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FOREWORD

Our successes with major systems olten m'ershadow the

importance ol the basic supportingr technology develop-

ments that make these successes possible. This report

covers one of these technologiesrthe integrated circuit-

its origin and development. its present status, and its

future impact.

The birth and explosive growth oi integrated circuits can

be directly attributed to a combination ol wise p0liCV

direction by the Department of Delense: initiatne. stimu-

lation and dynamic management by the .\ir Force SW

tems Command: and spirited response by industn. The

story is dramatic prool that the lrontiers of our technology

can continue to be rolled back bV intelligent and iiiia'mia-

tire assumption of risk, proper allocation ol resources.

and reliance on scientific ingenuity.

It is important to understand that this technology was

based on a growing operational problem rather than the

normal e\olntion ol a IILW tethtntal phenomenon The

problem demanded a major scientific advance mVolt'ing

considerable financial and technical risk. The solution

proposed by the Mr Force was criticized by some and

questioned I)V others. The lact that the technology was

successiullv developed makes it important to review and

comprehend the degree of participation of our govern-

ment laboratories. so that existingY and future programs

may profit b\' the lessons learned.

‘my ‘

tat.

B. A. SCHRIEVER

General. I'SAF

Commander. Air Force

Systems Command
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INTRODUCTION

In the short span of years from 1958 to 1964,

a revolutionary technique for fabricating elec-

tronic circuits was introduced, demonstrated.

and accepted. This new technique results in

exceptionally small, highly reliable complete

electronic circuits: commonly called inte—

grated circuits. This report discusses the de-

velopment of integrated circuits from their

earliest beginning to their present wide-

spread use in military and commercial elet~

trnnic equipment.

‘54 55 56 l962 ‘63 ‘64 '65

A comparison of the number of units shipped during
the early growth period of the transistor. 1953 to 1956.
and of the integrated circuit. 1962 onward. shows the
rapid growth of the integrated circuit. The growth of
integrated circuits is even more pronounced when it is
realized that each integrated circuit can displace

several transistors.

The dewlopment of integrated circuits is. in

large part. the story of imaginative planning

and aggressive management by the U. 5. Air

Force in starting and supporting a bold, new

rcsearch and development program. This sup-

port. combined with substantial industry par-

ticipation. resulted in an accelerated break-

through in the field of electronics. The rapid

advance of integrated circuit technology is

attributable in large part to the management

(l(’( isions made by the Air Force and the De-
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ROOTS OF THE CONCEPT

Ail“ \\'<u|d “flu II. 1hr [Wind \vzls Immrd

mmr H’IIlI)it‘\ militan t-ictuunn rquipmt‘nt

[nmu‘tt‘\pt1n(iingIlliinunrt‘qunrmt‘nls. I'ht-

it‘h' wimplt' grim!» mi unlhirluul «(MIPHIM'HIN

pit-\inmh tiwnmtul with (’it‘tlllrnil (quip-

lllt'lll.\lllhM{Idlhlllillt’INJlltiH‘At’l\(‘1§,\\t'lt'

I'dpilih IK‘IHLV supplt'mt'ntul In iuiditiuniti,

mun- uunphw tittuit~. 'I‘ht' u-xult unis it tru-

HH‘HdHtlS inn‘mw in the numbm (it individ-

ual tlHIlPUIH‘HI‘ tuui illlt‘H nunm tium lwtu't't'n

Iiit‘m- (“Hi1 Hi \\ilH h \\.|\ .l pnvihlr twin! n!

Lulu“: [tux «Huplwl \tilli link wt huhh Hr

“.1thpJI'lN.((Hllpulllltit'd[hoitliilll’t‘ rrm' pinh-

lvm. It \ms (“11an Ilii§ pl'rthi that the time

hctucvn inilm'w of mmpim llltiNH'nt‘ clu-

tmnit t'quipnicnt um (maxinnJHV mmsun‘d

in minuth

Th:- im'cntinn n! the more rugged and reli-

able trtms‘ixtru' in l‘J-lh’ pmmix‘cd S'DIIIC respite

1min thr- rcliahiliu prohit‘m. But the improved

I't-linhilitv 0i trunsistnm was not enough to

offset the rapid (-xpans’mn in the numlwr of

individual (nmpnnvnts necessary in the more

mmplcx equipment,

THE PROBLEM

Continuingr this [lend through the law 1950's,

.\it‘ Porto clottmnit equipment had bumnc

w immensely ('umplcx that tompnncnt and

J‘JJDIM T
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The Increasing complexity or aircraft e|ectromc equup-

ment after World War || 15 demonstrated by the twelve-

fold Increase in the number of active electronic compo-

nents from the 8717 to the 858 bomber. An even

greater increase I5 depicted for ground based radars.

 



The Westinghouse integrated circuit held by the (wear

ers is equivalent to all the resistors, capacitors, diodes,

and transrstors shown In the foreground.

iutt-rt'onnet‘tion lailures seriously threatened

the attomplishment
of even routine opera—

tional tasks. Of equally serious (onsequente.

was the rapid snowlialling of dollars, 1113111-

power. and time net‘essai'y (or the support

lumtions—sut'h
as supplv. uiaintenant'e. and

training. In short, the entire mission t'apaliil-

it\‘ of the l'. S. Air Force was threatened, :\

new approat‘h to elet‘tronit‘ tethnoloqy was

desperatelv needed.

THE NEW CONCEPT

The new concept. defined first by the Air

Force in 1938, was {or a long tet‘lmit'al leap

forward: not just a stop-gap improvement.

The proposed new devites. however. required

an awesome set of spetifitations. They had to

he at least ten times more reliable than the

e\isting individual tomponents and had to

feature an equalls' drastit redut‘tiou in sire

zit“. m1 hi lln \ :ml to HM lt‘\\ lll lll lllt lll

tll‘-ltltl.ll traits lllt‘\ itiilaitil ltlll had to PM»

\lllt .it lead. the mute iniloiuia
nii lt\tl\

\tiniulau-il
lo. ultas (111“:an

lioui \Iltlll\11\

.llltl hour the \llt‘llllili toininunin
the \ii

l‘ttttt ttttilwrxt'tl to the Department
ol l)t'lt‘ll\t'

.l lt"tttl',lllUllJ
1\ \Hlullnn. l’ailit-i inipiouv

“1(1)th
lt'll.lltllll\

Yinl l-et‘ii brought about

l»\ the ll.lll\l\l1t1 hour this .lllt'.ttl\ liiulia

tlt‘ulopt-«l
[ethnology

it was possililt‘ to ex-

uapolut- .1 ioiiiqu oi t‘lt‘tllHlllL design in

“huh a \HlL‘lt‘ lilotlt ol iiiatriial tllllltl l)t'

made to lx‘llltllll the llllltlitin wt .in ('Illllt‘

(lltllll 'l'liis iadital it'lltt‘Plflltth
'tHill? i'lo'r-

Holm ~~\\.is the .ippioarh \t'lt‘tlt‘tl and pui-

\llt‘tl ln lllt' \ir lililtt‘ to solu- the it-lialiilin

Plttltlt'lll. The unrelated llltlllI is the his!

[n.ittiial and ust'lul output ol this tontqit

ln llt'tidinu, on the lllUlt'tlllJX' (‘lt‘lllitllltN ap-

proaih. the .\ir l7orit' hoped to "leap hog"

two other tel lllll(1llt'\. ltt'taiist‘ thm did not

Ullt‘t sullu ient relialiilih inipimeineut
. These

tet liniqut's, then under stud\, were the moduv

lar and tliinohlm approar‘hex,

THE MODULAR APPROACH

In the late ills and early 50's. the National

Bureau of Standards. working under .\'a\’\‘

sponsorship. dewloped Tinkz'ifm‘. a met‘hair

i/ed produt‘tion line for elettronit assemblies.

The TinLt-rtov t'onsisted of a tiered assemlilv

ol intli\idu.tl parts, with riser \\llt’ intt'iioii-

nettions and an electron tube mounted on the

top of the module, This allowed the remoVal

ol heat and permitted tube repliu‘emt‘nt in

raw of failure. Size and rust reduttions were

Tinkertm's main advantages.

The Mum-module toutept, sponsored ln' the

Aiim Signal Corps. was a dirett destendant

of the TinLertm program, with one major

thanqt': the transistor. with its longer life.

iould l)t' made an integral part of the assem-

l)l\. The .\litio‘.\lodule showed a reliabilitv

iiuprou‘ment m (‘1 other transistoriied ( irt‘uits

_liowe\er. it still 'ontained indixidual parts

cur" "

ll

Evolution of electronic Circuits from the ear

.u

and lHIt‘HUHllt'tIl()n\
. with their inhe

li.iliilit\ problems. The iustifitation

\lit ro-.\Iodule program was. again. siz

tion. plus automated assemlilv, with it

tial tost retluttion.

THE THIN-FILM APPROAC

Another approath for reducing the

intreasing the reliahility of elettroni

ment “.1: fostered l)V‘ the Navy: thin-

mm in lHltIlHQ\ These ( iri uits were p

by depositing lilms on an l11.\t[l\t‘ sub

form individual resistive and Capaci

[TOIIlt‘ parts and their intert‘onnet‘tion

devires. sut h as transistors. were labr

separate items and mnuected into the

Thin-film ('iT('lliIS are best t‘hararteri

potential for small size and automati

THE MOLECULAR

ELECTRONICS APPROAC

To the Air Force. neither the Min

nor the thin film represented an

solution to the most important prob

aliilits‘. .\ tonipletely different app

needed: an approat h in whieh the le

lem. miniaturization. was secondary

.-\ii Fort e management. working tog

\lltll organizations as \Vestinghou a

 



The Westinghouse integrated circuit held by the tweez-

ers is equivalent to all the reststors. capacrtors, diodes.

and transnstors show
n in the foreground.

intertonnettion
failures, seriously threatened

the attomplishment
of eVen routine opera-

tional tasks. Oi equally serious consequence,

was the rapid snowlialling ol dollars. matr

power. and time net'essary for the support

fnnttions—sut h as suppr. maintenant'e. and

training. In short. the entire mission tapahil-

ity of the 1'. R Air Fort e was threatened. :\

new approath to elertronit tetlmology was

desperately needed.

THE NEW CONCEPT

The new ('Ont'CPI, defined first l)V' the :\ir

Ftlt‘t't' in 1958, was {or a long [C(llnitill leap

forward: not just a stop-gap improtement.

The proposed new (levites. howeVer. required

an awesotne set of spet‘ifit'ations They had to

he at least ten times more reliable than the

existingt indi\idnal eomponents and had to

ieature an equallv drastit redtittion in sire

hill in l‘_‘i2{ l l1t\ llttl lit Ul\l ll“ that: the in

lll\ltlil,l
l1llll\lllt

\ lt‘tt‘uul
llili hail Tll [HAL

\ltlt .ll lt‘hi lllt \llIH lttlllllllltll‘il
t lt‘\tl\

\llllllllJIt‘t
l ll\ ltlt‘.l\ tint-mine

ltom intlustit

.llltl llHlll the Nlt'lllllli tllllllllllllll\
. the \n

l‘illtt' lilHlMl‘ttl
[in tile l)t‘p.lltllltl

ll ill l‘t‘ltllw

.l truihttinna
n \t‘llllltlll, l-Itiltel intpime»

lllt'lll\ ill lt‘ll.ll)llll\ lliltl lit-en lilotluhl .tllHlll

!l\ the transistor. l"!ttlll lllls .tlieatlv liiqlilx

tltwloiit-tl
lttllll'lllt';\

. it was possilile to ex-

trapolate .l IHlltt‘lil tll t‘lt'tiltilllt design in

\\ll|\ll a single lilotL til material tould he

made to [)tllitllll the lilttttion ol an entire

tiittiit This tatlital it'lllt‘lll—HH’
II‘IHT!“ i'lz't-

(twain r\\.l\ the apprmitli \L'lt'tlt‘tl and pin-

sitttl l>\ the ,\H T“(llt(‘ to soln- the l't’ll.ll)llll\

pinlileln. The integrated tittuit is the hi~t

plat tital .ind ll\(‘lllltlll[1tl
lllll this toiuept.

ln (lt'tidiliu on the inolet ultir elettionits air

[no.uh. the \ir lime hoped to “leap frog"

two other tethnitities,
lietatise tlie\‘ did not

otlt'i \lllllt ient lL'llJllllliV im
pim enlt-nt. These

lt‘t lmiques, then under \[ll(l\, were the lnodtr

l.ll and thin-film .tpproathes.

THE MODULAR APPROACH

In the late 40's and exier 30's, the National

Bureau oi Standards. working under Navy

‘Ponsorsltip.
dewlopt‘tl Tinkmrm‘. a meehan‘

i/etl produt tion line for elet‘tronit assemblies.

The Tinltertm' eonsisted ol a tiered assemhlv

ol ittdi\itlu.tl parts, with riser wire illlt'lttlll-

net tions and an elet tron tithe mounted on the

top of the module, This allowed the remoVal

ol heat and permitted tithe replat‘ement in

use ol failure Size and (Mt redut tions were

Tinltertot's main advantages.

The Mu iii-module tontept. sponsored hy the

"\"Hl‘ ‘iL’lHl (hips. was a diret’t destendant

ol the Tinkertot' program. with one major

thange: the transistor. with its longer life.

tonld he made an integral part of the assem-

lilt. The \litt‘o~.\lodnle showed a relialiilitv

improvement oVer other transistoriled t‘irt uits

~llt)\\'t‘\(‘l'. it still ontained indi\idnal parts

THhE?‘ Tl"

‘PLNSlS'DR

l l

Evolution 0! electronic ctrcutts item the earl

and inteitonnt-t tions, with their inhe

lialnlitx problems. The jttstifit'ation

.\lit ro».\lodnle program was. again, siz

tion, plus automated assemlilv. with it

tial tost redut'tioni

THE THIN-FILM APPROAC

.\nother approatli for reducing the

intreasingT the reliability of electroni

ment was fostered by the Navy: Him-

vli‘li tet lmologt The»- t in nits were p

by depositing films on an inat ti\ e sub

form individual resistive and capaci

tronit~ parts and their intereonnertion

devices, such as transistors. were l'ahr

separate items and connected into the

Thin-film circuits are best charat‘ter‘

potential for small size and automati

THE MOLECULAR

ELECTRONICS APPROAC

To the Air Force, neither the Micr

nor the thin film represented an

solution to the most important prob

ahilitv. A rompletely different app

needed: an approach in which the l

lem. miniaturization. was secondary

Air Forte management.
working tog

suth organizations as \Vestinghou a
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Evolution of electronic Circuits from the early Tinkertoy to the modern integrated ctrcutt.

and intertonnections. with their inherent re-
lialiilitv problems. The justification for the
Micro-Module program was. again. silc reduc-
tion. plus automated assemblv, with its poten-
tial cost reduction.

THE THIN-FILM APPROACH

Another approach {or reducing the si7e and
intrerisiiig the iehabtlits of elettionit equip-
ment was fostered by the Navy: lhiirfilm cir-
rui'! technology. These circuits were produced
by depositing films on an inactive substrate to
form individual resistive and capacitive elec-
tronic parts and their interconnections. Active
devices, such as transistors. were fabricated as
separate items and connected into the circuits
Thin-film circuits are best characterized hv a
potential for small size and automation.

THE MOLECULAR

ELECTRONICS APPROACH

To the Air Force, neither the Micro Module
nor the thin filtn represented an adequate
solution to the most important problem—reli-
ability. A completely different approach was
needed; an approach in which the lesser prob-
lem. miniaturization. was secondary.

Air Fort e management. working together with
suc h organizations as “'es‘tinghouse. evolved

the (llllt t-pt of niolcz lllllt’ electronics: a single
picte ol solid material synthesi/ed to achieve
.1 tomplcte (it't'tlit function. Dr. H. V. Noble
and other researt h directors at the \Vright Air
l)c\elopinciit (Ienter t‘v:\l)(:l were the first
to propose, in 191:. development of these
lunc tional elct tionit blot Ls for the :\ir Fort e.
Nothing toiiticte resulted at this earl\ date.
lint thc llllttlIHIl in ninth the \n I‘Hlit' llllt'
inatel} would inmc had been set. During the
period lUTiii to NW, Air Forte study groups
established spctihtations lor improved rclia~
liilitv in Clt‘t tronit equipment. Their studies
tonhrmed that a drastic improvement was
needed. Col. (1. H. Lewis and Mr. F. li.
\\'enger ol the Headquarters .-\it Rest-art h and
Development (loinmand (ARDC) supported

by the group under Dr. E. Keto at “DUKE.
clotumented in l‘l'ih' the need lor solid l)l()( ks
ol material tapable ol perloiming a toinplete
circuit function.

THE INTEGRATED

CIRCUIT CONCEPT

Another approach to molecular electronics,
called integrated circuits. was emerging. The
integrated circuit concept involves a block of
transistor-type solid material in which indi~
\‘idual areas are also synthesized to obtain cer-
tain electrical properties such as resistance.
These areas are interconnected within the

 



lilotL to perform tor the hrst time in a xolid

lilotk a (oniplete (lltllll tutu tionr \llHll.tI to

the ha} in \\l|l(l1 indititlual pailx ate med to

make up a (HIHL‘nIlH‘JLll (in uit.

l‘ht- origin «It the integrated lift uit unuept

1‘ tilted to (I \\' \ lltlllllltt‘t ml the littvhh

Rom] Radar l-‘xtahluhntent who. at the \l.\\

15")? Hettiunit Components (Tonlerentt' in

“Unhinqton, 1). (7.. stated:

“\Vith the a(l\ent oi the transistor and the

work in \t'nllullldlltltnS generally it seems

now ptmihle to enVisage t‘lt'ttl'tlnl(\ equip-

ment in a mlid lilotL with no mnnerting

wires. 1 he lylotL may tonsiit of layer< ol

inxulatint; tondutting. rettift'ing and .mi-

plih'iuq materialx the t‘lt‘tlt‘itlll lunrtionx’

heiuq tounet‘ted (llI’Ct'th hr (titling out

areas of the \‘zirious‘ layers."

This idea, and the inventions of S’ll( h early

innoxators as S. Killiy and Dr. H, \\'t Hen-

Lels. are the roots of the integrated tirt‘uit as

we know it todav.

In summarv, there exiited a defined need, pro-

posed to he satisfied by a vague researt h (on-

tept known as’ molet‘ular elertronit‘s, There

ISM-AIM
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In 1958‘ a Tect’rwm‘ Program Planrun;

th‘UHCQt’l tc. mtlustry the An Fun 0 <

Cu‘a' electrcnzt‘s ll‘lS bani: yua', 'tlw" "rat

Ll -letu‘a' > leulffi'l :N. was heat 1 :rrrmwti 12>

.-.r'icn «we Judely circulated.

alm t'\l\lt'tl .t \Pt'tlilt (letelopitu‘nt. \xlll: no

llt‘llllt‘tl goal. t\ol\th lrorn the admitting

\t‘llllHIlltlHtlln lt'tl‘l]t|l()2\. It \\lll now he

<l]!l\\n ll(|\\ thew were lllt'l'L‘t’tl into one \ital

effort.

Magnified view of an Integrated circuit showmg the

indwlduat areas that represent separate electrical com-

ponents. such as resrstors, capacxtors, and transrstors.

DEVELOPMENT 0 ‘

In l‘JST. ll]t‘tl\t‘1--tll industry res

l’oit e interest in molet ular elm tr

t‘IllllthNllt \exeitheless, the .\i

m [)Jlllt ular. the :\cl’<I-Flt‘tlr011ic

ml the .\ir Rexetuth and Develo

tuand r.\RI)(iIr and the ElCtH'l)

ugx lrtllmratorv of \Vright Air

(lentt-ix .utnelx supported imm

tion ol a researth and dewlopm

in HIUlt‘t ular elet'tronits. Finallv,

(Lolouel Lewis and other ARI)

lu’h after mneving industry~ re

a reiponsive (hold at \Vestin

ARDC staff prepared a rompre

line of a program for the dev

materials and derives utilizin! t

tlt‘f tronit x (on: t‘pt. The pt'nfl‘fl

min eitttated, massive funding to

resultx along with close liaimn

(untrat tor and government la

that prompt advantage (‘ould he -

advante Coordination of the ove

between the Air Form and 0

organimtions‘ was to he provided

on' Group on Electron Tubes (

Department of Defense. To ins

iults, the Air Force proposed th

program he (‘ondurted by one C

the materials. Components, equip

terns romiderations were all in

the one (ontept. It was realized

up Stt(h a program would be hig

ta] to its timely success. By brin

proposal. the Air Forte showed i

to take a high risk if the pote

were great enough.
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DEVELOPMENT OF THE CONCEPT

In 1937, the U\ et'dtll industry response to .\ir

l‘iltl‘t e interest in inolei uliir elet tronir s was my

t‘lltllllslnslio .\‘e\ertheless, the Air Forte and.

in partii ular, the ALTO-Elm tronits Duet rotate

ol the Air Reseaitli and Ileieloi'irnt-nt (loin-

niand i‘.>'\R1)Ci and the lilet‘tronii Tethnol-

om laboratory of \N'right Air Development

(it’lllt‘l', aitiiely supported immediate initia-

tion ol Ll research and development program

in ruiilet ular electronit st Finalli‘. in late ll'l'iT.

Colonel Lewis and other ARDC staff mem-

bers alter suri'ering industry reattion strurk

a responsive (hord at “"estinghouse. The

ARDC staff prepared a t'oniprehensive out-

line of :1 program for the deVelopment of

materials and dunes utilizing the llllllt'l ulln

elertronit‘s ronreptl The program called for

tonrentrated. massive funding to assure rapid

results, along with (lose liaison between the

contractor and government laboratories so

that prompt advantage could be taken of each

advance Coordination of the over—all program

between the Air Forte and other militarV’

organizations was to be provided by the Advis-

or\‘ Group on Electron Tubes lACET‘i of the

Department of Defense. To insure timely re-

sults. the Air Force proposed that the entire

program be conducted by one (ompany'. sinte

the materials, components
. equipment and sys-

tems considerations were all interrelated in

the one (‘ontepL It was realized that breaking

up such a program would be highly detrimen-

tal to its timely success. Bv bringing forth this

proposal. the Air Fort‘e showed its willingness

to take a high risk if the potential rewards

were great enough.

"in the light of the solid accomplishments
ot the past

years, it is interesting and amusing to remember the

intensity 0! the propheticvisionary element in 1959-

1960 A resolution of both impresswe and dlsturblng

d mer‘sions was predlcted The rapid annihilation ol the

components industry or. alternatively, o! the equipment

manufacturing industry) was postulated along with the

doom of traditional technical diSCiplines lno more

physuzists, chemlsts, etc, and certainly no circuit de»

signers. but rust Supelvger‘eralists
With all embracing

tnowledge who will COl’lCelVe systems and build them

us~ng appropriate sets at molecules) "

“This mumboiurnbci was somewhat irritating. prophets.

by definition inspired dilettantesi always irritated the

downtoear‘th
detail types In reality. the prophets

lullilled an important function beyond that 01 the

more sober analysts who lavored integrated electronics

merely on the bases 0! needs and technical teasibility

Their description of the tuture iniected emotion and a

degree 0' salubrious panic, shocking prolession and

industry vnto rap-d actiwty, an activity which soon

priwed to be quite downtoearth
scientific ard

methodical

The combination of identified needs obiectives.

and available or semi-available technical base was aided

materially by stimulation and sophisticated
management

on the part at the Department of Defense and by auspi-

cious competitive
tactors in the electronics industry

DOD recognized very early the need (or integrated elec

homes and its significance for de'ense systems Not

only were substantial sums made available to industry.

but optimum use was made of these lunds by concert

trating them and not dispersmg them in the term of

many micro-contract
s Wlth microrooiectw

es A lew con

tracts Wllh "13107 objectives were placed with a tew

industrial organizations
The contracts soon produced

results and stimulated acthty in those less fortunate.

companies who preterred entering integrated electronics

at then own expense to being left behind, .

"lnCidentally, the successlul history at integrated elec-

tron-cs, it Viewed as primarily the result of clearly iden~

titled needs, ettiCIent utililation of available technologv

cal base, and good management by the Department a!

Defense, is an interesting illustration of a contention at

a well known military figure that the solution at our DH?“

cipal problems in defense systems reSides not in the

     

area 0! technology, but in that of management “=

 

‘Friam the prelace by A P Stern to the Special Issue on l’l

tegrated Electronics, Proceedings 0! the IEEE. Vol 5:, No 32

December, 1964.

          



THE FIRST MOLECULAR

ELECTRONIC CONTRACT

At the time in lllfits‘ when the lllUlt‘t ular elu-

tronirs program was proposed. the :\ir Forte

already had apportioned all its researih and

dewlopment tunds lor IIStal year WW. “III

with the very active support of James

1V1 . Bridges ot the (Nine of Defense Rest-an h

and Engineering of the Department of De.

len 'e. S‘ZJNIUJIUU in emergent \ funds uere pro-

vided in start the program. The proposed plan

talled for spending that money in only ten

months at \Ves‘tinghouse—an approai h severely

('TIIItIICCI by both the seientifir Community

and ACET, herause it was based on “ahstrart”

requirements and not scientifir fart. Fortu-

nately. however. this tonservative attitude was

overruled and the (ontrart begun in April

1959.

“'estinghouse and the Air Forre spent a dim-

(tlll year attempting to deliver solid eyirlente

of artomplishment: namely. working (II'tllII

blocks. Also undertaken were system studies

exploring the possibility of utilizing molet ii-

lar electronics in specific pieres of elertronit'

equipment then in use. The surress‘ of this

initial tullttail lul to a Silitllliwll t‘\ti‘lisil~n

in early 1960.

THE FIRST

SILICON INTEGRATED

CIRCUIT CONTRACT

As a logical outgrowth of the rapidly expand-

ing transistor technology. the feasibility of

building integrated (‘ircuits had been dis-

tuSsed as early as 19715 at Texas Instruments

by I). Haggerty. President. and Dr, \\'. Ad-

(ot'k. Diret‘tor 0f Researt‘h, In 1933. S, Kill)y

of Texas Instruments surceeded in fabrit'at-

lllf: the first complete (irruit in a single piere

of material. The single material Work (on-

tained the equivalent elements for individual

(omponents. su< h as transistors. resistors. and

(apatitors, all intermnnerted in one (innit.

Reliability was inrreased greatly sinie rom—

poluiu iiiiz'ilonnutinn
s \wri- tlimrln I‘llllll'

niited

1h 0‘ tullei 103‘“. Working models oi tun t\pes

ol IIII llllx osi illators and nnlllniluiitois. had

lieen liilu lt .llt‘tl These \\t‘lt' shown to Captain

1“. IS Riihtei oi the .\ir Forte I'ilettinnit

l'uhnolom Ialmraton of \\'.»\DC. who It‘-

puitetl on their dewlopment. Demonstrations

were arranged lni Dr. H. \' Noble and \li.

R .\ll)tl[\ ml \\',\D(?. Based on Illt‘st‘ demon

stiittilins‘. the \ii Foru- proposed a dm‘elop-

lllt‘lll program to lie (onduited at TeVas

Instruments to e\ploit this promisingY ln‘eaL-

throth in t in uit fabrit ation. Again. hy imag-

inati\e planning: and ionrentrated funding.

Early molecular cwcurt blocks on a dendntic

developed under the first Air Force contract

Westinghouse,

74‘ In.

 

Magnified photo of an early integrated crrcutt devel

oped at Texas Instruments
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LOS ANGELES, Calif., Feb. 2, 1960 -- To demonstrate a new

electrical engineering concept known as molecular electronics, Uesting~

house Electrical Corporation scientists utilized a phonograph system in

which the complete amplifier was replaced by the tiny units shown here.

A conventional amplifier, with its tubes, capacitors, resistors and

similar components, would have perhaps ten times as many soldered

connections as the molecular electronic system. Fewer Such connections

mean a far greater degree of reliability. The phone-amplifier demon-

stration was one of a variety of working molecular electronic sub-systems

which were shown here by Air Force and Westinghouse representatives.
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the \it FUIK(‘ lumimmi tn Inin: tl neu th'uI

upuu'nt tn pim In it! IilIIIIIIIIt‘III in ii \hntt IIHH‘

In [line 1"?” .l \lI'lelllll .nntmlt u l\

.nmitIetI In IL‘\.I\ Ilhlllllllt‘llh Ihe umtiml

\.III('II Int the (It‘\('I(l}lIII(‘III ml inleumtt‘ll Ill‘

llIII\ tnprrhlt- mi [)etlniininj; \<‘\(‘l.tI \IM'tIIIl

«In int Inin [inns RquI {mains min: \IIIl (In

.I\1Ilt' Imsu nutt‘iml 1t‘\llIlt1I in the den-inn

mt‘llt llI IttrnllttII II‘HMIL'I~ HI \tIIIlllI\(|11IIII\

In Irite Iflllll. It‘H‘I‘ItII .qu tIt'\(‘IUl}IIltnI Ii.l(I

prugiessetl m t'.|[)I(II\ IIIAI the integrated tII'

unit was uuturuumq Its iLlIIN .1» :i Igilmratnix

turinsitr, .\it Fnrit- PIJHIICH immunized that

prudtu tinn I.l(IIlIIt‘\ mun Would he required

it the lahnrntnn it(I\LII1((“~ mm; made dailx

were to he .ippIietI tn new equipments (Ilt‘ll

IK’IHL! designed Tn keep pm e with this

growth, the ,\ir Fnrt e awarded tn Texiis In-

itruiuents in Det ember [Will a Si’.I(lll_()UlI pm-

(‘IIKIIOH refinement «()ntrm‘t for the dew]-

npment at pmduititm pt’l‘dt'fifit‘i and spetinl

 

An exhibit booth at the 1961 Institute of Radio Engi-

neers Convention In New York announcmg the devel-

opment of Fairchlld's first integrated CircmtS.

10

(IIIIIIIIIH‘III llttiIilI I‘ll {It IlIzttl III’lI‘. III In

It grim! I lI| nit~ in PHIL (Ill.tlilllll \ 'I Iu- IIIII

[rut l(‘~llI[l‘tI in .l iii'ni 1w IIII\I\ Iim t‘lI‘l‘lI'It‘

ml turning nut VIII IIIIl";il(It‘lI l in 'lIls “In

THE FIRST INTEGRATED

CIRCUIT EQUIPMENT

.\\ Itin‘ its Will. the iiuhistrmI ‘IIllI \tHIIIIIII

«Hilliltllnilltw \IlII \nittrl «IunIlts in tn the

\\HIII] n! ittlt-qutt'd \iiunts Irwin An equip

Hunt .IlIII \\\I(II‘\ \'It\\i)iltll[. In .lIIt‘\l.II(

thew (quhtx .intI tn further t‘\'}}IUlI the ex-

}it‘iirnie nhmilu'd under the etn‘Iu-r eqinp—

int‘nl-l >1 1<'nlerI ‘\\'e~tinthum' pI-lurinn. the ,\ir

I‘lme Ivmpmr-(I the huiItIin;r HI .I iepies‘eir

LIIHK' Plt‘tt‘ n1 t‘thmnii equipment ust

llHt‘Qt‘iIIt‘d «in nits.

I'ndt'r .\ir Forte spnnsnrship the IluIIrIinQ UI

ti (IigitJI tuinputei “.18 intrmhued into the

[ems Ithtt‘lltt]t‘1]l~ pinthutiun pruumni. Tun

IlItHIIlrlI trlllll)llIt‘l\ \u‘tt' I;.iiIt une \HIII {lllllll

intlnithml UHHPUIIL‘III‘. .ind (lnt‘ mntniniuu

HI:I\ WT HHL'Q‘LIN‘II t1](llll\, Demonstrations

HI these tun equipments in ()t Inher IWII were

nude In pgilLt'tI It‘lIIIIItJI i||l(IIt‘II(t‘\ in HM»

tun, \Vtishingtnn. :tnd Ins Angeles. The inint

'l'emx Instruments—Mr Fun e (It'umnitrntinns

\\t It uiun In I’ I Human ml Tt‘\_|\ IIIilI'H

Illt‘llh, rind (I'll. \ \\'.IIIvt( e. U] R. I‘It'tIt, ‘1an

(Lipt It, RnesIer nt the .\ir Film:

The suuess nt the (leiunustratinns in UIIIZIIH-

inf; :itteptxinte HI iittegmled (II'(‘UI[S was re-

vealed In renewed industry interest. (lumpi-

nies thtit had IJL‘CII WIIIL hing; {mm the iitIeIines‘

the progress at the \ir Furte-suppurted pru-

qmins .ll \\'estithnuse and Texts Instruments

IM’QJII miupnm-tunded researth and devel-

opment th'Zl'LlnlS. I‘fiIIThIItI. \\’IlIt()UI govern-

ment support rind spurred In‘ the im'rensin:

tempo nt gm‘ernrnent and industn efforts. (Ie

\eluped l[\ Inst «in nits in I‘Jlil.

In sutnumrs; the \ears I‘Jl‘lll and Ifllll were

eu‘tillnl one». F.III\ in I‘llil" Imth the t\rin\

rind _\'tt\\ <‘\I)1('~\UI e\t:‘t‘itte interest in Inte-

gmted lirruit It‘.lSiI)iIII\ inmIeIs. However.

  

     

 

Military and Industrial personnel viewing the

integrated crrcunt computer produced by Texas

Instruments The computer is entirely contained

in the block (blue) mounted on the hexagonal

display board The unit at the left IS the same

computer constructed usmg Individual compo-

nents. A close-up of the Integrated Circuit com

puter IS shown below.
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Nontechnical ameles on integrated cwrcuxts appeared an many newspapers and magazmes such as the abcve.
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Thts Sprague universal Integrated Cir

O 070 Inch by 0.200 Inch, IS equwatent

components: 7 transmtors, 7 diodes, 9

capacxtors‘ The small rectangular are

these components can be Interconnect

metalhc conductors to form sevetat

The mterconnechons shown are for a fli

 



onw had \lllll(‘(l

dCNI (lill((‘Pv' Ill

in. its hiit plat ~

in nits: \YLWIlll!’

r Flu (Mini! 9 Di

egiated i‘irt’nitx

: ed a .\l()l(‘(llli1l'

ed resean l1 and

tegi‘ated I in nit

6 integrated (i1-

y wars was (lllt‘

genient and un-

on e. The over-

high with spee

pi nqrams—one

ed for reliahil»

: te (if transistor

he first signifi-

Ct" the fiilit‘nn

A PERIOD OF GROWTH

\lnineuium let linrilugu .il L!tl\.llllt‘\ in the tl(-

“411.llltll‘lllllitlllwllfll llllt'QlJlt'tliHilllhht'H'

Illil<lt’ littht‘tll l‘ilil and l‘llil Ilillt‘ \l] l‘Htit

~puuwit'd a pinginu .it \livtniula In IlllPllHL

Illll‘fldlwli1111“thi<ill|l)ll1HIQlllt hex! l 3LH~

utciixtiw ml llltll‘llllll tt'iimuluz‘ nith Ilir

lllthlJlt'tl (lllllil l‘.|lllllll(l \t‘llllillllillltltti.

nude! .I (4‘]H]).Il]\~llllltl(’(i pingiam, \uut'w

lnllx .ul.ipit:‘d the plan.” iuhnirpn'x then

nutl lHl lilnii Hill: tiiirtxfitviix in the inrt~

lined lllllill \Vitli their Il'tlllllt]l|(‘\. Fm»

(lilltl ptmltnt'tl a lllll‘ til, Hil-llH‘Wllt‘ll lnlv

QLtlt‘tl l4)qu «muih tn .irld tn the Mining

lit-\th lnxti'nmrnts ulhht-«hell' line

l he .l\.lllill!llll\ mi uti-tlie~~hell 111((‘21';l[t‘(ltll‘-

lllll‘ “‘le ed diaxtitalh the time required lrit'

«lexiun Ml diuiral elm tmnn equipment, BV spe-
iil\in: an {l\.‘1ll;ll)l(‘ integrated :innit. the

equipment dtw‘iqner (nnld ~a\<- the mam
lirillts required lor (ltwigii ol indi\i(lnal (ll‘

llll[\, ll netesmny the designer muld oriui»

nati- hi< ms'n integrated (innit. But in most

dm‘t-lnpment programs. it was ton expemiw

in wt up the inanulmtuiingi [ililft‘\\t‘\ in] .l

\[M‘tLll integrated (llt nit. Tu m‘ertmue this,
nmr‘e’mzl inh‘gmli'd i In rub lilntki that (Ulll(l

lK‘ Used 11% the has'is l<n a \‘gtrien (ll (innitR

were (l{'\(‘l()pt’(li Thexe llllleml integrated

This Sprague universal integrated circuit block, only0.070 inch by 0.200 Inch, IS equwalent to 31 Individualcomponents: 7 tran5Istors, 7 diodes, 9 resustors and 8capamtors. The small rectangular areas representing
these components can be interconnected by deposmngmetallic conductors to form several types of cvrcurts.The interconnections shown are for a fllp‘llop,

Magnified View of an early Fairchild planar integratedcurcwt

tlrt nitx‘ mnsisted of many nnmnnetted mm-
putlt‘nh nn Jl xinule ( in nit hint l\. The equip-

ment designer who needed nnlv a few inte-

grated (in nits of a rertain type (mild arrange
the ipet ifit intermnnertinn pattern that would
\tlll\l\ hi~ piii'tii nl‘n lt‘tlllllt'lll(‘lll\ ln llll\ mi,

useful integrated (innit; (unld easily be de-
\'eli>ped for design purpnses—at a (fist well
helrm' that for tu<tnm produt‘tinn integrated
tinnits. The availability and reamnable east
of these universal (in‘nits has done mneh tn
enuiurage the use of integrated rirrnits in
all phasex ’il lieu equipment researth and

development

THE SYSTEMS RESEARCH
VEHICLE CONCEPT

Onee the feasibility of integrated circuits was
established, the next step was their applita-
[ion to elet tmnit equipments, To demonstrate
the leasiliilit)‘ of these applitatirms, the Molec~
nlar Elettrunits (imup at “Right-Patterson

Air FUR e Base originated. and had intluded
in the original \Vestinghouse (ontratt, the
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COMMUNICATIONS RECEIVER

AN/AHC'BI‘I
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n untml ‘1 >74er 1(‘(IIHHHH m ‘»|/('.11HI \\(1‘;I1(

MM .1 7-Ker Impruwmnm m winlnhn Mr:

A uHHpJHIM Hrumxtrn \kun H! II](‘ mmn‘
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Tms 30Amegacycle command control recewer. also

bum With IntegraIed CH’CUItS. contams a hugh percent-

age of lmear and digrtal CIVCUK blocks The Internor of

this (my receiver <5 shown below.

The AN/ARC-63 communications recewer was me first

non-d1g1tal equupment to make extensnve use of mate

grated crrcuds-with a resumng 35 to 1 reduction m

sze and werght over a comparab‘e transxstor versmn 0‘

the same receiver

TELEMETRY ENCODER
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INFRARED TRACKER

“(Hull .md IIIIIIIMIIIUII HI .m umnu-d
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The complete Infrared search tracker made p

thtS system IS In the 18‘1nch collector optics m
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ni (ltt‘Nt‘ tlt-xigns. tliise timpt‘mtltin \th lt‘

iptrred between the equipment group turd the

integrated iirtuit group. Equipment defian-

ers tould not request integrated l in nits whit h

were hexond the tttrrent state 0! the art. and

integrated iirtnit designers ionld not design

their ( irt nits independenth of equipment de-

ximi prohlenm From the working relzttii'nrship

:1 new industry design team emerged: an

equipment defiig’ner assisted ln' .tn integrated

(’iTt’lliI designer.

THE FIRST MAJOR SYSTEM-

MINUTEMAN II

In 1962. the Autonetits Division 0t North

Ameriittn .»\\iation :nrd the Air Fort e Ballii-

tit Sutems Di\ision were in the midst ot it

design improvement program tor one of the

iiittntrw'x most important wenpon systems: the

\[inutemtnr interiontinentirl liztllistit‘ missile.

An irriprm'ed Minuteman (nimble oi longer

range with no deerettse in pttx'lond or reli;tlril-

ity was needed. To (lesing it new. higher per-

formant e propulsion swtenr would involve .‘l

it)\[l\.|ll1ll(il!
lll\ priiqmtn oi prnpttlwtlt ~\~-

it in (lt\t‘it|[)l1l('lll intil [thlllQ 'l'ht onl\ other

no to lllilt‘iht' (ltt' lHlNNllt" ltlll‘gt‘ \mx to I't“

ilnie the \llt' .tnil weight ol the L‘\l\llllfl t‘ll‘tr

tronii uniditnii‘ [)itiknge

\t thi~ tune. tlrrte pimtlnlittex lot elettrotrii

tntnmtiniutiiivr
e\1\lt‘(li thin hlnrs, \litrt»

\lltlllllt‘\. rnti'i the unearned iit'i utt. Alter ex»

ltitiixtne Et‘Nt‘Jlt h. .\lllltll(‘tl(\ propmed to the

\ir i‘tlltt‘ [llt‘ the ml the their emerging inte~

:lrllt'tl tlltllll teilrniilogr In l‘m‘l, \Iinnte-

tn.tn ll liei .urre the in“ major weapon \\\'teni

in din-lupinent thingy integrtttetl tit’i nits.

Iri‘o Hull‘ lillt'l. tlH' hht \linutemttn ll quid-

tillKV iompntei lhll]: integrated iirttnts \\'.li

\llt((‘\\lllll\ lliglrt tested. .\ 'iltt‘; r'eduitiim in

Height \\llll ti r'extllttn: inireme nr range ot

many miles,.nrd signihunrt irrrprot'ement in

equipment relinlnlitx “its irihieted. Suttefiel‘ul

iompletiorr of Illix ionrpnter in smell a short

time served notite [llitt integrated (iriuits

mth be nitorded .t i'orrrpetitive position in

t'\'t'1’\' future «wtem design. The detisinn to

the integrated i‘iri‘uits was of pztrtitular im-
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Charting the component denSIty possrble with various miniaturization techniques showed that integrated Circuits held

the greatest promise for weight reduction In Minuteman II.

Comparison of the transistor versron o

versron used in Minuteman ll (right)

weight that IS attainable.
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FIRST COMMERCIAL

APPLICATION

l‘lIL‘ lii‘st tlllllllk’H ial .‘ippliILitinn Iii Illt' inie

mated I in Iiit appeared iii ii luxu in: aid den-l7

npeIl ln Zenith The integrated IirIuit used

‘i\.l\.:l1iltlylklIiIlU'IlHl ii lii:lll\ lt’ll.iltl( tllI aiit

(l('\(’lll})i'(l hi the Illk'l})lillit‘li1l\ \lIiiiilI-riiiu

i‘lIIIltlllII l1\ll,i \llk‘llllt“ Hi X.\\,\ /.eiiith ha~

ll‘IIHIIt’tl that the llllt‘Qlillt'tl IiiIuit luxuiii;

.Iid lN 31H)"; iiiI-re it’llJlllt‘ thin Illt'H [Ht‘\li11l\

iiiiidel.

THE WORD IS SPREAD

{I}: keep abreast ol admnces in the IIHL‘gldlt’Ll

( iii uit held. the Air I‘urte published \\'()1'(l Iil

neu l)I'(‘.Il\Il1THlI§_"l]\‘ in teIhniIal TCPIHI). In

[962, it spniimi‘ed a pitigiain at ARIXC Re-

\L‘dlkll (anpuratiun to reIIimuu-iid means ltii

Illl' iapid lh.lIth'|)\L‘l [U integrated IiiI um iii

eleItiuniI equipment. Repurh Hi this \I'InL

\\t‘lL' L‘i\cll \Iide (lhlfllHlIlIIII and helped In

lUI'IlIt‘I f-iqu induster attention I)“ the inte-

grated I in int. 111 il(l(llIlHI1,.llIl(l(‘\()I1 the neu

tuluiulwm appeared iii .lll tuhniml iiiurnil~

and iiitiga/iiies, lh I‘mlr llltt‘1(‘\[ \\a\ w \\l(lt"

~piI~.iIl that the lii~iuiue ml lilI'ItriIiil and

FlCl (Infill Engineers :lH-‘I‘W published an

isme ml the “PrHIeL-diiiux Iif the IFFF.” (lt"

\Iited e\Ilus‘i\el\ to integrated IirI llllfi

In summary. the period from 1961 to Mil-1 \\'.IS

one (ilk extraordiiian growth tor the integrated

(IH iiit. Rapid adiiuiIes \i'cre made at talii’iia-

min and pi'nduItiIin tethniques. FI]1(‘1’ECHU'

(ii the swteni researth \L‘lllk’lt‘ Iniuept made

it pusxihle tn prove the leasilyiliu Iii utilizing

inteuiiueil I in uits in manv equipments OI'ILL-

|ll.lIiHIl ml the M stems design iI-nI ept resulted

in nus equipment designs that were preti»

I>u\l\ lllllil'ilklltill‘ SutIewlul deielnpmeni ()l

the hi~t iliillill sixteiii iixiiig iiiteq’iated Iii-

illll\ Iiimui :Qt‘tl their im- in IlliIIlV nther

\\\ltili<

Upper phot: l5 0‘ Zenith's small behindrthe-ear hearing

aid, weghmg 14 of an ounce with battery Below is the

integrated Czrcwt far the unit

INTEGRATED CIR

IN 1965

In I‘M-L llilt‘Ql‘JlL‘Il IirI uits have

’l he piI'IliIteIl llHn-l iinprriVe

llllll\ ll.l\ llt‘t‘ll .iI lllt‘\t’(l .llUll‘; \

\i/e and weight I'CdIH'IIOHSi lnc

liilities :it higher frequenI ies and

ratings are being demonstrated

Hi integrated cirruits has incre

(lnuslv. \I'hile priIei have spiral

in below the Inst of comparable

indiridual party Appliratinns t

tmniI‘ equipment have reached

integrated (irt'uitfi are (‘nnsider

aliiimt all new equipment.

RELIABILITY

'l’nIlM lll(’1t‘llill)lill\ ml the hue

i~ w high Ill.\l it h IlilliI iilt to a

Iiperatinnzil lailures tIi \erilV

lailiue rates. The best reliabilit

has l)L‘L‘I1 (()ll(‘( ted hv the MI.

tatiIun [.Ill)()IiIIHI\ in designing

IUIIIIIUH‘T uwd in the manned s

Pi‘nieit Apollo. Exhaustive tests

the integrated I‘irIuits used in

indiIate an expeI‘ted life of 20,

or m er 2000 years. The reliahili

teqmted Circuit equipment pro

and even exceed that of this 4

puter. However, these equipine

this writing been in testingr lo

prm'ide definitive data.

The unly requirement tor the

liahilin' is that enough qualifi

enough patienIe he amilalile

 



h's small behIHd-II‘IE'EBI
hearing

ounce with battery‘ Beisw is Me

2 Uri-I

INTEGRATED
CIRCUITS

IN 1955

hi I‘m? iiiin‘Li ilu'. (IMIIIH II.I\L' (Uilh' HI .igv

Iii! IIIKIIIJIK‘LI il‘riw-l iniiiiwn'iiiviii iii It‘iiil-

ii;iii\ iLi‘ iiiiii infinqu iinii: uiih (Ii.iiii.i[ii

\I/(' IIHI \\(‘I;iiI IL‘(III(IIHII\X IIMILLINIII'; (lipi-

iiIIIIiL \ ii IiiQIH‘I fivqiiviii iv» and higher pimu'

iiiiiiux iiir living (It‘llifilhll‘dh'd
Piiiiiuiriim

iii iIlIt‘QIJIHI iiiiiiiis his iiiii'i'uwd IH‘IIH'U-

(Ii’iuxly ‘.\'Iiii(' piiim hiw \l‘iiTIIIHI IIU\\II\\'JI'(I

[li I)L‘I1\\\' (hr «ml uI (uninitith i in iiiis usiii‘:

iiiiIi\ idu‘ii iizii’ti. Applii .Ilinn\ tn \‘JI'IOIIS CIt’C-

[I’HHII L‘quipiiionl h.iu' imi hcd ii pnini whvn‘

iiiimmtwi iii’iuih :ii'v iniisiiii'i’wi iiii uw in

JiHHNI :iH new equipment.

RELIABILITY

Imlin II'ik iv‘iiiiiiim iii iiii- iiiu;i.mii i Hi iiii

is m high ihiii H h LIIIIIL nil in (IIHJIII (‘IIUIIL‘II

filit‘iJIIliIIJi I‘IIIIIICN in \(‘IIi'\ IIIL‘ IiiI(‘(.l\I(‘(I

I.ililli(' min '1 hr In“! IL'iI‘\IIIIIX\ diuzi Iii (I‘itt‘

ILIN horn milm mi In thy \I IT. Iiisn’iinicn-

IiiIIiill I.IIi(i!iII|‘I\ iii (ii‘NIQIIiII’; lIiL' :uiiiaiiu'

Hillillllikl iiqu iii IIIK IIlIIIlIIt‘II spur PIHL'IJIII.

I’iniut \iiiiiin. FXhJHIiliH' iiwis \IIHC I‘M? nI

IIIt‘ IIIH‘QI‘HHI iii’i uilR mud in this uiiiipuim‘

HUIIIAIIK‘ :ui (\puu'd life (if QIHHWHIUU hours

Hi chi' 2W!” yuiis‘. Thc i’cliahiiiix’ of other in-

irzixitcd (III uii equipment pi‘nniiscs m equzii

and (‘\'(‘n “wed thzu of this guidniiic (oni-

pillk‘i‘. Him m (‘1'. thew equipments Iizn c not at

this writing Iwrn in tmiinq Inn: enough in

PEOXIIII’ (Icfinitiw dam.

'I‘hr iiliI\ ivquuunuit iiii‘ (ICIIHJIINITIIIIII‘E rc-

iiiiiilill‘s is (In! (‘IIIHIQII quaiihui (I(‘\I(L‘S .ind

iiiiviiigh iniiii‘iiic iit’ JLIIiJIliL‘ [1) iiuuiniiikuv

The first use of integraied curcuiis in space was aboard

the lMerpianetary Moniioring PIatform (IMP) sateliite

:aunched by NASA in November 1963

An integrated Circuii's performance is evaluated by

functional testing on the wafer This is done to avond

expenswe singie Circun handiing and packaging of

inoperative units.

IIH‘ iiuumn iiwt «Lin, In some pi‘uqixiins, it

i»..i~ iuisiliiv in .muiny that inlcq‘mtcd ( in nits

\icii' H'iIJIIiL‘ And to pi’m red without pi‘m‘ing‘

(INN IlV UNIS. \thn :1 pmduiiinn ITIKIIIIY is

IIIIIIIIH‘ AIIIII quiilitv ( onimls 11ft" sin h that fool»

iin iniiun‘x .in‘ IIIIIIIIIIIlt‘d. (his .‘qipmm Ii

\(‘KI'II‘ iustihrd In t'xpcricni C. ;\ wind cxzunph‘

IN 1hr iiiu'q‘i‘xitcd digital iii’iiiiis used on the

IMP \iIt‘IIIIC. \xliii Ii was inumhcd in Nm‘rin-

r’1
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tmu- Iwcn rurmtln: w LlPtdh ttmt pt‘ltnttlr
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Ultimth. l Ht llllxtrlIthtlt wt ‘J‘Mxtttl uttttmt 1mm
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PRODUCHDN

In the 3mm] yum sinw tht- tnxt ttltt‘fllrthti

(innit “HIS ttttn'ittttul, pmdm [ttrtt hm 31mm

at a LmLNit mun \tttih- (v1\t\ ILIH rhuppul

drznnutimlly Duting 10M. Jpptnxltlltllt'h um

milliun tl‘tu'ut'dlt‘dttltttttx\\t‘t('\(|1(17ttl A [nut

(mt uf SIHMHHHIIL Tim nttmtm t» t‘XpL'ttt‘tt

tn quudxupk- tn ctullt mtllimt units in Mt}?

In lfttiti, it ii («tinmtcd ttmt ‘27 miHinn ittttv
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General Electric's 18 lb,. Model A-212 aerospace-oriented integrated Circuit computer is shown here. In the cabinets

In the background IS a GE Model 225 general purpose computer usmg transnstor CtrCUIts The A-212 requttes only 67

watts for operation.
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Ihe lutuie Ht tht integrated tirru

related It‘tlIIIttl()Q\ ix e\pei ted to

})l(‘\,\l\(‘ .I\ Ila It‘ltlII\t’l\ \hln‘t past.

dutinn nl thexe lutuie de\'e|npiti

(‘\t't, hme ii inth man- reteptne

anmn: lllt‘ etientiht .md telhnieal

[It‘\ than did the initial [)I'UIIt tiuns

integrated intuit i\( hiex'emenh [O

\ide .1 large Illt'_l\lll'(‘ Hf asmraiu‘e
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These forecasted curves were used by R E. Haggerty of
Texas Instruments In his address of October 1961 Intro-1ucungthe1Irstma10r molecuIar electronncs equment.

 



 

Breadboards such as these assist the engineer in de-

sugning integrated cucuuts into new equtpment. These

breadboards are (or an FAA VOR receiver now under

development.
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Cromley—

Planning Timid
ity

Slowed Down Pace

Of Space Program

By RAY CROMLEY

WASHINGTON
t N EAl — The super

functioning of szini and Ranger IhOV-‘B the

highly roleuional, steady progress the

United tatn is making in space.

But it alao illustrates (remember Gemini

WI: )6 months behind schedule) that we are

not taking full advantage of scientific break-

through.

The government an
up a technical plan

for detenae or apoce. then unda to stick to it.

even though radical new diacoveriea made

alon the way may make that plan obaolcta.

0 E 0? the moat aonaational electronic

advanm in hiatory ia taking place right now

in the development of molecular electronics

in which tiny particles of certain mauriala

can replace entire circuits. Reacarch and de»

velopment u
to take almoat a decade

were athicv in {our yeara.

But the United State. haan't done the

military-apnea planning neceaury to make

immediate full use of thia extraordinary

break-through. Some ofthe value of the apced

of the reacarch haa thereby been .

Major leapa forward depend on standing

hack "2‘ ac otun and looking at the pro-

gram wit new xlaaaea. Aa one top-flight

military uientiat pula it. “our planning haa

been a little too timid.”

Another part of the apace problem in that

much government-financed
march haa be-

come alow and plodding. Scientiata are not

allowtd lull freedom to exploit new ideas that

aren‘t part a! the program . . . .

A newspaper article lrom the Durham Sun on April 13,

1965‘
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ED TAX Al éh‘i‘wi"

The total process sequence consrsts 01 a number of

photoresist and difluSion steps that utilize the 'unr‘la

mental property of Silicon oxide (or prevention ol «n

purity diffusmn. Thus, the process starts With the

deposmon of an nrtype eprtaxral layer on a prtyoe sub

strate that has a resrstivity of 10 ohm per C7" The

"type epitaxial region can be synthesized to have

reslSUVthS anywhere between 0 1 and O 5 ohm oer C'h‘

as desired

  

P-TVDE SuBSTQA'E I

 

lSOLATlDN DIFFUSlON

The n-type region is termed into indwrdual islands by

diflusing a heavy concentration of ptype impurity

through the epitaxial layer until it connects With the

p-type substrate.

l".
p
 

  

BASE DIFF JSION

Following reoiudation and photoresist. the base diffu-

sion is achieved by diffusing a p~type impurity. Note

that this region forms both the base of the hamster

and the resistors

   

CMIT FER DIFFUSION

In this step. the oxide is shown removed to permit the
shallower n-tvpe emitter diflusron to occur This step
simultaneoust forms the tranSistor emitter, the
n-region of the diodes. and the ohmic contacts to the
collector region 01 the transistor. Atter reoxidation, the
oxide is removed at those points where the Interconnec-
tions are to make electrical contact.

TRANSISTOR

RESISTOR W5 C B E B C
  

 

     

     

METALIZATION

In this last step. the aluminum metalizatron lntel’COH'
nections after evaporation and photoresrstance are
shown This completes the process sequence in which
rescstors, diodes and transistors are formed srmultane
ously in a Silicon wafer.
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