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SELECTION OF MICROELECTRONIC SUBJECT MATTER FOR

INDUSTRIAL ARTS INSTRUCTION

fhe purpose of this study was to derive industrial arts suﬁject
maﬁ;er, suitable for use at the secon&ary schoéi 1eve1 from the'tech—
nology of miCréeléctronics; This subject matter was to reflect the
technolagy of the microelectronic 1ndustry and also be cempatible with
the objeetiveS‘mf industrial arts education. |

The study involved three major steps. The first>step waé the
arrangement of Lnfarmatlon about the technology of microelectronics_
into groups of informatlon denoued by cenventzonalvelectrmc terms. In
the second stép, industﬁial érﬁs Suﬁject-maﬁtervwas selectéd from thé
gréups of information by using Olson's "éurricular components"'aé
ecategories of subjeét matter”. The third stép involved the ﬁl&cing
: Sf the selected subj@ctymattef un&er the téchnicai, avoecational, and
consumeyr functlons of industfial arts

The sources of 1nformat1@n about Lhe technology of mlcroelec*
tronics were 312 perledicals deallng with the electronic industry for
Lha years 1963, 1964, and 1965 The derlved subject matter was pre—

gented in both narrative and topical outllne forms.
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CHAPTER I
. INTRODUGTION

Recent developments in the ﬁeéhnaiagy efjindusery-shauld‘be re-
fleeteé in 1ndusﬁrial arts subgect maater. By such reflection the value
of industrial arts as ", & . an answer to the prablem of educatlng boys
" ané girls to live in a warid‘whiah\may‘beraaéaratgly chavacterized as in-
| dustrial and Eéehﬁol@giaal“l“will,bavéﬁhaﬁeeé@ |

Ehavaehiévemané af"ﬂhe»impliaaﬁiaﬁs‘df.this statement requires a
@@usﬁanﬁbrgview of thédeVElayments in the technology of industry for
“the»purpmse»bf»salacﬁing,Subjﬁaﬁ-matﬁer material to bg‘used\in‘indﬁsttial
afﬁs instruction. H |

In those fields of iﬂdustiy where developments in technology
oceur with zhavgreaﬁest'rapidikyy'thé QEed‘f@r‘ﬁ§~tn~déﬁe,snbjecﬁ'matter
is.ihe gfea%astf One field of in&ustry*w1th a great frequency of new
dé;elépments is in electronics. A recent major advancement in the elec~
tronics industry\is the dévelquen;r@f~the teqhnqlggy of micfoelectronicsi

This study was designed to identify and present, in anm argén{égé;'

form, subﬁect matzewvmaterial-frcm.ﬁhe.ﬁéchﬁeiagy'oﬁ microelectronics for
- use by teachers of- secondary level industrial arts in electrnnics classes.

| Thls study was. greatly influenced by the point of view developeﬁ

Lgordon 0. wilber, Tndustriaibéxﬁsfiﬁﬁﬁauaralwﬁﬁﬁﬁatién; (2n&fEdg
Revised). (scranton, ?ennsylvanza* International Textbook GCompany,
~1954)a pe L C e



by Delmar W. Olson in his beokal;,;m grial Art

point of view asserts that 1ndustr1a1 arts sub;ect matter should refleet‘
- the technolegy @f American xndustry, while at ﬁhe saméAtlﬁevbexng cam-
patibla with the abjectives mf 1ndustr1&1 arts,‘ R

“".. Specmfzcally, thms study was cwncerned Qmﬁh derzwxng a bady @f
subject matter frem ﬁhe tachnolegy ef microeleaﬁronxas and theu arganiz-
ing thlé'sub32ﬁt matter Lnte a fcrm far use in industrxal arts eleatronics
 elauses, L S R LN I SURE , R A S S

. Hypothesis =
.- Based on four years of @Eserva@ionaaf;tha:grﬁgﬁh:af*ﬁigraele¢*-

tronies, and .snsnumeréus éi&éﬂ%ﬁiﬁns‘ with teachers of induskrial: ares

91egﬁfﬁni¢855th€=W?iﬁﬁfif@ﬁmﬁiéﬁéﬂrﬁhﬁ‘fﬁli@Wiﬁgghyﬁﬁﬁhési&*f@rﬁﬁhis

. The technology of microelectronics contains definite industrial
arts subject matter which can be identified and organized for use in

induetrial:axté“al&etraaiqs:amurseay:'it:-

Purpqse af the Study
The mainbpurpése ef this stuéy was ta aglect suhject matter
vﬁram\évailabié literature dealing with the technology of microslectron-
ics, and present this subject matter for use in secondary school level

industrial arts classes.

2De1mar W. olsen, Ind “"ial'A ts an&*rechﬁﬁlg;jg (Englewood
Clifts, N. J.: Prentice-Hall, Ine. , 1963) R ' :



Speciflcally, the purpose of the study was to ldentify nicro=
, eleetronxc subject matter in selected 11teraturc and organize it for
use in industrial arte electronics in he foliuwing areas
| 1. The area Ef consumer kﬂowledge in the field of eiectrenié
aequlpment.
2. The area of serv1cing, repair, and 1nsta11at10n gf eler—
tr@nlc:equlpmenta
3. The avea of manufacturing processes used in the production
of electronic equipment.
4, The area of avoecational iﬁﬁarests in electronic equipment.
The main source of data for this study was electronic periodicals

of the past three years (1963~1966).

Need for the Study

In order for an industrial arts teacher to keep subject mattey
up=to=date, he should constantly veview advances and developuments in
industry. He should incorporate into his courses that material which he
has gathereﬁ fraﬁ_his review of industrial progress. In this wmanner he
enhances the value of his courses, and can assure his students of an %pq,
to=date presentation of facets of Ameficén ipduStry@

In the fast changing electronics field, constant review by,ﬁhe
industrial arts teacher is even more important. Progress in electrenic
technology has invoked such a4 change in concepts, processes, operations,
use and installation of electyonic equipment, and production of the
equipment that it has made obsolete much of the technolegy of five years

ago.



’Littleggii,agygghasvbeen'written about the technology of micro=
electrenics.éafsubject matterﬁfarlgndustrial-arts;,.Thisuimysrﬁaht}pﬁase
of electronic technology should be included, in. industrial. arts i:istzﬁcf
tien: SﬁbjeCﬁvmattﬁfwCﬁﬂc@rQEanith.minmeleéﬁr@nics,iSLQSSentiaixﬁe"
the understandlnw ot the modern electrbnacs 1ndustry, consumer geedq,"

T gervice and 1jsta11atlcn oi electrenlc equlpment and avacatlenal fme

bpllcatlﬁnS oizmlcraelact$@n1¢3a |
There is a need ferwéeriﬁatiqn-aad presentation mf_miéfoélgéfg

tronie subject ﬁatte%?fer use by indusﬁrial érts teachers who teach

| general elecﬁricity~eiéctr@niesun»Sama_of-the$egteac@ers«1ack,an inﬁdegth

background in electronies which would allow ﬁhemvte_make extensivewine'

vestigations of micr@eleqtraniQS'innsEarah of subject matter,

This study”shéuid be of value to these teachers of elecironics
by making available micraelectron;c sﬁbject matier derived from recent

technolcgy of mlcraelectronics.

Assumptions

There were two basic assumptions underlying this study. The
first and wost fundamental assumption was that industrial arts subjggg' 
matter should reflect the technology of industry. This assumpﬁian was
employed in this study in the following qumiv”micréelectrbnic sub ject
matter-sh@uld,reflect,tba,técbncldgy of the microelectronic industyy.

. The second basic assumption was that up-to-date technology of
microelectronics would be found in electronic publications available by

subscription,



Delimitation
For the purpese of this study, the following delimitations were
established o
1. That this study be only concerned wiﬁh,the éeleation of sub-
ject matter for industrial arts electronics which reflects
‘the technology of industrial microelectronics.. .
.2,,thatvthia-s;uéy,exelu&e.expa?imental mnicroelectronic subject
‘matter.
3. ‘That no attempt be made’to.establish,a,graderlevgl-at;whi@h;
;aéhe.gélected~subjeet matter should be: presented,.
4y That no: formal evaluation of the derived subject matter in .
. this study will be attempted, although membe#s of ﬁhe_!ndus
.« trial Arts nepartment@sVirginia,?@lytechnie:Iﬁstiguaegiwiil
be;ccﬂsulted.during;theuequrse‘af;the‘study.. ey
Tarminélagy
fé?mlnology is defined as the special or technical axpréssion
used in art, sclence, or business. Terms relatad to industrial arts and(

the technology of microelectronica are listed belaw.

Gaurse af study. a guzde prépared by adminzsﬁrators, supervxsars,
- and teachers of a particular school or school system as an.aid to

teaching a given subjeat or area of study for a givan grade or
‘study group.3 e DT P

~ Electronies: pertaining to electron devices or to circuits or

T Gawter V. Gaad (ed.), Bictlonary ef Edueatlon. (New York.
Mcsraw~3111 Book Co.; Inc., 1959)9 p. 143, » .
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systems utilizing elscivon devices, including electron tubes,
magnetic amplifiers, transistors, and other devices that do the .
work of electron tubes. :

Microelectronies: term uséd to deseribe any electronic c¢ireuit,
subsystem, or systém whose parts demsity exceeds by any order
of magnitude or more, that attainable utilizing conventional
components ., o

Subject matter: the facts, 1nf@rmatzan, knowledge, or content
constituting the substance of any course of study and to be
acquired by the learner, as distinguished from the methods, dis-
ciplines, and activities that give form to a course: the con-
tent of education as contrasted with the science of educating.

Technology: industrial science; the science or systematic know-
ledge of the industrial arts, especially as applied to manufactur~
ing.

York:

Riverside>Preés,'1956),dp. S?Z.vlbvb

4

Rhe1nhold Publishxng Gorporaeien, 1962), P 467¢ o

bem.

(Cambridge, Mass.: The
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CHAPTER ‘1T
REVIEW OF LITERATURE

' Presented in this chapter is a~r€Vi€WﬂG£w$@meipértinenﬁ_litergﬁ
ture conderning the sﬁle@tﬁ@ﬁ’aﬁ industrial arts Subjeét‘ﬁatﬁer,:;A:VEKy
superficial subveyiof the prdfessional litevature in ‘the Freld of Lrduse
.tfialvaresﬁleaves:litélé deubt ?ha%‘the»anﬁlysisu@f.eradés and: industrial
skills has been the major method of ‘selecting industrial arts sﬂbjeﬁtr.,
maifergg S o v

Although analysis of trades and industrial skills is appropriate
to vocaticnal iﬁéﬂsﬁrial,edggatigni its use has been chaliuged ahen. ape
plied to industrial arts education. For exam?ie, Eri¢sén and Seeﬁelﬁ
point out: o

It will soon become elear that a study of operations wbicﬁ;

skilled workers are expected to perform will throw light upon only
a segment of the needed teaching conteént for imdustrial arts.’

Fﬁ}lbwing this criticism, Ericson and Seefeld expand the scope
of trade and skill anslysis te ingluﬁéva'ﬂumbe¥ of phases or arveas of
industry in addition to tool processes and ﬁﬁeratians;

Friese, on the other hand, appears to be in oppesition to any

Robert G. Hammand, "Bntermlnlng Content in Industrial Arts,"
Indusﬁrial Arts and Vocational Fducation, Vel. 50, Ne. 10, (May, 1951),

pp. 24= 25,

9Emmanua1 E. Ericson and Kermit SeeFeld, Teac ing the Industrxal
Axts. {(Peoriay I?lin01s, Chas. A. Bennett Co., Inc s 1960), pp. 276+
477.
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feém of trade gﬁé skill analysis-as-tﬁe basis for cbtaining industriél
arts subject matter. Included among the @bje@éi@hs he lists are:
(1) the circumscribing nature of analysis with its téndeneyvﬁﬁ
make & course lose ité f?eshness;" |
(2) its non-adaptability te géﬂaralbindustriéi arﬁs;
(3) itﬁ.ﬁéndéncy to ﬁrevent‘étudeﬁtlinitiative and original
pianﬁingaéﬁb |
rWilber:alé@ ijegts to the analysis of trades and industrial
- skills in order tafobt&?n industrial arts subject mattér, He states .
that there is one pfimary putpése»for’Subjéct matter, namely, " . . .
to achieve the ebgectlves of the partlcular course in questi@n.“ He
then deflnes objectives in terms of changedvbehav;@r on the part of the
student, and fﬁrther states that subject matter should bé evaluated by
the Q#gsﬁi@az "Does it contribute significantly toward bringing,abput o
one or more 6f the desirved behav1®r changes*"iz |
Kerns als@»supparts the use'@f cbﬂrae‘@bjeétiyes in selecting
Vindustrial»arta subject matter., He lists nine desirable objectives for

industrial arts to be used in subject matter aéiectiﬂn.13 Miller and

John F. Friese, "Analysi% of Course-of-Study Materials for .‘
Industrial Arts," Industrial Arks and Vocational Eﬁucatzon, Vol. 42,
No. 9, (Sept. 1953), pp. 208-211.,

11 Gorden O, Wllber, IﬂdUbtflal Afﬁu in General Edueatlan.
{Scranton, Pennsylvanxa' Internatlenal Text Book G Cémpany, 1948) ps 58.

1 N . o : '
*SM. Ray Karnes, "Improving Industrial Arts Educationi Some

Dimensions of the Problem,” Industrial Arts Teacher, May-June, 1960, p. 19.
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';Sma"lle‘y also yétate that proper *selectién of industrial arts subject
matter beglno Wlth an aualysxs of course abjectives.lélrv‘..
. Use of courae obJectives in selectlng Lndustrial arts sub;ect
matter is onLy part of the pxcture however; there iu stlll the questwoni
of what shall be the source of the subJeCu matter for 1ndustr137 arLs?
One point of view, held by Fierer-and Liﬂdbedky'1S.that5turfx631HM‘c@né
tenL should come from the changLng technology.as -Stadt states. tha*
sub;ect matter opecial1sts should seéarch the 11ferature of their field.
o 1dentify foroes-which-are generated-byrlndustry and to select matet*
ials vhich lend inﬁelliW1b11‘“y to. these. forces, 10
| Olsen also supperts the prxncmple of technale gy 48 4. souxce of .
indostrial arts oubgwcL matter, and hau_ rap@@ed a plan for the der1va~
‘tlon of subject matter from technology through the use of c@urse @bject1ves.17
Aa previously pmintcd outy this study adogted Glaon s point of
- view, For thi@_reason, it is more intensxveiy reviewed-thanw@ther litera~

ture c¢ited herein.

14Rez ‘Miller and Lee H. Smalley, Siected Readlng in Industrval
Arts. (Bloomingtom, - Tilinois: MeKnight & MhKnlght Publishing Company
1963) s Da 356. ) :

lsJohn L Fierer and John R Llndbeck Industr1a1 Arts Educaflﬂn.

(Washington, D.C.: The Center for Applied Resﬂarch in Eduoatlon, Inc.,
1964), pv 90, :

1."”Ramal«:l We Stadty VA'Methﬁd ofoSelgcting;ééntent for Lending.
Intelllgiblllty to Industry: A Critique and a Proposal.” (Unpublished
Doctor's BlsserLatlan. Un1versxty of Illznoisg 1962).

17De1mar Wlater Olson, Technology and Industrlal Arts. (Colum-
bus, Ohio: Epsilon-Pi Tau, Inc., 1957)
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In his prapasal; als@n presented six functions ot purpoées of
1ndustria1 arts: the soc1a1 funetion, the cultural funatlon, the orien~
tation functien, the teehnical funetian, the aansumer functien, and the
'avocational funcﬁion. Thase functlons were then defined by leen as
being "sﬁatements of missmon.of industxlal arts which 1dentify its pur=~
poses an& constltute its abgactives and guidlng principles »18

Through an analysls af these functlans,fﬁlsan obtained “curric~
uiar compenents,“ which he dafines as “those elements, or necessary parts,
of subject matter which together aonstitute the body ef sub;ect matter
for 1ndustrial artgs,"19 |

ﬂolloWing thiasanaiysis of}the fuﬁctiensvﬁf'indusérial artsa'

Glsan preceeded ta‘- _ : |
\Fglj  Establish systems of classmflcation fur the categorles of
| ;industrles.‘ »
2. Anaiyzavﬁha ‘categories of industries for general nature and
industrial arts subject matter. o
3. Idenkify‘bésiﬁ indusﬁfi&l méterials pr@CESses; pfoduats;'eev
éupazioné,~ser§iéés, and-infarmatiﬁn, as revealing of the
content of industrial arts subject matter,
4, Derive “"curricular camponents from the categorzes of ln&ustries.
Oisoh thus derived ﬁwﬁ~sét$¢0f curricular components. Th¢ ferﬁ

set was obtained through an analysis of the functions (objectives) of

1%Ibid 5 P"o 5 .
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industrial arts.  This set of curricular components was. considered ..

".. .« as representative of subject matter elements inherent in the . -

function.’ 26  “v

‘<Th° eccﬁd set Gf currTQular campanenta «came; from an analyaiol
»af;the“iadusﬁries eatag@rieSQ«:ThisHset'@f curricular eom@wnents;w354;
'"Lx.Hiw:basiccelémﬂntsgﬁfnkhe‘iﬁéustriﬁsuwhith&,whén‘ﬁakea“tégether,
identifyPand;gharacaerize:th%“respeetive induatries,ﬁzgp..im

. These two sets of curricular cémponents were aﬁdeéﬂtwgether3aa& -
the identical terms’ eliminated, This resulted in a master list gf'Qz_
éurrieul&rﬁg@mpmnenﬁs‘;*Thié'mastér list is‘gﬁesehted in Table 1.

Of these curricular components, Gléanrsays; ‘

R Each}cﬁmp@uent‘is é bédy-@f subjéct matter, and when they arve
all compiled intc a master list ..s «, the basic elemsnts of sub+
ject matter for industrial arts, as drawn from 11dustry, will be .
ideﬂtified 22 ’

Fbr Lhe sp@clal drea of electr@nica, Olson devél&ped a list Qf
19 curriculav cempenents reprasentative ef the electr@nlcs 1ndustry* |
"This list ef electronxc currieular cﬁmp@nen:s is preSLnLed in Tablﬁ Z.
Taken smngiy, these uurrxcular camp@nents are ta be censldéred

as units, bl@eks, or categ@rlas which berve Pt} 1dant1fy 1ﬁdustr1al axts»
sub ject mattsr, Taken in uetal the Subjeca matter ldentlfied by the

currlaular c&mpsnents is te be cen91&ered raflective ef the iechnelﬂyy

of the 1ndustly anaiyzed thr@ugh the c@mponents..

'I?.']‘.W:I;_jvié; p. 166,

zgijid, p. 103.
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heschetics
Anaiyais

Applic
Assamhly

Automation
~Chemistry
Circuit SR e
Cemmunicatieﬂs,_

";Reprasentatx@ns 

Repr@ductmon N

... .. Machines e
- Mﬂnagement .

'Q Eeva1@pmenL

-;Qiagﬁasis ,

Dies .. o
Discovering Me nism
Distribution . Mini

Draving
Bditing ,
Engineering ..
Bquipment

Ezhibits

Fasnenlng

Finishes
Fixtuvres : rving
- Hobbies PR : Princlples
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TABLE 2

. ELECTRONIC CUBRICULAR COMPONENTS

Research  iInvention. 3 Principles ;
Ezperiment L . . Manufacture - . .. .. - Installation . .-
Design : - Theories - Systems
Development: - - - Giveuits -~ . . - Materials
Services o Operation - Application
Engineering ) , Processes Mo B
Components . Physics -

Material identified and organized as subject matter under these
curricular components isvbéth'réflective'oﬁ‘techhélogy'and compatible

with the objectives of industrial arts education.
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CHAPTER III
PROCEDURE

An asgumytiad in‘ﬁhis stﬁdy wés that pefiodiealllitefature_&eaié
ing wiéh eleetignics contained inf@rmééien abﬁu@’thé technelbgy*of micrﬁ#
éleatr@uias; ‘The author proposed thét a ﬁethd&ic&l,seaﬁch Gf‘ﬁhis titer=
atuyre wnuldbreveal‘this‘iniormati@n, and that iﬁdustrial arts suajgcﬁ
matier aﬂuld‘be derived from it.

The Siuﬁy was divided inte three phéses: {1).the se1eétiQn-¢f
tentative subject ﬁatter for industrial arté‘frmm,the.iitetature dealing
with the technology of microeléctronics; (2) the derivation and"gfganiza~
timn of subject matter from this tentétiva Subject matter by application
of Olson's Ycurricular compenents" and “functions" classification; (3)
the presentation @f:the derived sﬁbjéatfmat%er in a form for use in
industrial arts at the secondary school level,

Selection of tentative subject matter from literature dealing

with migr@elgcﬁ:@gigg: Since the subject matter presented in this study
was intended for use in iﬁdustrial arts electronics courses (in which
the majority ﬁf‘$ubjecﬁvmattér is concerned with conventional electr@ﬁics),
it was felt that thé micr@eleafr@ﬁielﬁﬁbject métter should be related &n
some manner to conventional electronics,

This would help keep the selected microelectronic subject matter
cﬁmpétible with‘cﬁnveﬁzganal electronics subject maﬁtere fhe terms listed
below helped estéblish this relati@nshi§ aﬁé‘pnaﬁiéed a method of ergan=

izing the tentative subject matter,
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1;fTraﬁSisﬁors 2. Transformers - znductars
4. Resistors 5. Switches _ 6. Amps
7. Cireuits - 8. Connectors - 9. Ohums
- 10. éapa@iﬁars, o 11. Cells L | . 12, Volts
As ﬁha-exaﬁinatian of the literature proceeded, items of infor-
mation which seemed to ha&e valuafaslééaﬁazive subject matter were con-
pared with this list of ﬁetms; If aﬁ iﬂem could be réiated‘ta one of
these terms, it was'wﬁiﬁﬁeﬁ dﬁwnfoaAa ?hxeé,inehgby‘ﬁive‘inéh card., The
card was then ideﬁkiﬁied by~ﬁritiﬁgﬁﬁh@ité#m related to the»aentaﬁiwe 
subjgcz matter iu thEau§§er xightvhané*eorﬁetfaf the card, At the com~-
pleﬁiaﬁ cf‘the examination of literature, this pr¢¢edure'resaltad in a
body of tentativa.subjéaﬁvmatﬁer-daalimg;with_miéraéleatrénie-techmeiégy
listed under terms common to conventional electronies. o
This organizatibn 0n‘eards of khﬂ«taﬁtativa Subjecﬁjmataer #aken
from the literature greatly simplified the nest step, whieh}invalved‘the
derivation and organization of subject'ﬁatter from this bddy»oﬁ tentative

subjeet matter.

Qgrivatiaﬁ'o£kggbjecﬁwmauter,ﬁgam_ﬁhe’bgggxéf”tggﬁativa_subuegt_v»f
.maﬁter:\iThe-gfacedure outlined thus far gave a body of:micﬂqeieetzéni@
 information classiﬁied'byaeonvenﬁiﬁnai-eiéétr@ni§.term$; In order to
select or derive subject ﬁébﬁeﬁ ap?r@ﬁriaté.for industrial arts from
this collection, it was decided to ﬁse>ﬂlsonfs-"cufriﬁuiax-compananﬁs".
and his;”techniéa1§ cﬁasumerg.&ndiavoééﬁiona1 fﬁn¢ﬁiona“‘as set forth
in his pf@pesa1 fer'ﬁhe;?darivaﬁian‘af‘subjegt'matkﬁr ﬁé reflect tech-

nology."
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The "eultural, social, and sxzentatxan functmon* ,"as defined by @15@#;
were nokt used in the arganxzation of this subjeet maﬁter for the follow~
ing reasons: | : | ‘

The "cultural functimn“ @f in&ustrxal arts, acnazding to @ lean,v

should develap withln tha samdent an apprecxatxon oﬁ th@ 3&yle and de-

sign of the’pf@duatsﬁclenﬁu@trymvff

craugh this fun@txana the sﬁu&ent

as well as the valua in perfarming the jebs ﬁor which they were dasigned.
| A Hawevera due te thelr ﬂature, mﬁk all industrial pre&ucts lend
themselvas ta aesthetie design. Amcng thes@ whl&h do nat are aiactranic
amrauits’ Sinae aesthetie déaign ia nokt a. part @f d@velapiﬁg er—manuu
faﬁturing elecﬁranie ﬁi?ﬁultSQ it is n@t inaluded in inﬁusﬁrial arts
electranzc subjeet matier. Ia can alsafbe nﬁted>uhat, wh11e~61san in-
cluﬁes aesthaﬁlas in his master list aﬁ curricular aempeaents (Table l),‘
it is net included in his lige of eleaﬁrﬁnic enrrleular campuaents
_(Table 2. | o
The “sqcial functzau” of 1ndustria1 arts, again aecerding to |
.Olsan3 is cancerned with develwpzng desirable seelal &abita and attia'
tudes ﬁhr@ugh expetlenﬁes in the'inéustriai arts shep or laboratary,
This develepmant of saaial inﬁelllgenae oceurs largely threugh the
inte raction of the students as they pursue varlous acﬁ1v1t1es. sughlik
activities dre éependéna upon what ﬁhe teacher designatesuas bexﬁg |
appropriate with regard to the subject being studied, Olson does not
inelude in his electronic curricular components aﬁyiglamenﬁ wﬁi@h could

be termed social in nature., TFor these veasons it was felt that electronic
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subject matter, by itself, would not contribute t@wa#d social development,
and was not included in thig7stuéy;_ ‘ |

?hé’pasie value of ihﬁ}érien@&ti@n function, according to Olson,
is its feié‘iﬁ &ssisting %ha'pupi1:ia makiagfaﬁ—agéupaaianal ghoi@e.which
mayzlead him iﬁﬁévvacati@nai'prepar@tién in.thevfinal years of his edu-
'catibnal program. ;éiSénvaQQmmands that this funqﬁign be fulfilled to
a large degree ﬁhraugh'fiéid‘txips, interviews, fiims; acﬁnselling, and
reading. Such iéems aremre dépaﬁ&ené~ﬁpqn ﬁhezinéivida&1 ﬁeaaEe£‘sv
‘resources, than upon aﬁ%ﬂgliﬁﬁbjecﬁ matter. For this reés@n £he,crien~

tation functionm was mot used in this study.
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The curricular components used for this purpose are listed below:
Research Principles : Manufacture
Invention Theeries Installation
Design Systems - ' Operation
Deﬁelbpment - : Cirecuits S Sérviceé_’
Enginaering ) Materials : Applicatian
Physiés | » Processes _ Cempmnénts'
These curyicular eﬂmp@ﬂents were usedias categories of subjeaﬁ:

- matter. Items of tentative«subjeeﬁ mattey were compared with this list,
If an item of tentative subject matter could be categorized as subjeéé
matter under one of the above curricular components, it was written on
a new three inch»by five inch card. 'Ihis card was then labeled by placing
the appropriate‘eurfiéular component in the upper righi~hand cérney of the
card, fThis §%6cedure@ although admittedly s@Mewhét lengthy and subjective,
resulted in ﬁhe,selécti@n‘bf a body of subjeet matter_nrgaq@zed‘int@ catew
gories that reflected fecbnalegy and at the same timgé%g; cémpatible with
the objectives of industrial arts¥

T prﬁvide fﬂxther>érganiéatién of this subject‘matté% compat=
ible with industrial arts objectives, the deriﬁed subject maﬁter was
arranged under the three selected functions of industrial arts. Subject
matter related to a paréicular function was placed under that function.

Thus Olson's three functions used in this stndy’pr@vided both a means of
giving~organ123tibﬁ to the subject matter, and a means of establishing
the relationship of the subject matter to objectives of industrial arts.

The curricular components served t@'idantify the subject matter, within



the bedy of tentative gubject mattey, that was ¥eflective 6f the techs
nolegy of microelectronicsy =~

jd:xlved by

: The subject matter

the f@reg@ing pr@cess Was @resenued Ln hath narratxve and t’ Lcal ﬁui~

line formsi This was aq&aqfer the‘cen@enienﬁﬁ,giugars@ns u;,ng_this.‘

study as source material for industrial arts ﬁlédﬁréhids instruction,

| L'a urces of laia  3
Fm the purpmsaa af this stuﬂy, it was aissﬁmed that vupé 'é#&a:t:é
‘wmicrme1eetr@uzc technclamy was Presenﬁed in the periadxc publmcatlens i
.dealana with electr@niasa It was felt that this saurme of su%gect m&tw
ter was ﬁf partlcular 1mpartance to th@&e persmﬁs wﬁe develap aaurga |
cmntent, since such publi&atm@ns are readmly available¢

[ .

;ﬁpublications wexe revieweé as sources, of suhgeci
matter for this ﬁaway:

ls

2”. ;?{;ﬂﬂ_ﬁ;; -
| Me-Grawmili, Tne.
New York, ¥ 1.
Pﬁb‘iishe& Wegm;y ,

Eiéﬁtr&;&us En:{n&lrinw E

.Mbrgan Brethera (Publlahlnw) L&m&ied
.Lend@n, Engiand “

En@l&sh@d Mouthly
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4. Electropic Industries
.ﬁhilﬁoa-ﬂampany
Philadelphia, Pa, -
?ﬁbiisﬁe&~ﬁﬁnﬁh¥y

Elew@iwwwld .
2iff?§aViﬁ Publishing Company
ﬁﬁiﬂég@?‘iilinﬂié, ‘ o
" ?ﬁblisbed‘anthly‘,4 -
6. 08T
Amerieaﬁ Radio Relay League, Inc.
Newingten, Connecticut
Published Monthly |
Téwpfavide breadth and depth iﬁ the»Se1eatiQn of subject mattér‘
for industrial arts microelectronics, it was deecided to examine and aﬁa—
lyze each issueﬂnﬁ the ahavé~pu%li@atiﬂas for the period January 1963 to
January 1966. This examination and analysis included 342 individual
issues of the publications listed. ’Ex#miﬁatiﬁﬁ,and anaiysis&were,maée.
of 36 issues of each of the following publications far‘thewindieaﬁeé

time period:

Industries, and 0ST. One hundred fifty~six issues of Electronics were
examined and analyzed. Twelve issues of the Bell Telephene Magazine w@:e
also examined ané'ahalyzedx

The 33115T¢1%fh§n¢¢¥?,a?iﬁe-iﬁ the only “house organ” in the se~

lected publication, and is the only publication in which a presentation

favoring a particular company is highly probable. GST is a publication



of the American Radio Relay League, Ince The American Radio Relay League
is an erganization of "han" radio operators, and its publication was in=
cluded in this study for the purpose of providing source material for the

avocational functicn o6f industrial avts.

The publication, Hlectronics Ensineering, although a British pubs

iicatién;‘waé5iﬁéiu5éébiﬁ'ﬁﬁiﬁ‘éth&y*féﬁQEW@,xeas@ns. The_pﬁbliaﬁﬁiéﬁ‘re»
flects'tﬁe‘teéhﬁdiégiéai:acaie#émeﬁﬁs made iﬁ‘ﬁﬁerican*electrgﬂi¢s indus~
tvies, and the hsurhor's eipérience led him'@@ believe that this publication
would presant*é‘mﬁte~éhjeetive_view ﬁfvﬁhese'&a&igﬁementskthan would an

American publication. =~ -
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GHAPTER 1V
RESULTS

‘The main purpose of this study was tﬁfsetect subject matter from.
availablé 1itexature d&a1ing with the technology of microelectronics, and
present this sgbﬁegﬁvmatter for uaebin Seaandaﬁy school level indusﬁrial
arts; The Subjéét matter selected and presented in this chapteﬁ‘fuifills
lesn‘s tequirement that industrial aﬁts subject matter ieflectnthe~fe¢h“
nology of industry, while at the eamé time being compatible with bhe-ébf
jectives of :mdustri.al arts,

In oxder to present this material in a manner which allows qﬁiék
identification of the,saﬁjé@t matter itéeif'and'alsc in a manner more
suitable as a‘reﬁerence source fax'léssan planning, thié chapter was di=
vided into two sections, The fifst section presents the subjégt matter
in a narrative form suitable fer use a5 a reference source in lesson plan-
'ning; The second section isvaftopical dutliﬁe-showing‘méf@ clearly the
‘items of technology contained within the bod& ﬁf‘sabject matter.,

The subject’éatﬁer was argaaiaed under three of Olson's funcuiﬂns
of industrial arts, in order to keep ‘the subject matter as compatible as
' possible with industrial arts ijectivea, One of these funetions, the
technical function, was subdivided into two sections, This division
‘allowed presentation of material concerned with repair, sérvicingg and
installation of microelectronic equipment:ta be presented separanely from
the ﬁaterial cencerning'the manuﬁacturing process used in pradﬁcing micfaé

electronic equipment.
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The fxrst sectlon ﬂf this chapter is cancerned with the tech-.

nical functi@n of mlcraelectronic sub;ect matterq_ The next two seatlans

deal respectively, with the ‘consimer functien and the avacational func«i
tion‘ Presented at the bggiﬂming of each fuﬁctiﬂn 1s a brlef desaription
ef the purpase of that Eunetian.% ﬁoeumentat1on 15 inaluded whexg spealfic
1dea5 are intreduced h@wever, bécause af the nature af ihe erganizatlon
followed detalled documentation seemed unnecessary. o
| | Tha eehni&al Funetion B
| Thé tachnxeél fnnction Qf lndustrial arts is expressed by Wmlber
‘1n a 1ist of “Impartant Gbgeatives cf Industrial Arts” as: |
| | To explore industry and American 1ndustr1a1 civiliéation in terms
of its organxzatien, raw materzalsg processes ‘and- aperations, pro=
duci:ss and occupations.23 o
leen listed as one af the el%ments ef the‘technical functzon.

How in&ustry emplayes techulcal procdesses and sclentlflc prin-
ciples to convert materials into products,2%

This sécﬁiéﬂf@f-@h&pﬁaf‘IV'pfﬁseﬂﬁsViﬁ,a“ﬂarratiﬁgﬁﬁﬁrm”éubjéat
matter relating to the technical function of microelectronic' technology.
To Eaailitate‘thiS'Preséuﬁatiémpvﬁﬁéﬁtéchniﬂai'fuﬁetiéﬁ'isvdivideﬁ'inﬁa
‘two«Sub@headingss (A) manuia@nuringgpfaaeéseé‘used in the production
of micreeiectrcﬁicuégﬁipmant, and (B) servicing, imstallation, and re~ °
?air~afgmiereeleeﬁreniG'aqvipment;  4

Menufacturing Processes. There are three approaches to the pro-

’3&uctian“of microelectronic cirauiﬁéé monolithic, thin-film, and Hybrid

Byitver, op. cit..

- %4olson, op. eit, p. 20.
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- eircuitsy The monolithic approach is a semiconductoy technique»in_whigh
both the active components {transistbrsy‘and the passive cﬂmpénents éré%
sistors and éapaeit@rs} are formed envbr-in a tiny'“chi@“Uaf semicondictor
material. | |

The thin~film app&oach to microelectionic circuits ié one in
which the pésﬁiﬁe components arevdeébsited as layefs of material ﬂn'aﬁl
inert substance ﬁknown.as a substrate) such aa»gléss@ The active c6mp@n&
ents are then attached to the passiQe"thinéfilm components by means af
microsminiature leads.

The third appr0a;h‘is the hybrid miércélectrﬁnic civeuit. Tﬁis
approach is used because of certain limitations imposed by the monelithic
and thinhfilm-appréaehésg In %his approachg discrete components are QSed
in conjunction with either tﬂiﬁ%film or monolithic techniques. The hybrid
 approach is used pgxﬁieﬁlérlj when desived inductance canmnot be achieved -
:vby either the €hin%fi1m«ofhﬁénblithic techgﬁﬁaes, These hybrid c¢ircuits ::
are often uéed~during ciﬁcuit‘éévelapmenﬁféa éﬁaz fesistorsg cépaﬁitprs,
transistars,‘an& indﬁetors eéﬁ 5e chaﬂged by ﬁﬁe designer. o

_Mbjelit:ic'ﬂﬁrcuits@' Qf the three approaches to. prqducing wmicros

electronie circuits, the monolithie appr@arh produces the smallest (in
physical size) circuits.
A monolithic integrated circuit is one in which more than one

electrical component is fabricated and intercomnected as a single,
solid eircuit element.Z5

SLeslie Solomon, "Integrated Circuits," Blectronics W@rld, Vol.
725 No, 34 (September, 196&), P 29.
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The technlque used to produce the moﬁallthlc circuit is a ‘chems
ical process known as "dlffusion"“ Thefproces of diffuszen can be simply
111ustrated by comparlng iL to the process of ataiﬂlng wood.,:

| If the aurface of the wood to be stained (dirfused) is clcaned,
and a suitable mask w1th the desired shape cutaut af its lnterxor 1& placed
over the area-tb be stained (diffused), then an:applicatiagmmf the stain
(diffusing chemicai} iS»applie&fte thevmaék, the reéult Will.bé a sﬁained'
 (diffused) area '-with the desired 's;hasp;e in the wood, The depth of stain
(dlffﬂSlon) in the wood is controelled by the amaunt of stain (dlifu31ng
chemlcal) appiied to the Wood, | - -

By varylng Lhe arrangement of theb§arious dlffusfen layers in #
monolithic devlce, it is possxble to create tranaLst@rs, di@des, res:stmrs,
and capacltors. Each component performs ltS £unctimn because of the dif-
ferences ealstlng at the 1nterfacea bmtween tha varieus diffused 1ayers.26.

The chip in Whlch thls dlfqulen uakes place starts out as a ptt
or "NV type crystal rmd drawn o six inches in 1ength and one inch in dla»
me-te;r',z7 Usm0 a dzamond saw, thls crystal is cut into many thn wagers,
These wafers are lapped flat and chemically etched to form a smooth, shiﬁy
surface, A completed wafer is about one inch in diameter and about .005
of an inch thick. | |

The masks used to contrel the shape of the diffused areas are made

26 0 .. am - :
Solomons, ~i‘®c~, ¢it., pe 30,

27N-type conductivity is the conducumvxty assacxatcd with conduc~
tion electrans in a semiconductor.,

P-type conducciviny is the conductivity associated with hcles in
a semiconductor whlch are equivalent t@ positive charges.



28

many thausand~timés lérger'than the final usable size. These madksare
drawn b& skilled draftsmen on aﬁscale;tﬁﬁus&nd§>cfstimes-1arge£‘thénﬂthé
final size of thé maékﬂ. This is done tc'insafértﬁé,acéuracy-af the édges
of the mask aﬁé»iﬁs<cutﬂmﬂﬁvaréa;‘ EheSe mﬂsks are then:pﬁatﬁgraphed;énd
reduced inwsiZe abﬁuﬁ‘zsﬂgﬂﬂﬁ @imeégbefore‘they rgéch W@rkiﬂgﬁpf@?@rﬁiensﬁ'
About éﬁﬁ-bf these:mésks'wéuldyfit:@nﬂa ﬁﬁentﬁ*five cent'pieéé;?§ﬁ5mfk

Byipﬁata¢chémidal prﬁaésses&‘ﬁhevﬁaské are prbéeSSe&g résu1ti§g\' 
in the removal of the:desifed cut~out area from the finallfilme e

Startlnb with the 5111con wafer, the layers are diffused to che
required depth and shape by Lhe d991red "P" and "N" Lype of dlfruu&ng
materials, - Othey masks are Lhen used to dpplj elther other dlifu51ens
or a a111c6n~dloX1de 1nsulating 1ayer.r' |

Resxsﬁance 1n monallthic dev1ces‘1s obtalned by ublng Lhe bulk
feuisthItJ Gf one of the difvused areasy’ mhe resxstance-va1ue outalned

pr@pertienal Lo sheet resistxvxty and éattefn lengthy and 1nve:se1y ‘

pr0pertlonal to pattern wxdthg - |

AL ﬁhe ceaneLlon of tbé dlfiuSLbn pfocess* the wafer will con=
tain up to several hundred 1ndzvidual m@nﬁ1lthlc ClrcuiLo (chlps) A
. close mmﬁraseOplc-Lnspecﬁm@n of the wafenamay-shew»that many-af the in4
dividual chlp" have fau1L¢ éue ta plnhele 1mperfect1@ns, 1mpraper dlI“v
fusion, of: some: @Lher flaw that wzll make the’ circult 1noperacxveg iheée

faulty circuits ave marked for removal at a later step in the pxmductien.

2
Solomon, loc, cit.




The wafei 1s Lhen Lutylnt! 1ndmv1dua1 chlps mugh 1& Lhe sam@
:manner than glaas is cut to size. A,dmamand scr;be is used to make;l@
vthe flne separaazem syracches on the wafer bmtwaen the 1nd1v1dual cir—_i
. cuits; The wafer is then mechanically separated along thesa 11nes lnte
uniform dice. Tﬁé‘fﬁﬂlﬁyfdice are removed frgmvﬁhe pzaduct;@n#run'aﬁ '
this time. . . | | o
The individuai.diéé are then th@f@ughly eleaned,.dried; andq»-3~
once agaln inspected for defects. Usingfhigh,;emperaturé‘allay,'ﬁhé= ;~
dice are mounted in headers. The headeréﬁcnnecteraleads,are thenaspgéé
.weldéd to their cannecting‘p@ints;~:Aftér the:1eadeelding@ each_circuit‘
':is‘@:vén a final @pﬁﬁ@ﬁiinspeetiﬁn,ﬁa ggarancée that it has net been',z,
damaged. .Aféer~ﬁhe optical insp&ﬁti@n3 ﬁheg¢ircuit,isvtﬁgnJclased ﬁpf”'
in its mount and tested. |
A:stepwby“step sequence of the préduétionuﬁf a monolithic eir%‘
cuit 1s preSQnLea baléw.
1o 8ilicon wafer is placed in a. furnace cantaiming an OXLélzk\‘
_ing'atmﬁﬁpheré @f absut 1200edegreesrcentigrade;;:nygen
penet¥ates the crystal's surface to form inert, stable.
silicen diéxide¢ L :.,,y»,v‘_z‘fi SRRV 4;-pjm:‘<
2. Photosetching technique is then used to remove the surfacef
-egating in such;évpatternvas;ﬁa‘pﬁéduce separate areas for
individual transisters, resistore, and capaeitars,v.
3. wafars are placed in a high&tempe?aﬁure‘furnace‘With gass
cous boron. The boron. diffuses threugh the openings made

,by the mask to prodnce the "?“ materiale
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The wafer is then photoretched again to produce openings for

transigtorsy . oo

Another phate&etch is uged Bo Iacate ‘the emitteyr afeabani~;

‘cgligeﬁar contactss  In anather highvtemperature step phos=

pher@us is deposited and d f¢uaed o produce "N“ type areas

ﬂemgleyad far the. Lranalstﬁr smitter. R

Nexma photo~etching is. used te preduce cutout areas Lhat w111

be used i@r 1nterc0nnection ccnua tg., The wafers ave ﬁhéﬂ’

‘placeé 4in & vacuum chamber where alummnum is evaparated ircm

a h@t'ﬁxlamgnﬁ zo‘?reduaﬂ<an'evea aqatlng of the metal-egér‘
the sﬁffaée~ﬂ%wthe,chip: TIPS

In the ilnal step the aluminum is masked and etched to farm

interconnections., In thio step, it is extremely important

that the final mask achieve @efﬁeat_r&gistex'with the'iﬂtera

connection points of the previous layers which have been

éiﬁfuseﬁ‘in preceding steps.

_stadvanta5es or mun@lithlcmewreuits. One of the .li 1tatwons

of the mﬁnallthzc teﬁhnlque is the presence of dlstrihuted dlﬂdes cons
necting the ﬁabrxaated»cem@@aﬁﬂtﬁ tﬁrtﬁﬁ:Slli@ﬂﬂ'Sﬁbstfaﬁelmaﬁatlalir

One w@yzéffrééaéiagfthe,di@déﬁefﬁéct is to malke sure they are backs

This, however, does not dﬁ‘awayvWiahﬁlééﬁage~cuxggntsfwhieh

may flgwi‘a“aiwifhiﬁnwaﬂieﬂ coupling capaci?énéeg;which-are present
in any diode. : ‘

Another llmltazian of the ‘monolithic precegn is the difflcuity
in obtaining proper passive compenents, IThe range of the r68lutﬂf85

which are practical, is aﬂl& about 20 to 20,000 ohms, which plaaes a
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severe restriction on circuit design. In addition, the resistors,
even within the practical range, have a rather iargé temperature co=
efficient. | '

The capagitdrS‘are‘actuélly fé&arSed~biased dioéeé and care
must be taken to make sure Ehey stay reversed-biagsed. The ﬁalue.of

~thesge capécitors is a function of the applied rev§;3e:vbltage._

To overcome thaseidisadvantagés, a technique known as ”Isolaﬁe&
Monolithic Circuits" has been developed. This process stavts with a  °
iappad and polished silicon wafer about 0.010 inch thick upon whose
surface a thin layer of 5i0, is formed by heating in an oxidizing
atmosphere. Grooves are then etched around the areas which’afé to be
‘isolated by a normal photo-etch process. ’Very highly doped "N" or "'P"
iypatsiliccn is deposited or grown within the grooves and-thénlcoveie&
by $10, formed by another heating period.

The grooves and surface aré covered with polycrystallineymater~
ial. The wafer is turmed over and the original silicon wafer-matérial
is groﬁn& off until the palycryétalliﬁe material is reached. vThe sur-
face is‘then'poiished and etched to leave small islands of the original
silicon wafer. Théée islands'act merely as a struﬁtural_éggnt“ Each
of the isiands may be treated as a separate Yehip” and ?récéssed in the -
same‘manner as in.the‘normal monalithic'procéssc - A

Because of the glass insulation, it is #o longer necessary
to back Bias the isolation diodes and less than 1/10 thevstray capaci~
tances are present. Also the leakage current between elements is greatly

reduced. Another advantage is the possibility of making both P-N-P and



NeP=N transistors on the same substrate,29 . o

: Viargeffraatlan af an iﬁc;;in thickness.u

nin=film civeuits; however, the thickness

eircuit can be measured in ‘micronsi’ Thin-film circuits are actuall

,né?fthaﬂféﬁhﬁméﬁﬁhairé"9§heffhiﬁ“fiim‘éiréuiESAéfé fabricated from ¥ rious
¢hémiga1'elemeﬁﬁs»tbVféémﬂea@éeitqfﬁian&w%eéist@ré?affvafioaé*véiuéé;;‘

w‘ﬁ.simpieuexam?ié‘wiil'Séfv@tﬁa*iilﬁst%ééé‘anV?fécesﬁiEy'ﬂhiﬁhw'
thiﬂﬁfiimiéiféaits'afébéépasi%éd“dﬁfa'éuhéﬁréte, 1f & candle flame iqf
used?aé‘theagaﬁrﬁewpf*sb@t;xthisfSéﬁﬁ'ééﬁ be éepesited on & piece of
glass muchfthegaﬁmé?éébﬁhiﬁéﬁilﬁfdé?GSitﬁéﬁftakéstlaﬁé@f‘iffsﬁme”gebé;
metrié*Shaﬁecis*biaﬁeéfbn*éhébsurfacé*éf5éhé glass, theﬂ;tﬁis.éhépe~§aﬂ
be outlineé in ‘soot on the glass. Elthev & ”hape within the ‘mask can

be &ep031ted or a shape formed. by thn outside adae of the mask can be

deposited, or both, designs can be. deposlted. N

If, instead of the eandie, varlaus chemlcal elements were burnﬂd,
so that thexr ﬁlements or composition were. %wansformed into “soat,"
these elements eﬂuld then ‘be déposited Qn the 1nert subsnrate“‘if this

‘ﬁhemléal'"sﬁﬁt"‘Wﬁﬁlé take ‘the sha@eﬁézctaﬁed*by-same shxeldea'sha@é“"

";:“Integrated Cireuit Teehnmques,"\EIectr011GSHWDrld,

Yol. 74, No, 5, (November, 1965), pps 25486+

307044, Loe. cit., pe L.



on the surface of t‘hé substrate, é:he -rés»alting-pamern would have the
same electrlcal characteristic as tha materlal that was burned.

If the deposited chemical “so&ﬁ“ has a eertaln resmstance value
per uvnit area, then the resultant éeposmted shape would have a resist~ |
anceé dependent Gn its area. By varylng the shapa and aréas of éepmsi-
tiom, diﬁferenu values af résistance can ‘be abtaine&.

"+ e ‘¢ the r631sﬁﬁnces arg ‘often expressed in- ohms pef square.

Further designation is unnecessary sinde resistance per squara
centimeter is the same as resistance per square inch,3l

The resistivity of a thin £ilm‘ap@éars to be influenced notfeniy
by thickness, but also by other factors, such as zone atructureland |
possibly traces of‘impuritieg-&iffi&u}t'tb conﬁrei. |

1f, on the other hand, a metallic 1;».ayer‘»wé1=ije deposited on the
insulatingkﬁinérﬁj substrate, and ﬁhen'thLS'layer were ﬂeveredsby a
thin insulating layer, and then another metallic layer were degositievd
directly oveér the first metallic layer (and the insulating 1ayé#§;‘it 
becomes possible to build a very thin ﬁépaaiﬁar with dimensiqnsjénvﬁhe
ovder of microns. - | |

of eéurSéutha;cépaait@mce‘ﬁﬂlue of such?a capaeitor ean become
quite large due £$‘uhe thiness of ghé,digleetrié-between-the‘méﬁallic~-
layets. .} R |

Aétual dep@sitlon of thin films is accomplished by the trans- ©

position of matter from a heated evaporanian source (much 1ike a vacuum

31Jehn R. Collins, "Fixed Rasistars," Eleatronias World, Vol.
70, No. 3, (September, 1963), P 46. .



tube cathode) to a ‘C'Qndéﬁ‘saﬁiﬁﬁ-sii'rfa.éeé‘ {substrata) in a veciim: -

Because Lhe electrical parameters of thi film compments da=
pend 1érgely‘é@ their geometrics; the masks used t@-shépé-ﬁEQSefcﬁﬁé
pliiebEs sge made many times oversize so that they can be made clean
and very sharp-ecdged; The masks are_%ﬁeﬁ{ph@ﬁpgﬁgphidaxxy reduced
to their final Siéewuéing[&tki3ﬁ?¥és@1uﬁibn5photé techniﬁueé | |
Two methods have beén develﬁpéd"whiﬁﬁjsré‘in,cﬁmmbﬁ’ﬁse iﬁﬁiA a
making masks for thin-film work. These two methods are cutlined below,
Bteps iﬁ‘ﬁ@ﬁiﬁgvﬂzniéﬁntéét“ masksi |
1 Suﬁétﬁéﬁg:ié ¢@ateﬂfwiEﬁmé thinﬁ£i1m of ‘evaporated copper. |
2. Phovoslacquer is spread evenly bﬁgﬁltﬁe coppet and driedi
3. A photo positive éf‘theaciré@iﬁ ié?@iaced'in cléSelcéntggt"
;&ithlﬁhe'156%@6?4»'fhefuﬁshiéid¢& 1ac§ﬁér-is ézwése&“ta B |
‘ultraviolet light. | =
4y The unexgaséd‘iacqner iS'xembvéd;&ﬁriﬁg &gve;@pmgnﬁ'ané the

unprotected copper is etched away in ferric chlovide:

5. Nickel éﬁEQmévgllﬂy-iﬁ-&E?géiﬁeé‘ﬁﬁrq&gh i i
nln Cﬂni:actu ma‘gk,? . B » » (
6. The unwanted nickél chrome alloy is removed by e@ghing §@a$‘
thecﬂpl?ﬁr wiask underldy, ; 1eav1ngpatterns of close tGler‘
'§ﬁ¢é5~ ‘ ‘ ‘
Arseébﬁ&“ﬁaghﬁd of producing tginaﬁiﬁéﬁma$ks ié ¢aiLe5.ﬁ8u£~§f
Gontact". The steps in the production of this type of mask ave cutlined
belows S | | | |

" éﬁppéylﬁﬁil is cleaned with pumice and water, and then dried.

'\;\ -



2. .PhotO:laeQuer is 8pread evénly O#QTIﬁhe foil and-&rie&s"f

3

querx- mhegunﬁhmeldedzlaequer‘m exp@sed to ultraviolet

1 Z.ghta B
b ‘The unezposed 1acquer 15 remﬂvcd durlng develepment and |

‘Lhe pattera is. dyed.-

5. The faml is backeé wiﬁh an ac1d~reulst1ng cellulose lac-';
guery - L |
6. The wavanted copper is etched avay in ferric chloride s0d..
ﬁhéxlé§§uéf ana=cé11u1@se-are-remaved iﬁ'a éélvenﬁéi
Problems of mask vegister, jigs and heldzng equlpment and
:abtalnzno ezzremely ‘accurate resxstanca have been ellminated by ene
 manuacturer of thin-film eircuits. General Dynamics/Astronautics
has developed & "maskless” process for producing ﬁhin*fiim,ﬁireuitsf 2':

‘In this process, continuous Films of three metals are deposited

on a substrate within a vacuum chambers All the other work isfdéqe:‘v

outside the vacuum chamber. General Dy&amzcs% scientists have'devel@ped

selective etching solutions and anedization meth@ds which permlt th~~;
processing of each of the three metals on uke gubgtrate W1ﬁheat affect~ y
ing tbej@ther Hwa;maﬁalsﬁj | |

: Tﬁevétcﬁing process defines resisﬁgr a@d-écﬁductap'@éttérﬁsg:
'anbéizatign aefinés capgeiéétleleetfﬁ&e pa§t§?ﬁs}én&vfaxms aialaétwig§
for capa¢it@$é¢5 ”Diﬁechéﬁghing_@ﬁfﬁiiﬁﬁ h@i&ﬁ;ﬁhe_errérsriﬂ‘vakge &ﬁf

vesistors to less than 5% without t@imming;énﬂﬁ§eﬁmit§ fesiaﬁgr=vaiuéé
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up to one megohm per 1/4 square. "32

An@dzz&tlan permlts a- eapac;t@r flgure @f merit 50 times hlgh@ﬁ :

&than Lhat ebtained with:4 vacuum evapﬁrated Slilcﬁﬂ mﬂn@ziée dxelea

Capacitor t@ieranae also ean be caftralleé t@ better than 5%. mthwut

, trmmmlngi.

The position of the ves

sistance fiiﬁféa»thefsﬁfface,mf-the suﬁSkraﬁé m@keS'it pb'§ib1& t@_a;;@

a resistor physlcaily to a preci@e value, iﬁ”iS‘alsé~pﬁssiﬁle'tﬁ»c359  

’trel the. valu 'ﬂf the reslstance durlnn éep@szaian of: the res;st@f

Av‘materxal by mmﬁitarlng 1t Wich a precisian brxdge. The pxﬂcesa la theni
vst@?peﬁ at«the=appnapxmate pﬁiﬁ@>and‘ahe'resxstanmegisu“frézeﬁ“%at-that~

levels

Anﬂﬁher7aévanﬁage-af thin-film circuits is that capacitérs-iaﬁﬁ .
ricated by the thin*fllm technique are n@t valtage sensitive as in thc

case of "P-N" gunctzan capaeitance.

ZTh@Sﬁ clraults are usually used ta overcome

some ©f the méhﬁﬁtcémiﬁQS"faund’iu Q@ﬁhﬁfﬁﬁh&“ﬂﬁﬂﬁlitﬁlﬁ'@w'thinﬁﬁiim'
circuits., Such hybr&d,clrcuit are usually a owmbinatm@n of mﬂn@llthic’
and thln“fllm cmrcu&tsa or thin-film cxrcuits<uith discrete a@mpanente
‘such as 1ﬁducn0rs, ‘resistors, etca o o

Mﬁch develﬁymental work is d@na with hybrmd civeuits s;nce it

,9su%st1$ute‘pa$t$a&n the»ﬂ? ﬁ&mﬁw:jdy%£1d~elr@uits,w&llﬂprﬁb~

ably be:the first eircuits to appear in consumer preducts which feature

. "Maskless Thin Film- Praduaﬁiﬁng" Elee;ranxc .
.N@. 2 (Februa;v; 1953), p. 164,




microalpctronlr GLLCULTS in theiy uonatrucrion.;;;

The future technicaan will
not be;ﬁ%le ro feyiace‘Teais&ﬂfﬁ@:eamaciﬁorsf-drvothEK»diS@fEte“Gomb‘ i
ponents in mwcroelectrﬂnle aqulpment¢ H@ wiil not be able to. measure; 

vvoltagevatxthe~Pmnngf4vaﬁuumqtub@Sa-vInﬁaeaﬁ@wﬁhe“teahni@;&ﬁzwmﬁ%\'wn

replace particular civcuit functions whenever failure occurs.in that -

equipment which empiﬁV?-miﬁvaeleatr@nidkcirmuifgaJﬁ

IL the trcuble is in the mix r:ﬁwrcult, the entire 1ntegr'leda
mixer will be removed and replaced, Tro ; 1o L ‘

- obereduced, thus cutting the seyxvice char~ " ThlS shoul& enhanceﬁ'
the image of the technician and also make it pay fer the consumer -

. ko have his set repalred rather than dlscaralng At and: purchaa*n@eﬁf
new equlpment.33 : S

Test cquipment ior warking ﬂn miaxeel’ Aronxc equwpmeaﬁ W111

be essent;ally the same as that uqe& on conventianal circﬁiéa.' Homevev.

)

the use of te § é d fiftures w111 be requixed Ln addlﬁion to this

Lest equipmean Thase‘glws and ziwture& w111 be smmllar tothe anes ;;‘

used on Lhe prﬂéuctlen 1iae for Lestlng 1n£egrateﬁ ci *uins« '

In ccnnectlng various aamp@nents and in,packaﬁlje mmcraelegn' N

.Hawever,» eldlﬂ” has n@t yaL pr@ved 1tse_”

Scldering is ab@ut 5!% 1ess expansive than weldlng. Gne reasan is & at

welﬁmng ia slawer than vaideriug whan"‘

*ed tm tbe number af'cennecw

Horld, Vol 74, |




tions that can be ma&e_by‘sdldériﬁgﬁgé“";'”

@mmﬁemzmg_ sy‘svizém’ﬁ; now being used in the iﬁdugwy are ‘i;:héf'ui‘ffdrév v
’mo&ﬁie,*ﬁot,'hyﬁrid, and intégﬂé@%d‘$§stem§, Ia the Dot éyg&em,Véli |
elementévaféwpeliét-shéﬁa&@ ﬁvaiiable~eiemeﬁté:inalﬁ&azreéisﬁérﬁg di~
| odes, -ttén‘gjismrs, and #apéﬁiiﬁo?é The diameter of these pellef:s ot
discs, vangss from 0,050 inch fo 03250 inch; thickness are 0,062 inch
and 0,030 imch. | -

To assemble the Dot-type circuits, g;gemeﬁeamméemiza@'hple;«;
are drilled or punched in an ﬁ;nﬁui'ai:‘iﬁg board which. is as ft-zhmk' as the
element being useds '.L‘he pellats are plaeed in heles, and neld them
by force fit or adhesive. A ammluc:twe patmrn ig’ screefned ma’co the
| msulatmg board and elements to fora t:he completed circuit.

Anathe;r Dot system mounts the “élfeimenﬁs on £lat wzm : ma‘f;r‘i;cﬁéfsf
Which‘ate,puﬁchéﬁ ﬁ@‘?rﬁVi&éfﬁhé~d$$iﬁéd,iﬂﬁﬁxﬁﬁnﬂééti@n systemsu @hé
clement is then soldered to oné of the wire patterns. Nest, ansther
pattern is affized to the partiéll&séemblys 1@,ﬁh&svmaﬁnér a_éam§leted, 
eireuit is built‘ﬁpj Encapsulation @@mpletas‘ahava95embkyg .

Tbe Dok system has saveral advantages. Ie p&mi‘@s aﬁtamﬁmn
of assemb}.y, reaplacemem; of individual cimuit emments is pmssible,
at least in board~pellet farmg and aesigners efm gelect &ubstra.tes to
provide heat conduction for high imat "dil:S.Sflp‘,at”_EZ.} gl‘emamss é

In the micromodule approach to packaging, the basiec elements

34pavid McElory, Electronic Industries, Vol. 23, No. 2.
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infthe‘aSSembiy wafer contain one or more of a speaifiﬁ cwmpcnentgafd?'
examplg,‘mﬁlyfresiétars wwuldﬁbé~en%®nebwafer§,aapacitars-dn-anethér@ﬂ
etei. | ' "

- ‘To assembley- the wafers needed to form the desived eirvealit
fﬁncti@n+aré‘staekéd'in*a\pféscribad*ﬁr&érgA;spacers-bétweeﬂgﬁhefwafers_
control the separation. Connections between the wafers'a@&’ts eXterhal
sources are provided by'riser wives placed in contact with the conduct-
‘ive areas on the wafer edges. - |

Basic Bends. One of the most common bonding techniques in use
today is ball bonding. Gmldeifelis fed‘througﬁ a ca@illary tube with
a hole diameter siightiyvlarger than the wire diameter. Thé:ball is |
formed by cutting the wire with a hydibgen flame. The diameter of the‘
ball férmed»at the end of é 2 ﬁil wire is between 4 and 3 mils, ”ﬁbe-f_
ball, held at the end of-tﬁe“capiliary tube, is positioned over the = ”
area Where the 1ea& eontact is.t@ §e;made$.tﬁen pressed firmiy onte the
metallized pad. The ball is défarme&labcut 50% by this préssure.' Bali
bonds pé@vide a comparatively larze area 6£ bond and have a high degree
of adhesion.

Wedge Bonds. 1In wedge bonding, the wire itself is placed against

the bonding pad, then Gﬁmpfessed with a "wedge" tool to form the bond.

| This type @f'bénd offers two adﬁahtagééa Because two or more
bonds can be méde.in series, a number of elements can be interconhecge&
with one length of wire. Second, the bonding area is small; thus con41
nections of Smai} m§t311ize& widths are‘pgssible, fThis method islbfteﬁ

called "stitch bonding" because twe such bonds are usually formed., The



results resemble a stitch.

Sblderin' tools:

The CIRCON Pulse Dot Micro-salderlng System camblnes the guick
‘heat characteristics of the soldering gun with the small size of
a soldetring pencil, and provides the added features of . foat-SWLtch
c@ntral and carefully teasured salder.35 : \ .

The c1rcu1t of thls system censlsts of é varlable autotransfgrmer
follewed by a step-dewn transformer cannected to the a@lderlng lmep.
’Temperature c@ntrol is achmeved by apprmxxmate seLLlng of the aut@~'
transf@rmer and by finer cgntrml through the use ef the f@et sw1tch,_  
‘The smdll sﬁlderlng leop is m@unted in a pencil type handle._f ”

. To make a saider Jalnt using Lh1s equipment, the epe?at@r dlps
the loop into the flu&. This makes the 190p @tlckey en@ugh to plck up
a salder-ball.' CIRCON furnlshes s@lder balls in 12 graded sizes Iram |
0 005 1nch in dlameter t@ 9 06 lnch in dlameter. To prevenﬁ @deaﬁlﬁﬁai
of the selder balls durxng st@rage, each ball is gald*plated.

Sﬁlder and flux are de@@sxted at the pamnt ta be selderéd; the
1009 is held against the jalnt, and the fa@t swztch is depressed and
~released when che 301der 3@1nL is camplete.h“ B o

- SLandard saiderlng 1aups are avallﬂble frem one te three wattsﬁ
Thebe 1@093 are made frem @ 015 anh £o 0 025 inch in dlameter nichr@me

wire, Because ef the small size ef the camp@nents, thls solderlng

system is nermally used in c@njunctlon with a bxnscular mirrmscﬂpea

35Walcer H. Buchsbaum, "New Soldering Tools and Technlques,"

Electronics Horld, Vols 73, Na. 2, {February, 1963), p 66.
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Another soldering system consists of a
.resiSKance séldeﬁing fixture and control unit»b A‘binecular_michséaﬁa;;
is used o observe the pouitioning DE the smldering taul. ‘The circuiﬁ‘
to vhich the mmcxoele¢tronia deV1QQ is to be Jolned lS pre~tinnad 50 |
that sufficient soiéer is dep051ted on the cxrcu;t, but it 1s ais@ os?  '
eible to apply sﬁider durmng the abldawmng aycleﬁ“Once ﬁhe saldgrxnm~
prebes are posztmened, they are Lowered onta the lead ribben and held
against the pad withva pweset-?rgssuzeﬁj Whan a fontswitch is demroaaed,
A@\ie,applied-éaréss the soldering p#abesﬁ heating up the ribbon and
melting the,sélﬂera:‘ﬁhe héaﬁing cycle.ganlbevéageiully;adg&ste& fdf_
the particular type of scidew;jnint,~anﬁ‘enaﬁ:ghis adjustment iS‘madag,
the eycle will tﬁeg be:athmatiﬁally-mepeatedAfbg every subsequéntv»f 

~ soldering operation that may be required,

.Soldeﬁ;nv“itpﬁ_xpwet;, Listed below are the power requirements
for microelectronic soldering equipment.30 .
Power (wates) ,vxip'$iﬁe.€inchesi,-l ~ Application

1218 1/32-1/16 0,020 inch thick

20420 /16 3/16 0.30 inch thick
' '  ple board, minise
- ture COMPONENES,

f microreircuit terms, To aid in understanding the

termin@lcgy’5f:m%ereéle£@fﬁni¢$ and to provide a list oﬁ}waﬂﬂ helpful

- 3BBuchsbaun, log.




é];‘.")’ '

in understanding ths industry and . techﬂ@legyi 4. glessary of terms ms "
presented belOW¢ ;“ﬂ -

- ;Mi-ir_c‘_rid‘fﬁlrcﬁ-it Lermsy 37

; ELEMENT = An element whlch dis ﬁi&&ﬁ,trﬂﬁ&iﬁtaﬂcé-aﬁﬁhﬁf‘
as gj n or eontrol. 4 Lol R

 E SUBSTRATE & ﬁ uubstrate for an anegraﬁed circuxt xm '
;whlch a portlon of the substrate. display& transi&tance."

. ARRAY DEVIGE # muitltude of ommllara b931c, couples, o intes
grated devices withaut separate enclosures, each having at least
.one of ite electrodes connected to a common conductor or. all
cenneated in serles, o

ARIWORK & &rtwerk is an aaaurately bcaled canflguratlon vhich is
used to produce the master. paLtern. : S

ASSEMBLY » A nuwber of parts or subassemblies oy any cambinanion
‘there@f jalned t@geihex to perform a speelfzc functlon.

‘BASE & An insulatlng suppart for the pr&nted pdttern. It may
cénsisgt ef a flexible or rigid material,

BASIG[
solid~=zst

ICE ~ The simplest useful device exhibiting a baaiﬂ '
ate phen@menon.

BIONICS ~ The art. which treats eleatr@mlc szmulatx@n of bi@l@gical
phenomena., v . . s ‘ .

 BOND 'TRENGTH = A measure of the stress vequired to separate a
layer of material from the base to which it is bonded. It is
measured in pounds of inch of widih peal strength) obtamned
by peeling the layer, and in pounds per squarve inch {pull urength)
' obtaLned by a perpendicular puil applied to a surface ak the layer.

BOSS m=U%e.TERM$NAL-AREA.v

g CIRCUITRY - Mlcrommnlaa re cirveuitry .
nted on a ceramic substvate. Usually consists of combination

- of r@ 1stlve‘ capacxtive, or conductive elements fired mn a

, cmmc-a%‘m MICROMINIATUL

37ﬁﬁdxﬁesy of AuEOnaﬁias,?’lzuf

8y of ice Industries, Vol, 22, Ne. 6,
(June, 1963), p. CL7~C32. o Lo
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' like piece of ceramic, -

" GHARAGTEBIS$i€$¢@ Any dxmenqmonal visualg functional, machan;caig

- electrical, chemical, physical, or mdL¢r1al feature or pr@pgrty,
jand any process =3 '
the de&xgn,-g ]

1ntercennectibns. }'
CGLB HELD “ The 3&1 ‘ng't®gether @f two metals . (wiﬁhout an ine
termediate material »y-the application of pressure @nly, thh@ut
an eiectrzcal cu‘feu.ter nlevated temperature. T

' cowam:me ?ARTS m:ss:m # vse PARTS nmsmz'

CQEDUCTTVE FATTERN A ﬁeaign f@rmed Ersm an electrlcally con=
ductmve waterlal*on an insulatmng bageg '

-GGNDHCTGR » A single cﬁndu tive 11ne f@rming an alecﬁrlcai c@n~v
vnec‘ﬂcn beﬁween termlnal areass

CONTRQLLEE PAR? An,ltem whi
1allzeé manufacturing and p;w

;‘r@quires the app}icat1on Qf spec~
ur@ment techniques¢'

GQRBWGGE The technmque‘af pr@&uciﬂg medules by hundiln' ?arts
ir connecting them. Ln@@ cxxfu rsb'
'W.‘,ﬁ-tﬂgethnr, : s :

Al ZTEM An item whase fallure cauld result in hazardaus
safe X el ditions oy prevent porformance of the tactlcal '
functlan af the end itemé_v;

onym 1,DRZFT & is ofaen useé f@r elecaranmc eﬁuipmentﬁ _

BEPOSITI@ﬂ « The process of applying a material to a base. by
means of vasuum, electrical, chemical, screénln oY vapar
method,
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* DEVICE = A combination of physical materials to form a part
comprised of one or more active elements,

ELECTRON BEAM MAGHINiNG'*-Ehe process ‘of using a controlled
" electron beam to weld or shape a piete‘ef material,

ELEMENT « Increment of volume of a part that displays an elecs
trical phenomenon. - :

EMISS&VITY'% The related power (of a surface or a material com~
posing a surface) to emit heat by radiation.

ENVELOPE DIAMETER -~ A dimension of an opening or hele, as in a
tube or missile airframe, that describes the extent to which

an object irregularly shaped can be accommodated as it vrests

in the opening oy as it slides in the opening either at an angle
or straight. The term is used especially in reference to accom~
modating electronic equipment within the airframe of a missle;

ETCHANT = A solution used, by chemical reaction, to vemove the
unwanted portion of a conductive material bonded to a base. -

FABRICATION TOLERANCE = In the canstruction and assembly of an
equipment or portion thereof, the maximum variation in the
characteristics of a part which, when related to the other.
variations of the other part comprising this equipment, will
permit operation of the equipment within specified limits.

FEEDTHROUGH = Use INTERFACING GONNECTION,
FINGER - Use PRINTED CONTACT.

GRID = A twoadlmensienal network consisting of a set of equally
spaced parallel lines superimposed upon another set of equally

spaced parallel lines so that the lines of one set are perpen=

dicular to the lines of the other; thereby forming square areas.
The intersections of the lines prov;de the basis for an incre-.
mental location system. SEE

GUARD BAND » The unused area which serves to isolate eléments in
~a.printed civcuit. :

INTERFACE = Thé.juhctiﬂn point or surface between two different
media; - :

INTERFACIAL CONNECTION « A conductor which connecis conductive
patterns on opposite sides of the hasg;

LAND = Use TERMINAL AREA,
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MASK ~ An implement, wusually a thin sheet of metal containing
an open pattern, which shields selected portions of a base
during deposition process. Also, an implement used to shield
selected portions of photosensitive mauermal durmng phatm pro«
cessing., .

MASTER DRAWING « A drawing showing the dimensional limits or
grid location applicable to any or all parts of a printed cig-
cuit, including the base.

MASTER PATTERN # A one~to-one scale pattern which is used to
produce the printed civcuit within the ‘accuracy Sp&ﬁlfled in
the master drawing. :

MATRIX - Use GRID.

MECHANIZED &SSEMBLY « The joining toge&her of parts and/or sub+
assemblies with the aid of operators and semiautomatic equzpmenc.

MICROMINIATURIZATION = The technlque of packaging a microminia=
ture part or assembly composed of elements vadically different
in shape and form factor. Electronic parts are replaced by
active and passive elements thraugh wse of fabrication processes
such as screeéning, vapor depasxtm@ng diffusien, and phatoetching.

MINIAﬁﬂRIZAEIQN > The technlque of packaging by reducing size
and weight of electronic parts in step with the change from
vacuum tube to transxstors and diedes‘

PAD = Use TERMINAL AREA.
PARES BENEKTY = The number of parts per unit vwlumaa

PASSIVE SUBSTRA?E » A substraﬁe Whlch wxhibits no’ afﬁect @f
transista@ce,

PEE&S‘&ERENGT& - see definiﬁiom for B@Nb smmm
PRINTED GGNTAGT - That portion of a prlnted circuit used to cops
nect the circuit to a plug=in recaptacle and to perform the

function of a pin in a male plug.

PRINTED ELEMENT ~ An element in printed form, such as a pwinted
: 1nducter, resister, capacitor, ﬁr transmissx@n line.

PRINTEE*WIRING SBBSTRAEE ~ A conductor pattern printed on a sub-
strate;

PRINTING » The act or art of reproducing a pattern on a surface
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by means of various processes, such as vapor deposition, photos
etchlng, emboss&ng, or diffusian.

PULL STRENGTH # See BOND STRENGTH.

REDUNBANCY « That design whlch makes addltlanal electrical paths
available to a function. .

: REGISTER MARK - A reglster mark is 2 mark used to estab11 h the
relative positian of one or more. printed*waring patierns or
portions thereof, with respect to their des1red 10caL10ﬂs on one
or. both sides of a printed wiring base, : :

EESIST “ ReSISt is a material such as ink, paint, metallic plat=
ing, etc. used to. protect the desired portions of the printed
conductive pattern from the action of the etchlng, scldeﬂ:ﬁ or
plating. : : i

SEPARATE PART = A replacesble @art, the body of Whlch is not
chemically bonded to the base, excluding the effects of pro-
tective coating, solder,; and potting materials. S

'SUBMINIATURIZATION = The technique of packaging miniaturized
parts using unusual assembly techniques for increased volumetzic.
effzcxency.

SUBSTRATE - A wafer«llke piece of 1nsu1at1ng material which may
serve ds a physical support or base and thermal sxak for a
printed pattern,_

'TAB - Use PRINIED ﬁBNTACT.

TERMINAL AREA = A pnrtion of a prlnted cireuit used for making
electrical comnections to the conductive pattern, such as the
enlarged portion of conductor material,

THERMOCOMPRESSION BONDING - The j:oi'ning ‘together of two matep=
ials without an inteymediate material by the application of
pressure and heat in the absence of eleckrical current.

THIN FILM- CIRCUIT . The. combination on a single passive substrate,
such as glass or ceramic, of a number of elements entirvely in

the form of deposited films of conduct1ng, s&miconductlngs of
insulating materials. The method and sequence of deposi
physxcal location, and shape of the film prﬁv1de the 1ntereﬁn-
nectlens on the common physical support.'~

ERANS!S?A&GE‘- An electronic characteristic exhibited in the form
of voltage or current gain or in the ability to control voltage
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or currvents in a precise and nonlinear mannefe

UNDERCUT « The veduction of the cross section of a metalfoil
cenductor caused by the etchant's removal of metal from beneath
the edge of the rvesist.,

WAFER - Use SUBSTRATE.

WIRING PATTERN = Use CONDUGTIVE PATTERN,

The Consumer Function
The cénsuﬁer function of industrial arts has long been accepted
‘as a legitimate objective of the &iéeiplinei Bonser was prﬂbab&y‘thé'
first to recognize consumer knowledge as an objective of industyial arts, 38
Olson designates one of the six functions of industrial arts as the con=
sﬁmer funetion, 39 Wilber $tates that an objective of industrial arts in
secondary education is
to. incredse consumer knowledge to a pﬁint where students caﬁ
select, buy, use and maintain the products of industry intelli=
gently.40
This siﬁ&y revealed little use.of microelectronics in consumer
goods. The most common comsumer use of microelectronics ié'ihw'héaxiﬁg”
aids, Zenith was the fikst company to produce a canSumef predugtfusing 
a'microelectrbnié device. This application of micraeleétfonics is‘iﬁ 

the Zenith "Arcadic!! hearing aid.

3801s0n, citing Charles R. Richards, "A New Name," )
ing Magazine, Vol., 1, No. 1, (October, 1904), pp. 32-33.

391pid, pp. 83485

éewilbel“, OE' Cit-g pn 50#
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Beyond the use of microelectvonics in hearing aids, this study
discovered no ethéﬁ'ganeral,eensumer product using microelectronic cirm
cuits. IThe'prqhibitiva'faqﬁer in the nse-éf‘thﬁsé‘éevides iﬁ consumey
products appears ﬂﬁ.bevﬁﬂsty,'”ﬁxgeﬁtﬁ agﬁeé‘thaﬁ the extent of use of

Cost per cireuit is very important in the use of integrated cirs
cuits. ‘iﬁ addition to the cost of the masks &sed in making up a partics
ular circuit, many things can go wrong during the manufacauring:px@ceés
vwhich causes the pricesper=circuit to increase, Because SO many things
can go wrong ﬁﬁring the manufacturing process, the yield of opevating
chips can be anywhére.batween 10 and 50 perceﬁﬁvof the number available

from a wafex;@z :

ing the wafer in its final holder also adds to the cost per unit. Bew
cause very few ¢anaumer1produ¢ts~use»miaﬁaelaaﬁxonic circuiﬁsﬁithese
circuits are more expensive than their:aawvanéicnai cOUnterparts.

There is still another problem with consumer microelectronics.
The lack of stﬁn&amdizgﬂ;envaq the~patt a£ manufacturers kegﬁs thevémgéa
per unit up, Where Qna.maﬂuﬁaeturér has a desire for a particular cir+
cuit, another will want to use his own circuit. This means separate |

forms of ﬁhe-¢i$¢@it; video amplifiers, for example, would have to be




49

made in separate forms for each manufacturer. =

Conservative estimates are that integrated civcuits will start
atriving sbout 1969 - 1970, prebably starting with the large man .
facturers who have both integrated facilities already in eperatl.n:
within the eerporate atructurec»3 S - -

Slze ig not expected ta play an meertaﬁt part in mmcr@électxéﬂic‘_
Vconsumer praducts at thls tlme. The size dimference between transvst@r
CLrCultS and 1ntegraced clrcuzts Wlll not be a" great.as the size dlffer-
"ence between Vacuumwtube deviceo and. ﬁxanaxstac»printed circult devzces.
This is due to the fact that fmnal size a£ 1ntegrated ¢ircuit preducts
iS‘dependent uan theISize aﬁ athefvc@mp@nenﬁs that»go-lnﬁ@‘maklnﬁ'upx'
the finished:prd&ucte In the case af m@st electr@nzc consumer products,
the final blZE is dcpenﬂent upon the size GF the speakers, plcture tube,
eg¢@4‘ o : .

‘It is imffactlcal‘ﬁé uée tﬁésevtiny caméﬁnéﬁté‘Wheﬁ a Sviﬁcﬁ
speaker, or a 19«inch picture tube will govern, to a 1arge degreaa-
the ultimate size of the predugt‘@4

With hlgh cost per*cxrcult and 1ack @f a ma;ornadvanta ge in 81ze
: rcduetlun being prahlbmtive factmrs in the ecen@my af mlcreelectronlcu
for cansumer g@eds; the:only gdvaﬁtage in the use af mier@elecﬁxcnmaS‘
would be rel‘liability%’ o o | | |

The relisbility of all forms of electronic eircuits depends

greatly on the interconnectlon of components. The advantages
 that 1ntearated civeuits offer over all the ether approaches is

omon, 100. ¢it*, e 48

Electrenics W@rld, Vol. ?& Ne. 5, (ﬁavembcr,




that there are fewer interconnecting wires, The great majarxLy wf
:the lnterconnectzﬁns are achieved by using evap@rated thn—alummnum

Hﬁwevev. there is litﬁie chance g &he.naar fut,re that: the ad-”
vantage ef relzabillty Wlll @utw&1gh Lhe disadvantages @; cwst and lack;
_@f szgnzflcans ize reéuc&ieﬂw Wide*spread aansumer use Gf mxcroelec«-
tr@nlcs is atlll in the futureﬂi.b)‘. | o ‘ B

‘>->“If the general Lrend is exam@nedm 1L bec@mes evldeﬁﬁ that many-
vfacturers ﬁf TV equmpment have been galng fr@m.vacuum tubes t@ tran~v
sisters. Hawavcr, When TV sets are ready fﬂr cnmplete "transiatarlzaﬁlbn,'
A‘1ntegrated czrcults may be usad axten@ively hecause they will be 1@33
custly than tran31sters and @ther dlscretc c@mpsuents.aéz

"‘fwhe Avocatienal Function
One of theigeVQn=éérdinai’?rinéi§1e3aannshné¢dgas;anﬁﬁhjeﬁtiée

of American:ﬁﬁblié educstion by the Natienal Edycation Asseciation in

;1919, was the Werthy Use of . Leis ‘Timéﬁ, ’@hiSFSEaK&mﬁnt‘Waa ?rmbaﬁly‘

a rvesult of rhe inflience of Jﬂhn Dewey Wh@,pﬁiﬂted*ﬂut3in.1916.ﬁhaﬁA

“’;e;>@~edusatiﬁn»haa<ﬁ@.mﬂré,ﬁgrisus~ré$ﬁ@nsiﬁility,thaﬁ‘makiﬁg

45 ‘Electrgnis_lqustriesg"V@ii zzg Ne. 6y (June,

1963)‘, e 65,
46 ' "The Integrated CGireuit lndustry ", Eleuzfenics
Worid, Vblﬁ 72¢ N@. 11, (N@vember, 1965), P 38 :



51

adequate provision for enjoyment of recreative 1emsufe§ not only
for the sake of immediate health, but still move if pessgible for
the sake of itg lasting effect on the habite of the mind . . +7
In 1lght'6f the ab@ve statemenﬁs} the,aVﬁcaﬁlﬁnal funceion of
industrial arts becomes a legitimate and worthwhile objective of indus~ v
trial avts education.
Three basic media for recreation are inherent in industrial arts,
They are: the crafts, the home workshop, and the "de~it-yourself”
activities. Through these, objectives of recreation can be achieved
and the recrﬁaﬁionymissian,of‘industrial‘&rtsfacgamplisheddéﬁv;
H@wever,.mierealedtrénics\nﬁfers liﬁtleﬁ,if,any@‘@ppartuﬁiﬁ?'fgr
industrial arts to offer avocational opportunities or activities. Ne
evidence was found in this study whiah:eveg.inéiqaﬁes;ﬁhathavécatipnal
interests are being served by microelectronics.
- Ezamination of Olson's "Recreation Media," with veference to
microelectronics; will reveal the factors which hinder or prevent micro=

electronics from fulfilling the avocational function of indistrial arts.

The home workshop is what the name implies. Originally it was
- the home repair shop with economic and utilitarian purpose. Since
~the advent of light, portable machine tools it has become the home
hobby shop. The home workshop may be equipped with any of several
materials, . Fmr,purgﬁses_herein, it includes any home shop facility
for the processing of, and constructing with materials.4?

47John Dewey,
1918}, s 24, o

,Eem@cxac;Pa;dvE’ucatiOﬁ, New Yor&" (The Macmillan Co.,

480139n ‘o;‘.cit., p; 97,

églbid



Many heme wnrkshaps (as refetxed te by @1san) are, 1n faet, 3
equlpped to accampliah QETtaln alectricxty-electranlc activxtxes. H@wn

every thé cost and:ecmplexity éf’the:eqﬂxpment3nec33éaryrt@:re@alrghfabﬁ

ricate; or ax?erimaﬁt‘with"micrﬁel_ ié?dgéiééﬁ~pfé¢1ﬁ&¢swtﬁeir=ﬂaeh.
in"the*QVEragevwﬁkkshépﬁ

In add;ti@n to: the pr@hxbltlve c@st of . equlpmen"‘the cog cf

matevlals usad in mxcrnelectranxc dev1ces Wﬁuld keep these naherlalb
bey@nd the reach af the hwbbi&st. The cemplex technlques necessary La
fabr1cate or repair these mlcr@electranlc devices w@uld als@ prevent

vl

,the d@velapment sf av@catianal 1nterests 1n thls area af eleczranlus.

The‘éah

‘.t~Vﬂurself activi 1@8;

These ac%ivltips ccnte

Fe nenevaliy’abtut ghe h@me, includlnﬂ

- As pIEVIQUaIy pnlnted @ut, the c@st @f equxpmenﬁﬁtmaterlaisg etc., praw

hibits avccaf”' &1 act;vity 1n the hame warkshap. In add' ion, home |

'repa1V, modifxnatm@n, or rempdclinw?mffm1Cfaeiechon1ﬂ equlpment

'precluded fmr a very im@ﬁr”ant reaamn‘ The ve&sen is Lhe lack @l miar@»

eleetronic éevxces with whlch the "d@»it-y@urselfer" can eéme in cmnnact[ .

hmth such a lack ef semethlng ta wmrk an, the heme-repamr man cannct'

, of caurse, deveiﬁp hws avacaﬁlanal intewests alenb thesa 1ineu,'




=devices, Lhere will still be 1itt1e chance Gf hﬁmewrepair buffs balng able
to engage in. 1epa~“ of these deviéas.' Relzabvlity of these dav1ces xﬁ af

such a high Qrder (500% ‘over ceuvenpmenal circuits) that there. wzil be

:wagmesﬁlnﬁ;reagan»ﬁm.makewwepamrﬁﬁ ﬁven if bregkdown does aucur; uhe mis

,graelectr@niﬁ;éevica;will;ﬂ@tjﬁﬁtBQQEEpaigéé@ghutAfeﬁiacedmif* :

=iTha;GQ@fESm::Gr&fiﬁlemﬁlﬂy'WhaﬁhEQfkﬁaﬁnﬁas;crgﬁﬂgmgtégialga o
'(1eather, weod, ete.) and by its very mature ‘rules out microelectronics
as a craft &CflViﬁyn

Ham radic

:,.mhis_aréa i$x@f:gﬁéﬁiélaiﬂtéresﬁzbecaﬁﬁe‘iﬁ‘iS:&n[

f_ avacatiénaizareé pfi@afiiyféﬁncarnéﬁ:ﬂﬁﬁh;@1ec£f@nies; Hﬂmever,‘tﬁia;‘
study revegled n@thlna L@ indicate thaﬂ xcrﬁeiectrﬁnmcs is bexng used
in thisvaxea¢ Eﬂ:a&ditiﬁn t@,tﬁ@:highsaﬁatvﬁf%micx@aiectr@nic éﬁviaea?‘
-ham;ra&ia'is_gbtié@m@atible tﬁvthesévée%iﬂéﬁ<,fﬁier@éiectg@ﬂievéevicés

. are,taﬁeé in'the«miaréwa@§‘énﬁ;naﬁﬁwaﬁt«faﬂgeu@f,éém@@nemﬁa% while més@ 

ham gear ranges iﬂ.?ﬁﬁarsraﬁings.ﬁﬁ 5 to 1000 watts. Thus the power re-

T_qulrewent ©f ham gear @reéludea the’ﬁse~é£-mii é&le@tﬂﬁﬁiﬁ dévicas;: Als@
the difficulty af ébtalniaw prtpev indactances fif: 8 mluraeiactrﬂﬂiﬁ alr-v
guits praeluées-th@i@ use.inuham raa&ivingaeﬁﬂ7pmﬁnﬁ.

| Accsrdinwly, tkere is no indlcatzan that radio amateuru wili %e

using mlcreelacﬁrénxc equipmﬁnt in the near fuﬁure,

¢ L:@HTLINE oF SUB&ECT-MATTER

1. The Technisal Function
 £¢ Type¢ af miaxﬂelectr@nlc clrcumte
i, Mbn@lithzc

12*1 Th&n-fllm



‘Y ff3@'fﬁybrid

_'3; }?£§éeé§eéfa$edvinvmaﬂufécﬁﬁfﬂﬁé“ﬁénéiiﬁﬁié‘cﬁfé@i##@?
1 Gr,,wing pn oy gl ty')ez Efyml.. 1 |

ifﬁ;',Cutting crys tals 1nta wafers E

" 3 ‘I.apping wa,_evs |

:;¢;;]rmaking masks £or diffuaLmn pr@a955

: 5%'”91qu&1ng crysrals by the desired ”P" and "N“ e
J;j 16§':I1spect1ng
 1?;:fCuttinf of indxvxdual c&rcults ‘from the wafer

8"‘Iﬁspeemlng o

_Jég'fMﬁuntalning in héaéar.
'iéa“ilnspe¢t1ng : '
  119};$esuigg
”ﬂpfv&&véntagéﬁ of monelithic ¢izéﬁi&s

1.  Sma11est of ihe three ty:as ﬂf ciraulhs

2. More campenents per glven v&lume ’

;¢ “3553 mexght=

‘4. High reliability

”ﬁwa@igéd@éﬁiaQQS'éi.méﬁﬁiiﬁhié>éif@uitsV

1. Contains voltage semsitive distributed capacitemces

2, Difficult to obtain proper passive components

E. Processes used in manufacturing thin-film eircuits

2,  Making masks for deposition

3. Depositing desived materials on substrate
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4, Inspecting .

- 5. Testing

« Advantages of thin-film circuits

1, [Easier to obtain desirved wesistances ..o

2. Gircuits may be more easily repaired:

3, Absence of voltage sensitive "P-N" junction capaci-

- tances

., Disadvantages of thin=filw eircuits. =

1. Larger than momolithic

2. Lavger packaging vequirements

He

Processes used in manufacturing hybrid circuits

1. Combine monolithic and thin~film eircuits

24 _Qﬁmbiae thin-film eireuits and discréte compénents

f,,&dvéﬁﬁage§ @£ihybri& eircuits .

1. Very easy to change discrete components

2, Able to obtain desived value of inductances not ob-

The

Au

Except for the use of mi

. tainable with other twe tyoes.

- Disadvantages of h&br&dwcir@uits,
1. Largest of the three circuits -

Consumer Function

roelectronics in hearing aids,

- this study found no uwse of microclectronics in consumer

. geods due to the following teasens:

1. Cost of present wierselectronic civcuits

8. Cost due té lack of standavdization on the part
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- of the maﬂunféei:urexré
b. Gost due to low yield during production of cir-
¢ Cost of testing clrcmts

Reduction in physical size of consumer products due

to use of microelectronics of no particular advantage.

11T, The Avocational Function

 As ‘This study found no use of microelectronics in avecational

pursuits for the following reasons:

L.

- eiveuits -
3.

oment .

* Speci;&l topls -‘ne'écessm;y. ‘ﬁq 5:“19#1‘ é’hfﬂl

Cost of present microelecttvonic cirucits

Lack of power, th amateur radic equip=

;  Lack of consumer preducts containing microelectrenic

cirenits.



CHAPTER V .

SUMMARY AND ccmc N

The purpese ef ﬁhis sLudy wWae to select sub;ect mattar iram

available litefature dealing with the technelagy of micrﬂelectrenlcs,

 and present thlS sub;ect matter for use in seaﬁndary schael level mn »7'

- dustrial arts.

The study involved ﬁhé-éeiﬁ,. Gn‘aﬁ‘téﬂtative industrial arts
‘subject matter from information about mieroelectronics contained im
- 312 eleetranic‘jaurnais@ Ihrmugh an analysis of thls tantative subgeet‘,

matter, using Olson's "curricular c@mpenents" and ”funcﬁlens of 1ndub~

- trial arts,” ¢ the auﬁhﬁf éerived aﬂbody'af inéuﬁﬁxial arts-sabjeeﬁﬁmaﬁé;_‘

. ter reilectlng the technology oF . micrﬁeiactrﬂnxc& and cempatxble Wi hﬂ'”

' the objectives of industrial arto ThLS subjcct matber was. then or
anized and pfe&entéﬂ‘iﬂiﬁaﬁﬂaﬁiva and ﬁﬁpicalvﬁuﬁiine.ﬁQEM6g¢
This study revealed there is a gréaaﬁdeai of industrial atﬁs;

subgect matter materlal te be found in &he lmterature dealing with the

teehnelogy of mmcroelectrﬁnlcs; H@Wever;

:he great majority of thzs ;’_

sub ject matter is 11m1ted to thc technzcal funaﬁlan of 1nduatrial ar

8ignificantly 1esser amounts of sub;ecﬁ mﬂtuer, relating to the cmn~ Lf

‘sumer function and the avocatlcnal ﬁunctmon were found in th1s stuéyn -‘

ThejeansumerEFunctlenﬁ. The heavy emphdsms of use ef micrm- e
’ electrenlc technelogy ln militaty, spaae explaxation, and computer -

cireuitry has served o forestall the use of miarcelectranlcs technelogy

to any_sigﬁ;sicant\degrae“inﬂthe.consumem4£ial"g"High;gasttafamaﬁerigls
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is also a.coﬁtributing factbra 'ﬂi&h;the excepﬁiaﬁuaf the ﬁea@ingi&iﬁgg

little or no appllcation of mlcraeleetr@mtcc is be1ng made . ts general

consumey preducts. The study revealed the prablem of cost ané the re-‘ﬁ

1ated problem of rate-9f~preductxan are: key facters in detemmlnlng when

‘the consumer w111 be able to. ﬁbtaiﬂ geoég centa :1ng mlcr@eleatreuic

circuitry; Lack of standardmzatxan ef circ¢1ts by dlffaren& manuf;

turers was also stated as a factor llmlﬁlnn ﬁhe pr@ductLQn of R

electronzc consumer goods.

The AvocatianalﬁFunc ‘on. Advanced technology, cost of equips
ment,,and.lack,of-mataxials are allvfactors~mﬁich_prevenévthe:geaeﬁaﬁibﬁ
of avocational interests in microelectranias;7

Lack af an anortunlty to come in contacL wmth congumay proéucta

_ containing mlfroelectvanlc equlpment 1S~an5the: reason avocaﬁzaﬂal dne
’terests’iﬁfmicréeleéﬁrcniés'is almost non-exlstent.

Radio amateuvs (Hams) da'netjemp10y~migr@eieagr@ﬂiegwdﬁe,t”sJ

power requirements which are not compatible with microelectronics ecigs

ceuitry. .

| The Technical Function. The technical furiction proved to be the

vichest area of subject mﬁtgafvmatéfiali- IgawasQWithin,ghaftéaﬁniﬁaEj»
f“ngii°n:thai”theﬁgfegte$t-€mﬁunﬁ-of‘énﬁjeéﬁrm&ttﬁt.m&t@&i@l was ©b< .
tained. - -

 Subject matter material. concerning manufacturing processe&»
intercomeckion meghﬂasi>differehtﬁtiﬁn‘béﬁween-varic&s“@vaSt §7$icﬁ@%
electronics: (monolmthlc, thlﬂ*fllm, hybrzd) was found to he in great

abundance in the electrenzc Journals which were: eﬁ&mlﬂed.‘-*"



of thn 21 regresentative currmcular C@m@@ﬂ@ﬂta iéentifled by .
‘Otson as. be11g unique to 1nﬂust&1al arts eleatr@nics, the following
'lﬁvwef6~fﬂﬁﬂéi%yaﬁhisvatuﬂyﬂtpvbe mﬁﬁﬁ,éiﬁﬁely;assﬁciatgd withrmicrea}
eiéetﬁ@ﬂi@-tﬁchnﬁiagygkaiQr'7* o "73"7‘-E;” SRR e
.y "Rgseafﬁﬁ». 1 7?’3é$igﬁfﬁ”ffZ'<;¥‘@h?$?C§;*7?f?“‘“ﬁiﬁguiésl
’ Inventﬁon AT Bev '!.apment ?rinmplas ot Materials
Esperlmenc Engineermg Vi Thecrles e ; chesses
:Gémppﬂénﬁét ~;-vﬂann£aaﬁuﬁegf. | |
of tﬁééesik.eompnneﬁﬁsrtae'faiinWiﬁg:fiVefﬁeréJEmphaéized»iﬁef:'
‘the examlned electronlc j@urnals as- baing moat elosely aspociated thh
the technolagy of mmcraelectw@nlcsr
8@3@&E6h.v:;;;qnﬁb@efiakﬁ . ’if?h?éiﬁé“‘ L ;7P?G§é3sé; whoa

Principles .

This. study reveﬁled that the 1ndusﬁrla1 arts sub;ect matter
which. was derlved frﬂm tbe technalagy af mxcfeelectrcnics as presepted
in 312 élﬁctrﬂhicTéﬁﬁrnaIs;mﬁsrﬁﬂnéantrated,in’thefﬁeehﬂical:fﬂﬁ@tigﬁﬂ:

of 1ndusﬁr;al arts‘,:_&zﬁﬁ.s“w;=.gwg,r, ‘,hgfg%{;Jﬂ,

Little or ne information Was presenteé 1n the electrenlc J@Uﬁnals
_ from which suhject matter cauld be derived fer the consumer ana aveca~
tiomal. functlsns of industrial arts.

Subject matﬁe.,waa derlved wlthxn the Lechnlcal function fﬁr the

areas of manufacturlng pxocesscsg seg'”

(»repaxrgrand~;nsta11aﬁxnnv

of mzcr@electronLc equlgment. Subgect mdtter far the consumer and _“
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avocational functions of industrial arts was not derived due to & lack
of information concerning these functions, -

Pt e
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