudy f.et .'· t~e · p\l;ir;p,,se Pf p,.wtd.in$ tilf>ti'J'Qe. ~t.el:'ial f·o~ the 

a..vPeational ftnietion·'o.i·.:tn~usttial .Elttt:$• 
.: . . . . : 

The .puhl-icatitlti,. Jl~?~:tr~a.te$ ll.1gin:_e,ea;:tng, ~hhcugh a jrttiqh pub"' 
licaiti(:)tt,· waS: ·i:ricfoded tit thi·$ ·study ;for.: t~~ reas~ns. the p~'blicat~on re"" 

flee tis the teetu.1dl~gtbai; acliie'V'enlents made :in A!netiean el.ectr<tnies ini:lus ... 

tri~e., and the ~U:tberfs·· ·~i~ei£ence J..ed. h:t.fll: t~ belt.eve tut this pubU.eat:t•n 

t~uld p~esent ··.a m!,lire ·objeett.ve view a.f· these a.oh!evetn;ent$. than l(!.T'<;u1d aa 

~ : ;l, :1 

,: 1.· ,; ,.,,. 

. . i .. ' ~ . . . . . ' .' . 

·. ; ~ . ' ::'• .. ·, 

! :; • \ ,: ,•i. 

'r :' ···'.. 

'"·) 

',; 

; '" 



1;he main p'tu1pose <:>f this $t'1,tdy was t~ sel~et: subject: Jil~tt.er ft.em. 

av;;itlab1e· ·liteJtatur:e. d.~altng ~itb tb.e teebne.tog.y of· mie:roe1ece'teaies, and: 

present th:i.$ subject ma.tt,;et ~~li <Use in see:ondat:y school level tncbl$ttii.al 

atts~ 1.?he subject ntatttef selee.te.d and '$)lte.Eieuted: in this chapter fulfills 

(llson*·s tetuiremen:,t th~t ·1ndustrtal ;a,'.fi'ts subje~t mattet' ~eflect the· tech"' 

no logy Of industry., WhUe at the fllwne time being oetnpatible. wli.th the ()b"' 

:&n Ot"dex. to pJ;"esent tats matetisl t.n a mf!nner wld.ch. sll~w$ q.u$¢k 

ident:i.fi¢atl.on ,of t:he subj~¢t n\attet ltse1~ and also in a n1anner tt1;Qt'e 

$.UitaJ>le as a t.~d;erence source fot tessou planning, th:i.6 cJ!laptet w~$ di .. 

vided ~rit¢ two $eetton:s.w tile f:itst s¢ct.;tt.lQ: p:Al'e$:ente tb.e subject mattet> 

in a na~:rattve £oliin sctj.:i.table fot "se as :fJ. J."ef et"~n¢e · s.outi;i;.e in less<>n plan~ 

n;Lng.. 'l?he sec~nd se{.ttton !$ ~ topic~l 11Jti~U.ne shOWi.nS, lt!Q~"e ele~l;''iy the 

ite,ms o:f tee~ol~g;v eont.ained With.bl the body of subject mattte~. 
' . . . . 

Wh.e subject ·mat.ter was ,(j)tganiz~d tlt'lde:Jr thitee ,of Ul.son/'::l fuli,eti:Orts 

Qf ind.ustt'ial a~t.i.:i * in ordel!' to keep th¢ subje~t matter as e~atible as: 

possible w:i.tntndu$triai atts objeetives, Otte f>f these :funet1¢>ll&t the 

teehnleiil funet.ion,, :was sub4tvide(,f it¥uo two seetton.s:. ~ls divisi~n 

flllft1wed p:teliientiation of ~tel;'$al coru::.el'n~d to:ith irepatr,_ se)N'lcing? ~~d 

.i;nst.:aU.ation of mtc~ei~et:rOXl:i.¢ equ;tpment ta he present.ed. sepat'a'tely ftt:~m 

the mat:ertal ePnel~tntn~ the man~fa.ctr.urt*lB proeess used in p<toduetn_g mte;i;o"' 

electronic equiipmeat. 
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the first sect:ioti, of this <zh{:lpte.r is conc.erned with the tech• . ' 

ide,as a~e l.nttoduced, h<:>wev~r 0 heca.u$e of tl'e nature of the· q:r.ganization 

followed, detailed do¢tmtetittatt:l,Qtt seemed uuneeess$:t'Y"' 

the teellnical ;l;unpf:lion .of industrial, a:wts is e~preS:sed by Wilber 

in .e,· U:st. ef ntmportant Obje.t;t.ives ()f tndust:il'i'.11 /Ul't:sn .as~ 

l'o e~plot'e it1dustry and Amertea:n :i:edusttrfol civiliZat;:ioi:i in terms 
of if:;s organba~ion) t>aw materials~ prooes.s~s and·operat:iog,s~ pro ... 
ducts, and occupat; i one ... 2$ 

Olsen listed as one o.f the elements <>f t:he technical functioru 

How industry employes tech.nical processEu3 a;nd scientific ptin-
ciples to c:onv\~;rt materials ittt.;o products·~ 24 · •. · · · 

This sect ioP. .of <:hapter !V · presents· ·in. a narrative· f9rtti · s uhje¢t. 

matter relatin.g to the techni(}al :func:tiQ:li o:fi mietoeiectp:'otd .. c' ·technology. 

To facilitate this present:atio1i:~ the tecbni.:;:al functicll.i i$ divid~d. iut4o 

two sub-headings.: (A) matrufact:uting p·t<:>eesses used :in the production 

<;if mioro¢lectrort.ic. equipment, and. (B)·s~rvicin.g~ :1nsta.11at:ton,·a® r~:.. 

pa it· of .mica:oe:.1eetroni¢ equipment• 

t.f1a;'~tu~aott1ring ~toc.ess~~ • 1?hete are th.re~ l\pptoacbes ~o the pro"' 

· duction of inictoelea.t;t"onie ¢ircu:i.ts; m~no.hthie) thiu-.f:ilm:1 atii.'t ·ity'bri.d 

23wt1b~r, !P· cit:,.> P· 56. 

24tHs.on ,. op;. ~it .. ~ p ~ 20. 



cirauitSt ~he monolithic appl:oach is a semil'i!onductQ:Jt technique in whieh 

both the active e.ompon.eD.t$ {i::tan9:i.stots) a.nd t:he pas.sive ccmponents (r._:,li-

sistPll'S and capac;ttc~s): awe fomned .QliJ.. or in. a: dny t'ch:i.pn of aeinie<?nd\b:i:t:Olt 

which the pasa~:v:e c1D1npon.ents are dep~sit~.d as layers of material t1rt. an· 

irtelit subst<il.n.¢e .(k.no-wn as a sul>st:irate)· such ;;ts glass~ the act:tve erJmpPn"" 

and thin.~film ~:ppl:il,l;iaehes~ tn this apprt1ac.h,. di.screte ¢omponent:s a~e used 

in c<:injuncti9l.'l wbh ·~!th.er th.t~fU1.11 Q'$ monolithic tech)l)iques~ The hybtid 

appt<>ach is used p~t'tieul.:altly Wilen desired; inductance can:not be achieved 

by eithet the thin;;\>fHtn. OX' m6n<:ilithic t$C~l1'llq_aes.. 'J'.!hese hybrtlt eit'¢tiit:s 

are oft.en used du:rtng e~tauit;: de:velap.mepJZ sQ tllat. resistors. tapaciJ;o~s,, 

t:ransiseors~ ·al.ltit in.duet.ot's can be el'lt;tti,~;ed 'by the clesigneli'~ 

Mon1;>:lit~~e ~~jze.:uits • Of the tlit$~ appl¥oaches t~ prpduci11g micwP• 

elec;ttonic cit'cl$its.;, tthe mo.noUth:t,e apptel!ch p~o¢1.u¢es the snu~Uest {in 

il\ mQn().'.U.thic . intzegtate<l . c:i.reuit · .. is one in 'illb;i.eb mot'e than :Qne 
electrical <;.$mpqri.ent. is .. fabricated :a:n.<l :tnteataonnect:ed es a single# 
$olid circuit 1alement.2.5 

25t.eslie So1omont··.''lntegt.1ted G:i.:reu.its/~ EleS?tranics ... W()rld.., V~l ~ 
12., N9. 3, (Sept:embe.t·; 1964), P• 29. 
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1£ the su+f ace .of the w111od t'Q be; stained (diffused) is c::leaned. 

and a suitable mask wi.th the desire4 .sh,ape. cut.out; of :its interio:it !s placed 

over the area to be st::tin.ed (dif;fl;l,se<!),. then an appli.catiPn. of the stain 

(diffus;fai,g chentl.cal) is applied t() the ma,sk~ the restAlt: wtn be ~. stained· 

(diffused). a:rea with the· desired $hetPe :tn the waod. Whe depth (llf ~Hiai1i; 

:Sy varying the a'.!:'~ai!lgep.i¢nt <;if tne variqµ.:s diffi.l:si~n layers in a 

monolithic device., ;Lt ts :possible .. ti:; ct:eate t:r~nsi:.at¢rs~, <-li·~i.tes# t:esisters,. 

and capacitors.. Ea~h cornpcnent pe:tf:P:t!l.!s its ;functiPn because of the dif• 

ferencea e:d.sting at the iatetfaceis between the varil;)us d:tf:fµaed layei·s ,.26 

Cr 0 N'1 type crystal l'.'~d dll:'lttWit. ~Q Si.ii; inehes in length and <>ne in.ch in dii:t'" 

meter. 27 Using a diamond S<\l.lv' this crystal :.ts cut intp many tl1in;. wafers. 

surface. 

26.,., .. ,, .. 1,. .. 
.. 1SQ",ll:·omon,. ·· '.t>c •. cit.~ P~. 30. 

27N.,.type cen.ductiv;i.t:.;y .is th.e conductiv.ity <l$Saci,st:ed 'td.th cCinduc ... 
ticn eleetrcns ia q; $~til:tcendue.t~l:'~. 

p ... type conduotiv:tty is the cortduc:t.lvity ai;;sqci.!!1.ted with holes in 
~ senti.cl;)nd.ucto:r which a~e equhralent to pt.lsitive eha:irges. 



reduced la size about 250;1,000 tilimes .befe>.re they reach tiTerkins .proportions~· 
. •.·. . . . ·. . . · ... · .··. • .. · ,· . ·•. . . . . .. . . .. •. . . . 2~ About 400 of these masks would f;i.t :Qn ~. twenty,..ftve cent p:i::eee\ . 

CJ.ividttal .chips have faults due t<> p:iinhale :tm.perfectionst l.mprl)per .dif"' 

fusion~ or·. some othei• flaw t:i;l~t wlll make th.e lc:t,J;"cutt inopetative. These 

28 ..... · 
l~lemon• loc •.. cit .• 
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The wa:J;'er is then cut intQ iridividual chips,, much in the·. same· 

manner that glass is cut to size. A di..amond se:ribeis used to make 
. . ' ' .. . 

the. fine sepaJ;~tioq. scratches {)n the ~vaf er betwee.ri.. the individual cir.-

ci.ii ts~ The wafer is the.n mechanicall.y separ~ted along these lines il1t<> 

this time. 

'l'he individual dice a:re then the);n;;rughly cleaned, dried;, and 

once again inspected £or defects.. Using high tempel."ature a.Uoy, the 

in its .mount and te$ted. 

1. Sil icon waf e~ is plac:ed . in .a furnace containing an <fuddiZ'" 

penetrates the crystal• s su:rdface !~o f.()rm inert,. stable 

2. Photo"' etching technique is then used to .remove the su.~face. 

3 • . Wafers are placed in a h:i.gh""temperature furnace with gas"' 



S.. Anothe'lt phOt:i¢i."'ete:l't is U.$ed u9 l<>cat.$ the emitter a:ttea ,a11d 

colle~-to:r c¢a;tact.s" • 1n 'a'n~t;h¢~ h.j.1Sh+tem.pe'.l!ature $tep ph~s¥" 

int.erc.oJ}.neet;ions.~ :tn ti.his step, tt is ext'.l:'em.aly tn1pott;;.;u;i.t: · 

·~h.$t th.¢ tin~l maslt i;tch,J;'i\lve ,p;e:iiff3¢t reglstet titith the :tn.·eelt"' 

·Dis;idv:an.~.3p;,e.s 9~ll1<i1n~1ithic.~,£t~'11'ts .. ~ .(}~~ ·0$ tf;le .. J..~mt~~t.tons · 

o:f the wont'.i!U~hi~ t~chniqu.e 1$ the ~~~senee .p.ff dtst;t'~buted d:ti;>d?s e·~~ 

nect:tng the fa,'b.:ri~ated. cor,nl,)~lil..~ta t() the sl.licoh sttbstr.at~ n}ate:t':i..4':fl" 

Orie w4y off tetd\t~ing the e!iode~e~fel\tt ts. tCI make JJi:ttt'e theJ i:l:te ha.ct<;;. 

bia.sed... IJi:hl,s~. howeve:ll' 11 does l,1.(J)t do ;:i.W!!l~ wi.th 11!1l~~age ¢:U]f't\¢llttarivl,1:tcb 

ma~ flow,. ~nd with unwa:nt:ed coupling ~a.p.$;e~.ti:inee$i which a:te p1;'e$:erft 

i.n any diode. 

il1 9btaining p:irop~t pa.s$:i:vE:! c:~mpene.i,1.t;13,, l'ne range '¢>f tb.e :ite$1~tl';t;f.'S,., 
'.''· 
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sc.:;ve:re ?;c;}strietion on ei:rcuit desi$tit ln addition~ the resistors~ 

ev·en with.in the p:i;actical :tange~ have .;:i.. rather large tempe:t'atuJ:e co-

$fficient. 

The capaeito:ts' ate act::ug.lly rev$:t'Sed bias.ad diodes and. care 

must be :taken tQ make sure thery stay reve:;rsed ... bia&ed. The v~lue of 

thes$. e,~pae.itots is a fune:ti<>n of t:he applied reve:rse V$lta~e. 

'l'.o overc0me these dtsac1.v.a:titages 11 a techni~l.ie ~own as "Isol~ted 

.Monolithic Cil;'cul.t.s'i hti.a been developed. This pt(u;ess st,;.irti> with a · 

lapped and polished siUc.(:)11 wafet a.'bout o .. 016 in'!zh tlli.ok. upQti, whose 

surface a thin laye:it 9£ Si02 :ts formed l;ly h$atil;lg :t~ an o~idiz:i:ng 

atmosphe:re. Grooves are th~n etched .{;!round ·fihe areas whi~lii ate t<:> be: 

i§ol<;l'ted by a normal photo.>ei,zeh pxo~ess. · Ve:i;y hig'.b,ly dopli!d •1N" or u:e11 

type silicon is deposite.d o.r ~rQwn. witbin the graov~s a.11d then 00ve.red 

by Si02 formed by another heating petioQ.. 

The grooves and S·ttt"faee ate ~overed with pol.yQt<yst:aU:tne .. mater ... 

ial, The t\ff.Lfe.r is turn¢d e>ver a.nd t::he Qriginal silicon wafer n1a.t.e.t'ial 

is grounc:l :off wttil the po1y~rystal1l.:Iie mater:i..aJ :i'.s rea(.'1.l1ed. The sur .... 

fa.ce is t:hen ·polished .and eteh.ed t.¢ le<:l.ve small islat1.ds qf the origi:nal 

silicon -wafer~ '!'he.se ialand.s ;;tet; merely as a struct:utal agent. Each 

of the 1.$ lands mq;y b~ treated as a. sepa:i;ate uch.i.p" a:nd prpeessed in th~ 

saine ma.nrter as in the .110'rmal monolithic· proc$ss ~ 

:Secl$use of the g1as$ insula.tioti..) it is no l9uge:t: ne<:es13ary 

to back h!as t:h.e isol.ation diodes and l$ss than 1/10 the ~tt'.;i.y capaci· 

tances ~nte present. Alsq the. lea.ka~e e.1:lrrent bet;.w~en el,ement:s. is .gt.eaf:lY 

r~d.uce.d. Anothf,\r ad:~r~ntaif;e is the po$d.b:Uity 0£ makina; both P-N ... J? and 



. ' I . ) ) ; .:. • :,: ; ~ ~ ', .', ' ~ ' • 

. ·:.·, . . .. . 

· , · ihe ··m~jo1! · 'di~Eet'e_~<i~ bet~ :t'hi:n•f'm·tlii' '~tTeutf!:s · ~nl:l ; ¢enV'~at£ottal 

··~~$:;:;a:t~:i~~~:F~~~~" 
' . ·. ·,. . .· 

ner {th~n·· u ;hum~ ··hal'lf ··· '. '!he'·':thlri"-fi1tti'' :t:r:eutti~~;: · .. :ttce f';'b~H:~·• t:·~·:ifZtt>nl'~·r .. ·:···m:is . _. . ._ . .. _ . . .. " . , . . ,. ... - .. e __ .. .. . _a; < . a. q,a , .•.. . . ... . .. ~)i.~ ._. 

4h~1nt4al · t;Jlemat(:~: · to fetm: ¢4'.P$c'if.tQT.a ;(l;n4 t·¢s~:s·tt>f'$ :'tif· .:vati~$. ve;1u.e'&:~. 

· · ,· A. e•~p:te .·~~•'le · ftg£ll' s'Ei:itve 1\lo: · t!iluaifiit~ · Qtt;¢:. ·f>'.~oe:ea~: by' ~t'¢'.tl· . . 
t'fr:tn~fttm e.:tl+llutts ·ate di$tH>:tJUi~d· <);,i_:-~ ·· lS1\lbsel1at~~· .: if' .. ill:· h~-.'t'd:tt' !l~ 1·$" 
\t,e~til-as ·tb.e.ac>ttt'<:~'·f?f'.·$Qttj.•:tib·t·~.··~e~·~·(:• be 4;ep0Alite4 en a.,Je,q~ t>f 

glaa.$ rou4h.'tb.e.)a~me:~~r e:M,111~£:Uw· 4~o$Jt~i~rt ta~eli::ptace~ 1 ' ll's~m~'a~oi;.: · 
nietll'i,¢' shape ·t1;f•p1~eea· Uti"•th~· -sxttiigt.e :~ ·~!\$ Jl~$$• filien ,•tb(s·sJi(t'$ ~~ 
b~ P11t.U·ri~d r ~j;l. t$()4t :on. t~~ g\1as$~-· : ·l:Uthet,:~r ahl;ti!~ withtn· th~~ ·~~lt l!!f*,tt . 

be d~pPst~·ecl ()~· ·~;. sha;,e ff1J;~d. '.~y "tdl~ :tlifl#~H;,~ ~4se ·~·~: tfl~: ~~-k -~~: :: ~~ 

det">Osited.,, Qr notb~ d~siditts ·Catl ht! a~~osited~ · ·• - r- • ~ • - .• • • • • \~ • •• • • .. p, • ', ~. .. I • • •., •l'/f" • ., .. • " • .O ;' 

( .J • ' i '. . ! • '· : : . ' • l ~ l . 

~ <' i • : • f .' ' ' • • ... ~ ', ' . i J • • ~ '·· • 

th~se ~lll!~en~~· it>ubt th~n.'be.·dijp;ost~e~'ott the ltn~r:tf subaerate1~: :,if ;tbt$. 

· ehemt-oa1 ·"soo,e" ~1a t~e 'th:e sh~p~ ·4.tci±~tei! b;Y: :$otti~ sktet<.ted' ish~e ·· · 

... ·- .... ·. zu~~~lt~:.·i~~I~··· uil\~:es7t~;~ef .·.4lt~u:l·~._fe~huiques.'0 .$$J.A~&&Wi1: .. l~A~• 
'oh 74,, Ho, 5~ (NQVembe.t, •. 1'96JM·· P.lh 2~86.*' ·. - ·. . . 

'•\lt~a:a~- J!'f!~ ~it~~ ~*-· at •. 
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o.n the surface of the subst:I:ate, the :resulting pattern wo:uld have the 

same electrical characteri~rt!ic as th~ material ~hat was bul:'ned. 

per unit area, thi;m the t'El:$ultant deposited snap¢ woul.4 have a resist• 

ance dependent on its ar~a· :Sy varying the shap~ and areas of deposi"" 

• ·• ·• the resistances are often expressed in ohms per square. 
Further designation is unnecessary> since resistance per square 
centimeter is th~ same as :resistance per square inch,.31 

the resistivity of a thin fU.m appears to be influenced not only 

by thickness, but also by other £actors, such a.s zone structure a,nd 

possibly traces of impu:dt;ies (itfficult to control. 

tf ~ on the other hand, a metallic layer we'te deposited on the 

insulating (inert) subiStrate, and then this lay~'.!;' were cove.red by a 

thin i.nsulating layer, and then. anothet metallic layer were deposited 

dire.ctly over the first ·metallic layer (a.nd. the insulating layer), it 

becomes possible to build. a. very thin capacitor with dimensions on the 

order of micron:;. 

Qf course th~ capa¢it;anc$ value of sucli a e:apaeU:.or can become 

quite large due to the thi.ness Qf the dieleetric between the metallic 

layets. 

Actual deposition of thlxi films is ac.<l.omplished by the trans ... 

position of matter fr¢rll a. h~ted evaporation source (much Ukti! a. vacuum 

31John R. Oollins, 11Jri%ed Resisto:rs,'* ~leetronies World, Vol. 
70, No. 3~ (September., 1963)> P• 46. 



tube. cath:~d$~ t;Q ~ epnden$~'e;i.Qii· $Ul:'fa¢<!r .,sijbst;i;a;rt$)· in a vacUUJlJ~ 

Secaiise the Gle'ctt~cal pa:lft;uJieters l:)f ehii1~$i.lm eomparienis de4 

p~~d largely $n the.l.l:' g;e.Pntet.t'~es~. the iil~.sks, ua'~d to $h~p~ t~f;l'~e i;::·~m.~ 

ponen:ts. ~re made m~ny t:Z.m¢s ovtrts!ze ee that th~r can he mr~d.e el.ean 

an(! vety sha;rp~ e.d$.~.(1:* Whe 1'1.al:lks ~)te tllGn ph9t;Qg~;aphioaJly :iiediieed 

to their :f iilal s:tie using· a b,l,gh.:.;,tes.oJ.utlo;n pbot(j Jt:eQtl1l!t(fue•. 

'two m~th9da tt.:tve b~~fr ae,1elQped wh:tch ·a~e in eomruon »$~ in 

mat~ing m~sks ft?t th:4n""fi1m w¢llik~ Tiles~ twQ meth~s at~ :Qut·un(i')d bel~it'7~ 

$tep.!ii tf..n inal~~11g '';lb~ C<;int~~~n m.~sks•i 

z... ~h(;)tQ•lacqtt~t ls · Si''.\te;ld ¢venly C}\!'ef' t.he ¢P'PPEili' ··ans.· dried.J~. 
3. ph6t:ll! p9ai.t.:lv~ !f,J£ t:he ¢.it'etl.:i.t: if.? .,pl~G¢4 in cl<tl$e ¢Qn.tact 

\(:ltta:vt~iet ·.light., 

4.. ~e :µtte!~p.QS~4 taequ~t' 

'ili1Pt~t~i;rt$d t:oppe:i:- ts: ~t~he.i!. ti:r,t~y tn ~e:C$'1c ¢hl.o.:jtl;d.$~ · 

$.. ~iiekel ch.rqme ~t:t~y $s .<:lep~$:Lt:ed through th¢ b£gh. 4et1'~.tr?.l.qn 

rr:iu eontaoti1 ma151k,, 

6.- the un.wt:uttted n;t.ckel ch1f{;}m1a q},l;.oy ~s '~emoved by ei:::.~h~ng aw~y 

~n.ee~ 

.A seccm,d metz}i.9d pf pll:(;}Ul,1¢.~ri~ tJJ:tn"'~·~1b~Fli\1i)lsJ.t.s te: c~:'.tl.¢d h!l)u; 9i 

,~ontfict0 .. '.t'h;= step$ :t.n. the p:f!edt1cti~u. 9£ . th;ts . tyJ?t:1 o~ mask ~z:·~ otitl.ti1f$~ 

.l}el@tv,; 
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2. J?hotQ la;equer :to $ptead ev~nly over the £oil and dried, 

3• A phqt.CI positive :ts. pl<.'!ced in elesx:i c~nt~et ~Jith the la~"' 

qtt.~l:"i The un~hieided lacquer is e:s:p.~sed to ulttki,v:i,.olet 

1ight4 

4i i'h.e unexp~.s.ed '.tracque:t :i.S rel1,ioved cl;u:tl.ug ti~vel¢Ptnen:t ~nd 

.tbe pq.tter11 .its dy<i;!d~ 

5. 'l'he foil is backeel viith an acid•;i;es:i;$ting; c·el:tu.lose be;;. 

{.tu.et~ 

6. j'he ur1:w!:lttted e()pper is etched a:way in fetr:i~ cht;eri,de and 

the la.eqµel;' and ceU.u::tl.\lse are removed ~n a; s~lv~nt~ 

;toQlems .(!):! mas1t reg:tsue~$ J.tgs. and iJ,ol.ding ~qui.pmi,=;11t a.tld 

t.lbta;:i.ning e~tremely ~ecurate resis:.ts;nc~ have h~11 eU.mip.i:i.ted by Ol)f:? 

manu:t:act:utet ·of th;iJl,..f'tttm cilieuita, G¢ne~a1 Dyn~l'i.1ios/:A~t:t:Qr;autie.s 

has developeti -0. ·'~mCJskless" process fat prod:i.tc.!ng thill•$i1m. eircuiJ:.s,. 

l11 thht p;rQe.e$s, ePntin,tioua: £t1ms fllf tb,rel\? met~~s a:te 4ep~~itie:d 

on a $'\!tbst::11ate w:tth;ti.1 a tracuU:ll.1 ehafitbet"• AU '!;:he ~their. work is' d<!)ti:e 

.outside the vao.uum chambew.. G¢ne:i;al l'Jyn~miq~t' ~cientd.s:ts hav$ devel(!jt>ed 

select;i.ve etchi:ng solttti.01.1s a,nd .filn~~lit.z.ation n1eth~!ls which. pe~it th.e · 

pl';'oees1:d.ng of each of the t;h:t:"ee. n-tet.als on the substrate w:i:l::fiL\)ut: a'i:f.:ect<;o 

:1.ttg the othe:t:" two me't·al.s*' 

'l?he etching p;t'ciees.s i;fofin.es tt!ssi~tQr ~P:d e~nduct:~r p~ttet>ns ~ 

anodi.zation deftn~s eapaeitor electr0de patterns and f'Qr:l:!JS d:iele~tr:to.s 

fer capa:citQX's.i 0'.Dit~ot et~b1n~ !,i}:fi f~l.ms hold$ the etr,~.tr9 tf!. v~la.e Qf 

tte.sisters to less thitifn 5% without ~rimm~n~ Md pe;mtt.~ rasi.~t9r valiJes 
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::~dva:nt,ages of t:hJ~ thi11-£ilm 12:1t~Pe$~~ 'the pcsi.tion ~f the ct~"" 

sistance f.:tlm. ~n the :aurfac·e a.f the sui.:Hitrate makes it pos$ible to tdm 

level. 

.Another a;dvanta~e of th:t1.1""£ilm circut.t:s :ts that ca:p.acj:t.or9 f~h"'· 

:rf.ca:.t.ed by the thirt"'f:Unt tr;;ehnique aJ;e UQt voltage. sens:U::ive .i!ts fo the. 

Hy"bt:J:d Circuits~ 'l\hese cireuit.s· are usually u$ed ~·to! ~vercem\:l 

so1ne ~£ th~ . 'sh:o'ttcQ1nings :it1V.1J.d. in. either th¢ mon'1)1ithic ¢1r tltfa1 .. film 

32: t'Mas~less Thin l?Um Prt.:iduc'!d.~n~" El(;?~.t;~Q11.ic 
Indu.stries~ Vel., 22 1 No. 2~ (Feb,rttary> 1963h 'P• 164-. .·" ··· -· ·. 



:ru!croelect:ronic circuits in, their i:;;pnstt'uct::ton •. · · 

S.et"Vicim£l :re~ai:i:,, ?tnd inst,a.~!f}t}'.,9.S• · 'the. fu·ture t:eclfn:tcl:cin will 

equipment which employs ra:tc;rQe;Lectrcn:i..c ctrot,ti.ts. ·' ,, . 

if the. t:toubl~ .is :f.'fi the. mi~e:r c!xcu:tt, 1-thfl: .entire 1!ft.egj;r~t:ed 
mi:ii;;e:r will be l'.'emoved and replaced~ ';J:'roublef"~hQQt;.ing time will 

·: ib,e ~edu.;ed, thus cutting: the .serv•ice o!l;:;i:tge. ':this shoutd :eµh~nc.e 
the image. of the technic:ian and a:1sl!;1 m~ke :Lt pay fiOr the censurrH.~lt 
to have his SE1t repaired :t~the~· tha;n .di$eardtng· it· an~ purp.has~ng. ·· 
new equ:i.pment"33 · · 

;, . •. '. 

be es1:1entially the same as that. used on .. qpnveu:t;.:tQ.n~l c.i.t'cuits.. l!o't1e·11er~ 

the use o.f tei:rt Ji:gs and fi:id.':u~es will be t'eqilil.'.'ed in add.it;fQn t;Q, th.it? 

used 9:n the pr.;9Jdµceion tine fqaz testing integ't'ated cd.t"~Uits .• 

lt:I c·Oi1:.necting vti.tious compQnentq . ~nd in p~~kaging micreGlee• 

H:oweve:r. welctb1~ l}aa 1,1ot ·yet. ptiPVect itsel:IZ tlSi be superior t:() sold.eri;;>.g.~ . . . . . 

Soldering i~ aooU:t :30% le$$ e;q>easilv:e t:h;µn welding~ One reae<.in i;s that 
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t:toae t~,t· ¢.ae ·b.~ tntlid~ 'bY .S~idl~;rtag~$4.: · · 

G6nn'(\J'.et1J,ig $y$t~a n0w 'betns u~~i tn · ttb:e tn«us~~Y ~~~ t.~ • ml:•iti:>"' . 

mtl~l.lle 11 'iot. hybli't(til ·•• irttGIP~tt~t\ $Ytt•$.. ·tn t~t ht $~tenh ·.~:n. 

el~ttttf ·'·mt~··. :pellet $~~~,., Av~t·la.bi~ ·~d.~•t"S tn~11.t~ t\f~~$t~_.s> <it.~ 
' . . . . . 

, edel:J;;; ttan;~·isit(lt'$,, •nil ·~a.p~e.:tlo*"':h. l!h~ 4i&t~~i .of 1sb~~ p~tt~·~~ <>~ 

d:t$c$ ~ · t-~~1~$ ·it~ (t,.tll6 t,aQtt ~t> .c:~. ~!51 ~ .tn~tt, th1~lm~$s 4%'e o:.-t6.t t.1.'14h 

f.lnd o , v~o · i4'&enJ~ 
1!• ~$~.(!mbl~ 1.tb~ .lot~"1e · eiili(Ja:l~$ ~ t·~l1f#t..,~t•tet•.~1it~4 b.Qles 

ate ·diri\:U~a ·~~: ,_~4· tn en $~~.\\t(id.n$ bealtd wntttt ·'"' a$ ~hi.~tt·.~ .ttt• 

e-l•ent· · o(d.l);;g. used~ ·th~· p$iht·s ~re ·s>l~•~4 in h•~.~~> ·~4 tillll .. Uh.~te 
by fr,r~e ~:lt o.it ~•~•$i"~h 4 ftmb.t<if'f;i~. '14t•'~~ t~·· $O~eit~i ~to: ;h.~ 

tn$1*l4:ttng b'o~•d: ~~4 ~l$it~nts ~(lp: ff;J~ ttJ.fl . ._,leted ~.t,o.u:tt• 

An«1>the1t lot $1'$f:~~ :trr~u.nt$: t~~ :~'l~me~ts on ~lat 'ttl~ matr(·q~s 

wtd.4 a.~~ puneb~i '()' 1~v1• ith6 l~t~e~ ~nt•:fcoxmeettoa s11t.em~ · ~lil~l . . . . . . . . ' . . . - : . 

,,. . "'*'iii~ . .t;,;. ,,,cJif;J:'i8.;;,.,;,:J.· 'f\io"' 4'!k;.., ri'-~.t .,1·: • .,..,........:ii."i·v 
,...~.., ...... >!!"+ 4.:1;1 ;;lf,,t;;ICl~"'y; '""'"'' !);Ii~ .,il<li . .l!"°'.:a.~4 ''""'I'~~· ... ~ ·~i..:. •i.t,,. · ·· ·· ...... &~· · ·'""rnnmlet' d ·~. "'J'~"' IXIJil~~~..... .a . ..,.~ .· .. · . e 

ci1te~t i~ 'but;'t1! ~.. ~~~•p.$u1a~io#> ~l.e'iz*lfs th~ a$s~·lY'•i · 

. a~ -~~ ~i$t$:M has stv.e;:~i · ~-tE;\;g~£h · lt pl;l~t~s '~utomi!ttion 
0,~ ~asemt>ly~ :ire,l~t.•el.lf; ·t>Jf in4t,v:L:d~al o.t1~t;ttt aienre.~ ilil p.t:>'$:s·:t~·l~., 

. . . . ; . 

at 1e~$it t.~ &o~~ii; ... ,~,1:~ f(;:frJ;llif •~ <l~$~p~ts· 4;11 stl~et;:' :$U'b~1i.:tbifi:~~ .·to • 

p1tov!L4~ h~ia>t 4~n4:u~t~ou. lo~ htsh h.•1.u: 4i.ss].ipat:e~. ~liment1:.s. 

;,t;,1 f!~~·· ·m:tef~Odt.*le ~Pj>~o3ch·· t• .paek,agin$J the "a$ie· ~tei!le:~t.s 



in the · assembly wafet. c.ontai1;t one qt• mote .pf· a specific c~n1p~1.1ent: i1 :for · 

example,. onl:y resistors 'trottlct 'l)e en;, eae wafel:'~, cal!>aci t::ors. on another,. 

etC;.· 

'(l!t) assemi::>le·>· th.e tqaf'el!f.s ,ne~ded t() .form the des'ited c:i.retdt 

function; are stacked· in· a• :prescribed· ~~dfit·~. Spacers bet·ween:, the·. waters 

conf:'.r.01· the sepa,;:ation·. C©11nec.t:Lons between the wafers and to external 

se'Urces .are pr~vi.ded by ri.s.el.' witei:l placed in cont:a¢t tdth the cQnduct ... 

ive areas ll:ln t:hf.! wafer edges. 

Basic BPnds<,; One of the most ct7>!flln.on bonding t;:eehni.qu.es in use 

to.day is ball bending~ G()l.d wire is fed tilirough a caplllary tube 'l'.,t:itb. 

a h~le diameter sl;LghU11arge.t than ~he wire dh:meter.. The ball· is 

fo:i:med by cutting the \¥~.re with a hydrogen ~lame.. The diameter of tb,e 

ball. formed at th.e end .'Q.f a 2 mil wi,re is between .4 and 5 i1tUs. The. 

ball; held at th~ end .of the capillary tu.be., :ta p~sitfon.ed over the 

area where the lead c(;)ntact is t$ be made; then pressed fitrnly Qnt<> the. 

metalli~ed pad,. The 'ball is de£o:ttmed about 50% by this prsssu:i;e. B~1U 

b()nds provide a ¢Qmparativelytara('! <:1,Jfet:A of b¢nd .find have a. high deg;:-ee 

a£ adhes:ten. 

Wedge :B.onfi!S• tri. wedge bi'lhtd:tn.g, the ·w11fe itself is pla;eed .;:igainst 

the bondi..ng pad, then C:~mPl:'essed with a. uwedg.eu t".¢ii>l to f'Otm. the bond~ 

This type ¢if bond ¢ff~rs twCI a:dvari,tages. Because 'i,1w() qr more 

bonds can. be made :ln series, .. ~· ntitliber of elements can be inte.:l;'ccnneated 

with t)ne len~tb .. pf wire. :Secf;!tt1d 1 the b~n.'l.ding a\l:ea is small; thus cQn .. 

i1ections of $ttlall :metallized Width$ ate possible. This met:b.Qd .:i.s ~$ten 

Cqlled ''stitch b()udingh beeaus.e tw~ such bond::i <'!l.l:'e usuatJ.y f{});'ll;led, 'l?J:te 
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. ... : . 

. The CIRCON ~lse Dot ~u.cro""se,ldering system combines the qtiick 
he~t · charaeterietics 0£ the fiH>lde~tn~ gtin with the small size. Qf . 
a $9lde.ting l}ene:U • and ,'fii\i:t.des the added f eat·ures •£. f~ti,.·switch . 
Go'O.tr~1 ~d eateiul.ly meaisured $~1d:etj 35 ' · 

lfhe citcti.it 0f this $jfSt:e11l (:t;l!iiS:i.sts .l')f. a '7al!'iable a'l:it()tra'tisfQ:tmer 

fQl Ji()wed by a step,;.,d~ transf~n:me!,' e0a.nected .t(1! the· sr;;lder:l:ng ieop+ 

'temperature centt°'l iS achieved. by .aptir•:dfuatE) setting ef title au:tc• 
. . . . : . 

transfQ:rmel'.' and by fin,e;r c~ntJ:'.(11 thr()ugh the use <:If the· fo(it switch~· . .- . ) 

The small. st>ldet-ing l~0p ts ~unteiil in a pencil. type handle •. 
~ . : ' . . 

?e make a solder joj.nt: ustng thh eq,uipmen.t·, the ().perat(.lr d;tps 
' ,d 

.. ··. 

. . . . ' 

'¢f the s0ldew balls durins stQ.'l'ag.e't: ea.ch: ball is 3•1« ... 1:18.te<h 

S~ldet ~nd flu~ ate depol'!ited .;1.t the paint t"1 be so);dei:.ed* the . 

released when the s~ldeit j~.in.t is e~plete~ 

Stan.dat'd soldering :t~~ps are av~tlable ftQl11 ~ne to th.tee watts10 
. . 

'these l~ops are iUde fr.om ~h015 tn:clt .t:(ll o .. oas tneh. in di,ametet' n·1ch.~0me 

wire. neoause ~£ eh'e smai l st:z~ tjf the e~r;ip()nente'~· this sol.det"ing 
;: . , · .. 

system is norma.1.ly used in t•n.junetiQil wtth a 'biQ . .,cul<}t mterqs~0J?e:. 
. ,, .. 

: ~ : . 

35wa1te:i; 'lt. Buchs:ba~m.. 0New Soldering 'l'i1.>.ol~ and.~ ]?eekniqO.es~ ~1 
JlllecJ;t'onies 'fdO:t:.ld •. ·v,01~ ·73~ N•~ 2!i, (J?et;;iruaeyj 1963)1; p.15·6. 

; ', :. 
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Res,istance, so1l~et::~fi$• Anoth?r s~lde11ing syst.em ¢Onsists of a 

resistance sol.det"ing fixture and cotjt;rol unit~ A binocular m~cro~eC!pe. 

:ts used .to ol:u~e:rve the pc;>slti~ning of the ·solde~:Lng tool~. 'lb.e eit'cuit 

t-0 i;4hich the micreeleet1l'.onlc . .device :f;.$ to be joined is r>te""t;in,neei so· 

that suf·fie~ent; solder is deposl.t:ed on· the citcu:tt, but ie is ah9. pos"' 

Bible to $pply sotd:et' d:uring the soid~r,in$ eyc'1.Eh. Oil!l.e t:.J:t;e s.old¢ring 

probes ate pos:Lt:ioned~ they al'.'.:e loweteirl' op;to the lettd :itibben and heli'.l 

agatust the ~ad with a ptea1zii;; p:it~SSU'lf~~ . Xvheµ a fo~tswit:ch is d~11,:~ssed, 

AC is lilPPlied a¢:toss th.e sotderiftg F1i'(ibeet heating up. t:he ~;bbon and 

$o1de~,ing it"on ;qower.; •. tbted below are t:he power requi;tements 

for microdectron:te solde;ring equipment .• 36 

:Powet: fwa~ts) 

12 ·~ l8 

20 .. ~· 20 

l/32 "' i/16 0.020 inch thiek 
r>l c 'boal:'li• ;tntleg• 
l:'a:ted ctretd.ts .•. 

o.;,() inch t:htck 
p/c boa,:d, ml.nia;..· 
'l!:'Ulr't:: component$ .•. 

filoss~:t'.2; OJ! .~c,tp"cireutt, ter!l'lfl., to aid. in urtderst:andin~ the 

terndnt:>logy of :m~croelectron:tcs and to jl'.ll'oV\i.de .i;i.· U.st of words helpful 



pt-~seiit~d b¢low~ , 

. · ... c~<>,~.e,i~euf~. :te.iffil~i37 . . . ·~ ~· . . ' . 

!~!:a~=~:.;:~r:· •l:~~~td$ , ~:f.:()h 4f.Ei;f>l9'rs t.~a;nsiiiJ,tanc:;e . sueit ... 

~~~~·-~s~~~·. ~· ·A·:$tt~~t~a~~,,f:o~ ·~:.t~~~~r~t~d.~t~eult ·tm. . 
. 1\'1:,licb a p·Q1!'t::i.9ti 1'f tb:e. s-u;bs:tr:~itte, disp\ay.s .. t!ra:ns.is·tzartce~, 

. Amt~~ }:)!VlCE ~ A multltµde ,~f .stmililriJt. h~sie·41 ci)u~le$~ ~r t~t,':e~. 
gltat:e<! dev:ic-es witbotJt $eptt~te eno:t:Qet1r~:1;,,, .each l,\a'V:t\lg ~t leaat · :::n:!t!:ft11:i:::t:::s e:~naee~ed :to a c'>mni~n eo~ti~qt~ir. tit' al.l .. •.· 
QtfWQ. •iii!· Art-i:~k ts: Qrt. a:e~t~.t:el.y . st al'.~~ .. c~fi:gur:atio~ Wbieh i:s, 
used . t:<> pt"od.ue~ the :ro:a~te' pa,t~!.?.'J:;'tl·•· 

. . . . 

.. ~!!:~t3:;1:e~~;1'~!i:!~~:;t:~::o:b:s,:::!i~:: ·::~::rq::~.t~attQn 
114£ +' Att: t~sut~tlng: su,);1p$Yrt .~o~ ~~ {)t'!tnfi:ed ).\'iattel'th i.t m.a, . 
cQt\slst ,ot a fte.,~tble' o:r ~$gid, tnate+!al¥ 

!!.~f:~'.:~::~phe!::e:!!~t~st ~~$t'.iil, 4~vi.¢e .eJthi,bUtng ~ 1Mt$:ic 

. . . . . . ' . . 

~lQll;l~,$ '."' '1b~, ~l:t · whli!h t:t'~~tia ~te.C)t.t~n!~ stmulatiiGn Qi b.~l.:~t;!~!lfl 
· ll'hent:)men~h ·. · 

·,~_ .... 

. fil'E~tl,..J,lAS:@ -~~Ol8N~AWU. ~e!~tn1 ~ fi!:tel!~n.t~f(~l'~ c!.wet:it;;ty . 
pt'ittte4 ~u a ce*'@i~ · su'bsti~at.~+ l$attall;y cQast.sts ~,f'. ~~tfl.~tt:t?n 
of t._~s:~:eitive.• ~~J'a:iz£t1ve•, er et>!lduct,ive el.etti:ents fi".teu ~n a ~fe!lt'<;"· 

:' :.:.~.:_,.:.-: :-: ," '!> 

. \.' 
-~~:· . . :·), .. ·:::.-.::,.··::~·: -~ ·~ 

·.' . ·: ... 

; 
I 
\. 



.. ·:... 

':!:· ' .. •.· - ' , I"' 

· , • · 0~1AQ1.:lllll1$l'l(;J .'.~ ·· An,1. tU;ttt:en$ilona1~ 'd.su~l,11 fu.neti~al? meebanica.l:• 
eleetr!e>al;; eh~.mt,ec~\l.,,.. p~yetc~lii at ne~tta:l fe~t\tlli'e ot p~>epe't't;yJ 

· .>and, :any· pi;pces:$'"'e:®tl'Pl ~:t~ment ·· whteb. . d~·seiibes anfl e$tab1. Uba$ 
th$. dial?.~g~., f®~$..~.at1t>n:t· anl f>pe\lt'at.llis :~equtJte!nen..t.;s ·Qf an ~tr.!Qle\~ 

• i '~ , . f, • "· •:' I '' • ' '. ! !. i ' t '. •.. •. · •;,. .! ; ,: : ·: ~ • ·' ." • • 

· ~ .. <!l~i qnn,,.,.:m~ :tia®I'r.•.'~ 'A.pttnne~· :.•cir¢~~t:•f()m~d, :-ur: · 
. ·tJi.e chemic.al re.du.cti~n of ·a me~.al'.U,(; eomp~'41il<l' , · · 

.. ' • J"t .~ , • ( : " : j .; , ,' , ,, • . . , I : ': ;.-" i ! • .! ~ '· ', ," ' :: ,'; .' , i, ·•. , l' ,. , , 

;~~::;;rt,~~::t;::~;f~':···:e:~~;.4'··P»~tn~¢~ '· ¢i~eal~ .f•Gft!ett · 
... :~:· ... i ·,~:. ·.· 1· 1 ;_1.~-~: c .. , .. ,·1;· :,.,.;.>"··.:.;:_:~ .\.{i' '" f.: · . ; _,i· 

e·tl\Btl:l1:. Ul4'$•f iiO''A b$.s.ie tl~t:u1:tt'tti~tlt. er a ¢1.routt- ~~elt.ts:tve .of 
tnterconne~uana. · · · 

' . 
:t 

~o~ .QW. .... ·.'the j~Gl•2fng:. 'tii1g·¢th'er, @£ t-t110 m~tale . (t4tt.h~t atJ: tu.,. 
te:t:rneclta.t~ tnat·ert~l). ~1 the applicati:l- o<e pt'e$$1;lt"fi: ~nl:r~ wi.thout: 
an ~lectt!e.al c"1;1;treru:. Q:t: 'llft~vated t:~~~rattJit:E:h' · , : ., · · · 

':· ; ·, : . l\. . : .. ·. 

'.l ,1 .· :··;.': 

CONmi'(l1llVE fkttl!l$'f, ~" A de$!,$n te'.~tifJ.elil £:itt.>;in al.'l electrieaU.y e~ 
duct::tire 1tQtet"f,~,l f>n ~ i1l<81/£1.$tlng ·baae~, · 

' : : . ' ~ .~ ~ , l ' ' . . 
.. . . 

eo~lt(}~ '.{?AR.! ,.. AA tt.eiil wh;f.~ l!'.eq\11tea the ~~P lieatiQn ,ot, ~pe¢"'. 
ia'.lif}e:d ma,~'flfaet:uJ.til:lil and pc:e:oe-..f$.~$t teen~iqti,es1 · · · · 

aOJ:mW00tl "" Wbe tleehnt4ue ,,q:t 'Pt"Q4uclttg m"d\;tl:e$ by h'tm,dlia:£t. p**;,fts 

:; !!~li!: :: ~!~::!:~:a,~::~t~:;:.~()::::~~=~:/:he~ il1ftq· et1:n~1ts · 
.'•I ·.·'·· ;, , .., , . 

. ,~;!!:e~!::4;J:n!t:: ::::n!~!!:~:~:::!! ::·s:i: ::1t~:::r1~"~ 
fun 't"'""" of ~h -d :Uf m . · · · · .... C ·~ -~·• . . . El "''I"' , .. EL ~. . ' . . . "·:' .. · ,, 

'· ..... . '>:· 

i)i!'twitiw • itia · i!tteli:i!f· .•~.:a ~ep'°<id.lietian <>i pa.tee:~ edg111sr in 
th¢ · ~r:tnt:etl; e:tire:uit • t~lat!v\$ t~ the . btig·fina.l ~astet': pilltte·~n,. ·· 

J>E~Af:t9}1 .. A ~t"aduat d:etertf>X>~tt.on. .tn pei-~~t~~~.. 1he · $J'U.'"' 
'Qn~ ·.'Ii< iitll~ .. ·ta of!t~n us~li · tl~t ~ittJ,f4;ttonl.e · ~uipll.ten't,. · · 

!!!::•::0?.~:u:: · :i:::::~:i.:~:&!!:::i.:' ·:::::!:!g!~~,: :::~lJ.y· . 
ltl~th<ld~ . 
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' »mcE ·~ A eo:tnllinati<)ti of phy$'ica1 ma:tetr'tats. ~o f'ot'm a ~:irt 
~einpitse4 f!Jf one o:t •"1t¢. active elemeb:~$<. . . 

lUJl4tMN B~ MAfJitlttlNG . .., ~e p~<>oess ot usi~g a e<>atlr~'.U~d 
electron beam te wetd. :or $hape a piece ··~f material/ .• 

. ~ · ... '1ucretttent ·qf vet\Ul1le: o:f a ·pt:t.rt th$t dif!·p!ays anc eleo* 
triaal pbenQme~on,,; · 

mU$iWJ:fl''• ihe.telated powe:ic:(of lit fil'tl:rf&ee .,r a mate~~at e-m:~ 
.postl.1g a s1.nrface') ·to emit b:eat. by · radiatiQ~.~ 

Jn«t:EL.OPE t~Ett • A 4imenston of an •epening ot h~le; as 'in a 
tube o:r Jnissile aitftame• tn~t: d.escit'be.s the el[tent t~ which · 
an ¢bjeet trl'esula.ltlf sbap·ed can be ~¢:ee>mm.c;datee as it vests . 
in el!;.e opening t.)t as it d!delS- il!t the openiing either at an angle 
or stt<atght. ib.a term is used e$peeially in ref~trenee t~ aee;~­
modating eleci:rQ11l;i.e eq;uiptnent wit.hill tb.e ~i.rframe- o.f a mt:ssle:~ 

l'r~HAm.' "" A $olt.ttlon used,.. by ¢h~mical tea¢tlJ.)U, tri> retn~ve t:he 
unwanted portion of a c()adu.eti,ve mate>ttal bended. t•· a.; hese., · 

. . . 

. FABaleAriON !OUIAN'Ci • it.t the e~u11H;rtt¢.etoii arid asaell\b1y. of an 
eqtd.pment "1iti' poit:te• the-teof1 . the ltla~ vai'~.atio• :tn the 
ehain.icte~!.st:Lcs of a p~rt whieb.1 when aielated to the ot.:!ler .. 
va;1,d.~.tiQllS 1().f tne Other paltt eotnpriatng eh:ts equipll)eUt.1. will 
permtt operati~a of the equtpm~nt wt:tbl'n spee:lfied .ltmits~. 

rs~•• .... V$.e iW1ail'Aet-t4<1 10•·"'°'• 
i'iNQjilR, ·'"' Use :J?liN!~ C~iAe'1--

G1U:D • A t:wo•d!men.s:tott.al n(;l~lv'Qtk co.J:\$httng ·0£ . .a set of titquaUy 
spaced p~i''1t11e1 Unes a'UPra'ti.mP$sed. ;apQn ant1tlter set 9f e.qt.tatly 
~paced parallel U.nes sJ:> that the ltn~s of o))e . se~ ai'e pel:'peni.. . 
d!cular to thf#: · i!-.es of the othe:r. ttu~#~by • fo.iitd.ng · sq~ate. ate.as. 
the :$.:ntersecttoxts (l)f the ttru;~s pr()'V'~~e· t;;he b.as:f.s foll' an tnel.re1'1 
\neu.tal lll>eatton systenh · ., · _ · ·. · · · · > : - · -

GUAU :BANI ·.i. ·wn.e unused are.a which S"e:i'Ve,fi. t~· ia~late elements in 
a .. prtt\t.ed: eilteu:i.~. 

SN'rEIU\~lClt "" The june.tto.11 p~iut ,o.;:- surf ace betwet!n.. twii> difi<;tr~nt 
meai.aif · . 

~AC~\ fJOlmlC'ltXQN "" A cf;Juduc.tQr which con~ect~ eot1;dueti11e: 
patt~rns t~ oppir>$-it·e sides Of th.e base ... 



MASK ... An implement,, ttsually a thin sheet 9£ metal eoqtain:tn:il 
an open pattern.,, which shields select<ted portions of a base 
dt;tring depositihn 1.n:ocess. Alse, an >implement used to sh:teld 
selected portions of phote>sen.s:U:ci.ve materbl dudn,g phot.Q PZ'.P'"' 
cess:tng. 

~'XF:R l>:UWJNG "" A drawi.n.g shl}wing tile dimensiPnal limits ot 
gtid location applicable t<;> a:ny o:i; all p~rts Pf a Printed cir .. 
ct.'J;it,, including; 11.:he bas1;h 

W\.STER J?Atl'ERJ.11 # A one""tO""e>ne scale pattern which is used to 
produ<!e t;Q.e printed circntt wit.llin the accuracy specl,fled in 
the masee.r drawing,. 

~1A'i?RU ,,. lJse GR:tD,. 

~CHAN!i~E)) t\SSEMali¥ • The joining together .0£ pa.arts and/or: sub"' 
assemblies with the .;iid of ¢ipe!l:la,toi;"s and s.emi~ut:<:nnat:i.c equipment. 

JiilG:ROm~XAWUJitZATXON. • The tecJ:u:tique of packagi.J.'lg a micto!llinia., 
ture pa.\\t't i:;>t assembly coi:npsaed <;if elements lNtdieally di;f.f etent 
in sha.pe and. £<n:m facto+. Eleett'on:tc p~rts are l;:'eplaced by 
active and pass.ive elemetlt;s tht.ough :Q.s.e of fabrication p::i;Qeesses 
such as scteening, vapor l'iepQsi:Uon.J: df,f£usi()n, aµ.d photoetch:trtg. 

MINlAWtnU'.SA'XIQN ·~· 'l'he teehn~qtie gf PSl.d~aging by te<Jueing s:tze 
and weight ef electronic pa~ts in step w:t.th the change fX'Om 
vacuum tube to transistors an;d diodes. 

J1AS$lVE .SlJBSTM\tE ... A substrate Whi¢b. exhibit$ no tiffect of 
transiateiice.-

l'RINtl!li> CONTA<ilr.f!<"" 'iehat portion of a p;r:§.pted circuit used to con• 
nect the circuit t;Q a plug"':i.n :r:ecep1)':acte and tope:rfcrm the 
function o.f a pii'l in a male plug. 

Pl.INT~» J!1LE~Na' ... An element in pi-1.nted ;form, such as a printed 
ind.uet(;):i::, tesis~er, capacitor- or t:r:;:tnsll't:tssion l:tne. 

l?RlN':r~:P-;W:nlll'lG .$ttBSTIATE: ... A c0nducto'.\\' pattern plt;i.!ilt<acl en a su'b"' 
Str.;lte11. 
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by means o.f v;;:trtous. ptocesse~J· such as Yap.or deposit::ton; photo'"' 
etching; embossing., Qr dif:fu.sisn. 

REJJUNJ)ANOY "" i:J;hat design which makei:; a<:$.d:ttiona.l elect:tical paths 
available. to a. function. 

~G:tS?)ER M.~ .:. A regi.s.tall' maldt is a im:n;k used to establish the 
:rd.ative pQsition of one (lr mo'*e p~:tnted .. wi~ing pat.H::ep1,1s or 
peirtions thereof t wtth :r.e.spect; to t.hei'.t'' de$ired location$ on (Jae 
Or bqtJ:i $};d.es of a Pt'inteil t1,71..:1d.ng basie. 

IESlSt .. Resist :U a m<;Jtedal such as ink. pa:1.ntt metalHc plat ... 
ing, etc,. u$ecl. tQ. protect the des;ired portions Of the printed 
conduct;i:lie pattern frc!ll the action of the it;te!hin1ih soldet'. or. 
plating. · . 

SEPAMW~ PAR? "" A :replaceable part,, th.e. body of which is not 
chemically bcn:lded to the base* e'iccludtng the effects of pro"" 
tective coa:i:.ing~, soldet, .and potting matertals. 

SUB?1tl\i!ATURlI&AllttON • 'the technique .(>f packaging miniaturized 
parts usbi.g t;inµsual as:sembly techn:tq&es for iaereased volumet:li:i.c. 
eff.ichney. 

:SUBS'tRATE ,,., . .A waffet•like piece o.f insulae::i.ng material which: may 
serve as ~ physical suppoltt or base and thetmal sink f.c;ir a 
printed vattern.. 

tl!:l.UtINAlt A,R:li;A "' A pottion of a p:i;inted circuit used f.o~ ~ak:tng 
elect:dca1 i;:.ennections to the conductive patternt su.ch .41.s the 
enlatged porttqn Qf conduct.or materi.a;l, 

~ERMPOO~~E$StQN :SO~ll')ING ·~ The join:J,ns tog.e~her (If two niat;er• 
ials without an tnt.etmediate :mate:r:i.,al by the applie.ation of 
pressure an.d heat in the absence of electrical eurfei:tt. 

i'UIN :f)'\J!TJ{ CUetrl~ .. The c<>mbinti,tioti. on a single passive st.ibstrate_. 
su.ch as glas.$ oi c.etamic, of a numbet .r;;f elem$nts entirely in 
the fo~ of deposited films of conducting,. semieoriduct:ing~ or 
;insulating mate:rd.211$~. the met.hod and sequence of ('.ieposit:Lon•. 
phy$ica1 location, and shape of the f ilro provide the :ta.teteo'.!l"' 
nect~pns aa theeemm<:>n physical support .. 

T~\NSl'.siANeE • An dectronic cba.:tacte::;:ist:Lo exhibited in the f.Q:tm 
of vo1t;:age or cUl:':t'ent gain· or iu the ab:Ll.ity _t;Q contr()l v"1lltage 
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UNDER.et:r;c "' The :reductiaa of the eross. section ef a metalfoil 
eonducto~ caut?ed by the ettc.hant 's l;'.emeval of weta,l from h~ne~t.h 
the edge of the resUt. 

WAli'l!;.R • U~H~ SUBS':CRATE .• 

WIRING PA??l!lRN "' Uae CONDUCTlVJ.l; JA'J:Tll:a'N.~ 

as Gt legitimate Objective of tne diseipline:.. :l!onser was probably the 

first to recognize conf.mmer knowledge as an. objective Qf industrial arts. 38 

Olson designate$ one ()f the •ab functions of iri.dustrii;tl arts as the con"' 

sumer function. 39 Wilber states thati ai1 objective <Jf industrial aJtts in 

to :i.1tcreaae con.sumer knowledge to a p$int where student:s can 
se,lect~ buyi; use and maintain the predtict~s of industry intelli"' 
geiit1y·~40 

,, 
?his study revealed little use of micrQelectronics in consumer 

aids. Zenith was tbe :first compan~ to produce a consumer prod~.·t using 

a microelectrbnic .device. 'X.hia application of microelectronics is in. 

38olson, <;iiting Ghades R. Richardsll "A, New Name,'' Manual '!'rain'"' 
Jn.g .Magazine,. Vol. 1, N:o. l~, (Octobe.r, l90l~)l pp. 32•33. 

39tbid, PP~ 83•,S.5 

40wi1berj .<>P• cit .• • :P·• 50. 



~yoii:d the use' ·Of mi~:roeleett:.o~los 1.u. heatbtg ~ds1. thtf! stul/Jy 

d:f,$cOVe~ed ·.no Qttb$t gen,etal ¢~ewneJt !>~1'duc~ Uf?!ng. miQroel,eetll'OJ:ti~ ¢ii'"' 

Qqit;$~. ·the ptohi.bitive · iacitor. in the :U$e· e~ thes:e 4evi¢@s tni cOilswn~r· 

pt¢'dU.~.ts aJtu;s$11.a ':Q' be o'it~, ''JX,etts asiil:'e• tha11 the ext~ntt: of use o! 

mi~:iroelectltrozd:.es in..• eQ.,,$ume:r ptod:i.!¢t.$ li:Ul be d~tetmitied by eost,n4l 

Qost ter . etJtl)juif.t t$ very ini)ot"tant in the use .eif lf.at~gta·t~d ~J;t.i.. 

Cit.tits.. In iilj4£tiioa tf> ~be cost 0€ the ~ska u$.i?d ln making up ~· iJHil;~t;l¢• 

ut2*t ci!~Q;u~tt ~;y thi..1.tgs . .aa'il .$0 wo~s ~~:ti.l\g the meau£aotur:t~. p:r:<:JoesllJ 

'Which ·<rause$. the- ~11ie:~per.,ei:reu:.tt: tQ· iJ.t~it'£tas~''' i$ee~s~ so ~ny th!~g:s 

c~n .gQ -wt·ong (J.'u.lt:tng tile manu:factutlt!g pt"GceafJ:.. the yie:ld of <>peratt~ 

chiJHil. e~u b~ ttn.ywn~re be~en tQ ~•d ·lifl l\Hil'.t'e$nt. .of the n~et avail~b!e 

trom a wafet~.4fa. 

!:n ad@t.d4lin to tbe:se f a~.to)l's::. the ~toc:eel.* 0£ tesUng a,nil i.nout:dz¥il. 

itQ~ the wafer ltt its ;eina1 hQ1d.e~ ~l~o #dis .t.Q th~ cost :per uni:t.i., ae~ 

ca.use v~1:-1 few .eo~~t p11odtK!tS· use .tn.tet(H~t~etton;tc elt"oult:.s:., these 

circ.id;.ts ~t,e •r~ e~p~slve than the:t:r eonv•tiion.a1 co$ltettpaJ!ftJ3., 

'There is i!ltiU ·· m\c>thet. 'f>~()'i;>lem ~lth eonswner tn1c;tt~leet3l\Pnte~-j 

Jae .1~~k of st;:atullaW:dt~a.etQn flt\. \the P~'tt ef ~ufaatut~t'11J ke•ps ~he: P•:i:t;a 

pet .unit up" Wh:e~:e ~ne ln1!in~faetu't~;, h.aa· .~ de$i:tte. for ~ p.a'tt$;·cu.l4.t' ¢lt~~ 

eutt, ~notbar will want ta use ttts own: ·¢ir¢utt., l,h~$ me;Ji,ila siapi!1t~t.e 

f~tm.s of the ci.~tu;.lt! 't'(4eG ~:ttf!¢:t:a·, ~<>r: eJt•l:e~, woula ·have t.a be 

41SDli:<mi.<ttt~: 1~'~: Jii~i~"·'' p .• ae~, 
42$c;>t•~on.1 lpc.,. c:!.t"'~ ~h 2.8;; 

•><·:··-.-·-·· ....... . 



Cons.ervat:ive estimates ate ·~hat i.nt~gra:oed circutt;s will, $ta~t 
arl:'iv:ing .abeut 1969 ... 1970~ pt~bably starting wit~ the ta:i:·ge ma.nu.~. 
:tact:urer13 wh~ have. b$tb. .integrated ;J;~o:Uit:i.es Q.lrea:o.y· in cper~t.i@n 
>tii'itl:ntn th~ Cll>lt'.);M:>rate strµcturec!'43 · 

' . . . 

ence between vaeuUm'"'t:u.'be i!levices and ~tans!~t;:(rlj;.'"'.,*1inted circuit devi.~es • 
. . . 

'l'h:i.$ is due 1;:(;) tlie faet that final si~e of int·.egrated. e!+euit p~~ducti? . 

1t is tmpt'acttca1 tQ' use these. tiny c0mp!Tlt1ents when a 5"'inch 
speaker, or a 19 .. ineh pict.:ttre tube will g(1:11ern:.> to ei large degree 11 
the ul.ti.n1~·ite size i4':1f the Pt'Pduet;_.44f 

re4uct.:i.Gn be:i.:n.g Pt'~l:d .. b:t.t:Lve faet~ll.'s :tn the iui.~11omy of in:tc1toeJ.ect.r¢n;i;cs 

fo:1: c.onstimet g¢Gda~ the :enly a.d.vanta.g~ '.i.ti the 1l$.e of mtcr.e<ele,ct:r¢nics 

!he .:iteUabil.tty ~£ aU. ;C¢tn1s ~:f eleetr¢i1ic. ¢.l,wcul.ts dependt;i 
gr~atty on the ;i.nte:r'con\lecti~i1 (\if. eomp~netttf;l. IJ;'he. at'.l'\t~m.tsg~s 
that inf;.:eg:itate.d circuits ,off er e>v!C!t' 1:1.lt 'the qthe'J;' 9Pi?:tt'>ach¢s ie 



that there are fev7et' interconnecting wites. 'l'he great majority· Qf 
the interc.pnp;ecti.ens are achiE?ved 'by using· evape:rated thin-aluminum 
films ©ver the. top ~£ the eirctt±t itse.lf ~ These.~ fo tutn1, beco1n1:: 
an integra,1 part of the .bl£lck and axe c~mplete.ly s.tabte .• 4::> 

Using these techniques.~. extremely hig;h r~l:ta.b:tlity :fact;t?li'I? a~e. realized, 

sometzh!ng cin the orde:i;- e·f ~00 per cent t>ver QilJ)rtVentional c;J;::rcu:tts, 

fact:urers .g.f 'XV equipment have. been going fr*1!Jm. va1cuu,m tubes to tran"' 

integtated ci\l;'.'i:;Uits may be used extensl.vely because they wUl be l~s.;s 

costly than tt:.oln$ist~::n:-s and ¢itb€lr ·discrete .e'ompen:ents .~ 46 

1919, t.\Tas t:he Wotthy USE! ef.'t.e:!istt:'.i'.'$ Tim.e:u. tb:ts statetoent .Wa.$ probably 

a result Qf the influence ttif J~hn l)ewey; who p;o:int:ed out . in 1916 that . 

46 . .. ' 'the Integtatei:i Ctrcu:Lt lndus try~ it Ele;ctr(1n:i.c.s 
Jkirld,~ Vol. 72'1 N'O:ll~ (Nwember, 1965).~. p. 38.. · 
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adequate provision fo)j' enjoyment of r.ec:reative ldsu:re~ not. only 
fol:' the sake cyf immediate hea1tb• but still mo:re if possible for 
the sake of its l:asting effect on the habits .Qf the mind • ., /.1,,7 

'.three baste media for recreation a:re inherent. in indu~rt:l!'ial .~rts. 
'rhey are: the crafts~ tbe.hpme workshop~ ~nd the "d"""it"'yoorselfn 
activitiee.. 'through tJtes~, objectives c:if recreation can be achieved 
and the recrea.tion mission of indust;l='ial arts accomplisll.ed.48 

evidence was found ip. this study wb,ich evei;i. ind.icat:es that . avocational 

interests are being served by micrO,elect:ronics. 

' . ' 

electronics from fulfilling the avocatibrtd function of industrial arts. 

The home workshop ;Ls what the .name implies. Origiµally it was 
the home .~epait shop with econom;t.c and utiU:.ta:r;tan purpose. Since 
the advent of Hght, p~rtable: .machine tools it ha~ becQme the homl? 
hobby shOI.h the home workshop may be equ;tpped with. any of several 
materials. For purposes heri?in;. it includes a:ny hqme l$hOp faG.iHty 
fqr the p:i.toc.e;ssing of;. and construct:l,.ng w1~t.h materials .49 

47 John Pewey,~. I>emocra:cJ: agd Edu.cat,t:on.~ '.New YQ:dq ('!'he Macmilhm Co.• 
1916), p. 24. . ... •\ .•... 

48ohon~ .OR,• ci.t., p ~ 97 .~ 

491'.bid. 



~ny name w~rkshc.p~ (a~ -'l,l'ef ~~ttE:ii· t.t.lt hy G1s~l ;:a?f~if, ;bi · £aot~ · 
. . ' . 

q:qutpped .t;:o: ace(lni,plisb. certa:lti. e1..¢et~t$tt1,;.;~1ectr;oni~." activities .. ~ , · •io~ 

ev¢t<0; th~. e~·st ·and' e<».npte*itf ~;t· ·td.ie· ~tui.pmenti neoes~ai:y t~, ~epait':·j; ·.fabi!t 

ri;cate•, 'ti>r e~ire:id:.ment with ·:1n1ot~eil~~e~ti¢ii:i,tc ·de~c·e:s pre¢lttd.e-s, th,ettt .use,:., 

bf: tb.e '.ilvetage' ·we.li~S;hO'ft~ 

lrt additttn t~ 'the pt~hi'l.tritdV~ c'Ost· ef e~UiJn:tJ:e~t·t,,:the. ¢lii$tc 't;il< 
. ' . ' ' ' : . i -~ .. , 

matez-t:afs . U:S-ed in ruiC:t'O'eb~¢tfiQ'nic ·. devi:ct~~ ·, WQUld · ke~~ · ffaese :t(iate~ial,i§ · ·· 
i j i ' ' ~ . .. . ~ : ' ' . . . 

bey~n4 t~e :tt:eaoh i~f the h<Jbb.iesti< ·· ~e e~p:le~ techntq\ie$· tlet:H~$$ary t~ 
'> , • ~ : " ,: ,• : i ,', • • ! I ; ; . . . . . 

fabt<kati'li 0:1;' rel'~d.~ these m.tcr(lel.ect.t:Onl.c devices weu1d alS'C)) ptevent . . . . . ' 
,: •• •••• ·,.' '.; 1 ·;).. ..·:: •• ·; ';_;, 

the developm~nt: eif av()e.atibnal ixtterest$, in this atea. ~f e1$ctr~nics,. 
·.: ·. ·: '. ; ~ :. ,; '. i;. . . ··'; :. ·. ' , "; I 1, 

T~e .. d~'",i,t,..~~u:r$!lf:.·. a~tf v.itt,i~$ ... 
• , . I !· • '. 1 ; • ,'. :'· ~ ·, ; , i · ; ; 

Whei:ie. aet:l'1'ittes. centet< {$!*1e~ally ab~ut the home;. including. 
e~nst:ntet.~on~:' iitii:tnien~~* ,t'e:,a:tllil · ~~e~t}i-$~g~· ait~· s,t{ch ~ . 1:f!he '.. ;. • . · •· 
;f>r•:Lginal t=>U:tp~s~ !tt t'he mmremene w~s es$entt.a.ily ~~f?11•c~ but; · 

·many Q.f its advQcates ft:nd. ,hh~i;i;: 'ec~ea::U.~n t.n •it.4 es·p,eeialiy · , ,, ··· 
th~se Wh~se daily werk is abt ~£ the shep type.SO 

', .... I' I ' . . 
; · .. , . ' ·:,· !· ;,..,. ··;·. ';,: 'i\ · .. 

' I : ; ~ 

il\~ ptevt~sly ;P§.n.ted iut., 1;:,h-a .cl,!);t;t.'f!: 9! $quipm~rit.t~ .mate:i-lalis.:11 et.c,, ptt" 

hibits ~v.oeat:ili>naJ. act!vlty"'fi'.ll the tt(>tne w.erks-h~p * h addi:tti.Qn1 hQme 
• • • ! ' • , > ' ~ ' • • • • , ~ ; l • i ' : i • \.I ; ' •" • '' ' "• '• • .'• •?, ~ •; ' •; • • • '• : ' j ' I : \: • 

· 'tepatl71 ~\~di~l~~ti~n• 'ttt t~inwdeltn~ ::t:r.e ,,mii!-t'@etec~t:on:te ~1d,pfii~nt. l.'i~'.. ;: / . 

pr,eelud~d f~l:' a v~r.y !;ttip.~~'tiatl.t t;·~utti®.~ ' ~h~ !.'e.aSQU is 'th~1 <l~k fif m!¢t~!i!'' 
l . . " ; ~ . ' ~ ' 

W'ith such a tack.·;~~. s~ethil\g t~ w.~:i;1¢ .· ·~n~ the 'h~e~r~p&i:f. 'lnm'1, ¢.;lilP:~r~,. 

~fl ~~t"ae;,, 4~4:ll~·P his av6¢4t.i~nd tnterests ~i·ong these i1nes. · 
. . . . ' . ' '! '. t' •' 

·:' 





'1: 

·,·· 

: ..... '. .' . ~ ; : . . . . 

3,, ·J.i1;3t~J1~ng .· wa~~ta .I.' l.! 

· 4 ,· ·. Makin.~ ~sits £•t< · :d.lf~u.li·iell p~Ocess , ·· ·'· ·.'<,' 

·6 ~ lns)?e~t!n.~ · 

· . 7 i~ •. · Out.ttng · ~t :bi~~tvtd~~t1 · ~i~eiii.-u:.$ · ftom th:e · .w~f$r ·. 

th . tn~peet.t- .•. · · 

· 9. ··. ~~ta1Ji1\lg t~ h'$~.~at-·· 
. ' . . . . 

lQrt · ~na.p~ting 

u;i ... T~st~g 
c. A<hrarit~gaa :tf ltt()n~litht<t.·riif!ttiiu:~ts 

· 1. • 'smiil!est ijf the th:f~~ t;:W¢$ ~· etr~utt.$ 

' z. ~e· ~-p~en;es. 'e~ $tv~ v~lume . 

3~ · .. ,e$$. weigh~· . 

. 4. ·. Rtih t:eliat>il:t~ 

. . . . · .. '.. .. ·, ~ ·' 

i.~ .• e~t~5;1;)$, v~1t;.Elget-s~ra~ttive• ~U .. atd.hut:Ja,ii .g~pae:~~~tie.e'S:. 
' ~ .. 

· !~. ptt;~ft,e~.i~· ~· :~bt~tq;J;'.~~l',e:t p~$sive c.omp~$nt~ 

~·~·· Jl¥!:@.':;¢$ses u~¢ t~,m~uf'~dt);!ti,.ng .• ~hln"f~lm ¢tffi':c~t~.~. 

'.t. $~le¢:t:1"~ :~f tn~re $ubst~~~e ·. · 

2-- · ~~tn~ ·m.~$~s ·.ffitt det)0.s1..ti~n 

)c<; .Jei>•stt_j,ng' desir~d :matettal$ on, $1,1b$t:g;a~.a 

· .. i. 
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2~ ied<Uet'.t~tt in J.'hy..:itcal ~i~e ~f .consumeJ" ·Pr.(ldtt¢t:S dU>~ 

t() u.s e : fll'f . 1ni ¢i'it!eie~~~nic¥i . :fj.f rte· t'arti4tt1ar adval,lt~ge •. 

. x::u:. !he Avf'ca,t:1~nal i'tii.i:rt.t$ri 

A~. !bis study i!•nd n!!J• use ·•f ·llll¢lf~~li;!czta;C1?1H.c!i1. in av~artifinal 

)!Uli'st.dttl f~r the f:~lti't>'wing reatSi1(1J;J;s~ 
"' .·,:· .. :"•>. 

h C~t ·of pJ"e·sent · ttd,<rr.~ele¢'t::tmiic airueit$ 

2. .· $ped.~1 t~<>:1 s iu~c:e~~rar:r· ~~. ~~~~. 4'n :·in~.i~t~el·f:l~t:lf4'1;d,~ : · . 

· .ment ... · . • : > . ~ . ' ..• 

' ' 

· 4. .:Lac~ o.f · ¢Uli1SUl1!~$' ptt~4tt.c'l::.:s <z~:n~aini11g · tid,.et1JJel~ct$'1'l.lie. 
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available literature de~Jim:g tv;i,th the tecb;no.1ogy of mictoelect;ror1.icsll 

a,ncl p:t'esent this st:tbjeGt. matter fo:r use i1i s.eeortdaty school level fl'.l" · 

dustr:tal arts. 

trial arts~., the ~utbor detived a bo¢ly 9.f indu/st-rial arts Sl!hjec;t mi:t~ 

ter reflecting the tec.hnQlogy Q.f ·:i:nic:ttQel<:!Ctr(./)nies and ce.tnpati;tble with· 
; . . ·- ' 

the objectives of indnst:rial aJ:"ts. this subject n1~tter was the1.f otg.,.· 

ani~ed a:n.d prese.nt:¢d. in .nattative and t:C:p:i,eal Qtit;line forms~ 

Th.is .st:udy reve<':llect there is a great. deal of industrial a.rt:s. 

S:i.gnifica.ntly lesser amounts €If stfbjeot mat;tet', l;elatin.g ti;> the c.Qn.., 

sitmer :function. ;;ind the avocatl.onal .function "tve:re feun,d :tn. tlli.s study,. 

The Consumel:' Functio11 ~ Th$ heayy eiUphMis of use e:f m:tete.;. 

electronic tecJa:nolpgy in military,. space e:r.:p1oxa:tton,,, and eomput:.et 



is also a. contrihttt!i:l:g :e1;tct¢:t+· Withe tbe excep.tiPtl: of l;he hea~ing .atd.., . 
little or n" · applic~tion e:f mic:iroeleetzt:ei:rtc:s is being made t0 g1.1ner-a;L. 

<;.onst.ime'.I.; pt-04.u'cts ~· ~he $t~udy reve~l.ed tbe p~'Oblem .<)ft c~a t: and the re"'' 

lated pt"oblem pf :ttal;:~"'~:IZ--p>;:eduetd.q;l' at¢. key ;facto<'.li'$ in d~t:el':\fl:fo:tn:~ wnEm; 

t::he ct:>nsurner wiU be abl~ eo ~htaill' goods; eorita·i.ning microelee,tt"'Z)l;l:ie 

c:ttc:u:ttty • '.tack of:. ::.t.andata:tza:tton 6£ e.:t·rcuit.s by aifie.ten·t manu£.ae .. 

turets wa.s al $0 stated a$ a: :l:aet:et l im:i. tria;g t:.he pr~dtJet fon 07; · mi¢lio'"" 

electtonfo coil,sJ:ttnet' goods<>' 

The .Avocat::to11at Fun.ci:1¢n• Adva.P,ced' technology~ . cost: of e<1uiP"' 

ment: ~ .. and laclt o:f materials ate alt · f E!.et:Q:rs. wbtch p:i;:event the g.enet9tlon 

of avocational *nt:.erests in mie37oelectronics,. 

:E..sck ¢.f ait oppor.tqnit,y ti'Jl c;om~ :iJ:i cont~ct t.ifit'h ¢onsume:li f?;tr¢dltf.tts 

~ontainirtg miet~elirctr<:!ul.¢ e4t,il.pmetH:: is artPthet treason a.vsdaUonal :i.n"' 

t:et'aSt$ in mie:t0el¢etr():tlfC$ is almC>st: '.Q.Qn•e~~lStEitit;. 

~Iii¢ 1'!mateuti:J «:a:ama) do nl'.lt . e~ lay ;ttt:ii.<::'lii::!e.lec:t¥r¢I'tie:s due. te 

p-t)'tvl31:' req'\l.:h'ements "tvl:\:f.cb: ate not Q:.ompattibl<El with !nicltael:ec.t:ifonte:s. eit'.;. 

cµit:ry •. 

The 'l'~¢hni(l;al l"lunction•· · "t'he techn,tcal ;fit.lticti,t)Q., 1~f.O\ie4 .. to 'be th~ . 

. richest arcea bf subje.ett mat~er mate.rial. :t.t was ·wlt~h±n the. techn/i¢aJ. 

funct:iof!; tilat t:h/e: gteat.est: aniount:. ~.tf auhject m~t:t'.et m.~,t~¥'ia:l ~¥a$ ~ib"' 

tained. · 

SubJ!$et :matte~ material .concerning m.:Jnt;1.ta:ct;u:i;::Lng J:ir()cesses,. 

J.'nterconnec:t:irm m(~thod:s 1 d:t:ffe:i;.er;1Jtat.f;t:Jµ betweert varl()us. ·t;.ypes pf ni~,q:p:iµ;.. 

eleet:ronics (monol.ithiellt entn-":!1il:m~ hyb'r;td) ~1~8 f!fund to be· in gl'eat 

a,bum:latree in ·i-:h~. e!..t'!ct:rotiic journals which w$re e~a.mined., 



. ' - . 

which was derived fton1 the t1e¢bn~logy 9f m:i,((i:•oel~ctronic.s as pte$errted 

in 3;12 ?lec:trot1:ic Jot.trgalB was .concel)tl:'~ted iri. the. teehnical function 
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avocat:Len~l fttnctionizi of l.ndustnrial iib:~$ ~.7as not deriv~d aue tQ a tack 

of inform~ti(,)n, · ·c~n¢erning th¢se ftil!!lcti()rtl!i ¥ 

i ~ • 

\ I • ~ 
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