
—__-~ — ---

I AD A053 951 MOODY COLL OF MARINE SCIENCES AND MARITIME RESOURCES —ETC FIG 5/1
AN INDUSTRY SURVEY ON MANAGING THE TIMELY INTRODUCTION AND UTIL——Etetti )
MAR 76 R R JENNINGS

I UNCLASSIFIED NAC—TR 2221 Ni.

I
i 

I
I

p



FO ~2 8  I~L~
~ IIIII~=2 01•1 ~~~~

* lOP25 
~iii~1i

NATIONA~. BUREAU OF STANDARDS
~ CPOGOPY ~~$O4.UTICN TE$~ CKA~~



~~NI~I HIIflIIIIIH~ IMIII ~1llhIll TR 2221

‘~‘fflIH I~IIIIHhl ~llhII I~IllhII 1 MARCH 1978

L!” ~•°‘~L ‘~
_

___ ~~~i & t ~ “ ~~ ‘
i ~~~ _ _ _ _ _ _ _ _  

AN INDUSTRY SURVEY ON
‘~ !III II~IIII~~~ 

MANAGING THE TIMELY

~ lllll~I’ll1llH.ll~I 
INTRODUCTION AND

I 
~ ~ llJ O ML10~ UTILIZATION OF LARGE

I l~ll~I1~ SCALE INTEGRATED CIRCUITS
11111111111 I~ ’~ IN MILITARY AVIONICS1~MH II~MD ~ ~ll~fflO~~IIIfl IUI~1UllI ~III hII~ 11 8

i~11hl 11110111111 11101111111011111 1.~~~~rii 111111 mu m1 im ____ DISTRIBUTON UNU~~1EDIIllhIii lII~ II~1ll II~i~P1I’~’ ~‘ 
M III Ill[ ’ 

_______________ 
D D C

~1IIII~
1Lt , I ~11qlIl~~ ’~

I1_.L, ‘ gj DISTRIBUTION STA~I’EMENT A 1: ~~~~ 
Ill _~ Qj P)

~ IllhII - ~~~~ Approved for public releais~ M~Y 15 1978
~~~~ ~ lr~i idI 

t
F 

~ 
•‘-‘~jj~ Di~tzthuüon Unlimited 

________________L:If~1 ~~~~ 
_ _ _

__
_ _ _ _  _ _ _

~~i~1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I 
~ — ~i’a t.i~ ~~~~~~~~~ ~~~~

— 

INDIANAPOL IS. INDIANA 46218



I
I

NOTICES

This doc~mient reports detailed conrients and a sia~lnary of the
results of an industry survey. It is provided for information purposes
only and does not present official policies of the Naval Avionics Center.
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PREFACE

The use of large scale integrated (LSI) circuits , and especially
cus tom IS!, in military equipment is currently lagging coninercial appl i-
cat ions by a wi de margi n. Levels of integrat ion, i.e., the number of
gates per chip, being used in comercial applications may exceed military
applications by as much as two orders of magnitude . It has been esti-
mated that even moderate increases (a factor of 10) in the average gate
per chip density will result in significant cost savings over the life
cycle of military elec tronics hardware .

• A survey of industry has been conducted by the Naval Avionics
Center in order to obtain information that will be useful in assisting
Naval A ir Systems Conuiand management in an orderly introduction and
utilization of advanced electronic technologies in Fleet hardware.

Nineteen companies (two divisions of one company oave separate responses)
provided coments in response to thi s survey. Th i s techn ical report
documents the survey results.
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ABSTRACT

This report presents the results of an i ndustry survey coordinated

by the Naval Avionics Center to obtain information on issues invo l ved in

managing the timely introduction and utilization of large scale integrated

(LSI) circui ts in military avionics equipment. Responses were received

from indi vid uals i n many companies representing semicon ductor manufac-
turers , av ion i cs equipment suppliers , and a i rframe contractors . The
res ponses cove red a wi de range of i ssues involv ing LSI usage in military
avion ics , inclu ding IS! device introduction ; device obsolescence ; LSI

specifications; testing and qualification ; technologies needing Naval Air

Systems Comand development support ; needed changes in MIL—specifications ,

standa rds , etc.; procurement practices; and standardization . Coninents

and suggestions receiving varying degrees of concurrence among the
res pondents are identifi ed and d iscusse d. Detailed answers of the
respondents to the survey questions are also incl uded.
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I. INTRODUCTION

— This survey has been conducted to gather comments and suggestions

from industry on a wi de range of issues involved in the introduction and

management of large scale integrated (LSI) circuits in milita ry equipment.

Letters containing a questionnaire were sent to over 100 companies com-

prised of semiconductor manufacturers , avionics equipment suppliers , and
airframe contractors . The questionnaire , presented in Appendix A , con-
sisted of questions designed to bring out discussions on the full range

of issues considered important by the respondents . Companies providing

responses to the survey are listed in Table 1 for reference.

The purpose of this report is to sumarize the results of the

survey, includ ing detailed answers of the companies responding to the

questionnaire . The comments and suggestions resulting from this survey

are being considere d in the formulation of a Naval Air Systems Command

(NAVA IR) plan for utilization and management of advanced technologies ;

however , such a plan is not detailed in this report.

The replies were analyzed in order to identify coninon topics and

suggestions being put forth by a number of respondents . While it is not

necessarily true that these common suggestions are the best solutions ,

it is instructive to observe the issues on which various degrees of

consensus are found. Section II presents comments and suggestions having

the strongest concurrence among the respondents , and includes represen-

tative excerpts from their comments which discuss the issue in detail.

Also included in the findings are comments and recommendations drawing

common support from some of the respondents. Comments of a genera l

nature are inc l uded in Section III. The detailed discussions of each

survey question by each answerer are presented in Section IV.

A table of acronyms is provided in Appendix B.

_ _ _ _- — - • - ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
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TABLE 1. COMPANIES PROVIDING A RESPONSE TO THE SURVEY

Bendix , Communications Division
Delco Electronics Di vision , Genera l Motors Corpo ration
General Electric Company , Aircra ft Equipment Division

Harris Semiconductor , Programs Division

Honeywell , Inc.
Hughes Aircraft Company

IBM, Owego
Lear Siegler , Inc., Instrument Division

Litton , Data Systems
McDonnel l -D’ uglas Corporation

Motorola , Inc., Semiconductor Group

Raytheon Company , Missile Systems Division
RCA , Government Systems Di vision

Rockwel l International , C o l l i n s  D i v i s i o n

Sperry Gyroscope
Syl vania , Electronic Components Group

Texas Instruments , Equipment Group
Vought Corporation

Westinghouse Electric Corporation , Advanced Technology Laboratories

2
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I I .  SUMM A RY OF F I N D ING S

The answers to the survey were analyzed and a tabulation of recur-
ring themes comon to the various respondees was made to determine the
degree of consensus among the companies. There were nine i tems for which
there was a reasonably strong consensus , i.e., mention by six or more
respondents. These nine i tems are given in Table 2 along with a matrix
of the number of respondents adheri ng to each viewpoint. It shoul d be
noted that even though there was a consensus on these i tems, there was
also a signifi cant divers i ty of opinion on many issues , as can be seen

• in Section IV .

Al though the companies responding to this survey are listed in
Table 1 for reference , throughout the remai nder of this report a reason-
able attempt has been made to render their comments anonymous by removing
company names and so forth. In some cases , responding indi viduals gave
their personal views in answer to the questions , which were not neces-
sarily the policies of their respective companies.

While the questions were designed to obtain the greatest amount
of information on the various topics , the i tems discussed by the re-
spondents are bounded by the set of questions used. The individuals
answering the survey expressed similar i deas in different ways;
therefore, the writer of this report has taken reasonable liberties

• in assessing the concurrence of their views .

S.
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A. Predominant Comments and Suggestions

The comments and suggestions with the greatest concurrence among
the res pondents , as shown by Table 2, are as fo l lows :

• A libra ry of standard cells or building blocks and
computer-aided design techniques should be utilized
to design milita ry custom LSI.

• A means for second/multiple sourci ng shoul d be provi ded.

• Integrated circuit technologies used in defense equip-
ments should be restricted to those in the mainstream.

• Radiation hardening technology developments should be
funded by NAVAIR.

The assembly/module interface level should be functionally
specified.

Long-term wafer storage for future logistics needs is
probably technically feasible but may not be practical .

• Circuit/device requirements shoul d be introduced as
functional specifications.

• Maximum use shoul d be made of universal gate arrays,

programmable logic arrays, read-only memories , and

r programmable function electronics in general .

• MIL-M-38510 and flIL-STD-883 shoul d be revised In light
of LSI , especially in visua l criteria.

H. 5

- -~~~~~~~~~ •--- —~~~~~~~~~~
- . • -~~ .-
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These are discussed in some detail by collecting excerpts from the survey
answe rs, which fol l ow later in this section. In general , the excerpts are
as originally written. In a very few cases minor modifi cations have been
made for continuity and readability. Material taken from the survey respon-
ses will be shown in script type for easy identification. Discussions
taken fro m different respondents will be separated by asterisks (~ 

*

1. A libra ry of standard cells or building blocks and computer-
aided design techniques should be utilized to design military custom LSI.

S.ta~nda.xd aeli app ~~aizhe4 and de.i.~Lgn automa-t.-~on ~teahnA.que4
a.&e the be~t t~ t~4 o~ a ttaciz.Lng the deveio pment and .twtna ’wand t.~me p kob!.~em6 .
VoV and WAV AT R rnLght wL.sh to eo ti~ d9JL ~uM he.k deveLo~ neivt p’wg)iam.s tn .thA.~
a/tea 40 ~4 to 1~e~~en co~st and deveLopment .thne~.

CAD teehn.Lqae4s 4hout d be u4ed wi..th emph tu,i.4 on a Standaad
Cell app ’wach. Au.toma.ted LSI de~~gn 4sy4.tem6 have been deveLop ed by both
~SA and NASA, and w~e ~cn .the p ubLi.c dotrv~vcn. U6e o~ th e€s e. 4y4tem6 gJLea~tLy
kedtLae.4 t~m..ncdtow~td tLme, c.o4.t, and n~L6 tl4 beca~~e o~ .the WLg e amount o~
aatornctted e~vw~’~ ched~ ng. S.tandaitd ceLL6 have been eaxe~uLty cha c ~te.-’tJ..zed
40 tha~t the~x p e~~o’una.nce can be p &ectLc.-ted acctma~teLy; the’Le~o~te, automated
Layout u~ Lng the.4e ee1L6 hLU a h.~g h p ’wbab~LUty o~ 4ucce46.

Evexy e~~o~’r..t 4houLd be made to avo.Ld the mu~tLpte t ’ty,
m.ôthnwn axea p .tocedw~e.4 which axe c.omon tn the eon,neiccicl 4ernicondac,tox
Lndwstj ty. (ih~Le .thi~ techn.tque ~~ ~en~LbLe whexe an 1.SZ chip i~zdL be
ma ac twted tn eaxaje qw1nt4t~e4 ( hand c uLato’L€s , son. exam~iLe) , .~t doe.o
not make ~en~e ~O/L a ~e~u thowsand pa /r26 totaL.

U4e o~ the Standtv~.d Cell ~a.m~2y app’wach, wft.iLe. not nv..nA.tnc.z-
ing the nwnbeA o~ devices, wouLd a2Low ~o.’t a g~tea.t degkee o~ 4tandaAcUzat~on

6
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and encoatage the u€s e o~ new 1.51. Sa.€sically, tki.~ get.~ bacla to the idea
o~ owning both the de4 Lgn€s and the pf l~oce44 4p eci~Lca.tion4, ox p &icing th em
in the p ubLic domain.

Anothe.x way to n.e.duce LSI qw,L LcatLon co4t L~ to ba4 e. LSI

de4ignA on the uoe o~ 4 tandaxd ccU6 ox univex4al aXJLaq4 that have been
qua.&~ied on p n.eviou1~ ~wg ~uun6 . Change.6 in the. intexconnecLLon.6 O~ 4ltch
appxoved celLs axe the onl y chang e made in xev~L<sing the ~unct~.on being
p ex~o’tmed . Th~~ app&oach wi.U xeduce -the c04 o~ qw2li~ication o~ cu4-tom
LSI ~am~Lie..s. Since a majo t po n..tion o~ quo&~ica.~tion co4t i4 a44ocia.ted
tttLth the co4t o~ the d~ ’~ce4 u4ed n te.s ting, the eLij n-i na.tion ox xeduction
in quo U~ica.~t~on te~t~ng on -the b.~’4i4 o~ inLWrA..ty w-i thin the ~ami.Ly o~
device4 geneiiated t~torn a -~-tandaxd cell ltb-’wxy would xe~utt in 4Ub4tan~t4JZl
time and co4t ~av-tng4 .

Compute.”. pLacement and ‘.~ xing o ~ macxo ceLLs ~L4 an app iwach
o~~exed by a ~ew vendox-~ wh-4Lch pxovide4 mode ’w..te development co4t and qwLcf z
-tuxnaxound. NA VA1R 4hoald cap ~LtaL~ze on the 4~önL&v~Lty  o~ theAe LSI
app koache4 by ~unding the development o~ common mac ’w ~wicLLon.6 and the
enhancement o~ the compute”. placem ent and u~ ’iing p ’wgluzm6. The~e p kOg~.anks
4hOuLd be enhanced -to p vunLt input/output pin a44ignment a~ a de4ign input.
TheAe development~s 4houl d xe.4uLt in acceptab le aLtexnate 4ou~kce4.

RecwixLng co4t2, o~ compute,”. pLa ced and soi”.ed macxo ceU& axe,
o~ cou.x.~e, volwne-dep endent. Tho4e ~wic2Lon4 thaI nevex achieve high volume
would xpj, ioin unchang ed dw’.ing the.Lx p ”.oductLon Lt~e. Howeve.k, .tho4e tha.t
achieve high volume 4ho uld be xede4signed w5ing conventional hand p laceme.n-t
and wAJtJ..v’.g to achieve mLvtiniw,i 4 ilicop t die axeLi and thu4 minim ize co6t.
The in-Ltiat compute,”. p laced-and-wiJ ’.ed mac”.o cell appxoach ph a€s e ~ox fznown
hig h volume ~anctiop t4 ~~~~~ quiclz develo pment time at modeitate. c.o6.t, and
ha.xdwaxe se~th which to teAt the deAign.€s in a 4y4tem be~oxe cori*nLt~ing to
the Long, co4 tly hand Layout o~ the de.41i ’.e,d 1.51 ~unctiLon4 .
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2. A means for second/multiple sourcing should be provided.

Fox ca4tom 1.51 ci”.cu~txy, Limited avenue~s exi4 t ~ox in4W~ing
tong .te.xrn availab~Wty o~ paiI~t6. initially, development 06 multipLe &oWLce4
capab l e o6 6a.tL.~ ying the device 6unction 4hould be eAtabU-4hed. Woxmo.LLy
tki6 will xequJ~te 4orne a44wuznce on the manu6actuxex ‘4 behal~ that theAe
6unction6 may uLtimately be e~~ective in the con,nv’.ci.ol ma) thet. A 4pe ciat
p ’w.tection could aLso include de4i.gn di.4cLo4 wte docwne.n.talion o~ 4u~~ucient
detail L.a intSWLe that any xeputabte company could p ’wduce the device even
a6tex the oniginal company tuu to4t intexe~t due to economic con.4idexa.tion4.

To p kotect again4 t 4 upp Lie~’r. cala4t ”.ophe , mul.tLoouitcing i6
the beAt altexna..tLve. Howevex, NAVAZR mu4t ~tecognize that aLL 40W’.CQA
m’.L6t have. .6u~~icient annual bu.oineA4 in oxd e/ ’. to kenioin an eUec.tive 4ouxce.

To p n.otecl again4t vendox cala4L ’wp he, a4e o~~-.the-4heL6
component4 with othex 40W’.ce4. When a cu4tom IC L~s developed, e4tabU6 h
multiple 40W’.ce4 .

The beAt pxotec~tion ago.inot device ob4 ote4cence £6 to imp le-
ment cwv’.en.t 4La.ndtv’.d maLti-4oW’.ced deviceA to the maximum ex.te.nt p o44ibte.

We have a 4t~ong intei ’.nal 4tanda/ ’.dizalion i~m.og.~am which

~tequLteA muLtip le 4oW’.cing, thv ’.eby incxea4ing the pxobab.LUty that we
have 4 eLected a technology wh,-Lch will have maximum L.i6e cycle.

When a CAD app ~’wach £6 u&ed ( 6°’~. example., 4tandai ’.d c.e114 ox
wt vex4aL a/&xay4) ,  the documentation (including Line quali~ic.a.tiort devic.e.o )
can be di4.txibuted to muLtipLe vendo~~ and xequaLL~4.cation can eaAily be
obtained at minimnwn co4t.

8 
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3. Integrated circuit technolqgies used in defense e~uip~~
should be restricted to those in the mainstream.

Re4tkic-t the a~e o6 I C technolog ieA to .tho4 e which axe in the
techno Logical mamnst&eam, and ,~oit which 6Ome p koce44 convio viality between
4 upp tLe/14 axi~6 t4.

A tentative tL~st would be: ECL , S-TTL, CMOS, and CMOS/SOS .

Such technologieA a4 Ccl) , 12 L , VMOS , VMOS , V- VMOS , etc.,
while technically alt ’uictLve. in cextain appLLcatLon6 , have .too many pxoce~
and Layout van.ia.tion4 6xom company to comp any to tend them6 elveA to 4tan-
daxdiza.tion at thLs time. M .techno &ogie4 develop, .tke pke6c.v’.ed Lih.t can
be upg’u’.ded.

The ~tL6 k pxob-Lem could beAt be 4oLved by wolthi.ng with p ’z.oven
technologieA manu~actuxed by pxouen 4upp li eJTA who axe convtitted to 6uppty -
ing cwstom cixcuLto , and £n pa 4ticatax cu4tom cinCuLt6 ~ox the D o) trvvüzet.
Tk i4 al4o attack4 the p iwblem 06 maintaining kea4onable bw~ineA4 tevQl6
with 4upplie/r4 .

U4e a techno Logy which £6 1eA4 LikeLy to become ob4otete..
One example £6 CMOS/SO S , which £6 not p xeAsenL.Ly u.6ed to any gxeat extent
commexcia.Uy, but £6 4 upp of lted by a gxea-t many 4y4te.m hoa6 eA 6°”. in.te..knal
wse. While SOS chip4 axe ve ’ty expe n6ive , by corinexeiol 4tandaAd4, they axe

• not an £mp oJ ttavit paxt 06 the co4t 06 the 4y4 tem6 in which they axe used .
The e,~iAtence 06 a n.ela.tLvely &v’.g e nwnbex o6 6L’~m6 which have committed
-th.i6 technology to rni Utaity and convnexcial 4y 6tem6 that can be expected
to have Long Li~e 4 p an6 p ’tacticaLLy a~~ WLe’I that the technology will be
available 60”. a xea4onabte Length 06 time.9
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The p /w f iLt  £6 not in the chip6 , but in the 4y4.tPmn6 which w,e
them. Thexe.6oxe, thv’.e £6 much LeA6 incentive to abando n the technology
60”. anothe.n. which would xeqwi.xe a vv’.y exp en2ive 4 y4tem xede4ign.

Fo n.wan4-Looking technology 4 eLection 4hould be encouxaged .
Govexnment ag encieA can 4 upply a 4L.’wng in6laence and 4en4 e o6 dij ’.ectLo n
to the,oe e66on-ts.

1.S1 technoLcgie.~s which axe uAed 4ho uld be p ’wven pxoce~ s e~
that axe xep ’wducible 6kom moxe than one 4 emLcondw2tox 4 app-tte/ ’..

Fox optimum quality and n.eliabiiity pex6oxmance, maize tech-
notogy 4eLect.ione, whexe quo..Uty and xeL~ab LtiiLj axe. built into the p ’wduc_t
wtilLzing pxoceA4e4 that have been ox wilL have been in use 60”. one to
tioo yeax6 , and whexe £n-p xoceA4 contxo& can be utiUzed to monLto’t. the
opeiza.tion.

NA VA I R can p kotec~t £~t6 eL6 6’wm the evex-inc.xezuing pF ’.oblern6
06 deviceA/ technolog ieA that become ob4oLete dw ’.ing the opv ’.ating Li6e 06
av on c4 equipment by 4 electing technologieA that axe main4tteam technolo-
9ie4 and axe 4app of lled by majo x 4 emLcondtLctox 4 upp lieA4 corin.Ilted to exploi-
tation 06 theAe technologieA in the indw3.tAial and corsinexciat r iwthetp lace.
The 6acceA4 06 a 4emiconduCioJ ’. 6upp-Uex in bu.ilding a Ltvtge cor~rexciaL
catalog 06 p a.tt~s and in 4timula.ting a ho4t 06 4econd 4ou/cc e 4uppf ie.k4 will
a44uxe Long evity. In a 4ucce44 6u1 technology, evolutionaxy tM.n4i..tion6
occw’. which lengthen the li6e 06 the technology. An exampL e 06 evolution-
a~y tPzan4sili on4 £6 the 4h4~t in CMOS technology 6xom Metal Gate to Silicon
Gate to 4a.pp hixe 4ub6tkat~s .  Thi6 evotu.tionaxy p kogf ’.e.66ion bhovLd be
welcomed 4ince it wilt extend the w~e 06 the ba4ic Logic technology 60k
6ive to ten yean.4 ox Longex, and will not impact equipment deAign4 a.4
4euekety a.~ might a moxe ba4ic technological 4 1u16t .

10
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AvionieA equipment deAig n.o 4hou.td be impl emented in bxoad-
bct~sed technologieA at the beginning o6 theix pxoduction cycLe in the 6 emi-
conducton. indu4 tky. E xanip teA 06 technology -to be con4idv’.ed Lan. cu/txent
appLLca-tion6 axe bulk CMOS 4ilicon gate, CMOS/SOS, 12 L , and CCV; a4 oppo 4ed
to con4ide/z~Lng RTL, VTL, T2 L, and othex incxea6ingly-ob4otele tecknologieA
which may 4titl be in p iwdu.ction at 4ome vendoius , and which axe u4 ed
exten6iveLy in ope ’ta.tional ~nJJit axy 4y4tem6 deAigned a decade ago .

A gene~a.L conirnent conc exn6 the cor i~onaJ.ity oL 1ST p koce44ing
ovex ce.ntain CLa.44e6 06 deviceA. The technologieA may be 6epa luJ. ted into
b LpoLwt, complementaxy btp oWt, MOS ( N ox P channel) , MNOS , CC), etc.
Within the bipolax, vaAiation4 4 tLch a-6 ECL , T2 L , and 12 L axe made. f low-
eve”., within a given pxoc~~s ~a~nily the eLLec t 06 6ca.te (4ize , numbex 06
active deviceA J has a -teA4 -than dL&ect cLLec.t on itetiabiUty. (06 couxs e,
6 cat e ha4 a vexy p -’w Lound eLLect on the yield.) PkoceA4ing commonaLity
thus maf zeA it po 44ibte to mo”.e. quickly £ntxodace Laxg e.& scale i.nL.egxalLon
into equipment.

4. Radiation hardening technology developments shoul d be funded
by NAVAI R.

Radiation-hatd bipo lai ’. and MOS technotogieA needed 6°”. 4Ome
Lutwr.e avionieA sy4tem6 will not Likely evolve as 4pi no 6L~ Lxom nonmilitaxy
p xodact4 . TechnoLogie4 4uch a~ CMOS and I2 L have the potent iaL Lox hig h
LeveLs 06 Lnteg ’uztion becaus e 06 Low po wex cons wnp tion6 . NAVAI R should , a..s
a minimum, Lund the development oL ‘uxd-La t.ion-haxd I 2 L because 06 its po te.n-
tiat Lox extxemely hig h £rt teg ’tation LeveLs and high ‘tadio~tion ha.xdne.44
Levels. Fund ing the haxdening o 6 the CMOS technologies as ed in eXA4 tLng
compute ”. pLaced-and-w ined macito cell app n.oaches to 151 should aLso be
cons idv’.ed.

11
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One technology that will be kequixed in Lutuxe avionics
sy4temo and that will not be available in a timely mannex as a s p inoLL
Litom non-mLlltaity p 1w ducto in Radia tion Ilaxdened Technology. CMOS/SOS
£6 a. technology that ha.~ inhexent xadiation haxdnes s qual ities. Howevex ,
militiv’.y sanding is xequiaed to develop desig n aids 4uch as 4tanda.i’.d
cells and wtivex6a.l a4 ’uzys that uilt enhance the inhexent haxdnes o and
wUL be aseLut to meet cus tom LST xequL ”.emento Lox haitdened avio nics
equipment .

NAVATR ~hould Lund the development oL this technology and
) Ji e  enhancement oL Als haxd.ness capabi Liti~~ as well as ~tandatd cell
LamUies and gate univexsal a ’txays . Technology choice is an eve”.-
changing p anoxama.

The leading Lu-tw’.e cornmexciat 151 and VLSI technology is
NMOS . UnLontanatety, NMOS £6 the leas t de-sixable 06 the Latwt.e 151 s emi-
condacton. technologies when co nside ’ting nucleax kadLation haxdening
xequixements. CMOS/SOS , T 2 L, and T2 L oLLex inc/teas ed capabilit ies in
this axea but they will not appitoach NMOS in comme’tcial use. With the
exception 06 12 L , comexcial use 06 LSI bLpoLivt. technologies will be
inhibited by laxgex axea pen. gate and pow ex dissipa tion xequin.ements.
F utw’.e. ~undLng may be n.equii’.ed to assw’.e that essential CMOS/ SOS and
12 L 151 p itoducts will be developed and xe 6Lned to meet Lu-tuxe milLtaxy
system ‘tequixements .

5. The assemb l y/module interface level should be functionally
sped fled.

The -technology can be managed at the sho p xeplacea.ble as s embly
(SRA ) level. The implementation °6 a standaxd modulax app’wach such as that
being develop ed in the Modulax Avionic Pa ckaging (MAP ) P ”.ognzvn wilL gn.ea.tly
LacLUtate the manag ement 06 1.SI in the Lutwr.e. This app xoach allows Llexi-
bility in achieving technological ticans paxency thxoug h the use 06 60/un ,

12
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Lit, and Lww~tLon spe ci~ication4 .taLloxed to allow aLtexna.tive app noache.s
to the implementation 06 a given Lunction. It  wilt allow a modu lax Lunc-
tLon s uch as a minLcomputex to be implemented with alte ’tnate 151 chip
designs (e .g . ,  Intel 8080 A vS .  AM) 9 080 A) ,  yet pe ’unLt the module level
Lunction to be completely t ’uinspa xent and amenable to advancing technology.
Ma ximizing modu2a~~-ty 06 equipment desig n p iwvides that necesstv ’.y techno-
logy upgi ’.ading can be n.est ’ticted to the aLLF.icted subs ystems and , the/t eLoxe ,
does not xequin.e a complete system xedesign. It  allows the ~lex2biUty to
intxoduce and sustain competition thxougho u.t equipment pn.oduction pxog ’zo.ms.
It als o pn.ovidcs an envij ’.onment compatible with the deveLopment 06 m uLtiple
sow’.ceA.

6. Long-term wafe r storage for future logistics needs is
probably technically feasible but may not be practical.

In  p nincipie, waLe~/ ’. sto ’uxg e is 6ea~sible. In p ’uzctice, how-
even., it could be dangexous s ince s einiconductox manuLactuxeits might succumb
to the tempta tion 06 shipping in6cniox pxoducts into stoxage. I believe
that it £6 6ea.sible to maintain a Limited s upply 06 s emLp itocessed waLeits
to achieve a La~st tuxn-axound 6o~ logic a~vzays , p ’wgn.ar irable logic wti.ts,
etc. Swt p itoducts 6°”- s paxe s on Latex p itoduc tion should be inventon.ized
Lutly p ackaged and tested.

The ag ing cha ’i.actexLs.tics o~ s emiconducton. devices in waLe ”.
Lon.m ( iL p laced in the pxopex envixonment) can p ’wbably be neglected .

• tiowevex, we do not have Ion g-texm data in this axe.a . 1 Lee-I tha t the majo x
- - p itoblem involved in txying to do what they want would be in tn..ying to keep

all the pen_Lph e ’ta.l a-”.eas intact and in good s hape Lox a long p exiod 06 time.
Tooting would get lost and testing p itog ’tamo wouLd not be kept up-to -date.

13
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These kinds oL things would be diLLicult to maintain in a high state oL
n.e.adLness with a high degxee 06 conLidence.

VevLces should be stoned p ”.e~eAgbIy in the pa ckaged s tate;
howeven, iL ston.ag e in the tuaLex state is necessaxy, a d/ty nit ’wgen atmos-
phexe is xecorimtended along with xeinspe ction p 4ion. to use.

Technically, thexe is no ma J on. p i ’.oblem stoning bipoLax tech-
nologies , and we do not anticip ate any majo n. pxoblem with sw ’.6ace ‘,eLated
devices . The xeal pxoblemo axe associated with p lanning and mainta ining
the “.esocu’.ces nequixed to p itovide the testing and p ackaging 06 the devices
oven. an extended p e ’iiod oL time.

This concept is Lea.sibLe. tlowevej ’., we xeconinend, on techni-
cal gn.ound~, ag ainst waLex sto ’tage due to possib le handling damage. Vice
stonage would be moxe advisable. Stonag e would have to be in a day ,  dust
Lxee, ine’~t envixonment. Aging should not be a p ’wblem.

F/t om an economic sens e, NAVA1R would have to puxchase the
inventoxy and p ”.ovide Lox the cav’.yi ng cost 06 that inventoxy. NAt/AIR
would als o have the pxoblem oL p ’wcw ’.ing the packagi ng and testing op ei~.a-
tion when the dice had to be pa ckaged. in addition, NAt/AIR would have to
wav ’.anty that the dice wexe good beyond one ye-ax, since that is the.
s einiconducton. indu.stny waxnanty p e/ci od.

Seinicondw?tox waLexs could be stoxed in day nil”.ogen with
Ut -tIe ox no appv ’.ent aging . 1 have a “gut Leel” that due to the nate
06 chang e oL the technology, they would p nobably not get used an~vaq.

We believe that p atts should be stoxed in as s embled , tested
Lonrn ‘tathex than as waLexs. Fox 151 p axts, the cost oL the p ackage is

14
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less than the cost 06 a good chip , so that poten tial cost advantag es 06

stoiuzge in wa6e ’~. 60/un axe oLLs et by the n.Lsks 06 stoning unpxobed chips
on unpxotected waLexs in unclean envi konments . 16 it is de.s&’.ed to stote
pa~t6 in wa 6ex 60/ un , then wa6exs should be suLly tested and inked , and
complete test data ~ton.ed Lox each good chip along with identiLica.tion
06 the chip in the waLe-n. ma-tiix. AU waLexs should be stoned in a Llowing
dny nit ’wgen ambient in a dust 6/t ee cabinet . Pxe 6ena bLy, a p assivation
technique should be us ed. Aluminum metalLizaf ion cannot be expo sed
becaus e it can conxode . We have expe ’zienced excessive lea kag e and Lack
06 metal continuity in impxopen.ty stoned CMOS waLeks aLtex sevenal yeaxs .

7 . Circuit /device re~ airements shoul d be introduced as
functional specificati ons.

M-LUttv’.y equipment and device manuLactun.en.s have histonically
des ij ’.ed to “p eitsonatize” the-in. p noduc t in the-in. shop: that is , pwgflitm a
mLcxopxocesson , lay out the axchi-tectw’.e 06 an FPLA , etc. Thexe is a pa na-
dox hexe that must be cons Ldened. Pevice manu6actuxens want the Lxeedom
and LlexibiLi.ty to modi~y the-in. p &oducts as they see the needs oL the
maxket p La ce. Top-down technology d-ij tection Lxom the Pepattment 06 Ve6en4 e
( V o V) ,  even thoug h well-intentioned, could lea d the IC indus t”.y into an
a/t ea ox p n.oduct gn oup which ultimately could tw’.n out to be w”.ong . The
pxesent stxuctuxe 06 the L S I / I C  man.ketp eace consists 06 multiple and dis-
t ”-Lbttted technolog ies , p nocesses , and exp e4tise, comp eting Lxeely . While
this stnuctw’.e is Lan. Lxom p ex6ect, it may be pxe6en.abLe to a F edexaltq-
conIxoLled device/technology p nog ’~am. A compxomis e solution may be Lox
the miUtaxy to identiLy its 151 needs Lxom a Lunctional nathex than a
device p exspective. In this way the 151 manu6ac.tu.xexs could competi tively
cxeate what they Lee-I axe the best techno log ies , axchi.tectun.es, and
pxo ccsses to p en L oxm the nequixed 6w-ic~t~ion.

15
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151 specA~icationo shouLd xeLtect te ’urana I p ex6okmance
xequixements , not intennal an.chitec~twwl xequ Lxements . Knowledge oL the
inten.nal wo’±ing s 06 an LSJ such as tha t necessa ny to do single gate LauZt
testing may become Less &np o’Ttant as tes t ph ilosophies Lox LSI evolve.
It is a.txeady p nohibitLvety costl y t n  some cases to test an 151 exhaust-
Lt ’eLy. As devices -inc ’teas e in complexity to VLS i , texmiLnal p en.Lonnur ’.ce
testing/ sp ecJL~-Lcatiovis ( that is , testing Lo ”. the Lunc~t~ion xequcn.ed in a
spe ci~ic applica tion) may be the only p ’u~c-tica l test method.

SpecL~y eu~tom LSI yw ’.t~ ‘tepta ceincn t Wi -the bas is 06 Lunc-
tionat equivalence as the best p ’totec-tion agai nst the po~~ib U-i_ ttj oL Lutuxe
p axts unavaitab iUty and techno logy ob~ol c.~ cencc. Funct-co nal equivalence
is deLined as a nepta cement pa n t havi ng identica l electt-ical and Log ic
cho.nactenistics to the onigLnol p ant, and having the same exten nal pack-
aging con~igwtatLon ( e . g . ,  24-p in Vii ’ ) with ide ivttcat pin assi gnments .
The acceptance oL LunctionoUu equivalent ptvtts will obviate the nced to
document the p n.occss by which the onig ina t pa nts wen e made and to xc-
estabUs h an identical Lin~ a6tvi a lapsed time oL p e ’thaps ten y can.s ,
dwting wh ich p koces s ma-texials (xesists , ~otvent~, etc . I and equip ment

( Lw’.naces , etchv ’.-s, teste ’is ) may all have chang ed.

Complex cu4tom LS1 devices should be sp eci6-Led as a sys tem
with a-U nece~ssaxy Lunctional xeq ui-”.ements included. Any attempt to
speci~y detailed £inp lementa t.ion (i .e . ,  technology, topolo~,y, etc.) wilt
unnecessaAity ~e~-t~ict potent ial sOu) tces .

Fun ction s tanda.xdization is a poss ible ~otution. Fox example,
standaxd ize a bus inten.Lace Lu.nc,tion, but do not speciLy the technology in
which it must be implemented.

16
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8. Maximum use should be made of universal gate arr!y,~
programable logic arrays, read-only memories , and progran.iiable function
electronics in general.

Ma thnize the use oL gate avuzys (bipo La.’t) and cell libiuznies
(MO S) . Make the. use oL an existing up-to -date CAV sys tem a p necondition
Lox development contxa c-t awaxds .

The maote~ chip and PLA concepts should bc encoun.ag ed . A
cleaning house Lox avaiLable ma~ten. chip designs and a cataLog 06 equiva-
lent MSI 6ww~t, ions tha t can be impl emented 6/t o m these desig ns would
evtcou/ia g e usage.

Expexience indi cat es tha t LSI Lanc,tiono should be implemented
with a technology which s uppo nts at Lea-st 1000 gates p ej t 20 ,000 squa .n.e mtts
06 chip aMa , including inten.connect. 12 L sa t-is Lies this xequin.ement weLt.

To minimize design co~t and cy cle time, app licat ions nequin.-
ing Lewen. than 1000 gates 06 compLexity ( 64 6ti~p- 6Lops , 500 gates , and I / O
buLLexs ) should employ a gate av~ay technique. Cycle time to xeceiving
Lww~tionaL p ants with this app xoach is eight to ten weeks .

9. MIL-M-385l0 and rlIL-STD-883 should be revised in light of
LSI, especially in visual criteria.

Pxe-cap inop e-cti i oL LSI and VLSI devices has become impxac-
ticaL due to the multiple Levels 06 the device Labnication p xocess and the
ext ’uzon.dina~Lty geomet ’t-ic detail 06 the devices .

17
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Pne-cap inspe ction c’uitekia should be xeduced to Locus on
inspection 06 the device pac kaging and bonding quality. VekiLication 06
Lune,tional otttibu.tes should be accompl ished by Lwictional testing at
extended tempe iza tun.es oven. a pxescn.ibed numben. 06 tempexatun.e cycles.

Chip testing u~ s being considened by RAVC/USAF as a tn.a deoLL
Lox the p xe-cap visual inspection xequixed by M TL-STV- 8 83 , Method 5004 , due
to the complexity 06 the device. RAVC/USAF should be quej zied to deteiunLne
what conclusions we-xe xea.ched in the-in. 1975-1977 studies xegan.ding tests!
cost iyuzdeoL~s .

Vevelop a means 06 stnessing the device elect ’ziccf ly to
augment the use 06 a pxe-encapsulated visual insp ect ion. A gxos6 visual
inspectio n, while being adequat e 6o~ gxoss p ’wblems such as bond integnity
and conto.n ’ino~tion, cannot ~teveol subtle de6ects that an etectnical sIxess
would iden~ti6y.

Also, as device complexity inc/teas es , some Lonm 06 electnical
testing must also be used to n.ep lace at lea.sI some 06 the visual inspections .

Fon. standan.d 151 cL’tcuit,~ such as memo-’ty and micxop ’wcessons ,
pn.esent MIL-M-38510 on. equivalent speciLications axe rnoxe than adequate.
I n Lact , some nethinhing 06 MTL-STV -88 3 and MIL-M-38510 in L ight 06 the 1.51
needs might be in oxden.. This is espec ia lly t ’uLe in the an.ea. 06 visual

As mic-’wcin.cu.it complexity inc/teas es , it becomes moxe diLLi-
cult to p ex6oxni cost eLLec tive qua lity and xelinbLUty tes ts (e .g . ,  visual
inspe ction, complete 100 % elec~txical, etc.) New quality and xelia.bLUty
tests should be investigated and implemented into the miLitaxy speci6ication
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system, MIL-M - 38 51 0 / MIL- STV-8 83 (e.g. ,  as Hig h Ternpeiwtux e Accele,’iation
Test, Gu.and Band Testing at above nated voltages) . A study is needed on
the eL$ectiveness 06 sta tic ban.n-in vs. dynamic bu/tn-in Lox 151 devices .

The Jo int Etee2 ’ion Vevice Eng ineexing Council 3 C 13 .2
Committee on Govexnment Liaison Lox Micxoelec,tn.opvic Vevices ha-s xecen.tly
developed a maCnix 06 cost-e66ective suggest ions n.e-la-ted not only to 151
but to aU JAN ICs J

~A copy of the JC13 .2 Conini ttee proposal , along with a mar ked-up copy
of M IL-M -38510 refl ecting the i deas and their implementation paragrap hs ,
was forwarded to NAC wi th this respond ent ’s rep l y to the survey . The
address of the JEDEC Solid State Products Council is 2001 Eye Street NW ,
Washington, D . C. 20006; telephone (202) 457-4971 .
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B. Coninents and Suggestions Find ing Some Concurrence Among
Respondents

The following l ist is composed of those i tems finding at least
some concurrence among the survey respondents :

Wafers and/or tested dice should be stored for
future logistic needs.

The Navy should establish a semiconductor
technology data base, including a “clearing house ”

function for LSI requirements and developments.

The Navy should have a repository of graphic
tapes for re-creation of mask sets, process
specifications , test tapes, etc. for military
cus tom LSI.

All custom ISI circuits for Navy applications
shoul d be fully documented and owned by the Navy.

Microcircuit technology upgrades should be
planned prior to production start-up and shoul d
be provided for during the procurement cycle.

Vertically i ntegrated DoD contractors are the
bes t source of cus tom LSI for milit ary cus tom
LSI .

. DoD s houl d fund CAD/s tandar d cel l develo pment
and documen tati on.

20 
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. The Navy sho uld con init to an LSI supplier
- .  early enough in the procur ement cycle for

the project contract produ ction run.

F
GaAs high speed logic devel opment should be
funded by NAVAIR.

Additional data and further discussion is
needed to truly identify problems and vi able
sol utions.

Test patterns shoul d be used for device
requalification .

The existing MIL-M-385l0 standardization
system (DESC) shoul d be utilized for LSI
standardization .

A family of military LSI devices should be
identified and fabricated.

A life cycle cost analysis shoul d be performed
to dete rmine the i mpact of LSI on systems .

Detailed discussions of each of these i tems are found through-
out Section IV .
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I I I .  GENERAL COMMENTS

Before proceeding to the detailed answers produced by the survey ,
some pertinent general coments from the respondents are presented.
Throughout this Section , and also in Section IV , each respondent ’s
coninents are presented in a consistent format , i.e., coninents from
respondent 1 are always given first, followe d i n numer ical sequence
by respondents 2, 3 , and so forth . If no answer was provided by a
specifi c re s pondent , then a “ no conynent ” will fol l ow that number.

1. Youn. questions axe ye-n.y thoug ht-p ’wvolz---Lng , and you wilt
pxobab ey -‘r.ece--Lve as many diLLexent answexs to yoax que6-tionna~IJt e as
peo pl e who answex it. The answexs to many 06 the questions axe opinions
and axe not based upo n da ta on. ha ’zd Lac to simply becaus e the-n.e axe none.
I beLieve, thexeLoxe , that to a eaxg e degxee the Linal dixection upon
which you decide to steen. yow’t sappti e-ts wilt also be based upon youx
opinion and management decision , which axe not based upon Lae_ts Lox the
same ‘tea-son. Vowt enclosuxe ( 2 ) , Respondent In6on.,raition, p -xobab ly holds
the f z ey to yo wt Linal decision. Let me at this time invite you ox mern-
bens 06 yowt sta LL to visit at yowt convenience. I believe a much mo’te
thoxoug h undenstanding 06 both the question and the answeit ox position
we might take could be ga ined by both pa xties £6 we met Lace -to Lace
and openly discussed each item.

2. As a genexal conrsnent, I would Like to add my ~eeLing that
it will be impossible to ‘tes olve be6oxehand on papen. all po tential p itob-
lens connected with the use 06 151. NatuAa.Uy, a maximum 06 plann ing
should be done . But in the Linat analysis it seems be.tte.t to lea/tn by
doing (with some tnial.’s and en.xon.s) than to ‘ci~Iz the obsolescence 06
oak mAJ.Ltan.y elec ttonic capabilities.
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3. No comment.

4. No comment.

5. Existing Gove ’tnment standan.dization eLLonts by VESC a-nd
RAVC axe encowaging , and expansion/pa n.ticip a-tion by othex Goven.nment
agencies should be considexed. Standaxdizcztion eLLoxts could then be
Linked with cost beite6il anal yses to dete-’unine wh ich components need
xe-Liability upgitading .

6. No comment.

7. No comment.

8. No comment.

9. The manag ement 06 151 int ’toduction into miUtaxy equipment
is muLULaceted due to -the natuxe 06 the van.ious technology appxoaches ,
the application ‘tequiteinents , a-nd the indu tkial manu~actuning base.
The-xe axe thxee types o6 LSI to be manag ed :

a. .Standaxd comrnen.cicl 151 being o66exed to contnexcial
oniginal equipment manuLactaxens (OEM-s ) by ma -fox s emiconductox ma-nu6ac-

- 
- tukeks.

b. cLuasi-standaxd 151 devices that may be modi6ied to meet
unique Lunctionci ‘tequixements (e . g . ,  P LAs ) and manuLacti.in.ed by eLthex
ma -fox sem Lcoi-tducton. houses on. ae ’ws pace system and subsystem ma-nu6actwten.s.

c. Custom 151 designed to meet unique Lunc~tional p eALo/cm-
ance ‘tequixements, usually des igned and p n.oduced by aeto o pace system a-nd
subsystem equipment manu6actwtexs.

24
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The United State~ £ndustxiat capacity Lox 1.S l mana6ac.tcming
consists 06 -two distinct kesowtces: ( 1 )  ma -fox commexcia.l s ernicondw2to’t
nunu6actwtexs, and ( 2 )  equipment manuLactuxexs ven~ticaUy integnated to
p/t o duce custom 1.51. This lattex xesou/t ce is cwtkentLy develo ping iutpidty
as a xesuLt 06 an inabiLity 06 aexos pa-ce eq uipment ma-nu6actwten.s to econ-
omically motivate the ~emiconductox hous es to p ’wvide Low volume “special
Lunctions” in technologies compatible with the rnLUtan.y envixo nment .
Ma -jo n. ~emiconductox houses axe genexoily not wiJi_-ing to commit Limited
technical n.e-s oukce-6 to developing custom cin.cui_t with a- ‘telative-Ly
Li~nited ma’rizet potentia l.

The indus tnial capa city xesident in aekos p ace equip ment
manu~actuning £Lkm~ is essential to meeting Lwtw e m-ili-taity elect/ton-ic-s
/teqwin.e-ments. This capab iLity will allow the mititaxy to meet incn.eas ed
p e-x6o ’una-nce capabiLities, n.educe equip ment size and weight, and the Lull
spectn.um o,3 anticipated envixo nmenta.L xequixernents without dependency on
coninexc-ial manu6actuAexs , whose ma -fox Locus is on the hig h volume OEM
maithet . The manag ement 06 the int ’roduction 06 1.51 into m-i.titan.y equip-
ment is ye-n.y simitax to that 06 hybitid device management. tiybnid devices
in the mid- and Late 1960 ’ s o66e-xed compan.able pe n.Lo/ trna nce advantages
with the same management p n.oblems a-s axe being addxessed in this -saxvey.
The same aLoxementioned ae ’tos pace complex has , oven. the Last 15 yea-ks,
developed and imp lemented the widely vaxying hybirid technologies in miti-
taxy etect ’wnics , suppo nted viJttually all types 06 logistic suppont
concepts , and demons t ’tated hig h n.e-Liability in a cost-eL f iec~tive ma-nnvt.
The lessons Leaxned Lxom hyb’t id implementat ion might well pxovide a
guide Lox the p -’toblerns addxessed in this suxvey .

RequiLning the demon t~a.-tion 06 s econd sou/w.ing capab ility
is an additional management const ’uiint that obv~&z.tes much 06 VoP ’s concexn
oven. p ’todact longevity and s ttpp o n.tabiJJ. ty.
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We Lee-I the key -to the p noblem 06 intxoducing 1.S 1 into rn-Ui-
taxy electxonics equipment wilt be thxoug h a concept ca-tied “technological
.t/tan paxe ncy .” This concept ‘tequixes sp eci Licatio n 06 an Avionics an.chitec-
tuna! element so that the Lunctiona l intex6aces and pe n.~onmance xequixemento
axe completely deLined and moduta.nly implemented without LiinL-ting the. method
on. technology xequixed to implement the Lww~tion. These modatan. elements
can then be ‘t eptaced with equivalent elements £ncoxpoica-ting advanced tech-
nology without impacting system design i.nstatta tion on. so6t1uo~xe.

The constnaining oL a-ny haxdu ’axe Level 06 compLexity -to be
technologicall y -tkanspaxent, the ug h necessa--’t y ,  will xesult -in some pena lty
in p ackaging e~~iciency (i.e. , weight and volume) . Eq uipment weight wAil
continue to slowly decxeas e as nume-’tous SSI and MSI devices a--xe xepttzced
by a single complex 151 device, altho ug h minimum weight will not be achieved
becaus e °6 axckitectanaL constna ints .

The s e-in-iconducton. industn.y pays  Little attention to the rn-Ui-
tivty indus t&y Lox vasious xea.sons (Low quantity, spe ciLica-tion p koli6ena-
lion, spec iLicatIon inte-xp -xetation, etc.) Serniconducto ’t manuLa-ctun.exs have
diL~iculty in pxed.icting what the miLita-~y “demand ” wilt be. This is
becaus e 06 the dLvexse a-nd widesp ’tead p ’wject-oiriented method 06 the rn-il_-i-
ta-ky complex . In the. commexciat woniLd, sem-iconductox manu6ac.ta ’ten.o can
deal at indws txy conpo nate levels; and the-xe6o~xe, get  a good Lee~t Lox max~zet
demand. Such is not the case with the m-iUtaxy complex. An exampl e, many
device supp liexs indicate the-n.e is Utile demand existing Lox MI L - M - 38 51 0
quatif,ied pa nts -lis t devices Lon. which they have qua-Li Lied. Sapp lie.ns go
tivwugh the e.LLont 06 qunLi~ying but then Lind Little demand Lox these
device~s.  A “MLUtan.y Ma./zJze_ting On.ga-nizaLion” ( L on.ecas tex-o Lox Lu.twLe
miUto.ty needs ) would help to alleviate this pxoblem. Volume p uxciia.se
agn.eemetvts , similo. ’t to those used in the commen.cial rnanJzet, could be
instituted. The s emicondactox indu stxy would then pay mon.e a..tten.tion to
the needs 06 -th e militaxy.
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10. The questions p osed in the Suxvey on Manag ing the Timely
1n.t~oduction oL Lan.ge Scale Integnat ed Ci~kcuito into Mi_ Uta_ -xy Avionics
coven. a b/wad spectxum. it is d-iLLicu t, iL not impossible , to p ’wvide
a.nswens that axe saILs La-c-tony to all p a—tties concenned. These questions
ox similax questions have been asked a-nd debated Lox some time. The
Ins titute 6°n. VeLens e Analyses ( I VA) held a thn.ee-day meeting in August
( 9th , 10th, and 1 1th)  to discuss the Utilization 06 LS I C5 in Militan.y
Systems . At that time, quite sim-lian. questions and pxoposed solutions
we-n.e discussed at length in both Lon.rnal px esenta-tiorts and in small in-
Lonma I 91w U~6. We p antccipa ted in the [PA meeting and came away 6/t o m
the meeting with -two dis tinct 6eei i~ngs . F ixst oL a-LI , thos e attending
the meeting we,xe senious in the-in. attemp ts to p 1w pos e -s aILs Lac.ton.y
avtswen.s to the complex questions , and s econdly, the-xe appe axed to be no
answen.s sal_is ~actoxy to alt concexned. These 6eelings lead us to believe
that p e ’thaps the questions axe too b/wad and attempt to coven. too many
divense situations. P enitaps iL the questions could be pa itt tioned p ’wp-
e-’tIy, the best answe.n. Lox paMiculan. elements could be devised so that
the ove ’taLl pxoblems could be adequately xesolved.

The -s uxvey questions hint at -two basic appno aches , neithen.
06 which appeans to be best Lox a-LI s ituations . The one app ’wach attempts
to a-sswte adequate pa nts axe availa ble to the Wavy dwt.ing the LiLe 06 the
equipment. The othen. app n.oa-ch attempts to as-sun.e adequate equipments axe
available with the pan ts avaLla.bi..Uty /t ema-ining the nes po nsibit-Lty 06 the
equipment s uppL e-it .

in the s ituol_Lovis when.e Li$ etüne wan ’uznties axe used , oppox-
twiities Lox upgnading and using ne-we-n. technologies can be wonked out so
that obsolescence oL technologies becomes less 06 a- p ’wblem. In situations
whexe the maintenance is best pe it6onmed by the Navy, sp axes xequixernents
Lo ’t. the tiLe 06 the equipment on availabIlity g uaxantees may have to be
pan t 06 the initial equipment pn.o cwtement to a.ssun.e adequate p ants.
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An a-pp n.oach discussed at the I VA meeting suggested that the
custome’t deLine the axchitectuxe such that the-xe would be su66ic-Lent 6/tee-
dom to design modules and to update the module-s without disnupting the
system (ox box)  pex6oxmance. It wa-s believed that th-is app ’wa-ch could
capitalize on the advantag es 06 new technologies a-nd als o n.educe the impact
Ln.om the discontinuance 06 an olden. technology. The 1553 bu4 speci6icat_iLon
was c-i_-ted as an example 06 a stant in this di ’tect-ion. Again, this app itoach
might be best Lox some situations but not Lox all.

11.  We believe that LS1 oLLexs advantag es 06 cost , n.eliab-iiity,
size, weight, and pexLoitma-nce. MiUIan.ij equipment pxocwtement needs to
insist on the use 06 151 to achieve these advantages. The p xes ent empha sis
on acquis ition cost penalizes the use o 6 LSI .  LiLe cycle co-sting shows
signi~icant advantag es Lxom using 151. ALl equipment pxod uction p/ to gnams
need to p ’wvide time and sanding Lox the convexsion 06 initial bxeadboan.ds
to LSI Lo ’zma.t beLoxe pxodaction s taAtup .

LSI technologies axe high p eitLonmance technolog ies. CM OS
a-nd CMOS/SOS oLLex advantages 06 low pow en. dissipation, high speed , and
€D2e. 06 cixcuit desig n which the Goven.nmen.t should use.

I t is necessan.y that the xe-s ou/tces o L the s eraiconductox
picoduc eirs a-nd thos e 06 Govennment system con.t ’zac.toits be used to p novide
Govexnment agencies with the most cos.t-eLLect-Lve app iwach -to designing and
ma-nu~actcming equip ments using 151 devices . We believe that Govexnmen.t
agencies and contiuzcton.o should wo’tk to g e-then. widen. a 6name~ ,xk CL -n-es po n-
sib i_Li-ties similax to those outlined below:

WAVAIR
1. System peA6of unance xeqwin.ements
2. System ph ysical xequi-n-emen.ts
3. C lassiLico.-tion level
4. OuaLity level
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INVU.STR V
1. Subsystem pax-titioning a-nd ~p eciLica_tion
2. f hvtdwon.e con~igwza.tiovt
3. Selection 06 technology a-nd ve-ndon~
4. Vesign implementation
5. Pxoduction

AL-though we believe that the technology -s election should be
done by the xesp onsible contn..a.cto~ , NA VAI R a-p p noves the technology choice
thxoug h its selection oL the success Lue bidden. Lox a new p nognam. The
p nime xesponsibitity Len a success Lul pxoduct meeting WA VA1R ’ s xequixemcnts
mu~t xemaii-t with the chosen cont/uwlox.

12.  No comment.

13. No comm~n-t.

14. No con,nent.

15. No comment .

16. P ’J o corranen~t.

17 . No coriinen~t.

18 . inc-n-easing concen.n is being evidenced by both VoV and milL-
Wty equipment -supp li en.s ove ’t the tan.dy entity 06 advanced LaA~e scale inte-
gnation into mi_Litany ~ysterns . A xecent Mthun. V. Little study , Lox example,
p -’tesented at the I VA Sympo iswn on “Futuit e AppLications 06 LSI C 6 in M Wta-n-~i
Systems” ( 9 - 1 1  August 1977) po inted out that in mil-itaxy systems the avexag e
gate complexity pe n - integnated cixcctit has Lla-t.tened out oven. the Last Lew
yea-n-s at about 30 ga tes pen. p ant. in con~nen.c-ial electn-onics (es p ecially
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cons amen. e-Lectxonic ) ,  howe- vex, the a ven.ag e gate count pen. ic i_s es cat ot ng
nap-idly into the hunditeds 06 ga tes pe n- chip.

The continuing use 06 the basic vendon. SSI/MSI s tandaxd
Lww~tions i-s allowing militaity equipment to cwvtevtt-i_ y have L-ow-n.is~ deve!-
opment. tf owevex , 6u~twn-e suppo n_t p .’wbleino could be pn.o fe c- ted due -to the
concen.n o vex Ion g-teiun availability o$ even these pa nts, as well as the-
Limited xe-Liability, nvintaina.bLLLty, a-nd a-va.ilabilitg 06 weapons systems
implemented with such Wtg e qaantiti e~ oL £ntegn.ated c-c-n-cui_ts. The &L-~tz
that has be-en associated w-Lth LSI chip development Lax militaxy s y-otuns
ha-s been oL enough concen.n to ma-j on. p n.ogxams to wan.nant the-ut choice 06
the st_andan.d SSI / MS 1  6unc-~t-Lons . The developme nt 06 LSI chips Lox tnili-tan.tj
xequin.ements hu~. been ~xaug ht with unpxedic-table schedules , xe-La-lively high
non-n.ecwvting cost , a-nd Limited s otm.ces 06 pn.ocun.ement. To look at al_ten.-
nate olution to oun. p -n-es ent dilemma 06 Limited LSI usag e, we must look
at a- much widen. scope tita n ju St that 06 the cost t’uzde- oLL be.tiween I_S I
and th e-in- SSI/MSI equivalents.

The px esent P oP p n.ocwtement system, device qua.-Li~icat--ion,
documentation, and Iong-te-n.ni logistic4 and suppo -’rt 06 electn.onic sys tems
must necessan.-ily be- consideited. it is not adequat e to have a bettex system
(p nocan.e-ment, s uppo n.t, ox documentation) but which is oven_Laid on -top 06
the existing systems . We must be able to displace something that we axe
aln.e-ady doing in o n-den. to have a cost savings . Howevej t, the-n.e axe vexy
f l ew 06 as in indas txy ox VoV who have a suS6icient bxe-adt.h a-nd detailed
gn.a.sp 06 the ven.y Wrg e tiuzde-o LLs involved which citoss the g amut Lxom the
design and p -’wcuxement 06 devices thitough the qua.L~if lica-tion , s uppox-t , and
logistics 06 those devices in complex systems . This point nvizes an.swex-
ing 06 the ven.y £mpo nta.n.t MAC questions in a- comp lete and sign. if lico.nt
La.skion vexy di L Lic.uit.

A s t ’tong suggestion could be made to ga-the-n- data so that
we could t’wly identity when.e tasks axe being eJJ.minated thitoug h the. use
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of i  LSI and when.e suppo iit, maintenance, and availab ility of i  electxonic s ys-
tems axe irnp xoved. This in it~se lf l  would help us idenli f l y  how to use LSI to
p novide mon.e easily maintainable syst ems a-nd systems which pn.ovide gxe.a~ten.
ava.Jla bility 06 the complete ain.cna f i t, ship, a-nd gxo und-bcsed systems .

I don ’t think we xe-ally !znow what the p -’to bl eni is. The
pxoblem s eems to be that we would Like to use I_Si to save costs and impitove
keLia-bALtty of i  ~ni_LLtan.t~ sys tem s , but we don ’t know what the costs axe since
they entail much moxe that-i j u t  the. development costs a-nd even the p &ocwte-
ment costs , but they also go into a myniad of i  long- teJun suppo -’tt a-nd logis-
tics costs with associated docwnentation a-nd qua.Li~icat~ion costs. it is
the-n.e f l oxe. haxd to pexceive whe ’te the Leading f iac tons axe. f l ex potential
xeduction. I think a stud y a-nd def inition by PoP of i  thes e f lac-tons and
sensitivity analys is of  howe wi-Thin the cu-vtent ( o n - oLten.able) fnzzme-woxk
of i  Logistic_s and -sappo -’zt, these costs can be xe.duced, would be ofi ex.tn-eme
bene flit in Leaxning how to best apply LSI. Fan. example, we mu t  know
whe-then. to apply LSI to basica lly imitate the SS1 / MS 1 f iw-ic-tions in a moxe
co-s t- e. fi f iective, s ma-Lien. volume f a-s hion, on. whethe-it we should a-Is o -tn-y to
enhance the system with n.e-LiabiLity, maintainab ility, buiLt-in test, and!
ox s elf -hea l ing f lea -taxes which could not have ~~~ j ~~ti f l ied using dis-
cke-t e components .

19. No corinen-t.

20. No comment .
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IV. ANSW ERS TO SUR V EY QU ESTIONS

• This section contains the detailed answers provi ded by the respon-
dents to each survey questi on. An overview statement hig hlighting the
comments for which a degree of consensus is evident and which lists other
points made by the respondents is provi ded for each question by the editor ,
and precedes the detailed responses.

A. Question #1: How shoul d the F~ava 1 Air Systems Command (NAVA IR )
facilitate the use of advanced technology microcircuits , while insuri ng
adequate support of log istics and poten tial mobilization needs , and pro-
tecting itself against supplier catastrophe?

Highlights:

There was a good measure of diversity in the answers provided
to this question . This was expected because of the complexity of the prob-
l eni . A list of the i tems rece i ving the most attention by the respondents
is as fol l ows :

The Government should consider a repository
of graphic tapes and so forth for re-creation
of mask sets for custom LSI .

Some form of second sourcing for LSI
devices should be established .

The utilization of IC technologie s shoul d
be limi ted to those in the mainstream of
technology usage , and where some process
commonality exists between suppliers .
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Qv.utioe •i~ Hee should the 11,1 1 Ai r Syst ims
C~~~.nd (NAVAI R) factii t .te the use of •dvinc.d
technology microc l rcuit s .  uhll • insur ing
adequote suppo rt of lo g lu t i cs Ho d poten t i.l
.oOtliu t Ion needs . end protect ing itself
ugiiest supp lier cit .strophe ?

Comp uter—aided design techniques using
standard cells should be perfected and
used to design military custom I”s.

The military shoul d make ‘l i fe of type ”

buy s of IC device wa fers and store for
future lo gistic use and for protection
against devi ce obsolescence .

LSI devices and modules of assembly
level electronics should be defi ned
and specifi ed functionally. Permit
the supplier to detail mechanization
to meet functiona l requirements .

Allow sufficient time and funding for
development and procurement of custom
LSI dev i ces.

A life cycle cost analysis should be
done to determine the impact of LSI
on electronics equipment. Proj ect
funding should be based on the total
life cycle of the equipment , not on

the minimum development costs only .

• Consider establishment of a Government-
maintained semiconductor technology
data base .
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NAC TR-222 1

Que~tlon #l~ How uhould the Nina l Air Sys teel
Ctewand (NAVAI R) fucili tu t e the use of .d,ancCd

technology •lcrOC l PCultS. while Insuring

•dequete support of log int l cu and po tenti al

mob Ili za tion needs , end prote cting Itself

aga inst supplier cut.strsphe?

Industry Replies:

1. Vow’t f l inst question has two pants . The f in-s t  concen.ns &lgis-
tic_s suppont and mobii_ization needs . Logistics , I a-sswne, is the pxoblem
of  pxoviding the F leet with adequat e s p a-xe compo nents to allow xepa in. o f
the equip ment while at sea ox othex in taUations. I would think a- moxe
aggxessive use of i  LSI would, as a ma-t-ten. o f  f lac -t, simpl i fy  the p ’wblem of
n.epola at sea . It s ee-ins xeasonable that if i  one I_Si cin.cu-Lt px ovided the
elec-tj tonic complexity o f  one hundxed simpl e small scal e fu nc-tion~s ( even
though the small s cale functions may be. used ‘tepe atedly thxoughowt the
sys tem) ,  the nwnb en. of  d i ffen .e n t  components used has to be moxe flavonable
(f l ewex ) with an m ckee_sing usa-ge o f  the mo’te complex f lunc_tions . The
answen., I feel , somewhat xelates to the ‘t ea-son the Navy y ea-As ago decided
to inf lluence yo wt sapp li ens to use the Navy Standan.d tiaxdwan.e ox NAC
M odules . Even thoug h this app ’toach did p ’tese.nt some p ’wbte.ms, I imagine.
they we-n.e fan . moke manageable than the. aLten.na-te o f  not using NAC Modules .

Mobilization needs can eas ily be met by U.S.  maize-n-s o f  LSI
as long as the. technology is s-till bei ng pxo duced . A n-ep os-itoxy of i  gnap hic
tapes f o x  n.e-c_xeaf ion o f  mask sets would be wo-kth considening . The only
way the Navy can p -’wtect its el f l agains t s uppti en. caias-t ’wph e i-s to insist
that each component have a demonstkated muLtipl e souxce . On cus tom devices
whe ’te no second so un.ce exists , the Navy sho uld insist that a-s a pa nt 06
-the onig-inal design contxac-t xeqwi-’tement that -the nunuf lac-twten. adequately
docwnent the p ’tocess a-nd pxov ide. not only this document but aLs o s ets of i
-~epxoducibLe masks to the. Navy, with c_en-ta-in p xop-’i_Le-to.xtj nights -that only
in the case of i  a suppli es. ca~tastn.ophe could the Navy p ir.ovide this document
-to an aLtexna-t e sou/uz e.
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NAC TR-222 1
Question #1 How should the Re na l Air Syttent
tonowod (NAVAIR) fa c Il Ita te the use of advanc ed
technology mlc roclrc uit s, chi le InsurIng
udequa te support of logistics and potentia l
.obiiilatioll esids , end ~roteCtinq I tse lf
eqalns t suppllør cstattrop isel

2. Restnict the use o f  Z C technolog ies to those. which axe in
-the technological rmtinstn.eam, a-nd fox which some pita- cess commonality exists
between -s uppUen.s .

A tentative List would be: ECL , .S-TTL, CMOS, and CMOS/SOS .

Sac_h technologies as CC1) , 12 L , VMOS, VMOS , V- L/ M O.S, etc.;
while technically att ’uzctive. in ceM~-Ln app Li~a--tLons , have. too many pxocess
a-nd Layout vax&tio ns f xom company to compan y to lend thents elves to stan-
da d-Lzation at this -time. A technologies develop, -the p ’tefe n.-’ted List can
be upg ’taded .

Make suite that all c_in-cuLt designs f o x  rnilLtan.y applications
axe f ully documented and that owneits hip belongs to the. Navy. Voc_urnentation
should include ci ’tcuit diagita.ms , taatiz table ox titans fe - n.  f w-tction, dynamic
and static cixc,uit spe c_ i f ications, mas k Layout on magnetic tape , a-nd test
p itogitam, also on tape. This assun.e-s second-soun.cing at xeasonable cost ,
if itequixed.

3. P itotect agains t vendo-n- ca.tzstn-ophe by:

a. Using o f f - - the-shelf components with othe -6 owte.es.

b. Es tablishing multiple sown-c_ es when a custom I C is
developed.

- 
- c. Fo itmulating a “bitwte fo/tce” contingency pta -n to ens uAe

mobilization capabi-Uty; this might be a- Gove ’tnment stockpile ox inventon.y
of pa nts. Could such a stockp ile be used as a “darnp €,/r.” f ox  the ups and
downs in the s emiconductox won-I d that p lague capitalization pt an ?
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NAC TR-2221
Questi onu II: HOw should the Nava l Air Syst s
t~~ iand (NAVAI R) f ac il itate the use of advanced
tec hnology .Icroc i rc olts . whIle insuring

adequ ate support of logistics and potential
mob i l i zation nee ds , and protecti ng it s elf
aga inst supplier catas tropb e l

NAVAI R should set up the-in. own pxoce-ssing facility to fab ni-
c_ate the LS1 eixcuits. They should also woniz with a second vendon. to have
a dual soun.ce capab ilIty. It would p nobab ly not be necessaxy to desig n
LS1 cm-c_ui-to themselves. This pant o f  the. wonk could be contxa-cted out to
a-n independent desig n gitoup . Once the cixcuit has -been designed , f abn-ica-
ted , a-nd shown to be satLofactoxy, then the Naval Avionics Cen-tex should
tak e change of  a-LI tooting a-nd coondinate- the. pn -odac_tion o f  cL’tcuits and
systems . The small volume. pxodw tion nuns would not be iien.y a-ttiuzctiue to
most o f  the Ltvtge-n. semLconductox houses. This would be a ma-jo n. xe-a-son f o x
setting up NA VAZR ’ s own p itocessing capabil ity. Uoweve-n., i f  the pxoce-.ss
-is similzvt to that of  anothex vendox, then they could pxobab ty get pa nts
p itocessed fxom them , own tooling at iteasonable cost.

4. Concen.ning the f i st two questions, an in-house custom
device fac il ity xesponsive to system needs is the method we utilize to
accommodat e the timely intxodaction o f  technology with p ’totection against
loss of supply. Thus , the best way fox NA VAIR to faciLitate the use of
LSI with app/t o pxiLvte saf eg wvtds is to pxocwte to systems a-nd/ on. Line
xeplaceable unLt~ (LR U5 ) specificat ions a-pp n.opniate to xequiJte the iit-tito-
duction of this echnology, a-nd depend on the manufa -ctwtex of  the LoJtgvt
equipment to handle logistics, mobilization, a-nd multiple sown-eing whexe
nece-ssctxy. Anothe.x vehicle fox f ac ilItating the in.tn.odac.tion of micito c_in.-
cuLts is -to dixe ct theL& use in the won,iz statement and to allow sufficient
time fox the-in. in.t ’toduction. Many p n-ocuxements have time ph asing that
makes it y e-n.y d if  f cc_ al t  to use anqt.hing but cwvtentty existing compo nents .

5. NA VAI R shoul d -n-un a swtvey to se e what othe.n. Gove~’cnment
agencies and tndu t~’u, a-n.e s tandan.dA zing on , a-nd a-ttemp -t -to s tavtdaxdiLze. on
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NAC TR-2221
Questioe •l~ lion sho uld the Nava l Air  Systems
C~~~aud (NA VA IR) facilitat , the use of advanced
technology .icroci rcu it u. chi ll insuring
adequate support of lu g io t Ics and potential
mo b i li zation needs , and protecting itself
ugliest supplIer cstastruph.l

the same devices . This will help to asswn-e the use of  a leading edg e
technology which is maUi-sowtced , on. capab le o f  being multi-souxced.

6. lntn.odace the ci-xcuLt he. quLn-ements as functional xe.quixe-
meals which a-xe deLibexately specif i ed as bxoadly as poss ible while still
enabling -the cixcuit to pen. fonm its duty. This will px ovide -the f le x i-
b LUty of  pen. fo nming the funct ion with multiple technology and p n.ov-ide
f o x  multiple souxcing .

7. NAVAIR should dixect Lt ef f onts towa-n.d using devii.~es that
axe s.tandaxdized, when.e the “standa.n.d” ~tn.a de - off  includes: f unction,
iniUtaxy second-sown-ce capabil ity, matuxe and stable pxoc esses, and ade-
quacy of  docwnentcttion. The vendons hould be capab le o f  s upplying the
L.SI devices fn. om p itodaction Lines Located in geog-’zaphica lly dive-n-se axe-as ,
to pxec ade the poss ibility of  natwtat ox local lintexnal veitdoir.) disaste,xs.

8. P iwbably the most significant facton. Limiting the use of
advanced technology micxocL’tcu.Lts in miJitan.y systems is the ye-n.y Long
p ’wcwtemen-t time. - 

~y the time an avionics system has gone thiwug h all
of  the vaitious development phas es and is entex-Lng fu ll  s c_ole p koduction,
.tivtee to five y ea-its have gone by and the mLcxocixc_uit -technology is at
least “t.kn.ee to five yea-n. old vintage..” To ef f e c t  this situation ,
seve/tal possibi lities p itesent thems elves :

a. Shontex development a-nd pxocuxement t-Lrne~ .

b. P lanned- fan. rnien.ocixc.uLt technology u.pg ’wdes pnion. to
p iwduction sta-k-t-u.p.
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Question SI How sho uld the Na va l Air Sy* t~~
Connand (NA V A IR ) facilitat , the use of advanced
techno l ogy m ic ro circ ul ts . while InsurIng
adequate u li990rt of logittic ~ Cnd pot entia l
mob i l i z atio n needu . avd protecting Its e lf
agil nIt supplier c at ast rophe?

c. Sevexal planned- f o x  technology upg nades duning the couizs e
of  sy s~tem p nocwn-eme.nt in the cas e o f  long-tenin pn.ocwiements would be advis -
able . Na-twtally, these p -Canned -f on. technology upg -’uzdes would be implemented
onl y i f  the then cu.nxent state-of-the-ant technology of  f e/ ted significant
imp ’wvernents f o x  the system undex c_onoidej wtion. Of cowts e, this app ’wa-ch
would necessitate considexa-tion o f  the ovenaLl economics o f  the p ’wcun.e-
meal not only f iw m the VoV poi nt o f  vie-it) , but f / t om the system and micno-
c-ixcui-t su.pp -Uen. pens pe ctive a-s well.

In oxden. to in<swn-e sappont of  logistic a-nd mobilization needs ,
NAVAIR must conside-n. cithen. “l i fe  o f  typ e p -’wcuxement” on- els e be pxepa n.ed
to make the business seem attj uictive to the micn.ocin.cwit supp lien.. To
p -’tote ct aga inst s uppti ex calastn.ophe, muttisowtcing is the best atten.na-tive.
Howevex, NAVAI R must xecogn ize that a-U sown-ce-s must have s u f f i c i e n t  a-nnual
business in oxdex to -‘temai n an e f f e c t i v e  sou —’tce.

9. The answen. to this question is found in selecting the optimum
level o f  han.dwwt e complexity to be technolog ically tn-ans p a/t ent. Cleanly,
the device Level pose s the moSt d i f f i c ul ty in ass wting technological titans-
p at ency f o x  the. -‘tang e of  fu tun.e. s e-miconducto-n- technologies .

it is xecon~ne.nded that the technology be manag ed at the sub-
assembly ISRA ) Level. The imp lementation o f  a standaxd modulax a-pp /wa-c_h
such as that being developed in the Modu lax Avionic Pac kaging (MAP )  P/wg/ uzrn
wilt gn.eatly faci litate the management o f  LSI in the fu tw ’te. This a-pp -wa-c_h
aLlows flexibilIty in ach ieving a technological titans p at ency thn.oug h the
use of  f ohm, f -it , and f unction speci f ica t ions ta.ilon.ed to allow aLtexna.-t-ive
a-pp / wa-c_he-s -to the implementation o f  a given funct ion. It  will allow a
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NAC TR-2221
Quest ion Sl~ How should the Nava l A i r Syst ow u
C~~~and (NAqAI5( facilitate the use pf adva nced
tech no logy •icroc lrcult,, chili insurin g
adeq uate sup port of logist i cs and po tevtia l
mobi l izatIon needs , and protecting I tse l f
ag a in s t supplier catast rophe?

modulo.n. fun ction suc_ h as a minicomp wte-n. -to be. implemented wit-h atte-xnat e
ISI chip designs (e.g. ,  Intel 8080A v s .  AMV 9 0 6 0 A ) ,  ye t  p enin-Lt the module
level f unction to be completely tnansp axent a-nd amenable to advancing
technology, it allows -the f lex ib il i ty to in-t ’wduce and sus tain competi-
tion thxoughout equipment pn-oduction p ’wg nams . It also pxovide.s an
enviitonme.nt compatible with the development o f  multip le sou.xces.

R-Lgoitous adh vtence -to meeting design-to-cost goa ts, corn-
pa ,tible with Tnteg ’utted LogistLeo Supp on--t (115 ) thxow-away costs, will
minimize and p o-tentio.-Uy eUininate the need to considen. the pxoblems
associated with Na-vef  p ’tocwtemeivt and s pa -ning of  LSI devices .

The above. app -’wach a -f  f oxds  the most pxomise a-s a gene-’uzl
management phi losophy f o x  the inL’toduction and continued availab ility of
Logistics supp ont ~p a-xe~ . I n the Limited s ituations whexe a SAM ( Sto.ndaxd
Avionic Mod ul e) standa-n-dization p ’wg-’tam cannot be implemented , the 1~SI
riunagement p ’wbleni is made- mo/te. complex. I n cas es whef l ’te thes e advanced

~technology micxocL’tcuAJ~ must be managed at the device Level, NA VAIR
should ( 1 )  maIze use o f  f on.m, f it , a-nd function specific ations-- spec ify
the need , not the solution; a-nd ( 2 )  aLlow some schedule f lex ibil i ty ,  that
is , -Vuzde o f f  schedule f o x  pe n. fo nmance--adva -nced technology solutions -to
a p ’wblem axe na-n-ely the quickest solution.

Suppont/pxotection xequikements can be me-I by ( 1 )  the f on.m,
f i t, and f unction philosophy in which cut exa.c_t copy is not deirianded; a-nd
( 2 )  establishing a technology data base. which is available -to c_ont ’~utctoits

~uc_h as the cell Libwty and automated design softio a .n- e sys tem tha t NSA is
establishing f on. selected LST technologies .
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Question Il: Hoc should the Nava l Air Sys t~~
Coep,and (NAVAIN) facilltat , the to e of advanced
technology .icrocir cults . chili insurIng
adequate support of logistics and potential
mo b tI i zat io~ needs, and protecti ng itself
again st supp lier catastrophe ?

Additionally, compo nent standaxdization a-ctivLti~4 should
be stn.engthened in this axe-a . A cent ’wl Naval activity (e.g., NSWC on. I ’IA C)
should be chaiite-n.ed to:

a. Oven-s ee a-nd fun d mask intenc hang e p itogna ins .

b. Limit the p/t olL feltatio n of  devices .

c. ~e a focal point fox p /t og/t am o f f i c e s  considexing LS1
c_us-tom usa-ge.

d. Ve.velo p a List of ite.quiled custom 1ST devices f ox  the
Navy that the comme>’tcial sesniconductox indu~tn-y will not p -’wdace due to
low volume. needs .

With the s emiconducto ’t industity sh i f t ing  rno-’r,e and mo/t e o f
-the-in. ass embly fa cilities o f  f- sho n. e due to the tow La-box cost , the Go veiu-e-’
meal should be conc_eitned with this deve.lopment since it could adve-’ts ely

— a f f e c t  a-ny mobilization iteqwi’temen.ts . J apanese impoiits (especially memo&y
devices ) will o.Lso iteduce the numbex of  “on-~hoite.” f acilIties. The ae’w-
sp a ce equipment a-nd system houses that axe instituting the-vt own s emicon-
dua-tox fac iLities axe helping to less en this c_once/tn . This indu.st ’t.-iat

• capac ity, in view of the. s emic.onducto ’t technology n.equi temen.t.s, wilt be
an essential element in any f u.ti,vte mobilization p lan, and should be
c_onsidexed and s uppon~ted as s uch .

10. A simpli4t-ic ‘tespo ns e would be to say that NAVA1R should
p’toc_uxe enoug h spa-tes a-I the ea-/ily stages of the pn.ognam to coven. the
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MAC TR-2221
Questio n al~ Nsa. uloov id the Naval Air Syst ens
C~~~aud (NA V AIR) faci l itate the us. of advanced
technology micr oc i rcuits , whi l, insuring
adequate support of logistics and potential

~~~illia t io~ needs , and protecting It n ei f
against supplier catastrophe ?

logistic and mobil-ization need~ thn-oughout the L if e  of  the system. Al-
though thJ,s may be the onl y f easible app n,oac_h in c_ en-tam vexy Low volume
high pen.fo ni-nance ox highly secn.e-t a-ppLications xequi ’ing advanced techno-
logy mLciwcincuits, it does n ’t app ecvt to be the best app iwach in othe-x
situations whexe the use o f  advanced technology rnicxoci ’tcuits is pxopos ed .
0-the-n. appxoaches such as Long-ten.m wa~vtan-ties and n-epa in- cont ’tacts ox
s pa .ning at a highen. level (as s embly, etc.) should be considexed. I f
suppoxted at the. f unctional module level, ne-we-n. technologies could be
used when the on-iginal- As obsoleted ( unp’w cwutbte) . The. p ’wbtem should
be a-ddn.essed a-I the beginning of  a. pxogxanl . The -‘ti lz involved in using
advanced technology micxocin-c_wits should be evaluated in ‘t es pe el -to the
advantages . Guideiine~ ~shouLd be e~tabtisked by NAVAI R a-nd appli ed to
all coivt’uzct~ to a~s Wte. that -the ~isks axe minimized and axe ou~oeighed
by the advantages. A knowledgeable Goven.nment body would be used to
evaluate and assi gn nisk fact o ’s f ox  advanced technologies. In hig h ni~ok
technologies , this body could be used to pass j udgement on the advi~abi-

~(.i.ty a-nd need f o x  specif ic  p -n.opo s e-ii applications .

11 .  NAVA IR ca-n f a c ilJtate. the use of  advanQ ’ad technology miciw-
cL’tcu,Lt~ ( ta-n-ge. scale. integnation (LS T ) a-nd ven.y Lan-g e scale integnation
( VL S I ) )  by supponting the development o f  desig n tooL that will be co -t
eff e c t i ve  and that can be us ed with confid ence by NA VAZR cont.’utcton~ . The
desig n tools should be applicable to technologies that axe industity tan-
daxd6 today and to f ulwte evolving technologies . These design tool-s wilt
enable NAVAI R to a.ssun.e adequat e s appont o f  logistics and mobilization
needs by making the desig n tools available to system a-nd subs ystem con.tn.o.c-
tons and by having the devices supplied by multip le s em-Lc_ondactox indus-tn.y
souxces . The sp ecif ic design tooLs suppontive of  NM ’AIR xe.quin.emen.ts axe:
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NAC TR-2221
Question •l~ How Should the Naval Air Sys tneo
Coeunand (NAVA IR ) facil i tate the ase of advanced
technology microcir cults , while insuri ng

.dnquute support of logistics and potential
mob il iz ation needs , and protecting Itself
aga ivst supplier catast rophe?

• Standaxd cells f o x .  Computex-.Aided Vesig n
Univen-sal Ak/tays

These tools should be developed f o x  the folL owing technologies :

• PMOS
Bulk CMOS Metal Gate

• Bulk CMOS Silicon Gate
• CMOS/SOS S-il-ic_on Gate
• 12 L
• Radiation f laxdened CMOS/SOS Silicon Gate

WAVAIR should talae the fol lowing actions to ins uxe adequate
suppo ’tt of  logistics , mobiLization needs , and pxotection against supptien.
catastxophe:

a. Encou/tag e -the design o f  custom LST to implement func-
tionai.ly p an.titioned cin-cuitP ty utilizing exis ti ng CAV tools such as those
Listed above.

b. Stockpile 1ST an.nays in adequat e. quantity to meet one
-to -too y e-ax use xeqw&tements and Long-lenin spike ‘teq uixemen.ts f o x  logistic
s uppo kt .

c. Stockp ile mas k s ets a-nd tes t p -n-ogiuzm tapes so multiple
vendox sown-cing ca-n be exe.xcised with quick -tuxnaxound.

d. Select industn~y standa.xd p ’wcesses cwt ’ten~tty in w-idespxead
use. ( Example : CMOS Bulk cun -~~n.tttj ,  and CMOS /SOS f o x  fu .tuxe xcquin.emen.ts.)
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NAC TR-2221
Question •l How should the Nava l Air 5yst~~
ts~~~nd (NAVA IR) facil i tate the use of advanced
tecVmology microci rcuits , whil, insurin g
adequate support of logI st ics and po tential
.obilizu t iop nends, and pretect ing Its .lf
against supplier catastr ophe ?

12. Maximum system advantage and minimal Logistics p ’wblems
c_an be a-ssax.ed by maximizing the. use of  advanced technology rnicn-ocij tcui-t~
whic_h axe memben.s of  f amilies of  compatible c_omexcial componeyt.ts. The
emen-gence of  single-chip micn.opn-ocessoxs and mion.ocompu tex pxoduc.-t f ami-
Lies is ~the ma-na fa -ctun-en.’s a-nswen- to minimizing the pxolif enation of
d i f f e xe n t  1ST components and hence the p ’wduct .dewlopmen-t cost. Similanly,
thi tends -to maithnize the volume of  like p n-oducto and thexeby n-educe us e-n.
cost of  these devices . The. pexvasive use of  these devices obligates the
ma-na f actuxex to maintain I on g-tenm pxoduction c_ortinitj nento both to commen.-
cial a-nd rnilitaxy us ens . As technology impxoves , rnoxe advanced memben.s
of  the fam ily axe developed . Koweven-, in ox.de.x to maintain fam ily com-
p ctibili.ty, new membe-n-s must maintain f 0-n-rn , f i t, and f wwt-ion (i .e . ,
sof - t ic ax e)  compatibility with p iziox gene-nation devices.

NAVAIR should encouna-g e the qual_ ification o f  selected fam i-
Lies of  comme-n.cial LST and VLS I p ’wducts f ox .  use in its appLications .
QuaLifi cation should be bas ed on :

F a-. Exis ting a-nd p lanned f amily function s which have ge.nen.aL
applicability.

b. Manufa -ctuxen. capability to pxoduce func tions in a c~in.-
cuLt technology which is applicable to LSI and VLSI cLn-cuLt~, and which
meets miUta.xy enviAon,nenta.l x.equLtemen-ts

c_ . Staong linkag e to a coninen.c,ial p n.oduct and c_omp wtex
family to pxovide compx.ehensive system and softo w, e development tools .

Qualif icat ion should not be xes-t ’zicted to one fam ily.
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1’ NAC TR-2221
Question Cl Ho,. should the Na va l Air Sys tneu
Copunand (NAAAI R) faci l i tate th e use of advanced
technology •icrocircuits, while insur ing
adequate support of logistics and potentia l
mobi l iz a tion needs , and prote cting itself
agai nst supp lier catastrophe?

NAVA IR and industn.y would then have a- f -’uzmewoniz whexeby
the numbex of  devices to be developed and suppox.ted could be xes tn-icted.
This will als o encou/t age the development of  muLtiple soun.ces.

13. a. Ma-ndate that all bidde-xs f o x  system-development p ’wg ’uzms
p exfo n-m l i f e  cycle cost us. ‘iis k studies in the-in. p ’wpo sols, based on the 

-

expected deployment and s p axe quan-tilies oven. the. expected Life  of  the
system. Considen. LSI , hg bn--id , and p~’rinted cL’tcuit MSI implementations •

b. Pn-ocuxe all devices exp ected -to be xequixed with one
on-den-. Stoxe unused wa f en.s a-I vaxious locations to avoid the n-equLn-ement
fox  a second -soun.c_e.

c_ . Have rniLitan.y pxo du.ctiovt capab ility in selected (indu~-
txy standaxd ) technologies , insist that contxacto-’rs ’ desig n development
mask tap es be compatible with MI L-p n - oc_ es s. VeLiveii c_hips GFE.

d.  Co nsiden. s eimi- cu~tom app xoaches b ef o it e a-LI custom:

- ( 1 )  Gate aiz~ays /mastex sLice

( 2 )  Pxogn.ammable fun ctions ( micn.opx.oce.sson.s,
PLAs , PROMs , etc.)

14. in ans we-’ii ng the question asked , seven-al assumptions h.ave
be.en made which axe bas ed op t p niun c_onvexsations with NM/AIR and othen-
Goven.nyne,nt agency p ens onne.l , a-nd a knoaledge of  the-in pxocu/tement cycles.
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NAC TR-2221
Queqtlun Cl How Should the Nasa l Air Sys tees
C~~~and (PIAVAle) facil i tate the use of advapred
teciwioloqy •Icr oc i rcuit s . while insuring
adequate uupport of lo g iut i cs and po tential
mob ilI zation needs , and protecting its.lf
against uuppll nr catastrophe ?

a. The basic pxoblem is the low volume o f  pa nts xequixed ,
n-anging f -&om a- few handn.eds to a, few tens o f  thousand ~. This pxoblem is
compounde d by -the xetativety long p eniod o f  time dwth-tg which -the pa nts
must be available. I f  m.iLLion~ of  pa nts we-xe -n-eqwined , the-ne would be no
pxoblem in obtaining the devices needed.

b. The envino vzmental xequLn-ements which the p ants must
me.et axe sevexe and the xeLiab-LUttj  andex these. a-dven-s e conditions must
be iien.y high. The-xe fo x e, the c_o~t o f  quaLity contxol and testing is a
substantial pa nt o f  the device co t.

c. I n many cases the 151 is pant of  a complex equipment.
As a xesult, the. co-s t of  the 151 chip is not a sign ificant pa nt of  the
total equip ment cost , -so -the pni ce o f  the chip is a- rninox considej taLion.
Th~Ls is the opposite o f  ma-ny commenc.ioi situations .

The best a-nswen. to the question seems to be the use o f
designs owned by NA VAIR, including design xulo.s , mas k tooling , a-nd px.oce-ss
deloJl . This app —wa-c_ h may be accomp lished -‘tea-dAly by using the Standan. d
Cell a-pp ~wach developed by NSA and NASA, which tendô to maize -the ma-na-
fa ctwzing pxocess independent of  the s uppliex. The automated desig n
px.ocedwtes inhen.ent in the appxoach fa c.LVtate the a-s e of  advanced tech-
nology and c_inc_wit techniques .

I S .  Fox muLtiple x.easons , a. custom 1ST ciiz.cuLt embodying a
Limited technology should be. allowed onl y when eithen. technical on- econ-
ornic xe-a-sons j u s t i fy  -L~ts use.. The technical covtotka.-in-ts would include.
size, weight, p owen., etc . Wh e-ne the above considena-tions axe not j u s t i f i -
able , the use o f  -standax.d widely accepted LSI and MS T devices should be
used.
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MAC TR-2221
Question Cl Ho. should the Naval Air ~yst s
Coenuand (NAVA IP) f ecl l i tate the us. of adva nced
tec hno logy microc ircuits, while insuring
adequate support of log istic u and potential
reibill,u t io n needs , and protecting itself
aa.Inst supplier catastrop he?

Fox appU ca-tions xequining the use. of  custom L.S1 devices,
gene-nat gwideLines fox  use should include pxoje cte.d usa-ge , multiple
5 oWtc_eA, total quantity buys , a-nd so fo nt k.

An iinpo -’utant con~ide-nation is the px esen-t and pxojected
commexcial appLicat ion o f  the item, since this axena c_ons-t-Ltwtes the most
sign ificant fa -cto -’t in the L if e  of  electn.onic_ pant s.

16. NAVA 1R should specify complex integxated cin-c_uito at the
fun ctiona l level and should -ta.ndan.dize fo nin, f it, a-nd f unct ion he-ne. A
xeplacetnent pant ca-n then be -int ’wdaced that obsoletes the old p ant with-
out impacting the using equipment .

NAVA ’I R should consideit the. possible use of commencial - -typ e
1.51 and ways to utiLize it within -the ~niLLtaxy envi.n.ovmient. The desig n
of  c_ixcuit ’ty in using equipments -that accepts the cons t~wints o f  coninen.cial
LSI would , oven. -the long haul, pay hig h dividends .

17. NAVAI R should encou/tage equipment manufac taxexs to use QPL
and c_orivien.cAa-l p ants whexe possible. An up-to -date p xefenn.e d pants List
othe- ’t than O~PL Listings should be made available -to OEMs duning the desig n
phas e. NAVA IR might considen. developing aLlen-nate soanc_es f o x  LSI pxo-
ducts which a-ne not othenwis e available fx om moxe than one sou,xc_e.

1.51 technologies which. axe, used ~hculd be pxove.n p’wc_esse.s
that axe n-epxoducible fxom moxe -tha n one s einiconducton- sapplien..
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MAC TR-2221

Question Hi: How should the Naval A ir Sys t~~
Couvend (NAVAIN ) facilitate the use of advanced
technology mlcroc i rcuits , while insuring

adequate support of logistics and potential
.obilIzat Ion needs, and protecting itiel f
agaivst supp lier Catastrophe?

18. a. Speci fy  custom L.S l pants -‘tept.acement on the basis of
fun ctional equivalence as the best p ’wtection against the poss ibility o f
f utuxe pa nts una-vailabiUty and technology obsolescence. Fun c~tiona2
equivalence is def in ed as a n-epZace.ment pant having identical electn-ic_al
and Logic chan-ac_ten-is-tic~ as the oiriginol p ant, and having the same
extexnal packaging c_ onfig uxa~tion (e.g. ,  24-pin VIP )  and identical pin
assignments . The acceptance o f  fwtct -Lonc~Uy equivalent pant s will ob-
viate -the need to doc_ument the pxo ce-s-s by which the oniginal pants we-ne
made and to xe-establish an identical Line afteit a Laps ed time. of  pe nha-ps
ten yeaxo , dwring which p xocess mateniats (xe-sists , solvents, etc .)  and
equipment ( fun -na-c_ es, etc_hens, testen.s ) may all have chang ed.

b. Chang e p n-ocwte-inent po licies f o x  xeplac_ement pan ts o f
custom 1._S i fxo m y eaxl y pa n-chases to multi-yea-n- ox Lifetime p noc_wtement .
in the ca-s e of  custom 1._SI , annua l xe-p lacement needs may be on the on-den
of so to 100 units which may -‘tepn-es ent a- f ew wafe -’ts f ox the ye-an. To
xe-estabLish a Line each ye-ax to pnodace these few waf e,ts is not cost
ef fec t ive .

I-loweven, a study may be neccssa-n-y -to detvtmine the
ef f e c t  o f  she lf  L i f e .  on micn-oetect.’to p i.ic c,ijtcuits. LA_tUe Long-tenrn
(i.e., 10 ye-an.) aging data a-xe available to supp ont the pxem-L.sc. tiutt
lifetime pxocunement of xep tac_ement pa n-Is is feasible.

To minimize the cost o f  invento ’uj-Lng p ants oven, exten-
ded pexiods of  time, it may be advisable -to stoke the, 1.-SI chip -s in w af e n
f onin p~’tion- to dicing and packaging . Koweven, ston.ag e o f  chips on -tape
chip ca-v~iens of  f ens sorn c dis tinct advantages oven wa-fe-n. fonm stoxage.
FAJ tst, each chip can be extensively tested and only the. good wtLt~
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MAC TR-2221
Question Cl: How should the Naval Air Systonu
C~~~avd (NAV A IR) fac ll it. te the use Of adva nced
technology n~itrocirt u1t ~, while insuring

adequat. support of logistics m d  pote ntial

mobili zation needs, and protectin g it self
aga inst supplie r catastropise ?

n-e.ta-—1.ned. Se.c_ond, the indiviLdwil chips can be stn-essed (i .e . ,  tempen atun.e
cycled) and concwtxen-tly tested to detect weaknesses. Thin,d , the tape
chip cannie-’is can rnon-e easily be shel f -tested p en-iod-Lc_ally. Foun-th, the
tape chip caxniex ston._age save-S the cost of  packag es a-nd packaging while
n-etain~ing the advantag e o f  automated bondi tg .

c. Since custom LSI is a- non-standan-d pant , it is gene-n.ally
xequA_ ’ted to u,ndengo quaLificatio n testing. Ra—then. -than q u a l i f y  each 1ST
pant, it mat,’ be f eosibL ’. to qual ify a f abx-ication p n-oc_ess and a-n associated
set o f  des ig n -‘wl es such that any custom 1_ SI using this pn-ocess and a-dhen.-
ing -to these design n-al es would become qual ified . This concept could be
extended to include “s -tandaxd cell lib ’uvie~ ” whos e use would no.1 n-equine
hequaLi fi cot ion.

d. Ma ke pxovisions in developmental con.tn.a-cts to p n-ovide
special incentives f o x  the use o f  custom 1_SI whene the advantag es of  doing
so will clean-l~ benefit  the system in ten,ms o f  pe n- f onmai-z c_ e, cos t, size, ox
n.e-liability even i f  the benefits would not be n-eceived until subs equent
ph ases o f  the pxog ’La.tn (i .e . ,  pxod action ox deployment) .

At p n-esent, thexe does exist an added cost and nisk in
the use o f  custom LST pa n-to dun-ing eanly phas es o f  system development when.e
the system xequinements may not be finm and/ ox the L.S I design may not be
venif ied . Linde-it thes e ciLn.cwms~tances , cus tom LSI wilt no-I be used if  the-ne
is a choice in imp e-menta.tion. The incentive to use 1._SI in the system to
cap tune its benef its might be in -the fo ’u~ of  additional xeirnbuxsement f o x
non-he-c_uniting cost and additional time- in the development schedule.
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MAC TR-2221

Questi on #1: How should the Nave l Air Syst~~
C~~~ond )NAVAII ) fac i l itat, the use of advanc,d
technology microc i rcuit,, while insuri ng
adequate slqport of logistic s and potential
rcC ili, at io n ned n, and protecting itself
aga inst sup plier ca tastrophe?

e. Covisiden obtaining agn-eeanent among the ma-jo n. mitA_ t a/ty
supp t-Len.s of  custom 1_SI pa n-Is to the fo’u~ and substance of  a cia-ta base
fox fabn_ica_ t-ion a-nd testing o f  the p ants uc_h that p ’toc_ux ed c_us-tom 1._S I
pa n-Is can be tkan-spo ntable without -tu e cost and dela y f having to -tetoo-l
the mask ox n-e-wnLte testing p lwgxa ins .

In many cas es the 1._S I ~technology -is ven.satite a-nd of_Lows
us -to p novide. ex,titemely dense f unc_-tion.s a-I Low co-s t a-nd mall size.
The-n.e f ox e, we can use the inc_n-eas ed f unctional content o f  the chip to
p eitf oxm built-in test , ‘tedundan-t spa iting o f  funct ions , o~ othen. f ea.tuxes
which enhance system ef f ec t i venes s and availability.

Recent pxoje ctions at even-al confenei-tces show a 30: 1
inenea-s e in the total nwnben. o f  IC f unctions p n-odace d pe n. yea.x by the
seiniconductox industay between now and 1985 (fxom 3 x IO 12 -to i0~~).

This dizamatic_ inc_n-eas e wiLl be the n-esaL-t o f  many new p n-oduct a-ppLica-
tion using highly complex LSI chip-ó such as a.wtomobile and home elec-
t.’wnic~ which will be supplied ~i: qua ntities so lang e that they will
dwan.f the p n-evA~ous high quan.tities s uppLied to applications such as the
main fnam e comput e~t companies. it is impo ntant f o x  a-s to g~ww ui.th -this
technology in oux a-bility -to a-se its ‘tap idty inc_n-easing funct ional content
and nap -idly decxea-sing c_os-I p en fun ction. The p xojected benefit of  this
technology oven- the pvtiod to 1985 wiLl be a- 5: 1 cost pelt fww.t.-ion decii~aoe ,
02 Least a 10: 1 inc_xe-a-s e. in fun ction pe n. chip, and n-esuLting benefits of
n-educed volume., inc_n-eased xeli.ability, and n-educed powen-.

Fon- -the mil.Lt.aity to keep pace with -this n-a-p-id evo&tt-Lon
and to ga in the benefits o f  this 1_ SI technology, we mu~s-t ( I l  xeduce the
n.-Lstz o f  1._Si conr -Ltment -to majo-r. p ’tognams, a-nd ( 2 )  n-educe the co~t and
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MAC TR-2221
Question 01 i~~ should the Isav i air Sys t~~
Couseand (NAVA IR ) facilit a t, the use of •dva xid
techno logy •icr oc l rcai ts , ehi)e insuring
adeq ua te support of logistic s and pot.sstial
neb ili :ut $oa i needs , and protecting itt .lf
against supp lier Catutroplie ?

schedule of  the 1._Si c_hip development. With n-ega-xd to the -tis tz , we need
to sustain cit-edible sow’ices in business . At pn -esent, the.n,e a-ne companies
cleanly intexested in miti.tanq 1._S i business , but these a-he La.-’tg ely captive
TC divisions o f  ma-jo n- VoV systems manufac tun.exs . They axe -then-ef on-e in
the business to sus tain the p itodt&ct developments necessan.y f o x  the-in sys-
tems activities. This is impon-tant and does pxovide a cit-edible sou ’tc.e,
ba-I leads to the basic pn -op itietaxy na-taxe o f  the technologies -that these
houses pxov-ide. The-ne would have to be a p n-ofi tab le business potent ial
with much Lait-gen usa-g e o f  miUtaxy 1._SI to pxomote inten-est outside of
these captive suppLiexs .

Going back to the p ’wj ecLion o f  a 30 :7 Lncxe-a.se -in the
to-tat annual pxod action of  I C fun ctions pe n- yeax by 1985 , it is impon.ta.nt
to xea-Lize as welt that on single chips , device complexities of  oven-
100 ,000 tj uznsiston-s will be pxodu c_ed at that time. Koweven, the n.e.c_en-I
f la ttening o f  IC complexity as measuxed in gates pen. chip in ntititaxy
systems is an indication that we axe not keeping pa -ce with -that dwmatic
giwwth potential. Coupling -that uzi.th the n-eaLiza.-tion that thene is no new
sttznda-n.d logic family of  LSI com pl exity devices foxes  een in the fu.tuxe, it
is then of c_once-n-n whethen the-ne will be a long-tenm device technology on
which VoV systems ca-n count. We have in the pa -st n.e-Lied heavily on the
st~zndait4 S_ Sl I M _ SI fa mil.ies of  TTL , STTL, ECL , and CMOS, but can no La nge-n.
p noj e.ct any mo’te than a slow evolution of  new functions being added -to
those fa milies . Othen than the ba-sic m~cc_it-opn-oc_esson.s, the-in suppon-t cm-
cwit~, and s emiconduo_Lon- me-monies , the-n.e is no-I evolving a complete fa mily
of  1.SI complexity devices tha;t tnaly sen-vice the needs o f  high pe n fo/inwtce
senso/t - p ’tocessing m-LUta.xy equ4!llent.
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NAC TR—222 1
Question Il ~ foe, should the N.oal uir Sytteus
Consoand (Uv*te) facilitate the use of advanced
technology micro c i rc uit s , w hili insuring
adequate support of logistics and potent ial
nebll i nat lon needs , and protecting i tself
against s upplier catast roph e ?

With n.e-ga-nd to the raicitop -&ocesson.s a-s a solution to this
need f o x  custom miJJ tany cin.cuLt-s , one must n-eaLize that althoug h the
mic-’to p iwc_essons pxovide low-cost standon.d fun ctions , they xequiJt e custom
pn.og xamining which is genvuzlty as costly as the custom 1.SI chip develop-
me-nt , and theij r- pen foitma-nce in the end is gene-it-ally an o ’tden- o f  magnitude
below that o f  custom f unctions xeaLized owl of  the same c_in-cu-it techno-
logy . Fu 4the-’tmon-e , the basic micn.op xo c_ esson - c_hip f amLlies in high-speed
compute-ks compt4se. geneiut-lly only 15% -to 20 % of  the total I C count in the
compute-n. F on. example, a 1553 s ex-ial data bus inten face will , in gene-it-at,
n-equine mon-e integ-’ut-ted cixcwit chips -tha n an en-ti~’te miexocomputen buil-t
with high technology 1_SI devices . The-Aefoxe, the miciwp iwce-~ss o-’ts wilt
find many appLications in mitLtany syst ems , ba-I will also be xest ’ric~ted
fx o m many o f  the high data -‘tat e xequixements , a-nd even whexe they axe
e f f e c tiv e l y  used , wilt compiti-s e only a sntz-tl pa ltt of  the- to tal I C pant s
count needed to make a complete system. Thenef on-e, it has gene-’coi_ty been
accepted that some means of  custom 1._Si will be veny impontan t to also
n-educing the pa xts count and pow e~t of  the ct/zen .supponi cincu.ito that axe
unique to the sys-tems and a-n.e nec_essany a-’tound the micn-op~wcessoxs whene
they a-ne us ed .

We muSt attack the p n-oblem o f  the inhenej vt ‘tis k~.s imposed
upo n pn.ogxa.ms in 1._SI chip development thito ug h the unp n-edi~ta.bLe -schedule
and cost of  the design a-nd f a-bn.ication of  f 1~n-st devices. The-ne have been
many con-tkacts in the axe-as o f  LSI -technology, ba-I f ew have gone the f u l l
distance of bwild~ing s uf f i c i e n t  devices to chan-actenize the-in xe2i.a.biJJ ~ty
and to Lean-n moxe a-boat the efficient design of  subs equent f unctions in
-that technology. Too of -ten we have- -stopped with a single de-mon t ’ca.tion
ye-hide of  a p axticulivt- high-techno logy a,ppxoach. I t  would be mon-e .i.mpo n.-
tan -I to have chaitaciznized a thousand devices with n.eJ_iabil.Lty hA.o-ton.y
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NAC TR-2221
Question #1 Hos. sho u ld the Naval Air Sys tueo
Consnand (NAVAI R) faci l i tate th. use of advanc •d

technology •icroc ircu its, while insuring
adequate support of logistics and pot.øtili

m ob ili zation needs . m d  protecting i tself

against supp lier catastrophe?

a-nd with low e-vwx a-tes tha-n to have squeezed out one mon-e nanosecond
pen f on.mance. Much of  this rna -y hing e on new utilization o f  computen--aided
design a-ppxoa-ches and the develo pment of  s uch appxoaches as c_eli Lib-’tanies
and c_ on figu n.a ble gate o..vt-ays . in these cas es , only the uLt ’uz-hig h pen-
fo’trnance ox spec-ial devices axe developed with f ull hand-c_na f ted design
engineening , and the n-ernaining functions employ Wtgely a compute-it--aided
design a-pp noa -c_h bas ed upon alneady known cincuitxy.

The basic pxocan,ement of milLtaxy systems is stilt sac_h
that the - ‘tisk o f  LSI utiLization is ampl i fi ed  due to the extxeine attention
dwting the development cycle o f  cost-competitive p n-ocunement, foL lowed by
a napid schedul e-sensitive -tn,ans ition to p n-oduction. The-n.e fox e, duning
the compe.t-i-tive development p exiod, a con.tn.acton- is ill-advis ed to invest
his own money, not yc t  knowing who will be -the- -successful  pxoduction
soaxc_e , in a technology which yet pxo vides added -‘tis k to even being able
to demonstnate the system concepts that he is p xopos ing. This is followed
then by the n.ap id txa-nsition to p n-oduction , when.e-in a- cont ’uwton- is not
highly motivated to go back a-nd make chang es to the system wk-kh wilt only
fw then delay its en-tn.y into pxod.uct-ion. Pn.o f i t  incentives he-n.e to uti-
lize- technologies s uch as LSI to xeduce pxoduction costo on- to impxove

n.e-Liability a -f - ten  a contn.acton- is selected f o x  pxoduc_tion would be one
alt enna-tive; the-ne axe pxo ba-bIg othen~ .

The basic manke-t fon -  mititan-y L_SI needs a- shot in the a-n.m.
I f  it wene viewed as a p xofitab te business outside of  the basic systems
conthactons, then the-n.e would be c_ us-tom LSI capabi lities developed a-nd
second sow ’t-ces in the- indas t’uj . S-inc_c it may n-equine too tan-g e o f  a step
f unction inc_it- eas e in the- total LS1 business level in miLi~tan.y systems to

-‘teach that as a- goal , we- may ins tead at f ins -I consi4en- means of  be.tten.
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NAC TR-2221

Question II How ~hoald t ile Naval A l, Syst ees
Cmo.and (NAVA le ) facilitate t ile ate of advanced
technology u,icroc ircuits , while insuring
adequate support of logistics and potential

mobili zat ion needs , and protecting itself
apaivs t su pplier catastrophe?

using the- IC fab -’tica_t-io n capab iliti es in most o f  the ma-jon- sys tem c_on-t’cac-
to ’ts . In these cas es , VoV funding to spo nson. common CAP design app -’toa-ches
involving ce-LI lib ’canies and gate ax ’tays , etc.,  would enhance the sounc_ing
of  key LSI devices in futw te systems and n.e-Lie-ye oun- nnjon - dependence on
low level SS1/ MS 1 lCs . Panaf l el p n-og ’zams to f ab ’t-icate n.easonabte qua nti-
ties of devices having ma-jon- PoP -intenest would be a connect step in the
night d-ixection. Fon. example, c_ont ’uicts to fa -bit-icate specific ven.y high
pen fo nmance signal p n.ocessLng components on- special raiti ta.ny in-ten- face
cincuits would xe-suit in key technologies in -the systems con-tn.ac-ton.s becom-
ing belIe-n. known -to pxog-’tam mana ge-no -tiin-o ugh extensive device xe-Liability
testing. Specifically, it could be- xecommende,d that million doliax-plus
con-tn-acts be Let -to p-’t-ove -the device- n.e-Liability o f  -technologies at as
many as a- half-dozen -s ystems contxacton.s , with some n-equmn.e-men~t then that
rrakes these device technologies available fox outoide sale. The avail-
a-bility of  these technologies fox owt ide sale. will, in centa-in cases ,
be of concen.it because of the competitive natuxe betoeen the companies.
Koweven-, in many cases, including owt own, thexe have been sales aLaeady
dinectey to othen systems contxacto’ts involving owt- most advanced L.SI
f o ~~~.

Finally, with xegan d to the specific questions in -the- NAC
letten, thene is a centain suggestion tha-t LSI imp lies an £ncn-e,a.oed e~p o-
swte to sapp -Uen c_a taslnophe on. device- technologies becoming obsolete
dcming the ope ’v.a_tional L ife  of  avionics equipment. I would sugges t that
pen/zaps oven the long-ten-rn Life of many systems having suppo nt n-equine-menlo
of  10 -to 15 ye-an-s a-nd rnon-e, that LSI may no-I be any mon.e unpxocun-abte oven
that L i f e  than what we cun-ivently know as the st.andan-4 vendon- SSI/MS I p a-n-Is .
The- n-e-a.son-ing hene is -that the ma-jon. gn.owth pxojected in the IC technology
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NAC TR-2221
Question Cl Ho.. should tile Naval Air Sys to.ns
Colleand )NA VAie) facili t ate the use v f adv anced
technology •icr ocirt u it s . whi le insuring
adeq uate support of logistics end pote ntial
mo bil i zation needs , end protectin g itself
agAinst suppl ier cata ltr op ise ?

is in custom on- dedicated LSZ and not in the standa,nd & S I / M S I fam ilies
such as TTL. Then-eby, most new pxoducts including LSI will be using some
fo-’un of dedicated on. custom LS1; at least they will be using cus tom pn.o-
g- ’tains s-ton-ed -in ROM5 ox PROMo to contn-ol the standan.d m-icnopn-ocesson-
devices , and in many cas es they will be using custom cincui-ts uniquely
designed f o x  special xequinemen-ts .

The p twj ections how -the majonity o f  total IC pn-oduct
complexity to be met in -th e f utune with uch dedicated on. custom pa nts
(exclusive, o f  coon-s e, o f  the standa,n-d RAMs and R O M s) .  Since we a-’Le not
i d e n t i f ying a new family o f  stand axd high- level f unc tions we thvteb y see
the choice of n.e-lying on custom on- pn -ogxammable c-in.cuit~, ox o f  continu-
ing to fa ll  ba-cia on -the standand families such as TTL which axe cIte-a-dy
ten yea-n-s old. To do the -eat~ten may be a nis k in the. abiLity to pn.ocwte
such devices oven the next 15 yea -n-s.

The s titongest xeconinenda_tion to add some pxo-tect-ion to
out ability to n-e-pn-ocwte devices is p n-obably to base out LST m-ititaxy
te-chnolog-Le-s on a common CAP design appxoa ch which will necesswrJly tend
to xesult in imi cvt- to identical f wtctiot-t-s being n.edeveloped in the new
technolog ies and pn -oce-sses that evolve oven. the y eaxs , that in itself
pn.ovides a usable design docwne.n-ta-tion f o x  n-epxo cun.ement.

An examination of  what the- s e-miconducton. indus-t ’uj and
a-en-os pace s einiconducto n. houses a-n.e doing that may be- applicable to the
mLUtan.y- tgp e applica tions of  tow to modenate uolu,me with a- shont design
cycle time a-nd low non-n.e-cunning cost indicat es a p ’wt i fena .tion o f  ga te
aivtays. Po tential s upplien-s a-n-c going in d i f  fen - ent dinections with -‘te-
gan.d -to -technology a-nd ga te ann-ag con f ig una tions . Fox example , gate-
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NAC TR -2221
Question #1 HO.. should the Nav al A ir Sys t~~
C~~ ieisd (ONVAIN ) faci l i tate the use of adv anced
technology •ics’oc i rcait s, while insuring
adequate support of logistics end pot ential
mobi l i cation needS , and protecting itself
against supplier catastrophe ?

a-v~,ays have, been anno unced using 12 L , bulk CMOS , SOS CMOS, NMOS, ST2 L, and
ECL technologies; -in addition, the vaniows gate an-nays have a d i f fenen t
numben. of  gates ( 1 1 2 , 168, 262 , 640 , 800 , etc. ) as welt as d i f f enen t  de-
sign -n-vIes (fan out, speed , load cunnents) . Seven-al of  the. gate ann-ag
technologies utilize pxocesses which axe too new -to have been stabilized,
and modifi ca tions can be an ticipated.

Selection o f  an appn-oach using a mcttwte pn -ocess and stan-
dand 540 0 Schottizy T2 L cells a-pp ea ’rs to be a- good stan_ting po int on.
sp iringboa nd f ~tom which PoP could f on-mutate and s-teen the- dine-c2tion of
LSICs fox nean.-te’un ( a-nd possible long-ten-rn ) mit-i-ta-n.y appl_ica_tions .
Wi thout the Lea-den-ship on. th) tection of  a -thind pa nty, as PoP, indLLOtiuJ
wilt continue in a multitude of  d if  fe-n.e-nt din.ect-ion~.

Why ~eleci the standcvtd cell/cell ann-ag technology? Key
xe-aoons a-xe that LST 2 L is a ma-tune p -’wceos and -LI is a- technology that
of  fe -n -s the- high speed n-equixement needed in a ma-jon - numben of  m-iLi_ta~’ty
systems, a-s pointed out in the. xepon-t “Lan-ge Scale Integ-’wted C-i-n-e.uLt~
fox  Militan-y Applications , ” IVA Pa -pen P- 1244 , by Glenn ( U. P n-eston. A
velty us eful  set o f  SSI a-nd MSI cells have be-en defined f o x  u-s e in PCB
applications. Fox LSI C a-pp tica-tions , the- emulating of  selected SSI/MS I
f wictions with specif ic electn_icat a-nd logic cluvtactexist2ic would allow
PoP -to s p e c i f y  common cha-’tacten-istics so tha t in-ten-changing of  ce-U types
be-toeen di 1ç fe -n.e-nt semicondacton- establishments would be p nacticat. In
ef f e c t , Pal) would ox could be- the custodian of the ce-U Libn-an-y. Cu-s-tom
LSIC would have common fa-c,.tons , as the ce-LI dimens ion , geome_Ixy of
devices (t ’za-nsi.ston.s , xesis~Io2ts, a-nd d iodes) ,  location of  I / O  j~xzds , and
specified eleo tn-ical chan-acte,t-istics with compatible design guideline-
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NAG TR-2221

Question Cl: Ho.. Sho uld the Naval Air Systees
Comoand liss oMe) faci l i t a te the use of advanc.d
technology CicroC ircuits, while insuring
adequate suppor t of logistics and potential
mobil izatio s, needs , and protecting it self
.o a iv st s u pplier catastr op ise ?

xules. The specif ic inten-connect and logic fww_ tion could be maintained
p ’wp nieta-n-y -to a company i f  so desined. PoP could coon-dinate the- supp lying
of  digital data on. lOX xe-tid e masks to d i f f e n e n t  s erniconducton. houses ,
the-n.e-by enabling them to pn.oduce cus tom LS1C cell a-n-nays.

19. Wafen - stontzge is the obvious solution.

20. Cwv~ent on-go ing majox rnili_ta-xy p ’wgxams shoul d be n.e-viewed
to deten-m-ine what comme-n-c-iol -types o f  advanced LSI technology a-n.e being
used . As an example, a composite m-icxocltcuit usage List ha.s been devel-
oped on -the F - I S  Wavy pxo gn,a.m as a n.esuit o f  inputs pn.ovided by ma-jon. F - I S
Avionic-s Pants Contaot Boa-n-cl membens . This List, thoug h not fina lized,
n.epn.esents a- ma-jon- pon tion o f  the types of  LSI being emp loyed. Sased on
this list , p lus s im-i&vt Us-Is on othex ma-jon - pxo 9n-a~m-s , the. mi_ti-tang would
be in an excellent pos ition to s elect thos e devices which should xeceive
majon - atten-tion f o x  documenta_tion unden. M 1L - M - 3 8 5 l 0 .  I n this ~~y, stan-
dan-d~ would exist on which indus -tn.y could bid , thexeby opening up the
doon-, thn-oug h competition, f o x  multi-soun.ced devices . #~t the same time-
a- common nwnben would be estabLished whexeby mi_ti-ta-n.y contn-actoxs could
p kocune the- device. I n  this way the objec-tives of  the Wavy concexns n.e
commonaLity a-nd mul_ti-sou,.-’w_ing would best be sa-tis fied .
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NAC TR-2221

B. guestion #2: How should NAVAIR protect itsel f from the
ever -increasing problem of devices /technologies that become obsolete
(unprocurable) during the operational l ife of avionics equipmen t?

Highl i ghts:

Follow i ng are the predomi nant suggest ions mentioned by the
respondents :

Make life-of-type buys of parts .

Emphasize functional specifications at
the module or assembly l evel .

Restrict the use of technologies to those
in the mainstream , whe re a num ber of
companies are commi tted to the technology
for both military and long product cycle
commercial applications .

• Establish multiple sources .

Other suggestions included:

• Use of LSI devices which have a fir m
vendor marketing plan for upward compatible
prod uct development .

Use of bonded wafe r storage.

• Commun ication of LSI needs between
Government equipm ent suppliers and OEMS .
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Questio n 12: How should NSYM C protect itself
from the ever -increa sing probl.. of devic,s /
techooloqies tha t become obsol ete ( unprocurable)
during the ope rat ion a l life of av io nics

• .qui~~~nt2

• Obtaining of design disclosed info r-
mation by the Government on LSI so that
another reputable manufacturi ng source
can produce the produ ct i-f needed.

Development of a viabl e LSI
standardization program.

Industry Repl i es:

I .  Pn-o-tection against devices/ ~technologies that become obsolete
dcm_ing the open-at-ionaZ l i f e  o f  avionics equip ment can be oven-come thno ugh
a- mon.e cons cious ef  f o n t  to communicate between suppli ens , OEMs , and gou-
e-’tnrnent ag encies . Given gn.eo_ten vi_~ibJ .LLty o f  Logistics suppont, needs
identified to the pn.A_i-ne suppliex fo llowed with a-n annuol n-eview -to dc-ten-
mine both foxec as~t needs and s appL ien- ’s intentions to f u lf i L l  those needs
by sus taining pn.oduction would go a long way to p n.otec_t against unp lanned
obsolescence. Sisni-lan--ty, i f  a s upp liex intends going out of  business on
a p a-tticulan end A_tern, and i f  he had v-i~ibiUty o f  i-to demand to suppo nt
avionics equipment , pn.o pe n- notification could be a-f fon-ded to allow “life
of  type” buys -to occun n.outinely .

- . 2. a. By n-estticting the technologies designed into opena-
-tional equipment .

b. By maximizing modulcvzity of equipment des ig ns so that
the necessan-y -technology upg xa d_ing ca-n be n-est’r_icted to the a f f l i c t e d
s ubs ystems tALUs , me-monies, multiplexe-ns, etc.)

* * *
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NAC TR-2221
Questio n 02: HOS should NAVA IR protect its*lf
fuon, the .ver-iacreasing problem of devi ces /
techno logies tha t become obsolet e ( sasprocurab le)
du ring the oper ationa l life of ivi on ics
equI~~~nt?

3. This is a ma f o x  p -’toblem since the rn-i-litany would p itobably
use the same c1’i,cuits f o x  ten to ta enty yeans . The cincuit~ would cen-

~ta.in-ty be obsolete long bef on - e  the mi_titany stopped using them. Aga in,
the answeit to the-in pxoblem would be f o x  NAVAI R to have them own
p ’tocessing capab ility.

4. Concexning obsolescence. dwting the opvuz-tional Lif e  of
avionics equip ment , with incn.ease.d use. o f  modutair_ity a-nd multiplex
busing in systems , tJ-i e e f f e c t  o f  a changing technology can be accommo-
dated.

5. Whexe this pxotec-tion cannot be gwvutntee-d, the use o f  a-
muLt_i-sowtce leading edge technology will p n-ovide the best hedge. A
stF wng and coon-dinated standa_ ’tdization pxogxam within the m-L-l-itan-y would
go a- long way towoAd a- solution to this pxo blem.

6. Pxoject l i fet ime buy needs and enten. into Lif e- t ime- buy
agxe-e-ments with the devices stoclapiled at a- vendox ’s bonded ston-age- anea-
on- at M USC , C’uzne.

1-. t-kwy ef f o n t s  should be din-ected -to implementing those LS1
devices as standan.d~ which have a- fiiu n vendon. manketing p lan fox  up.u a~kd-
compatible- pn-oduc,t development, a-nd which ane intended -to fun ctionally
xe-place a-nd enhance- the p iwdact in pxese-nt use, a-I the device level. We
ane using the technique o f  selecting f unctional standando fox  vaxious
class es of  p n-ocessing p n-oblems. F an. example , we us e. the fQ !lowing rnicn.o-
pltocesson. classes: 8-bit , 16-b it , low-powen., and bit sLices . Basing
p&ecse-nt designs on the 8080 and then upg /tadi ng to the- Z 8O A on. 8085 A_s
a- typ ical example- o f  an up.oan.d-compatible technology.
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NAC TR-222 1
Que stion 02: How should NAVAIR protec t it s.lf
frrm the ever- i nc reasing proble m ,f devi c es/
t .chr .o loq ies tha t become obsolete (unprocurabl e)
du r t s g the operat iona l l i fe of avionics
eq uismeat?

An altennative -to the component level o f  standandizat ion
Ls to disn-egaxd the device implementation f o x  a-ny subassembly fun ct ion ,
and n-equine only subassembly level compatibility. It  is conceivable
oven the. l i f e  cycle o f  a p ’wduc~t that a suba sembly can evolve fx om 100
f latpact zs o f  discxe_te M SI logic -to one ox tioo LSI packages and sti-U
xe-main f unctiona Uy ide-ntical , and/ on- mon-C pow enfu l, while keeping iden-
tical ivttex faces  to the s q-stem in which it teside~s.  Spe cify ing p age
f unctional equivalence (and not component technology on- pn-oce~sses) is
by fan less expensive and xeqwixes les s technology fon-ecasting on the
miLitaAy’s pa nt , and theitef on - e less ‘usk.

8. The -ite-m discussed -in ()u~stion 1 apply, namely:

Li~c of type buys .
• Planned technology upgxadcs .
• MultLoowtcing .

As a f ina l point on this ques tion, we might add -that the
most unpno f~i_ table business fox a micnoci--’tcuLt s uppL iex -is to build a- few
hund~r ed ox even a f ew thousand pieces o f  a dev- ce- ox a technology n
which the- “Life of -type” buy wa-s completed -oeve ’uz! y eivts p niox. This
s ituation is almo -t I_ike “s tiv~ting fn. om -o cnatch .” Co ~ts .~dej i~Lng the fa cts
that (1) this is a fneq uent and costly occuitn-ence, and 1 2 )  that miciw-
c-ixcui-ts n-e-pn -esent a small p enc~n-tag e o f  an ovenaf l sys tem p) wcWLe-ment,
NA VAIR might wish to con iden- a signi fi cant “oven-buy” of micn-ocincuLts.

9. (,) e fee! the most cost ef f e c t i v e , -leas t nisk app ’wa-ch is
-to ~olve the p nobteiii at -th e- a~o embty Level th-’t oug h the use- o f  standaxd
avionic modul es (SAM ) f unc-tiunally speci f i ed to be. technologically
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NAC TR-2221
Qon otio c •2: How should NAVA jO protect its.lf
fr~ the ever -increasing proble. of d,vicu/
technologies that become obs olete (un procwr abll)
during the operstioasal Ii fw ~f avion ics
equilwmat?

t ’ta-,up c.xent. The use of  f a/un, fit, and function specifications of f en-s
the po tential to int&oduce competition and will enable the. incoxpo ’w.tion
of  up-to -date LSI device technology ( within the S A M)  via rnon-e cost-
competitive functional solutions to the SAM fu nction.

Quasi-standaxd a-nd custom LSI device pn -ocuxe-ment pn.oble-m6
can be oven-come thxough the use of  l i f e  cycle buys a-I a point when p iw-
cunabitity becomes a- potential pxo blei-n. The ~vwcune-men~t of  total p xojec-
ted needs in wa- f e_n. f on-rn is potentially a- veny cost e f f e c t i v e  olwtion.
Requi’ring estabLished dual sou’wing capab ility would also a -f f on d a-
ceiztain degn-e-e of pxotection.

The solution to contnenciix 1St device/technology obsoles-
cence Lies in the use o f  fo / un, f it , a-nd function specifications a-nd the
n-es uLting technology taans pa xency of  the desi.~gn.

Some pxogn-ess in the pnact ical side- o f  this p n-oble-m
(mechanical st ’uictuxe, powen supp lies, etc. ) is being made with the. SEN
a-ppxoach and the quasi-standand 5-volt supply which ca-n be used f ox  T2 L,
NMOS , CMOS , and 12 L. Thus , aLthough exact n.ep la.ce-mento may not be. avail-
able , fun ctional equivalents sho uld be available.

10. 1-1 would app ean. that the only pnactical way f o x  NAVAI R to
pn.otect itself f n - o m the obsolete devices/technologies p n-oblem is to mini-
mize the. e f f e c t  of such obsolescence. In some applications , the stocking
of  a- l ifetime of  s p an -es would be- the bes t a-nswen. in otiie-ns, in.teAcJ utnge-
ability at some modulan level would be the best a-nswen. in instanc es
whene custom devices have been designed using s.tandtvtd ce.U Lib-’zanie.s and
CAP pxognamo developed by the Govennment, a- compatible- p -’wce-s s capaL~iti.ty
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NAC TR-2221
Question $2 : How s ho,l d NAVAIR protec t i tself
from the ev er-inc reasing problem of deei ces/
technolo g ies that becoem ob solete ~onprocursble)
during the ope rotiona l l Ife of avio ni cs
eqoI~~~nt?

should be maintained. When industn.y would nonmaLty discontinue this p iw-
cess , the Go ven-nment could subsidize a nwnb en. of manufa-etak en-s (on a-
competitive bid basis ) to maintain such pxoc essing. If  indus-t ’uj was not
-intexested , the Govennment could use its own pn -ocess-~ng f aciJJlies -to
build sp an-es.

11 .  NAVAI R can pxotect its el f fn - om -the even-m en-easing pn -oblems
of  devices/-technologies that become obsolete dwr ing the ope~r.at-ing l if e  o f
avionics equipment by selecting technologies -that ane mainstn.eam techno-
logies and ane supponted b y ma -f ox s emiconducton- s upplie-’Ts cormnit.ted to
exploitation o f  these technolog ies in the indu titia-l and commexcial man--
lzetp lace. The success of  a s em-icondacton- s uppLien- in building a Lang e
commencial ca-ta-tog of pants and in stimulating a- hust o f  -s econd ~souxce
s uppliens will a sune longevity. in a success f u l  -technology, evolutionang
tnans -itions ocean which lengthen -the l if e  of  -the -technology. An exampl e
o f  e-volwtiono.n-y taansitions is -the s h i f t  in CM OS -technology fn - om metal
gate to silicon gate to sapphi ne substaa tes. This evo-lu-tionaxy pxogn-es-
sion -should be welcomed since it will entend the use of  the basic logic
technology f o x  f ive  -to -ten ye-an-s on- Longen, a-nd will not impact equip ment
desig ns as seven-ely as might a moxe basic technological s h i f t .

Avionics equipment desig ns sho uld be impl emented in bn.oad-
bas ed -technologies at the beg inning of  theA_n. pn.oduction cycle in the-
sem-iconducton- industay. Examples of technology -to be considened f o x
can-n-eat applications axe bulk- CMOS silicon gate, CMOS/ SOS , 12 L, and CCP;
as opposed -to considening RTL , VTL , T2 L, and othen incxe-as ingly-obs o-lete
-technolog ies which may stLU be -in p -’w duction at some vendoxs a-nd which
a-n.e used extensively in openationat m-L-Utaiuj systems designed a- decade
ago.
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NAC TR-2221
Questi on $2: How nhould NAV AjO protect itself
frtm the aver -increasing problem of dev ic.s /
techno logies tha t become obsolete (anprocs rable)
during the operationa l l i fe of ev io m icu
egui~~~et?

Vesigns should be evolved enco wutging system pa xtition on
a functional basis so that new technologies can be -intaoduced in a plug
compatible fo xr n at the module level. E xamples would be- ‘uindom access
memon-y modules which can evolve fxo m T2 L to NMOS technologies on a plug
compatible basis.

12. When-e highly pec-LaLized o-’t. pan --ticutivt y unusual cLn-cuit
functions axe n-equin-ed, additional volumes of pan-~ts should be pxocun-ed
and ston-ed f o x  fwtun-e use. This a-pp -’toa-ch asswtes the- least cos-t fon-
p ’wviding a ba ck-up n-es enve f o x  f utaxe needs due to the batch p ’wcessing
a-nd pxodu.ction techniques employed by the s e-miconducton- manufactwten.

13. a-. P-’wcess , pn -ocun-e, and ston-e all pa nts needed f o x  the-
Lif e  of  the equipment.

b. Buy fn.om vevidon-s who stitess up~uaxd compatibitity f o x
ach pxoduats at micn-op ’wcesso-’z-s a-nd rn eino4ies .

14. The- xe-a-son that devices become obsolete is simp ly that
they be-come unpn-ofi tab le to manuf a-ctwte. i f  the p-’wcesses and the- desig ns
belong ed to NAVA I R , the pxocun-ement would always be poss ible, although
p e/thap s expen sive. An aLlen-native- would be- to p n-ocaxe all devices at once
and stoatzp iLe- them. When the stockp ile- nan out , a- xe-design would become
ne.cessan-y. Howe.ven-, NAt’AIR would be able to pu n-cJu~s e- £n.LtLa.Uy A.n quan-
-ti-ties Lan-g e enoug h to att~act sappU ens , which would n-es ut-I in attkac!.tive
pi’ices.

A second aLlen-native would be- to use- a technology which
is Less Likely to become ob otete . One- example. -is CMOS/SOS , which is no-I
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NAC TR-2221
Question $2: How sh o uld NAVA IC protec t Its elf
from the ever-Increasi ng problem of divi cet/
tethnoiogieo that become obsolete (unprocurable)
during th e ope rationa l life of avionics
.qui~~~nt?

pxesently used to any extent conine_ni.~-iaLly, but is sappon-ted by a gxcot
many system houses f o x  inten-na! use. White SOS chips a-xe vexy expensive
by coninen.cial s-tandaxds, they a-xe not a-n impo ’ctant pant of  the cost of
the sys -tems -in which they axe used. The existence o f  a n.ela.tively La-n-ge
vtumbex o f  fi n-ms which have comtni-tted this technology to miLitaxy a-nd corn-
men-cia! systems that ca-n be expected -to have Long l i f e  sp ans p nacticaLty
assaxes that the technology will be availab le f o x  a- n-ea-sonab le length of
time.

The pxo f i t  is not in the chip-s. but in the systems which
use ~them. The-xe fon - e, the-xe -is much less incentive to abando n the ~tech-
no-logy f o x  anothen. which would xequ.i ’~e a- y e-Ày expensive system n.edesign.

15. Fon - custom LSi ci’tcui—t’r.y, Limited avenues exist f o x  insux-
ing long-tvtm availability of  pa nts. initially, development o f  multiple
sowtccs capable o f  satisf ying the device function should be established.
Won-molly -this will n.equixe some ass wta~nce on the manu f a-clan-en- ’ s behal f
that these fun ctions may uLtimately be e f fec t ive  in -the cort~nencial maAizet.
A special pxotect-ion could also include desig n discloswte documentation
o f  s u f f i c i en t  detail -to insane tha-y any n-epatable company could p ’wduce

~the device even af t e n  the- onigina! company has los t inten-es-t due to
economic considen-ations.

StockpiLing -to coven. the total p xojected usa-g e- o f  the
devices is a-n expected appn.oach but s uf f e x s  f x om the- aging e f f e c t s  of
stan-ed devices , the stonag e costs , investment do laxs , inventon-y taxes ,
a-nd the- va-ganies o f  pxed iations xega.n-ding needs.
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NAC TR-2221
Que-st lom fl: I~~ simw~d ~~QNiR protect its elf
frun the ever-I ,scre.oimg prob lem of d~v lces/
tarls no lo9ies that bec~~ obsol ete (eusprocurshi .)
during the operationa l life ,f avionics
egui~~~sut ?

16. WA VA1R should issue- a- w ’r itten document covening 4-tandaAd
LSI modules, one pxovision of  which could be a n-equixement f o x  no-tif ico.-
lion rmion- to ceasing p xoduction on a given module. NAVA ZR could thus
stockpile- a-de-quate- xe-pLacement modules to Last -the -~ifeti.one- o f  using
equipments.

17. P ants which axe incoxpoxated into new desig ns should be
manufactun-ed with LSI pxocess es which axe- nv.twte- and will not be- ob o-
leted soon. These. pxocesses should be rma nafact u.n-e-d by moxe -than one
s emiconducton. supplien. in the event that a p n-oduct i-s -to be obsoleted,
detailed design and pt ocess data ca-n be obtained and n.e-tam ed in bonded
sto n-age-.

18. No comment.

19. Wa -fen ston-age is the obvious olution.

20. The question imp Ues tha.t this oceans on a fn -equ.en.t ba is.
The-n-e axe r iuny f a ctoxs involved in the- selection of  p ants, and it is vexy
di f f -icult to isolate- any single- item as the cause fox  s election of  vexy
specia lized p an-to. To minim ize -the niok of  implementing p an -I s into a
design which Late-n- becomes non-pn -octm.gble-, minimum n-equine-me-nt-s should be-
established f o x  equip ne-n.to at the- be-ginning of  the pxogn-arn and p ackaging
xestj tictiono should be a-s -teas onable- as po ible. This will help avoid
uSe- of  sp e-cialize-d components which have- a hig h tendency to be-come obso-
lete, p ozticu.Lan-Ly when business is expansive-. Unfontuna tely, with minia-
tuniza.tion we contA.nuowsl~’ keep as king f ox  mon-e and rnon.e. f unctions iu~Wt.Ln
-less space, xe alting in Less use of  4.tandaicd f unctions .
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C . Question #3: Faced with an ever -decreasing market life cycle

for semiconductor devices/technologies , how are the commercia l/industrial

producers /custo mers dealing or goin g to deal with device obsolescence?

Highlights:

The fol l owing i tems we re the predominant answers given to

this problem:

• Functional partitioning and modu larizat ion
(the most frequent response).

Shorter product life cycle.

Strong internal standa rdization program.

Plan for product technology upgrades.

In-house LSI capabilit y.

Industry Replies:

1. it is oak opinion that with 1.51 we have a macli d i ff en .e n t
situation (no t neanly as c.n-A..ticat) -thai-i we did in di.scn-ete pxoducts . By
this we mean -that within LSI the-xe will be a f a i-’t-ly Limited nwnben- o f
technologics , we-LI widen-s tood , f u l ly developed , and in most cas es xead-Lty
available. So , even if  a pant -Lcutcvi pn.othxc.t we-xe to be deactivated fan- a
pe~niod of  time (not p &oduce.d ) it would be f a l t l y  eas y -to n-ea-c-tiva.te the
technoLogy, spec i f ic  device ma ks , and f a-bnicat.ion techniques to n-es pond
to a n.e-peat demand a ften. a fain- a-i-no un-I o f  time ha-s Laps ed .

2. in the comrnencia.L s ectox , technological obsolescence- -is
being met by s imply shon. tening the p n-oduct L i f e  cyc le. Ju st tky to buy
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Questio n 03~ Faced with an •ner—d,creasing
onr~et life cycle for semicond ucto r duwicel / -

technolo g ies, how are the c~~~~rc ial/iuudus tr i el -
peoduc,rolcwst~~~rt dueling sn gpiag is duel
w ith divics obooleICIiicel

a spa-xe f o x  a- ten-ye-ax old washing machine. I believe -that it would be
cost eff e c t i v e  f o x  mili~tan-y elect ’wnic equipment also ~to n-educe the open-a-
lional L i f e  cycle f n.om a-fl ave/ ia-g e of  ~wenty ye-an-s to a -ten-yea.n- pe iiiod,
which coxnes ponds mon-e d o s  ely to the ma-jo n. ~technoZogy cycles.

3. Vevice obsolescence in the conmten-cia.L axe-a will cextainly
take p lace in a- tMee -to six-yea-n- time f n.a.me-. The cors~nen.cial ax e-a will
need -to continually update th e-in- cij tcuit a-nd sys-tems w-ith new p a-f its o f
gxeoten complexity which of f en. mon-e funct ions in the same- chip axe-a , on.
xedesigning -the same c-utcuLt f unctions in-to a- snvllen chip, which means
that the new desig n should o f  f e - n - a cost-savings app -’waclt . This has been
the nonmzl evolution o f  pn.oducts in the commencial s emicondudox f i e ld .

4. The a-p tswen -to device obs olescence- in connection with coin-
meiu~ial a-nd indast ’~ial customens is out of  my dine-c-I expe nienc e, but f /La m
my abs envat.4Lo i-is the equipment has been becoming obsolete a.s f a st on. f a s t e n
than the compone-ntxy the-xe-in (i .e. ,  -the pocket calczi.Laton-). Additionally,
f -tom the finan cial n.epon.t~ and business a4ticles in n.e-ce-nt yea/is some-
cor,inen-cial fi n-ms have not coped with. -this vexy well.

5. We have a st-tong intennat stand~vtdiza2ion p~to 9-tam which
n-eqwi/tes multiple sowtcing , tke-Jte by inc/teasing the- p n.obability -that we-
have- s elected a technology which will have maximum l i fe  cycle-.

6.  Redesign the. e-Lect’wi-tic assemblies as n.e-quA—ed to me-el the
ne-cessaxy func tional n-equine-me-i-its with cwvte-n.t sta.te-o f -the-c.nt devices .
A coo-I inee-ntive- f on -  e f f e c t i v e  xe-design could be implemented. Also , c2o~e
Lia.ison bet.ueen -the IC indast&y and a.ssei-nbty ou.ppL ie-/to can f on.e-c.ast
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NAC TR-2221
Question O3~ Face d with as eoer —dec reasiog
ea rket life cycle for seo’icon ductor devi c.o/
tech nolog ies , how are the co,uw rci ai/ ind ustri al
prodsacers /c uot ~~~rs deali ng or gOing to dui l
with device obsoi.scence t

industity tn-ends eaxl y so that the -Ikue- impact can be- evaluated and co/rit e-c-
Live ac-lion ma-y be initiated we-Il in advance o f  an IC vendon.’s actua l
chang e- on- decision to no Longex supply the device.

• 7. We xe-commend that the Navy m o d if y  -ito focus away f/wm
device-s , and towaxd the page , can-d , on- box -level. By spec ify ing f unctions
and pe n- f on.mance at a level beyond -the. device Level, -the Navy can pu n-chase
function al ly equivalent pag es of  “black boxes ” independent of  the compon-
en-I -technology upo n which they axe based.

8. Cor tTnexcia -l/ indust ’tial us e-n-s o f  micn-ocin.cuito have signifi -
ca-ally shon.tex pt oduct development cycles as well a-s pn.oduct Life cycles.
They a L o  p lan ~~~ pn.odu.c-t ~ecknologq ~p gka de~ within the pn-oduct L if e .

9.  Vevice obsolescence in -the commen.cial/ indas tint equipment
is mote xea.dily acc epte d as a way of  doing business than -it -is -in the
rn Litaxy won-I d. I t  must be n.emembexed that the wni,ie-n-ciai/ industnial
pn.oducens/ customcts din-eel det~~ce obsoLescence thxoagh the-in- economic
p un-chasing powvi and that -the semiconducio-t inda~tity only follows the-in-
wishes . The commen-ciol mcvthet “demand ” b’wugh-t on the LS1 n-evolution.
The- manJzet l i f e  cycle of  -these 1.51 devices wiLl be- a f unction o f  ma.iiket
demand. Equipment manufactuitexs to-LU be developing the-in own, i f  no-I
Wavy, standaitd functional assemblies -to allow ma.s~zing of  LST technological
evolution in 1.51 technoLogy. This app-toa ch a -f  f on. ds the g-tea.test po tential
f o x  -technological titans pa n.ency. In many axe-as , no attempt will be made-
to p -n-even-I obsoLe~cence . in some ax e-as an up ~ua..nd/downwaxd compatible
philosophy wiLl be attempted . An example might be. the- automobile engine
contiwl-lens being intiwd.u.ced, in which f e-a--tan-es may be added on. i.mp ’tove--
meals made-, but whexe a cont-’tollen. f o n .  a- 1985 automobile i-nigh-I be
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NAC TR-2221
Question •3~ Face d wit is an ev er-decrees ing
•rket life cycle for semiconductor devices!
tech no lo g ies, how are the c~~~~rcial/isduo tri .l
producers/cust~~~rs dealing or going to deal
with dv i ce Obso%,sCuisc.l

n-equined -to con-Viol a 1980 can- . The apg / uzde of  -the 8080 famiLy to an
8048 is an example of the ph ilosophy. Maize- a single chip do t.he- f wtc-ti.-on
of  seven-al chips but keep the oven-all f wwtion p vtfo ’uned compatible.

10. Vevice- and/on - technology obsolescence in the- coriinexc.iol/
indasttiol maitlzel is mostly a- matte-n- of  Little concexn -to -the device-
manufa ctwtexs thems elves. The di-Lemina f o x  the end usen c/tea-ted by the
sudden dJ.sapp ea.’uznce- of  a- device is ta ’tgety n-eiieved by “n-ep aceme-n.t
hous es ” such as Spxague-, Sylvan-ia, Moton-ola --HEP , RCA-SK , plus f lume/wits
othen. small name houses riv.in y handling devices f-tom any place -they can
obtain them to coven the cwstomex ’s needs, Replace-meals may n-eq wL/te
“cut a-nd jump eiis” ox n.e-placement o f  an assembly, on- both. New ~impxoved
p n.oducts of-ten neplace. olden- model which axe d-Ls caxded -‘uvthen- than
n-ep a-in-ed.

Ex.tn-e-mely complex devices axe- not being covened unless
the- usen.s (manufactu xeits ) andvr.-taf ze the soun-cing themselves, ei.theA by
deve--lo p ing in-house f aciLities on. b y coritkacting with custom houses to
p n-ovide the device (ass wning the- end p .’wdj .tct j u s t if i e s  continuing) .

Thene appe af is -to be some evidence that La-kge us e-n-s some-
times do -this in-LtiaLly -to p n-o.te-ct p n-op ivietan-y inf oizma.tion. in doing
so they ca-n also p .’tocuite s u f f i c i e n t  quantities .to p no.tect the-f it nee-d~.
Many “hous e- nwnben-s ” f a l l  into this cate-goxy. When the equipment
manafac -tuxex ‘4 supplies axe- exhau~-te-d (assuming -they no long en manufac-
twte the p ’wdw~t) ,  the- cas-tomvt is ptetty macit owl in the cold.

17 . Cormneicciol/ indastxial pxodacexs/ cus-tomexs cite facing the-
e-ven-decn-easing man-ke--t L i fe -  cycle- fan -  se-micondttc.ton. de-viae.s/.technotogies
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NAC TR-2221
Quest ion •3~ Faced with an eve r -decre ns ing
nnrhet l i fe cyc le for semiconductor d ,vi ces/
tOc h no?oq ies , how are the conpr rc i .l/l ndus tri al
prod sa cers/c us to .wrs dealing or go i ng to dOal
wit h devic e obsole scence ?

by going -to shoaten system desig n cycles and fas ten  p ’wdact obsolescence ,
and also by designing system axchitectwtes that allow upg irading of  modules —

at the subs ystem level to incoxpo-tate new devices and -technologies. Fox
exampl e, memo-’iy subs ystem designs have evolved f x om -the- use- o f  1K RAMs and
axe now p n-ogn.essing -to 16K and 64K me-moxie-s without n-equiiring complete
system xe-vision.

in addition to the apg-tading of memon-y systems by the use
of highex density memon.tJ devices , -the system designvrs a-n.e making expanded
use of  aitchiteclu~tes that include pxog n.amrnabilLty by -the use of  micn-op n-o-
cesson- bas ed designs and ROM log ic matxices. The f lexibility a -f fon.ded by
designing systems so that they ca-n be modified to incon.poxate irnpxoved
algoniihmo a-nd additional f unct ions n-es utts in pxo longed equip -meal usefu l -
ness and deals with device obsolescence in a- pos itive fashion.

H owe-y en., most commexcial/ indus ttiaL p ’wduce-xs /custome ’zs
have sig nificantly highex unit volume n.equixemcnts -than a~n-e cha.xactexist-ic
of  most rnil itaxy p kogn-ams. This highex un-it volume allows an ea~tlien.
titans tiovt -to the new technolog ies since, the system ‘tedes ign cost penalty
is spn.e ad oven- many rno ’te un-i-Is. M-il ta-’ty agencies will thvtefon.e have -to
look at the use o f  system an-ch-itectw’tes that allow system pv tfo ’urvince up-
gn.ading capabiUty. 

- 

Such upgxaciing cap-abiUty ca-n be built -Into sys~tem6
by the use of  a-n initial design which incon-po -’tates devices that pxovide
“ove/ziz-iJ l” capabi lity f o x  the n.equ tement at hand. In  the -long n-wi, how-
e-vex, such a design will allow -the equipment to evolve- to meet expanding
n.equ ’temen-ts. One example of  suck an app n.oach is the development of  a
bit-sL~.ce m-I cn-opn.ocesson. in the CMOS/ SOS -technology that ca-n be con figu ited
-Into pxocesso-’rs with 8 , 16 , 24 , 32-bit, on- eve-n lo ngen- won-d lengths . In
add-it-ion -to the f lexibil-L-ty o f  won4 Length, these- devices can be ap e-ira -ted
at sp eeds fx om sta-tic ope/uztion to clock ‘tate-s gn.eaten- titan 10 MHz . The-
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NAC TR-2221
Question •3~ Fuced with in ever-decreasing
wir-het h f .  cycle f~r s~~icondvctor divices/

tec hno logies, how are the coewe rc$al/lndos trta l

prod s icerslc asto rs dea ling or going to deal
with device aivoluceace?

desig n also allows f o x  the- pn -oce-sson- to be used with Special Function
Vevices s uch as a high speed muLtipiiex on- a- f a s t  F owtien- -t ’rans f o -’un c— n--
cuLt. The ability to open-ate such CMOS sys-te-ms oven- a powex supply kang e
fno m 5 to 15 volts pe n-mAts sa t i sfy ing a kange of  powen consumption a-nd
speed n.equin-e-ments and -In-ten. facing with a va/t-iety o f  non-CMOS p en-iphe-n-al
c-in-cu-its .

* * *
12. With -the p exvasiveness o f  electtonic.s continuing to expand

into new fi elds , we envi~ion a-I least ~~o types o f  system n-e-qu ’temen-ts .
One is the- £nnovato-t whose objective -is -to get to ma/th e-I quickly with a-
p n-odact which by design will have a n.etative-ly shoal l i f e  cycle; second
is -the use-n- who has equipment complexities, capital inves~ nent , a-nd n-eli-
ability n.equixe-ments -that dictate that he s elect -technologies which wilt
dkive longe-x l if e-  cycles by con~ i-tment~. An example o f  the-. f in-s-I case-
is TV games , and of  the s econd is com munications. Since coni,te-n-cial /
indu~tn-idl p -wducexs axe- the- volume cons ume-n-s in ~ ‘day ’s mna’Ize, t, the
~~~~~~~ must be awaxe o f the coninen-cial us en- who ha~ sij nij ,ax objectives,
and utilize- that business base and/on- maize decisions which will p~wvide
the convni~inents to dictate life cycle. Fox e-xa.mp~te, ~tinwte-man IC-s have-
bee-n in p n-oduction f o x  rnoxe -than ten ye-airs.

13. a-. Really Lan-ge use-n-s make- the-in- own I C- . They the-n
choos e whe-n to stop pxodaction.

b. Ves ign f o x  fo n - ra - f i t-  function, then xe-p eace old tech-
nology with a chip which is fun ctionally ( timing , voltage, cuNten.t, etc.)
acceptable.
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MAC TR-222 I
Quev t io n S3~ Faced with an ever -decre as ing
onrket life cycle for sewicondactor devices/
technotogies . m oss ire tt,
producers/cugtoner-g deali n g or goin g to deal
with device obsole scence ?

c. P ’wducens of  LImited p ’wduction ite-m find it eas y to
Live with changing IC technology becaus e they issue new models each ye-an-
- I f  necessa -xy.

d. Maize a--U pa n--to you need p -’zion. to shutting down an 1C
-technology Line.

e. Plan fon -  upoan-d compati b-iUty ( i . e . ,  m-Lc’wp’wcessox

sof-I~wan-e).

f .  S-tag with pn -oven technologies.

14. ~g p ag ing dean-tij  f o x  the devices on. n.e-designing. Gene-n-ally
conmien-cial/ indw~t’ria2 customens do not n-equin-e MIL -sp e c i f ication devices,
then- ef on - e, devices axe available in small qua ntities f o x  a much Ion ge-n.
time. As long as the-xe -is a- need f ox  qua ntities of devices, although
they may be- technologica lly obsolete , someone will nianufa ctwte- them.

15. We use milLtaxy g -’ra de- pan -Is exclusively, and then-ef oxe
cannot knowledgeably addn-ess the question exactly. The inf en-n-ed pn.ob le-m
does extend to use-~-’u, of  mAILtan-y g-’r ade pa —’i-ts , howe-y en-, and is wo ’tthy of
coninent .

Cons-Ide-n-ing ~Ihe Long development cycles a-nd the myopia
n.egan-d-ing expected L i fe , it -is almost -impossib le -to des ig n and build mi-U-
-tan-g systems without spanning seven-al s emicondueton. technology l i f e  cycles.

It is obsen-ved that this pn.obLemn is n-educed by continuing
to -Lntaoduc e- Impn.ove -d ha.xdwan-e segments embody-Ing -the cun-n-en-t -technologies
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MAC TR-222 1
gss.stmo. #3~ Faced with ac eve r-decre asing
.art.t life cy cle For seeicossdssc tor devicls/
techisologies. 150w are the t~~~ rciah/mndas trgii

p.wdsscers /can tove rS dealing or go ing to deal
.4th d.ni~~ ebealaic.aie?

(i.e., xe-place-me-nt o f  moduLes on. subs ys-temo which axe f o ~’un- f -L -t-fwtctio n
in-te.’rckang eable with olde n- items) . This imp lies con~tinuing design tk’iou.gh-
out the Li fe  of  the p iwduct.

16. No comtnen~t.

17. Many design-s can be pa n-tit-ione-d such -that c ’ritical pa n--to
can be n.e-pla ced with pxoducts f iwm new p ’wcesses with a n-i btiinal amount
of ‘tedeo-Lgn . The- ultimate- LuJni tO o f  -the p ’wce--os chan-acie.-’ris -tics axe not
designed to in mos t cases; this maiae-o keplaceme-nt with a dif f e-xe-nt tech-
nology -ônp o sibtc .

18. No co,mneat. 
* * *

19.  Waf e n -  s to-’ra ge- -is the Ootwtioh-r .
e s a

20. Emp&iij  as much s tandan-d handwan-e a-s possib le using custom
LS1 / hyb ’iid devices only wire-n.e essential to meet spac e/ weight/pe n -fon.mance
cons iden-ations. In this way the- po ssibility o f  obsolescence w-iJl be
minimized. Wlr~ te device obsolescence does oCe-uk it will , as in the p ast,
have -to be add ’tessed on an individual basis.
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D. Question #4: How should complex LSI devices be specified to
insure adequate perfo rmance , and assure quality and reliability?

Hi qhl iihts:

There was a degree of consensus on the fol l owing suggestion s:

Place more emphasis on functional device
specifications and testing (at the devic e
terminals), not on internal architectural
requirements.

Qualification should emphasize device
family and pr ocess certification.

LSI devices shoul d be stressed electri-
call y to augment visual insp ection.

. Specify reliability and testing means.

Make provisi ons to include LSI devices
under MIL-M-38510.

Industry Replies:

1. Pa n-I of  -the a-nswen- -to -this question n.esides in the method
of fabn-ication. It is oun -op inion that dw~ing fa bnica tion, a gkeat deal
of  attention should be- d-Ln-ecte-d to ve--’r-if-ication of  the fun ctionality of
the basic building blocks that axe- utilized ~Ln each LSI c-in-cu-it. Use- o f
~tes.t patten -ns on -the wa-f e-n- -thn-ough f abn.-& ’ation steps will g ive ass un.ance
that the- -tan-get is being on- has be-en met f o x  each constitu ent pa irt of  the-
cin-cuit. Once- this deten-mination has bee-n made- , -the dI e should be pack-
aged , a-nd po wPJt e-wicJ.sed f o ll owed by -s -imila-’t component ve.nif-Lcat-ion tests
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NAC TR-222l

Question •4 : How should conipl ex IS! device s
ho specified to ipeere adequate perfo,~~r.ce.
and wis er. queli ty end rel iabi lity?

to detvcrnine degn-ada.tion e f f e c t s, i f  a-ny. Pxovide a- xeosonable amount of
package inte-girity tests to ossuxe a match of  die a-nd p ackage. These- having
been met will pn-ovide a- quality pn.od uct with the attendant n-e-liability
n.eaLized.

2. Sy c-in-cuit diagn-am, tn.uth table, on. -txa-ns f en- function,
dynamic a-nd s;tatic c.-L’tcwit specifications oven- tempen -itun-e ‘ra ng e, -test
p lwgno.rns, a-nd p in-out.

3. No come-nt .

4. Specifications should be l ef t  to the rn a-nufa-ctun-ex and f in -st
us e-n-.

5. Use the existing system, coon-dinating thxough VESC. I f
the device is a custom LSI , p n-epan-e a- souirce contn.ol d ’uzw-ing and coo ’uli-
nate pe lt fon -manc e n-equixements, sc-n-een-ing , and qual ity n-equixeniento with
use-n-s a-nd manufac-tun-exs.

6.  it will be necessan.y to include LST devices wtden- MI L-M-
385 10 coven-age-, but it is ne-cessa.xy to keep the- ele-ct ’~ica.l pe n-f on-rna na c
-tequixeinents speci fi ed as maximnwn a-nd m-Lnimwn n-athen- tha n typical. Also ,
tJten-e is a. need f o x  indu tn.y a-nd Goven-nment agn-ee-ment on standa.n-d testing
app n-oaches a-nd n-e-liability enhancement techniques a-nd methods .

1. Fxom the viewpoint of  micn-opn. ocesson- ( high f wwtion)
comp ~ne-n.t~, it is -impn.acticcf . to s p e c if y  “dela y path s, ” on -gate-level
r eact-ion~ a-nd pe n- f o ’rma -nce. As an c2te-’rna2ive, the device- may be tested
bid ~ubdiv-t ion o f  its f w ’ictional elements (-that -is , n-egistens, A ’t-i-thmelic
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NAC TR-222 l
Question •4~ How should con~ leo 151 devices

be spec i~ ted to insure adequate perfos~~ece .
and eisa ,. q ua li ty and reliability?

Logic Unit , -In~t’ruct~ion de-codex, etc.) Each block would be exen-ci~ed fn.om
the level of  s implicity to the- level o f  complexity, by using the device ’s
own instauction set to stimulate- each axe-a . Only a -f ten -one- functional
block has bee-n tested could it be- used as a p en. fo ’rrn a-nce “window” f o x  a
subsequent block . The- swn o f  these- element tests would equal a fu ll
functional test.

Pen. foxma-nc~ testing simpl y exen-cis es -the- fu nctional block on.
blocks (using -the- a-ppn -op ’riate axe-a o f  the p -’wgn-ain developed pn-e -viously) to
stimulate a-nd ca-us e -the delay of  in-texe~-t to occult, a-nd thus be measw’ted .
This test -is n.e-p ealed f o x  the- voltag e extn.eme , and oven -the- mil-itan-y
teinpe-n.a.-tun-e- n-ang e- o f  -55 °C to -f 125°C junction te-mpen-a~tun-e.

The n.e-sal ts o f  -this testing yield a pn-ocan-ement specification
which xef lec-ts pe n- fo’unance testing at the- xequin-ed jun ction teinpen-atun.es.

Static input/output ten-ntinat pa n-.ameteAs of  complex LSI
devices should be- specified to tniniinwn acceptable Limito oven- the- dev~Ice
jun ction temp eitatoxe ‘r ange o f  in-teitest. SpecificaLly, po~’tanietex tim-ito
should be speci f ied  at the device junction teinpe n-a-twtes o f  -55 °C , 25°C ,
a-nd 125 °C f o x  gene-n-al avionics applications .

The dynamic pen - fon -man ce cha.-’rac ten--istics o f  complex logic
-type LSI devices should be specif ied f o x  maximum acceptable Limits at 25 °C
device jun ction teinpen-ntiixe- at specified loading conditions . Thes e Limits
should be- set close to -the delays mea~un-ed on a xeaListic sampling o f  p 1w-
duc-tion lob (sa y 5 to 1 0 ) .  The optimum setting of  thes e- Limits should be
set by the t ’ra de-off  o f  yield and cost. it sho uld be ne-cessan-y to s p e c i f y
only selected , easily -testable paths th’r ou.qh the LSI device. Siinitan-
Limits on th~a selected paths should be deteiunined f o x  the e-xt.-’t emes of
jun ction -temp e- ’ra-tun-e o f  inte-’rc ~t.
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Qw.ntlon OH How should ca,~ leo LSI dev ’ces

be specified to IniVr. adequate perforowr.:e.
and assure q ua lity end reli ability ?

The above specifications should be- imposed as fo LLows: 100%
scn-e-ening fox  static ten-m ind pan-ai ’neteits at thn-ee jun ction tempe/w..twtes,
100% s cxe-ening f o x  dynamic pen - foirmance at 25°C junction tempe ’ui-ti.ute, a-nd
sample sen-eening of  dynamic pe n-. f o ’unan ce at jun ction tempen-alan.e extn ernes .

The ma-jon. changes that should be incon.po ’wted -to ins un-e the-
quality and n-e-liability of  complex LSI devices a-n-e:

a-. Vevelop a means of  s-tn-essing the device elec-tnicof ly, to
augment the use of  a- pn.e-encaps utated visual examinat ion. A gxoss visual
inspection , while being a-dequa.-te- f o x  gxoss pn-ob lems such a-s bond integn.ity
and contamination , cannot n.e-veal subtle- def ects  that an elec-t ’iicol st ’iess
would identifq.

b. P lace- moxe- emphasis on f unctional testing and a high-
s-t ’tess static bun-n-in of  the device.

8. Then-e is no simple answen- to this question. The a-n weir.
depends on many fa cton.s such as the appLication, the cAn-cu.it type , and
the economics of  the situation.

F on- example , f o x  those applications which n.e-qu ite the high-
es-t degxee o f  xeLiabilLty (suc h as stn.ate-gic systems) ,  base-lining might
be- the answen.. Howe-vex , f o x  custom LSI cin.e.uito in a less than Ufwtegic
enviaonment , a combination of  p~p cess con-tn.ots p lus a p aname.tn~.ic and
f unctiona l ~~~~~~~~~~ specificat ion which meet the system needs (an d no mon.e)
might be the best choice . Fa n. standan4 LSI ciJtcuLt,~ such as me-moxy and
m-ic.xopxocasons, p n-ese-n-t MIL-M-38510 on- equivalent sp ecificat ions an-e
mon-e ~tha.n adequate . In fact , some xetivinking of  M 1L-STV- $ 83 and NI L -N-
38510 in tight of  the LSI needs might be in on-den-. This £4 esp ecia.Ug
-tn-ue I n the- axe-a of  visual cn-iteiria .
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Question 44 : Ho.. should coeçleo 151 devices
be spec Ified to insu r. adequa te perfo ,-uance ,
and assu re quality and reliability?

9. LSI specifications should n-e-fleet -ten-m.inal pe n- f on-manc e
xequL ’te-ments , not inten-nal an-chLtectuxal n-equin-e-me-nb. Knowledge of  the
inten-nat won-kings o f  a-n LSI such as that necessan-y to do single gate fau lt
-testing may become less impo-’tta nt as a. test philosophy fox  LSI evolves.
it is aln-etzdy pxohibitivety costly in some- cas es -to -test a-n L.SI exhaus-t-
ively. As devices incn-ease in complexity to VLSI , -ten-mind pe n -f on-mance-
tes ting/specif ications (that is , testing f on.  the f unction n-equin-e-d in a
spec i f ic  application) may be the only pn-actical -tes-t method.

As micn-ocin-cuLt complex ity inc ’te-as es , it becomes mon-e d if f i -
cult to p exfon.m cost e ff e c t i v e -  quaLity a-nd n.e-Liability tests (e . g . ,  visual
inspect-ion, complete 100% elect-’z-icat, etc.)  IJew quality a-nd n.e-Liability
-tes ts should be investigated a-nd implemented into -the m~LLitan-y specifica-
tion ~y~te-m, MIL-M-385 10 / MIL-STV-883 ( e . g . ,  as H igh Tempen-atiin-e- Acce-Le-’ta ~tion
Test, Guan-d Band Testing at above -‘tate-d voltages) .  A study is needed in
the eff ec t iveness  uf  s tatic bun-n - -I n v~. dijnam-ic bun-n- .n f o x  LSI devices .

10. The- pxincip al conce-n.n 5 o f  the u-sen. axe:

a. Funct ionality ( txu-th table and input/outp ut
chaxacten-is tics )

b. Sp eed

c. Reliability

items a and b can be specif ied , when-eas item c xequiJtes
both a his-ton.q o f  the- quality o f  the speci fied vendox a-nd some shalze/bo.ke/
L i fe  testing which may be po ss ib le to be- specif ied to a Limited extent .
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NAC TR-2221
Question #4: Ho.. shou ld c~~~leo 15! device s
be s pecif ied to insare adequa te perfoi ~~nCe.

~~d assers quality and reliab ility ?

In gene-n-al , as device complexity incn-eas es , each mcznafac-
-tan-en - of  a give-n device must develop his own “cixrnst case ” electn--icat -tests
fox  h-is paxticutan- die geomet&y, which cannot be specif ied by the- u-s en-.

as device complexity incn-eas es , some- fo ’zm of  elect x-i-
cat -testing must be- used -to n.e-place at least some o f  -the visual insp ections .
Go ven-nme-n.t on-site ven-- ifi ca--tion o f  qual ity p ’wcedu.n.es at the f acilities o f
device manufa-ctwn.exs could n.e-pla ce- some details in speci f ying quality pn.o-
cedun-es, and aJ ~o n-educe the- cost o f  Inco ming Inspe ction test equipment at
the us e-n- site, which be-comes ye-n-y expe-n4~ve f o x  complex a-nd hightq
speciaLized devices .

11.  Can-n-e-nt p n.actice is to develop M T L - M - 3 8 5 1 0  data sheets f o x
catalogue-type LSI deviLce-~ . This a-ppn oacii , Loge-then -with the-. use of ‘i.espon-
S Ible- vendons , assun-es quality and n.eliab~LUty. Howe-y en-, th—Ls app -’toach
-impedes both the eaxl q intkoduction o f  new L,S I device-s in-to sys tem app .U-
cation-s and the development of  custom LS1 devices.

The tong and an-duou ef  f ox-I to gen e-n-ate ~- I1 L - M - 3 8 5 10 cia-ta
sheets needs to be -taiton-ed so tha t the cycle f o x  app-n-oval f o~’unaLiza.-tLon
can be n-educed to a m-ini,nwn. Cus tom LSI devices need to be qua lified by a
combination of  f amilq-ba sed histo~y a-nd pn -oducLion Line ce.x-tifica_ tion in-
stead of  the pxesent need to qua l i fy  each type in the- family. This is pan--
ticuLan-tq unpox-tan.t to ~niLitaxy p -’wg ’tams having tow volume xequin-ements,
uiien-e -the cost of  p a~tts quaLific a tI on can s eAiou.sty impact equip ment co t.

S..

12.  Comp lex LST and VLSI ciitcu-its mus-t be specified in a- ~~y
-that will insan-e the-in- function anden- opexating conditions. Added -tes ts

houtd the-n be elected -to e-xen-c.ise- the- p a-itt as much as p n-actical, which
will be a tj t a deof f  o f  cost/tes t time vs. statistical pxobabiiitij  o f  f a iluxe

80

~~~~~~~~~ ~~~~~~~



-~~~~ - - - - - ~~~ _ _

MAC TR-222 1
Question (4: Ho.. ~hoald corq.leo IS! devicns
be sp ecified to insu re adequate perforq.nc..
and assure qua lity and reliability ?

( not p n.act-icat to -test all stxw.~-tun-es a-nd all. possible f o .-ilwte modes) .  Fo n-
optimum quality and n-e-Liability p en -fo/ unan ce, maize -technology selections
when-e quality a-nd n-e-LiabiLity on-e built into -the pn-oduct utilizing pn.ocesses
that have been ox will have been in use fox  one to -Oij o ye-ax-s and when-e £n~
pitocess contn-ols can he u-tiLized to mon-iton- the opvtation.

The tendency to demand advances in ci’tcuit speed as pan-t of
new LSI device deveLopment~ should be- suppn -essed. Emphasis should be p laced
on achieving -the app itopx-iate Level of  in-Leg/ tat-ion necessan-y to sat is f y
natun-ol system on- s ubs ystem functional pa n-.titions. Once the LSI device is
developed , then pn.oce-ss -&np ’~ove-ments can be defined which can , ~thn-ough non--
ma! evolution, impxove function speed -if n-equixed. This app n-oach is mon.e
consistent with that follo wed bq commen-ciat/ industx-iat o-tg anizclions when
irit’toducing LS1/L ’IS r f unctions into p -koduct3.

0 * *

13. a. Test at the I / O  Level only . QuaL ifti a- px ocess ( p -xocess
and desig n xuLe~ s uch a-~ o x-i de thicknesses - m-in-imam Line sep on-a tion) , no-t
each device.  I ns is t  en being £nf oxm ed when des ign -‘tales ox p - ’tocesses an-c
at te ‘te-d.

b. Bun -n- in and lot txaccabi.Lity on-e o f  questionable use and

should be el~muzated. 100% testing of  M I L-LS 1 devices should be done .

5 * .

14. ~Jo cor ivnent.
* 5 *

15. Complex custom LSI devices should be specified as a sys tem
with alt neces-san-y f unctional n-equ-ilteme-nt included. Any attemp t to specif y
detailed £nfon~ma~tiovi (i .e. ,  techno-togy, topo logy, e tc .)  wilt unnecessan.-ity

‘.es-tx-ict po -tentiat sowtces .
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Question (4: How shOuld cO.Vleo IS! deoi C.$
be s peci f ied to insure adequate pas-fov ~~nce .
and asoare qualIty and reliabi li ty?

Reliability, b eing inhen-en-t to the desig n, should be one- of
the no’unat f unctional n-equixeinent4s stated in the specifica tion and demon-
st. ’tated dwting qwi .ifica tion. Quality aAswtance xeqwiitements should be -
can-e f u l l y  selected to insan-e that n-e-Liability and a-U othen- n-equi.n-ements
a-n-e being met on a continuing basis .

5 * *

16. No corn,nen-t.

5 * *

17. P en-f o ’rj rvince can be specified by defining t.he i/O chaiuzc-
te%istic.4 in detail, speci f ying timing infon-mation, and including Logic
simulalion/-tiwth -table inf o ’uwx-tion.

* 5 *

18. No corinetvt.

* 5 *  -

19 . The irtvlation p n.oqitains w’~.Ltten -to define system pen -f on-rn-
ance- should be- the basis f o x  spe c ify i ng LS1 component pen -f o-’tmance in the
f on- m of a sowtce p ’togn.a.m tape which exe-’tcis es a-U f unctions, but no-t
nece.-s sa.ti y even-tj step in a -tn.wth table.

Quality a-nd xe-Liability on-e sa-tis f actox-ily cove-n-ed by MZL-M-
38510 and MIL-STV- 883 plus p/wgn-ams in p 4ogn-ess at IZAVC/R BIZM to up g-’tade
-thes e documents fox LSI .

20. The devices should be completely chan-acten-ized , as was done
by RAVC/USAF on the I n- tel  8080A coven-ed by M I L-M-38 5 10 / 42 0 .  Concuxxent
with such effox-t s, associated hon-duwte should a.t~o be developed. In the
cas e o~ -the 8080 mic’wp ’wcesso~’t , the cssocia.ted inten-face cin-cuit also
n-equin-e m.LU-taxy docwnen-ta..tion, but this effoat has lagged the develop rnen.t
of the- /420 speci fication. - -

* 5 *
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E. Quest ion #5: How can LSI device qualification and requa lification
be accomplished at reasonable costs?

Highlights:

The following i tems predominate the answers provided to this
question:

Qualify and monit or the vendor ’ s process.

Qualify a library of standard cells and
design rules used in a computer-aided
design system.

Industry Replies:

1. lii o uit. opi nion , the n-ule~ which have been w’t-itten goven-ning
the testing o f  tLin-i ted us ag e- (uS ually expens ive ) integn-ated c~in-cuLts , now
included in M I L - M - 3 8 5 1 0 , sho uld ceata.-inLy be examined as candidates f o x
appli cat-ion to L.S I q uaLi f - ication and xe-qua l ifica tion to achieve- what is
te ’zrne-d “teas onable- coSt. ” The de,te’unination could be- made as to the a-pp ti-
cab ility o f  this suggested sequence o f  tes t and then mod i fy  segments of  it
to f i t  each situation. It  is a f ac t  that we on-e- faced with a- whole new
ball game and the bxa-in t ’t u t  o f  the- indu~t’uj a-nd goven-nrnent should be
bxougkt into play to won-k out the deta.Als o f  this question. Pn.esent y
the-xe- on-e oxganized engineexing cori,nittees within J EVEC o f  E TA addxess-ing
this question, and we ’xe sun-e they would be n-es ponsive- to a ca.U fox assist-
ance -to evolve, a cost effective- a-nswex.

* 5 *

2. Qualify qenenically, utilizing design and co nst ’w~ction
analysis -to asswte p-’wce~s identity.

* 5 *
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MAC TR-2221

lusitlon (5: Hoe cue IS! deo ice qual if icat lu,
ued requ ailfi catto n be acco~ç ltth ~d at
reaso nable Costa ?

3. This would be a d if f i cuLt  thing f o x  NAVAIIZ to do since them-
volumes would be matl . New designs would n-e~quiite new .testing set-ups and
p-’tocedaxes specif ical ly gean-ed -towon-d them— cm-cuits. This means quite a
bit of  money to set up the testing fac ilities f o x  a- small nwnbex of  pants.
U might be p ossible -to xe - qu alify pa ats by using “similan--ity” a/tgu me-n-ts.
This app n-oach would allow then to use exis ting test set-ups to -test -the
ne-we-n -pan-ts. Howe-vex, -th-is appn -oach would depend upo n how cLiffe x en - t  the
new p a4ts cite.

* 5 *

4. With undexstand.ing -that an LSI device- oven -10,000 equivaLent
cijtcuit elements is not 10 ,000 times mon-e Likely to fail  -than a single
component; this -too can be accommodated between the rncznufactwteit and us e-n-.
The use o f  -test pat-ten-ns to contn.ol devices -that a-n-e closely n-elated
pltocess -wise can a-to o help n-equali f ication.

* 5 *

5. Use GIVEP -to disseminate qualif ication test data. inf o ’unoilon
to indws t ’ty . Maize this a contn-actual n-equin-e-me-nt.

* 5 *

6. Use a sliding on -inven-s e a-pp n-oach. That -is , qua l i fy  the- mo-’te
cos-tly devices less o f - ten and with f e-we-n -samples pen --s ubmission. This
xequiites an acceptance of  a omewhat h-ighex use-n- iz is k and also n-equin-es
vendox in.tegnity on a- conwn-thnen.t to not chang e his device in a-ny rnannen-
which will a f f e c t  pen -f on-mance on- xeliability. U would also be necessaxy
fox  any con.templated changes -to be- thoicoagkty evaluated fox  actual impact.

* 5 *

7. When etectxio.aily testing any LSI device fox  pe n -fonirsi.nce-
chan-acten-ization , a conside.n-abte non-xecu~vcing ef  f o n t  is expended in in-i-
t-ia.t device- fai ni2ion-.iza.t-ion, test p .’wgn-anm~ing , and -test debug . Recwtning
costs axe- £nccmn-ed in the actual -testing of  the device a-nd accumulation
and analysis of  data.
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Quet t ios (5: lIne con 151 desice qs u lt ftcatiqu
and r,quolific.tion be Iccoqul ished at
reaso nabl e costS?

By committing to using lan-ge-scale LST genen-a.L pw~p ose tes.t
equipment, the initial non-xe-cunn-ing cost is gene-’utted and saved in tes~t
s of ~wcn-e n-outine-s. By u-titizing this appn-oach , xe-qualification f n - orn an
electnical/p exfo -’tmance vieu~oint is n-elative-Ly inexpensive. AU that is
involved is to n-e-load the test equipment with the test so f ta ’a n -e ( via rnag-
ne-tic tape , dis k, etc.) wn.itten e-an-2ien-, and xe--test the devices . The
accumulation a-nd evaluation o f  test n.e~ults wAil be a n-ectmn-.Lng expense;
howe-vex, thi is n-eLative~ly mall corn p an-ed -to -the initial p n.ogn.a.m gen e-nation
and debug . Without this appxo ach , spec ial pun-pose test equipment would be
buiLt fox  each new device--a. y e-n-y costly and t.isne-con.s uming app n-oc.ch.

I n  -ten-ms of  eiivi’tonme-ntaL quaLifi ca~tion, the mos t ef f e c t i v e
way -to qualif ii and xe -qua lify is to:

a. Qualify a ve-ndon- ’s pxocess (i .e . ,  NMOS, bipotan-, E C L ) .

b. Qu a l i fy  a- pxoduct o f  gxea te.s-t complexity within that
pko cess.

c. Mo nito-t -the vendon. f o x  p n-ocess cha nges and quality con-
-t-’tols ; and when the vendox chang es his pn -ocess, xe-qualify h-i manufa -ctux-Lng
Line-.

* 5 *

8. The gene-n-al consensus is -that when-even -possible, NAVA IR

should n-ely rnon.e heavily on p~p cess, device, a-nd ma.nufa ctwten-’s qudt-ifi -
cation nathex than lot qua-li f-icat-ion.

9. Th-’tee cate.gon.-ies of  devices should be considen-e-d: ( 1 )  commvt-
cia! LSI , (2) quasi-standan-d, and ( 3)  custom. Fox -Cite high volw~ie- convne-n-ciat
LSI -such a.s the 8080 , the qualification test cost -is nut unn-ea~ona-ble when
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Question (5: one can ES ! dev ice quali f icatio n
and req uol if icati on be atc~~~?ishad at
r,aiquabl, colts?

-the nwnbe.x of  devices used is cons idexed. Thes e costs could be n-educed by
inswt.ing that MTL-M - 3 8 5 10 stas h skeet pa.n-ametnic specifi -cations xe -f - t ed -the
existing capab ility o f  se-ven.al suppUen-s.

Quali f ication at the assembly level will px ectade- ven-y cost-
ly specification pxepan-at ion a-nd pe n-f o’tmanc e testing f o x  quasi-stan dan-d and
cwstom devices . Manufactwten -contiwl o f  rnate- ’zials , p xocesses, and “build”
docum entation” will xesult in xepea.table LSl devices . Fox quasi-standan-d
1_ SI on- full custom I_S I , the use of  p itocess coup o ns on- TEGs has been sugg es-
ted. While the-s e do pxovide pxocess tn-aching, they do not p n.ovi~de the
oven-all design , p xocess , and p ackaging confidence testing that As needed.
The use o f  ta.nda.n-d ce-LI Ubnan~ies on. o-then -design automation aids which
could be “q ualified ” in -some manneit is a po ssible- a-pp ~toach f o x  the- gene/tic
on -fuel custom devices .

* 5 *

70. Af ten -exaininii-ig the- device manufa -ctwtvt’s -test and quali_ty
pxoceduxes and schedules , a- de-te-n-mina~tion may be made by -the us e-n -and
goven-nment n-ep ’tesen-tatives as to -the- adequacy of  these contaoto , and
impn-oveme-nts possibly suggested .

Af-tvt this is accomplis hed , ge-ne-/tic qua lif ica tion data, taken
at n.egs onable inten-vals and with occasional moni_to-’ting by us e-f t and/ ox gou-
en-nmen-t pe n-sonnet, and with “han-d copy ” data availab le, should satisf y  ~the.
-te-qwvtemen-t of  n-easonabee quaJJ~ty cs-s un-ance data .

Since custom LSI no’umilly has ueiuj Limited applic ations and
iS supplied to a single end item manttfactu/ten-, the- pa at his-ton-y dwring the-
end item assembly, test , and fie ld open-ation could be collected and used
to supp lement the itequalifica.tion xequ-in-ements. The f ailwte data genen-a..ted
at de-vice- bun-n-in a-nd e-nd item ox system bun-n-in would p n.ovLde eLV~Zy tw.xn-
ing of  po sible- pending pa n-t p ’wb-lems.

* 5 *
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11 .  LSI device quaLif Lca.tion should be- appn-oached on a family
ba~is so that each o f  se-y e/ ta ! device types using the same. pxoduc~tion techno-
logy can be maintained in qua lified s ta-ti~s so long a-s the p ’wduction Line is
actively building a few types f/tom the f amily. RequaLificat.ion should be
xeqwixed only when a p ’toduction Line has been discontinued on. -C/tans fe.vied.

When a CAV appxoach is used ( f o x  example , s tandan-d cells on-
u.niven-a1 aivtays }, the documen-ta.~tion (includi ng Line- quaLification devices )
can be distn-ibuted -to muLtiple ve-ndo -’t s and xequa~lifi ca..tion ca-n easily be
obtained at minimum cost.

Anothvt way -to n-educe- LSI q uaLif ication cos-t is to bas e 1_ SI
designs on the use a f standa.n4 cells on- aniven-sa! a vta.ys that have bee-n
quaLified on p n-evious p iwg-’uvns . Chang es in the in-te-xconnection.s of  suck
app ’wved cells axe- the only chang e mad e in xe-vising the- function being pen--
fo n me d.  This appxoach wi-U xeduce the cost o f  qua~Ufica tion of  custom 1_SI
f a~ni-lies . Since a ma-jo n- po n~-tion o f  q uaLification cost is associated with
the cost o f  the devices used in testing, the elirninaLion ox n.eductio n in
quaLifica tion testing on the basis o f  similan-ity within the fami ly of  dev-L--
ces gene-n-a-ted f ’zc m a -~tanda-n-d cell Lib’uvty would n.e-~uLt in substantial time
and cos t savings .

12.  Initial q ualif icat ion tes ts ca-n be pen-fo n.med us ing conven-
tional methods except when-e co~nplexLties may dictate electn-icat tests -that
axe moxe- f unctionally o-’tien-te-d ~towan-d end use. RequaLifi cat ion £4 not a-s
e f fec.tive- as Line- mo nito/ting -tltxo ugh a-n e- f f ec-t ive p ita cess con.tn-ol sys-tem
unless riv.zj  ox desig n chang es occax . The-n ca-x e fu l  extzminatLon should be-
made to deteninine i f  xe-quaLifica t ion is xeqwixed.

13. a. Qu a l ify  onl y p n-ocess es.
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b. E-lim-inate the n-equaLification pn-oblem by pxo cun-ement of
a-U needed devices eanly in the- p n-ogxa.mn.

c. Let industjty continu e- to quaL ify devices unden -tandan-d~
set a-nd -o upen-vised by the m-iLLtan-y.

14. ELimination of MIL-M-38510 except fon- devices pun-chased in
LARGE quantities might help . This i-s a- ye-n-y expensive- p ’wcedwte. It might
be- belle-n -to q u a l if y  the f inished equip m ent n-a-then -than the individual p an-t~.

15. Qualification of some- type- is pen -f on-med by -the- manufactuxen-
p it-ion- to intn-oduction of  a- device te-chnology into the man-ize-Ip tace as econ-
omic ins uxance. Chan-actenizat-ion of an individual pan-t type- within the-
technology is a- xe-1inement applied to the unique. p a-itt. The-. knowledge and
data which i-s ge-ne-n-a-ted fxom these assessments should non-molly be s u f f i -
cient to sat is f t j  a-U non-ma! qua lification xe-qui ’te-ments.

Quali fication and xequa.Lific a-tion -should -tak e maximum advan-

~tag e o f  those -tests which a manufac taxe-’t na--Cu/tally pe n- foam s f o x  his own
economic set f -pxotection. This n-equin-es a moxe astute assessment on the
pan-t of the us e-n-, but undo ubtedl y n-educe-s oven-all costs .

16. No comment.

17. Utilization o f  the s uppUen-’s sta-ndaxd -test conditions and
pen -f o-’uiance xequi- ’temento will n-educe- the non-xecwvting -test costs . Use
can be made of  -test data on s iinitwt p an-. ts/p n-ocesses to satis f y  /tequiitements
f o x  envin-onmental -tes ts .
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I S .  No comment.

19.  No comment.

20. This was being addn.e~sed b y RAVC/LISAF dwi_ing development of
the- MTL-M-38510/420 specification. Chip -testing wa-s being c~nsiden-ed as a
tn - a deof f  fan -  the. p xe-- cap visual inspect ion n-equ—i-’ted by MIL-STV-8 83 , Method
5004 , due to the complexi-ty of -the device.. RAVC/LISAF should be que-n-ie-d to
de-ten-mine- what conclus ions we-n-e- n-e.ache-d -in the-in - 197 5 - 1 977 studies n-e-ga-n-ding
tests/cost tj uzdeo f f s .
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F. Question #6: Please coninent on the problem of testing complex
LSI devices. L

Highlights : I

These suggestions found some concurrence among respondents:

Standard ize on LSI testing approaches,
e.g., test equipment , interfaces , test
software translators , etc.

Judiciously select a critical ntanber
and type of functional test patterns.

Build testing capability i nto chip circuitry.

Signifi cant problems cited in LSI device testing were:

Frequently, two vendors are not really
“transparent” sources.

The non-recurring costs for writing LSI I

device test programs can range from 6
months to 2 man-years.

Vendor test programs are pecul iar to a f
given test machine , and they must be
translated to the user ’s machine .

Industry Replies:

1. 7 ~ G4 an ~Lndu4.tky W€.k~ ~to te4 t eV€.ILLJ £LLJ1C21~.On 0 ~
LST cA..~~uA..t, ~the~’Le woa&L p .’Lobabty be~ ve~y ~ew deLLvexed on t~me. 1~ Aey I



NAC TR- 222 i
Quistlo, N: Plo,,. co~~ .t 00 tIli probl o,
Of tli t ftg COUVISO LS1 dtvic., .

weite de.UueAabte on tAme, they would co6t 40 much no one would wan.t them.
The pn..obtern wLth LSI cAxcwLto xeaLty ~L4 the u4 ~A4 0 ~ them M.the’~ than the
cAiu~nLt~ t m t v e ~s. Mo1~t u4e~~ axe ac.cu~torned to u6ing 4ingte ~wwlion
41.mp.te components , .te~s.ting them exten4siuely, and ~LncU.ng indu4 t ’ty n~ecep tLve
to th,L6 a.pp iwac.h. The 4ocAaL envij to nrnei ’tt o~ the bu~6A.ne4 6 A.4 C.QmpOnent4-
oniented, not 4y tem6-onien.ted . Un.tAL ouk indws t’uj can be educated £n.to
£itiing in a (6.temo wo&td and ~Lt.4 a~~ocia~ted p~wbeem6 , tes ting wUL be
compte.x, deiive~’uLe4 wiU be tong , and co4 to wAil be hig h.

2. Re.4s1’uct p in-out texrtünvtion4 to 60 1/0 and a total o~ 64.
Ut~LLze p in rnuLtLp tex~Lng to achieve th.ii.~, Un42 ~~ nece~ sa.’uj . Ge.nenalü,n
o~ comptex .te.4t p kog/ulm6 in it6 eL~ £~s no p kobten?, but the a~veii.ip me~vt o~
autonv..t~c te6t genvuttion ~kom t&u.th tabte4 4hould be ~unded.

3. The qaeaion ~c~6 welt pu.t! It  i4 ve~y di~~icuLt to te6t LST
cL~cuLts . The ~ x6t p ’wbtein to be encowi.tvLed would be the te4t pM gMJ n
LtseL~. ThJ.4 £4 a majon. cko&e . A~Wt the te.4t p ’wgn.am htu been debugged ,
the te~ting o~ pac kaged p a~t4 4houLd be J tea4 onabty 4t~~~ght~o/u *xkd. How-
evex, au~en. te.~t2ng be~on.e pa ckaging £4 aLway 4 a ma jo it. p ’wbtem. Te4 tôtg
e~~o/ct4 4ho utd be nude and covtxac.ts tel to develop cXo44-a 6 6 €mbty tech-
nique4 and allow te~t pn.og~ta.m w’tLti ng to be done wsing kighe.& tevet
&znguage4.

4. The te4t~ng o~ comptez LSZ deuice.4 .~c4 ~~~~ comptez. Te.6t
equlpmen.t, howeuex, £6 contLnuoily n.eLiching the mw~ke~t dLkecled tow.vtd
6impU~y ing th.L6 p ’wbtem.

5. Te~tLng p h..ilo4ophy c.hange.6 , o~ coux~se , wi_Cit o.ppeAca.tAon and
wi_Cit device type. SpecAa.Uzed te6texo and 4p eciaLty test ag enc.Le.4 axe
beginning to appe ax on the maxf ze ~t. WluLe neLthex o~ the~ e p ’wvide4 a total
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6otutAon to the p iwbtem, they can be o~ con~side~able va..&1e. I n the ca4e.
o~ a m~exopitoce.~~o1t, i_C £4 geate/ut&y a6e~ul to kun a compk ehen6ive “boaxd
te.6t” pnJ.iiiL to in6 eation o~ the nu~c~topkoce.64o ’i~. Then an appU ca.tion-
on.iented .te4t o~ the compected ~unctLon £oUowo .

6. A 6tanda/tdized te~t~ng app ~wach £6 needed to po 46ibly include
4t4nda~kdLzatAon on actual te4t eqtu p ment; then teot t~p eo and ilttVL~aae.6
can become 4tanda.kd wLth the co4to 6 ha)Led among the aoex~s .  ThAA wIlt
enhance the. po 44ibLUty o~ achieving co’~xe2.alLon and .ohoutd kedu.ce the
p o44ibi_Utieo o~ having con g.k.tLng teAt /t€h uLt6.

7. ~kc.n.opn .oce4oon4 and geneiutLty all LSI deviceo p o4e a 4igni-
~icant p .’wblem to the te4t/cha/uzcte,~~za2Lon engine.ex 6ince by de~ini2ion
and de4ign , no .~wo deviceo axe axchi_tectuAaliy 4imiWL. Thio xequA/1e4 a
~unctLonal teAt p ’wg ’uim ~ox each device. The inckeaAed comp texi_ty o~ the
deviceo po o e~, at time.~s , in4 w’unowttabte pn..obtem6 in exe/u2A4ing axeLZa 0 ~
the. device that axe “bwp2ed ” wLtkin the ~unctionaL axchi_tectwLe and thexe-

~oxe cannot be diAec.tly te4 ted. The te.6t eng~neex £6 ~aced wi_th te~tLng
the equivalent o~ 4eveML p age4 o~ hexe.to~o ’Le cU.ocxete logic in a 40-pin
component . Component manu.1~actuxexa have not add~’Le44ed the LSI teAtabAUty
p ’wbtern adequately in lhe.ix pxoduct6.

On 4econd-4ou.kce p’LoduclA, the p n~.obtem 6aced hexe £4 one o~
U44iInLWL p’wce~s4eA being uoed to implement the -s ame £ww_Cion. Comptete.
€1 ecttkat cha~.acte~~zation hao xevetxted that ~n.equentLy ~too vendo~~ a.4e
not J tealty t ’ute “t’t an4p axen.t” oecond 4otmee4 . A comp o4Lte 4p ecA4~ca2Aon
£4 genexa.ted to covex the guwcanteed p ex~o’uiunce and PC inWt6aceA to be
expected independent o~ the vendox used .
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We ax e ~aced with di~~exent app xo acheA to imp lementing the
4ame ~unction, d.L~~exen.t p ’wce64e4, and d~~~exent p e1t~o’unance de~in i2Lon4s
on pa.tts that axe nwckcted a4 the 6ame LSI pa nt type .

The cla44ical appxoacii to te4ting SSI and MSI deviceA hao
been the “6tucta ~auLt” concept, which checko alt 4ta.tLc. gate ope.iw.tiono .
While thio app n.oach wao adequate son. theoe deviceA, LSI p ooeo oignigicant
teAt pn .obterno both beca~~e o~ the incxeaoed nwnbex 06 p axts and the ite’~.a-
tive clo4ed-loop opexa tLon 06 many in.texnal device ~unctiono. U £6 neaAty
impo44ible to p ex~o’tm adequate “4tuck 6auLt” .teoting on LSI deuiceo.

Even i6 “4tuctz 6au.W could be p vt~o’uned , i_C would not nece4-
4C~flUy guaxantee p xopex device 6anctioning a-C 4y4tem (u4 ex) 4p eed4 . What
£6 being done p xe4 entty in LSI device teAting £6 to jud ic2ou~lq 4eleci a
ci~Lt~iczal numbex and type o6 teAt pattexit6, and ~‘tun them at 6y6tem 6peed6
in the device, con~i.’unLng p xopex opvw..tion. Thi6 olgo4Lthm 4e2ec.tion £6

not a ctooed and pxecL6e technique, but xetieo heavily on the vendox ’4 p a4t
p ex6oknunce on oimilax deviceA and o ax pe,~.ception o ~ the pa.k.t ‘4 p o64ible
6unctional pxobtem6 .

in addition to the pxoblem6 o6 te2ting individual LS1 deviceA ,
thexe £6 an even gitea.teit pxobtem in teoting 4uba44embtie6 containing theAe
component6 . Pxeviouo mcthod6 o ~ te4.tLng MSI 6ubOA6 emblieo axe a..L6o not
adequ.a.te (i.e., “6tudz LauW’ te.4tütg o~ Low-tevel tog Lc) eon. teotLng ô ub-
a44enIb Ue4 populated with I_SI deuiceo .

A comptotnLoe 4otutiOn £6 to 4 eptVUZ.tely teAt the I_ST logic
(wi_tit £unctionsll test p attexn.&) and the MSI togic (with conventi.ovto “ó-tuck
£autt ” p a.tWtn6) . Thio n.eqwixeo £6otatLon o6 the LST devi.4e.6 u4ing -tP~i-
4ta.te bu~~ex~s wiJLed to exteitnal connecto/t pin s . TheAe i/O p in6 a6 Utztlq axe

—. 
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ve.’uj ‘taxe in the 6u.btu.6e.mbty de8ign, 4ince mo4t 06 them would have aLteady
been coninLtted to op e ’utt-ionol T/O and axe not available 6o~ teo t.abi..Uty.

8. At pke8e?tt, thio is a vexy cU66icuit pxoblem and will become
moxe ct-i66icalt. In oxdex to maintain ~‘te.aoonable bounds on thi~ pxobtem,
kea4onable judgemen.t mu.ot con~s.tantLy be exe.’tcio ed . Fa n. complex 1.51 devices ,
100% 6auLt covexag e testing £6 vexy o 6ten not economically £ea-~sibte.

P lanning ~~~ te.~ting could eaoe the pxoblem. Building test-
ing ea~e into a micxoc.i.’tcuLt is o 6ten po44i_ble (e.g. ,  biving Lng out a xeo et
tine on a long cowvtex chain 40 that it can be initialized ea.silyl. Spe.cc.—
6ica.tLon co~uiotency could aLso help. Fon. example, sp eci6Lca.t.Lon4 which
have di66exent Load ing condi_Ciono 6o”t each output OIL €ach input can cn.ea.te.
4eve.ke te4tAing p .wbtemo.

9. in .teoting SST/MS 1 devices, genew.ting a 6u.nct.Aortal -teAt
which 100% te.4t4 the gate.4 and all po46ibte patten.n6 £6 not unxea4sona bte.
Fon. 1.21, ~uch an e’thaubtive 6u.nc.tioncl teAt £4 not p’utcticol. Patte/Lna on
the on4en. o6 100 100 would be kequiJted. Some middle gxound mu4 t be / teached.

( Appxoxima.te y 90% 06 ga-teA, ue.ti6y 6wwtionat pa n.tLtions, execute at_I
in6 t.tuc.tA.on4 ox baoic 6unc-t~ion4 , data p attexn.~s : al_I oneo , at_I zexoe4 ,
etc .) Guidelines mwst be e6tabUshed .

Genexation and implementation 06 a xea6onable 6uitc.tionat teAt
kequikeA e66ont hexeto6oxe unheaxd 06 6ox a device teAt. The non-Xeeuk.’ting
c04t.6 60k umi_ting 1_Si device teAt p ’wg~am6 can fl.ange 6xom 6 man-mo ntiz6 to 2
nun- yea/to . F an. a a4 ex thio can be xeduced by 20% to 30% by implementing a
vendolL’s teAt p .’wg/tam , £6 available. The cli66Lczzl.ty £4 that the vcndok ’6
p ..’wgw.m 1.4 pecul&n. to a given tes.t ma.cizine. The te4t pxogn.am mus t be
Aan~sto..ted to be implemented on a di66exen.t machine. This hight1.gh.to one
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°6 the majok p lwblem6 associated with speci~ying an I _ SI device. Fo n.
example, the 6unc.tiona.l test 60k the 80804 micitop iwce4sox (M1L-M-38510/420)
Lists 12,000 binaxy vectok.s. To convent this detniled 6anc~tional test to
a given test machine will n.eqwL’te thitee to 6ive man-months 06 p kogn.asm~ing
e66ont. 16 a t ’zan~Latok p lwgn.am aL ’teady existed , this time could be
keduced to about one nun-month .

A not hex p n.oblem £6 that devices completely compatible at the
system level may not be completel y compatible at the device test leveLA.
This .oitua. tion came to the 6on.e6xon.t when a te4.t p ’togxam developed 60k
inte.t’~ 8080A m.icitop n.oce.sson. could not be used to test the 90804 ( AJ.W’s
equivalent 80804) .

Mach ~tudy is needed in the aJLea a ~ device testing. The
.tkend s eems to be touwtd dedicated teAteM (mi.cxopxoce.ssoks and p eniphexol)
as oppo s ed to laxg e gen en.al -p axpo se I _ SI teAtex~s.  Fo~ milLta.&y p’wcaxement ,
some .s.tandaxd method 06 testing and sta.ndaxd test machine4 ~houZd be e~tc.b-
Lished. Tn.ans ea.ton.s 6o~ these 4ta.ndakd machines should be made available
to supptiexo and us elis.

A set 06 standa.’td vecton.s ~hould be genexa..ted 60k the d.i66ex-
eat 1_SI 6asnUieA (e .g . ,  RAM~, ROUs , 4h.i6t xegistexs) to pxovide a bas eline

• 6ok indws.tky testing . Fa n. 1.21 devices gxea tex than 500 gates, the j udicious
use 06 on-chip BITE should be encocmag ed to simpI_ i~y device tes ting.

10. Testing 06 complex I_SI c.i ’tcait devices can best be accom-
pUshed by taking into con~sidexa.tion the 6unc.tion 06 the pcurt, the geome.tky
o~ the die , and th e  technology being used .

Testing 4o6.toaxe must exeiccise alt ba4ic 6unctions 06 the
device. Tests ~ox “woxst case ckoss -talk” should be detived by taking in to

95



MAC TR-2221
Q.esttoe IS: Pls*s. c~~~ .t so thi p.iolso
.1 t .stIo~ cs~~5., 1.51 ~~vIcu .

account the 6a~iJ.wt e mechanisms pe cutia.x to the technology being employed
as well as the geomet4ic placement 06 the cells within the device. ~klL
possible t’twth table combinations will p ’wbab.1.y be impossible to test in
a keas onable testing time, but gkeat o~ssuxance 06 p /t opex peA6o’cma.vtce may
be obtained using this method. L.üaely, only the device manu6aa.twte.n. has
alt the 6acts and test equipment necessa.’uJ to evoJ~ate his p ’wdact. Fa n.
incoming insp ection t~~ting, an “in wse” cixcuit at t€mp e.’w.twte. e.x.t/temes
should inswt.e that the xeceived device is indeed £uitc.t-iono~L

11. Thvte is gxeat dL 6 6icatty in testing 1.51 devices because
06 them. complexity and th~ weakness o6 the design dis cip lines used so
ofrten in cn.eating new LST devices . 1.21 testing complexity stems p irimait-
Lty 6ko m the need to test 60k inte.iuxction.s b etween each 06 the thousands
06 elements in the I_SI pant . With a dis cip lined design app .’toach , 4ach as
standan.d cells , this inte ’utct-ion p iwblem can be. minimized becaus e the
Logic 6unct_iona axe designed and tested to eliminate the possibi2i..ty °6
aLt inte’uzetiono , and the intekconnection matrix is designed to access
the cells only at pxe.s elected access nodes . The logic on a ~tandan.d
cell design must be tested 6ok 6ww~ti.on, °6 couxse., but the extensive
testing 60k p attexn s ensitivity and iate.xaction between elements can be
eliminated . Such di~cip Uned design app n.oaches shouLd be. deAtgno.te4 by
NM/AIR as thei.x pxe6e~vted design appxoaches.

An additional app ’wae.h to t~~ting 1.51 devices that is
pxesently being 4tadied is a 6unct~ionc2 sAiiiuWio~t/ tes ting pn.og ’w.m that
allows sabetements 06 complex 1.21 devices to be exexcis e.d independent ly,
thexeby decteasing the complexity °6 the test p a.ttexn ge.ne.w.tLon and
t~~ting p ’wblem. This axea 06 study should be 6wided by govexnment con-
.tcact4 with sp eci~ic initial goaLs 06 testing today ’s 1.51 devices and
gene.’cating ideas £o~ testing the next genexation o~ VLSi devices 06
gkedtly enhanced complexity.
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12.  Testing 06 VLSI cixcuits is j a~t evolving, and it seems
that 1.1 wilt be impn.actical to ~uLty test a p ant even with the use 06
compci.tex-a.ided toot_s . Thvte6on.e, decisions will be made. bas ed on t ’iadeo 66 6
dw’ring the design cycl e tha t will ewt c~Ls e the p ant to a level ma.x..ànizing
the p ’wbctbility 06 detecting a 6a-iluxe mode.

Conside,’utble expenience 60k judg ing these deicsions is
• available $/wm the testinq °6 calculaton. componen ts and compwtex systems.

13. a. Complex LSI devices should be tested as we test PC
caxds , using only the I/O pins.

b. Custom LS1Cs must be designed to 6acili-tate testing.

c. Obtain and duplicate vendo~ test p lwgira ms £o~
standa~d I _ SI pa nts .

14. This di6 6icuLt pxoblem is gkeatly simpU 6ied i6 the designen.
£4 made ‘teA po nsibte 6o~ 4speci6ying the test p ’wceduxe. Not only is the
de.signen. best q ua.U~ied to sp eci~y the tes t pxocedan.e, and knowing exactly
what the 1.21 is expected to do , but wvtestable designs axe eliminated . I n
many cas es , the addition °6 a 6ew extka pads which need not be biwught out
06 the pac kage will gkeatly simp li~y testing.

Ve.n.y o 6ten 1.51 I_s so complicated that only compwten.-aided
design p n.ocedwtes axe capab le 06 pxoduc-Lng sa.tis £acto ’ty n.esaLts. NA VAIR
should enco wrag e the use 06 these pxognams, and shouLd n.eqaixe that test
vecton.s be gen ena~ted be6ohe the. design is n.eleiued to p ’wduc.tion, both 6o~
the I.S1 and 6ok the. equipment using the pant .

i
z

. 

97



MAC TR-2221

~.st1so N: P1,50. c~~~ st so tO. prsbli
Sc tut lol c,~~Iu IS! ~~ V0CiS.

Fn.equentty , both Test and Vesign dep a ’r.t,~erto ex.i.st within
an on.go.n.ization, and each expects the otheir. to be n.esponoible 6o~ the test
sequence. The p’r.oblems that may be cxetvted can be e.Limina.ted by kequliring
the Ve.sig n depa ’r.ti~ient to be n.esponsi.bte 6o~ the. content °6 the tests , and
the Test depantmen.t to be ~espon4ible 6o’t implementation.

15. Expenience indicates that 100% s cxeening 6ok c’ri.tical
p axameteM at extended tempe’r.atwr.es , voltag es , etc. is the only e66ec.tive
test philosophy, inasmuch as possible, the test con~iguiw.tLon ~ho aId
emulate the intended application, 6on.~ with complex LS1 devices , testing
all poA5ible combinations 06 pair.ame~tex6 is di6 6icult and costly to imple-
ment even when using autonv..tic test equipment.

16. No coninent.

1 7. Sophisticated test equipment is a necessity i~ a wide
F va.’t ety 06 pa nts a’te to be tested; but compa ’uutive testing can be pe’r.-

6on~med on dedicated ha ’r.dwa ’te. A goveknmental so 6talaxe Libwr.y containing
magnetic test tapes 6o~ commonly used ha~th&ra.ke would keduce the OEM ’s
test development costs.

* * *
18. Thexe axe seve/ tal levels 06 tes ting keqaiJr.ed 6o~ 1.21

devices. Ml levels keq uAJr.e conside ’r.ably mo/r.e compl ex test cigonithms
tha n with MSI . Fwtctional testing with known state conditions can be
complemented uvr.y nicety by voltage cont’ro.~t detection °6 these inteknal
state conditions . That is , the same compu.ten.-contn.olled etec.t ’wn beam
technology that is advancing the state and complexity 06 LSI (VLSI ) £6
at_so able to p’wvide new test in6o/u’v2ion inte/tnctt to the chip. In pair.-
ti.cwtat, 6auL~t isolation on a p ir. e-p ackaged (on. ‘teopened ) 1.51 chip can be
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CLWcied out e~~iciently. Test algon.ithms atxead y exist that exexcis e I _SI
chips , but thvr.e axe times when no amount °6 e.xelr.cising 06 the chips will
n.eveat the 6ai~ttm.e mode . Koweve/r., a computex-con1ywlied etec2~con beam
(high impedance p n.obe) can be used to add ’r.ess any point on the chip; and
with p ir.op en. inst ’wmentation and methodology, voltag e stole (nodal poin ts)
intenital to the chip that axe inaccessible by any othex means can be
mea.sa ’r.ed. This in6o ’tmaLLon combined with the othe’r. mo’r.e matu/r. e test
otgonLthms can be the basis 06 new test p ’wceduxes that must be developed
concwvr.ent&j with 6ui~thex advances in I _ Si .

19. The complexity, initial cost, and ope ’r.a. t.ing coat 06 testexs
has escala ted with the complexity °6 1.21. P ’wvi~i.on 60k test ohoutd be
incokpo/uLted into each I_ SI device to siinpli~y test and 6au~t-t isolation.
Up to 20% 06 the cL ’r.cuilir.y on the LS1 device should be assigned to test
and 6au1.t isolation .

20. CAPT V. J. Ohm, USAF , was extensively involved with the
choiracteirization 06 the 8080 rnickopiwcessok. It is n.econinended that
inputs be solicited 6ko m CAPT Ohm, who is intimately 6araLUa.~ with the
testing 06 complex devices.
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G. Question #7: What sho uld be done to make custom LSI circuit
development costs and turnaround times affordabl e to NAVAIR and its con-
trac tors , with low system and schedule risks?

Highlights:

There we re two suggestions that enjoyed a reasonable degree
of concurrence among respondents. These were :

Use computer-aided design techniques
employing libraries of standard cells
in technologies that are in the main-
stream and which can be manufactured
on high volume production lines.

Make optimum us~ of semi-custom
integrated circuits such as universal
gate arrays and so forth.

Industry Replies:

1. Custom L.Sl cL’r.cuit design costs and ni6k 6ac~tonA axe, c6 - -

couxse , cWr.ectly ‘tetated to the cornplexi_ty 06 the design and how 6ax the
p’wcess technology must deviate 6n.om what is cwvr.ente.y in p ’wdaction.
1.31 digital cincuits should, i6 at all possible, be designed using welt-
established logic building blocks as used in standa kd catalog items
such as 541.5 on. one 06 the ~tanda.’r.d MOS technologies. P ’wvided the
custom citcuit does 60110w standa ’r.d 541_S Ok othex mainstaeam technology,
the automated computex-oided design 6aciti~t~ie.s using the lib’ta xg 06 the
building blocks wilt pn.ovide a design with a high p kobabiU.ty °6 meeting
the systems xequi ’r.ements the 6ikst time it is manu6actwr.ed. P/wceosing
06 the custom cixcuit can then be done on a high volume p ’wduction tine
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using exactly the same p ’wce.ss and p n.oduct g wLdeLines used on any starr.dcvr.d
54LS ci ’r.cuit . In the cas e 06 £inea.k on. nonstanda ’rd digita l cL’r.cuits wh.e’r.e
the use 06 people ( not machines ) goes up, so does the. nisi~z 6aetok and the
pxobability 06 not meeting the systems kequikenief l-ts the 6in.st time.
Un6ontunately, their.e does not seem to be a 600lp’wo6 app’r.oach in these
cases . I pens onatty believe moxe time should be spent b ’r.eadboa1’rdiLng and
compwte ’r. simulating the wr.cwLt, and that “haste means waste” in these
a’r.eas. Their.e is usua lly such pxesswte b’wug ht to beau by the system
manu6actwr.e ’r. that the s emicondactoir. house wilt commit a wr.cuit design
to Layout and n~sfz geneuation p ’r.eniatu ’tely j ust to meet a schedule.

2. Maximize the use 06 gate cwr.ays (bipolan. ) and cell libnaties
(MO S) . Maize the use 06 &fl existing up-to-dat e CAV system a p n.econditLon
6o~ development contkaet awoAds .

3. It would be veky d.i66icul t to maize cus tom I_ SI cixcait
development a66on.dabte (appn .o xiniate.ty ~100 ,0OO/cixcui_t) and tuuna.towld
times good (app n.o xiinately 12-1 8 months ) 60k 144 VAIR-type cin.cuits. Sche-
dule .‘ri ~1i~ mast be consideir.ed. 16 the NAVAIR systems could be designed
a ’r.o und standtvr.d pauts, with 6cw custom devices, then twtnaxowtd times
and costs would be keduced considenably.

4. We 6eeL the answeu to custom LSI is the in-house dedicated

~aciJity with a thoiwug h undeur.sta?l ding o6 systems keqaIJr. ernents and with
the motivation 06 having to detivek -the success 6ul system.
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5. Considen. the use °6 mastek slice/maAteA. ga te as a bn.eadboaitd
06 quick keaction custom semiconductok houses, i.e., Exok , lnteiLdesign,
RCA, etc. We would aLso question whethex a custo m 1.31 appn.oach is consi.s-
tent with the objectives 06 questions I thn.oug h 3 o~ this suutvey . Except
60k extkemety high volume and some specia lty a.pp Li.ca..tions, we believe
standaud 1_Si is a 6ax bette ’t solution. &heue packaging size cons t ’zaints
axe sevexe, a hybn.id miexoetectn.o,vic.s app .’wa.ch can o66en. an att’tac.tive
al.texnative.

6. No comment.

7. Compu tek p lacement and wining 06 macko cells is an app n.oach
o66exed by a Lew vendo’is that pnouides modvw..tc. development cost and quick
tuxntvwund . NA VAIR should cap itaLize on the similanity 06 these I _ SI
app ’waches by ~unding the development 06 common mac.ko 6unctions and the
enhancement 06 the computeu pl acement and wi,~ing p nognaras. These pwgnams
should be enhanced to pen.mit inp ut/ output p in assig nment as a desig n input .
These developments should nesuLt in acceptable altexnate souxces .

Reewi.ning costs 06 comp utex p laced and wined mac/to ceLls axe,
06 cowr..se, volume dependent . Those 6u.nct~ions that nevex achieve high vol-
ume would iteynain unchanged dcm~Lng thein pn.odwtion 126e. Koweve.x, those
tha t achieve hig h volume should be xedesigned using conventional hand
placement and wAiting to achieve mLn.Lmwn siUcon die axea and thus minim ize
cost. The initial computvt p &zced-o.nd-wixed macno cell app noach phas e Lon.
known high volume 6u.nc~tLo ns o66exs quick development time. at modeitate cost
and haitciuaxe with which to test the designs in a system be6oke committing
to the long, costly, hand layout 06 the des-m ed I_Si 6ww_tions.
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8. Stand aitd cell ~pp iwaches and design au.tonv2ion techniques axe
the best ways °6 attaching the development cost and twtnaxowtd time p ’wblems .
VoP and NM /AIR might wish to considen. 6u.k~then. development p kog/ta ms in this
aitea so as to lessen cost and development times .

The itisiz pxoblem could best be solved by woith.ing with p/t.oven
technologies nvxnu6actuxed by p koven sup ptie.n.s who axe cormtitted to supply-
ing custom cixcaits, and in pa n.ticula~, custom ci/tcuits 6o~ the PoD man.ke..t.
This also attacks the p iwblem 06 maintaining n.eas onable business levels
with 4 upptieits .

9. CAD systems p’wvide a pa.ttLal solution to the p noblem 06

costo and development times . The use °6 cell Lib.’canies 6o~ chip des~Lgns
on. the use 06 custo mizabLe gate an.xays on. P LAs p uovides low ~~~~ mini.nnl
cost I _ Si .  Howeven., these sotwt.ions to the cost/schedule/nisk p n.oblems have
p ex6on.mance disadvantages in that the ‘tesuLting devices genenalty axe not
optimized 60k speed , powex consumption , d’t.ive capab ility, on. chip yield.
Encouxaging the development and use 06 such automated chip design CAP
systems would be 06 bene6Lt to NAV A TR .

It should be n.ecognized that custom 1.31 nonxee.ui~xing costs
dL ’tec.tly neduce the next highen. level 06 assembly design and development
cost. 1_SI signi~icantly ‘tedaces -the numben. 06 mwetitzyen. boaxds , intvt-
connections , cost, and asse.mbLies nequ.in.ed 60k an equipment, and thus
neduces system cost and schedule nisks.

The use 06 S4~Ls o66eks the long-&ange pO tQJtt al 06 minimum
development nisk4, n.educed development lead times , and ,te4uced p ’wdu.c.t-ion
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schedule lead times. MuLtip le sowu~ing 06 SAMs will aLso n.educe system
‘tisks associated with sole souxce pxoduction p n.obeems.

10. One appkoach would be -to encouxag e the. use o~ p n.eviousty
developed custom LS1Cs (g ove- ’tnment 6undedl and the use 06 compu.te/t-oided
design p/tognans with standakd cell libnaxies £o~ vcutA~tt& technologies
developed and rnain.toined by the govex nment.

Two on. thxee in6on~iution c.en-texs located in di66exent geo-
gn.aphi c a ’tea-s °6 the. cowit ’iy could be -s et up 6on. goveitnment con.t ’tacton.s5
use. These cervtex4 would maintain aU -the data on custom LSICs developed
on Gove ’tnment 6unds . This data could be ‘tevi ewed to -see i6 any 06 thes e
devices on. simple modi6ic.o.ti~.ons o~ -th em could be used in new designs . 

~6
the oovexnmnent owned the designs, simpl e mnodL6ica,tions could be obtained
at a £ ‘csxction 06 the design cost 06 sta.irling 6/tom s cxatch. (New mas ks
would have, to be made but a majon.itzj  06 the layout would be complete.)

Gouexnment-deveij,p ed CAP pxognams with sta.nda ’td cell libna-
nie.s 6°”. vanioa technologies would also be maintained at the i.n6o ’tmatLon
centexo . These CAP pn.ogkams could be an extension and expan sion 06 the
p .”.ogxa mo such as those at ECOM and NSA. Goveitnment con.tkacton.s could
puitchase compute.x time to design LSICs on. obtain the p n.ognarns 60k use in
theik own 6aciiities . Eithex way, technical assistance and update in6o’t-
nv..tion 6ox the p kogitams could be p’wvided at these cen.texs. This would

• have the advantage 06 stando.n.d.Lzing the design n.ules and the cells used
in custom I _ SiC designs. Wa6eit 6ab~-ica~tion souxces would have kigh~ -’.
con~idence in being able to success 6uily p noce..ss the designs, and the
design itisks would be xeduced. The govexnmen.t could design test pattvw.
chips to check out new celLs to be added to the cell tibnaxies and also
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to check the p~oces s compatibility to the designs °6 vaxious 6o.baico.tLon
sow’.ces. A List 06 compatible ~abn.ica2ion soui’.ces could also be maintained.

The use 06 standLv’.d design ‘wiLes and cells should make the
task 06 n.ede~signLng existing LSTC s into new technologies and pn.ocesses
somewhat less cU 6 6icu,Lt and Less time-consuming .

11 .  P IAVA1R should ado pt quick tw’.naiww~d , low non-xecwvzing
cost I _SI design app n oaches that have been developed by indwstky and that
axe 6amiliax to pexsonnel at govexnment agencies . (‘)e have developed thxee
design appxoaches that meet thes e cx-i.tex-La :

Standa.kd Cell
liniven.-sal A.v’.ay
Hand c/ca 6ted Cotnp utex-Aided Designs

The 6JJt.st ,too axe established appn.oaches which axe now ope’ta.tional in 5ev-
eAaZ govvuu ’nevvt ag encies and at many miLitaxy system cov,tn.ac.ton. $aciLJLtLe .
The standaxd cell and univexsal a v’.ay app ”.oaches axe a66on.dable, n.el-iable,
and allow designs to be accomplished within typical equip ment development
schedules.

12.  Exp eitience indica.tes that I _ SI Lunctions should be imple-
mented with a technology which suppo tts at least 1000 gates pe n. 20 ,000
squaxe inils 06 chip axea , including intexconnects . 12 L satis6ies .tkAA
‘teq uixement we, U. (See kespons e to Question S . )

To minimize design cost and cycle ti.me, -t~uo appkoache.s
hould be considexed. Appeica.ti on4 n.equUiing 6ewe’L than 1000 gat es 06
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complex~ittj (64 6Lip- 6lops , 500 gates , and i/O bu66exs ) should employ a
gate ax~ay technique. Cycl e time to n.eceiving 6unc~tional pa nts with this
app’coach is 8-10 weeks.

AppUca.tion.s n.equixing a level o6 irteg’uttion gkeate/c . than
that pxovided by the gate av~ay should considex use 06 an automated design
system. With such an appn.oach, design cycle times nange 6/tom a minimum
06 21 weeks up~uaxd , accon.ding -to the device’s level 06 integn.ation.

ALt o6 the above cycle times assume a completed gate level
descxiption 06 the 6unction at the outset 06 the pn.oj ez~t.

The. n.eqwin.eme.nt 6°”. custom LSI 6unc,tions can 06-ten be mini-
mized. Pn.op ex system panLitioning pvun-its most system £u.ne-tions to be
implemented with sta,ndan.d micxocomputex devices which have been pkogiuvr.ned
to implement the p lvr.ticulan. system 6anction. With this appn.oach, the only
6unctions ~tequL”.ing custom I_Si axe n.eadity implemented with the level 06
integ’tation sup pon.ted by the gate ctn~ay deo cnibed ea.n. Uex.

• 13. a. Investigate the a-tiLi.ty 06 a set (smallj 06 standwT4
gate a.vutys in the 200-500 gate itange. Customization then only n.equin.es
custom metalliza-tion. Quat i6y the pax~ts independent 06 customization.

b. Use standaxd ceJl/au.tornated design appn.oache.6.

c. Use p n.ogn.a.nra ble I_Si devices when possible; pw tpo se.ty
design 6ox thei’r. use.
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14. Use CAP techniques tk’wughout with emphas is on a s-ta.nda-&d
cell appk oa ch. Automated I _ SI des ign systems have been develo p ed by both
NSA and NASA and axe in the public domain . Use o6 these systems g ’tea.ttq
)Leduces tw’.na/w and time, cost, and nisks becaus e 06 the laxg e amount 06
automated e-v’.on. checking . Standa~d cells hav e been caxe~utly chan.acte ’zized
so that the-in. p ex6on.mance can be pn.ed.Lcted czccwuztety; thexe6on.e, automated
layout using these cells has a high p ’wbabitity o6 success .

Evexy e66ont should be made to avoid the multiple t”.y, mini-
nwn axea p’wceduxes corsinon in the come~’rcia2 semiconduc,tok indas tiuj . While
this technique is sensible wh exe an 1.Si chip will be manu6actuxed in eaxge
quantities (hand calculaton.s, 60k example), it does not make sense 60k a
6ew thousand pa/t~ts total.

15. Non-n.ectmxing costs and the time n.eqwin.ed to develop special
devices can be ri ’inijq iLzed by building on existing designs. This concept
utilizes subelements which have been designed and p ’wven in actual appUca-
tion . it would also o 6tert be bettex to cLwLy some unused 6wtc.t-ions in a
device -‘tathen. than to tailon. the device to a speci6ic application. Stan-
da.,n.dization o~ design ‘wles and p”.ecau.tions against ouexspeci~ying axe 06

p tvtamoun.t impoittance.

An additional cos tly pit6all is laying -to embody too many
6unctions in a single device when the.xe is no n.ea oue.v’.A.d.ing keason.

16. No corinent.
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1 7. lie maize use o4 inteitn.a-l 140.5 ma.nu~actu.~ing 6acAlA~tie.o to meet
the needs o ~ low volume p n.odaction -tequiJ tements. Foli. corinekcicl p ’wducts,
NAVAIR should considex p& octming a quantity o~ pants 60k ke-sa.-le to OEMs ;
thus eiiminLtting lot changes.

18. Corn p utex-cont&olled e.lect~wn beani Lithog/taphy can be developed
not only to pwvide the high p ex6oiLmance LSI -‘teqaixed, but -to do so with the
shontest possible twtna ’wund times at a66on.dable cost-s. The,te axe schemes
and consideicably advanced wokk in pnocess to pn.ovide kep licalion 06 submi.c.ton
device pa-tteitns 0 vet an axea a-s lange as one S quake mitiimetex, and thexeby
inc ’tease the thn.oaghpu.t o,ç VLSI chips even moke ovex cUn.ect elec..tton beam
exposuxe. This combination 06 computek-contkolled electkon beam Ut.ho-
giuiphy 6on. both ctixect tua6en. exposuxe and mask making combined with advanced
LLthogn.ap hic kepLica-tion must be developed and cortvnitted in a timely mannen..

19. The rna.stex chip and PLA concepts should be encowuzge.d. A
cleaning house 6°”. available mastex chip designs and a ca~ta-tog 06 equivalent 

-

MSI 6une2ions that can be implemented 6/tom these designs would encouf cag e use.

20. Actively get involved with USAF/RAVC to expedite development
06 detailed M1L-M- 38510 spec-i6ication.s 6°”. LSI devices. In gene.’wl , the
m-LUtan.y should look towaxd establishing comon but ve.n.y pn.ecis e/deta.L.led/
con.tn.actuai keqwi&ements that 6okce all cont ’tac.tons to a cowwnon type p ’wcWte-
ment. Thexe axe many ~~ys in whi.c.h this could be done, but stai ’tdoAdizati.on
must be /tequi.xed 06 evexy cont ’uwtox in a uni6o ’uii way to achieve the type
06 volume, in an evex-shxinking miUta ty man.ket, which will n.esaLt in con-
tinuous device p &oduc_t~ion.
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NAC TR-2221

H. Question #8: What semiconductor technologies are required for
future avion i cs systems that will not be avai l able in a timel y manner as
spin -o ffs from non -military products? What developments shoul d be funded
by NAVAIR? Why ?

Highlights:

The fol l owi ng technological developments we re identifi ed most
often by the respondents as requiring NAVAIR development support.

Radiation hardened technology/device
development

Computer -aided design techniques and
standard cell development

CMOS/SOS technology

High Speed GaAs technology

12L LSI technolog y

A list of other suggestions is as follows :

. Si l i con and GaAs MESFET

. Depletion -load NMOS/SOS

• M icrowave devices

• LSI at GHz

, MICs
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NAG TR-2221
Question #5: What se.Iconductor teckreloql.s
a,, requIred for futur e av ion ic , sy st ems that
viii not be ava Ilable in a tIn ily Manne r as

spi ,.of?n froo non -. Ilttar y products? What
den,ho ~~ nt n should be fuedW d by UVAIR?

Whyh

Diel ectric Insulated (DI ) devi ces

High reliability hybrids

• Militarized low power 8-bit or 16—bit
microprocessor

• Specifi c LSI building blocks

Special packaging and handling technologies

• LS I testing techniques

Multi -level logic and software techniques

Acce leration of deve lopment of LSI and
VLSI sooner than co niii ercial demand warrants

t
Militarized liq uid crysta l displays

Computer-control led E-beam direct wafe r
exposure technology

Indus try Rep l i es:

1. The industj ty is moving along the pa th 0 ~ technoLogica l
advancement about a-s 6as t as it can. Mmies 06 peop le and GNP kinds
06 dothvts axe being spent on the s emiconducton. technology. KoweveA,
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NAG TR-2221

- Question RB: What semIconduc to r techrolog lis
are required for futu~~ anio nic, systems that
will not be available I~ a ti emly Manner as
spIn -off , from ~ n-m1lItary pr~du~ ts? What
d,veI.~~ nt, sho uld be fiasdo d by MVA!W?

I beLieve we should look at the wi—Lqae envixonment 06 avionic systems and
app.teciate the 6undamental 6ailuxe mechanisms at woniz in this envi’wnment.
The hostility 06 an avionic system must be one 06 the most di 6 6icult with
its tempexa.taxe ex~t,’l.emes, shock 6on-ces, and p.wbably most 06 al-I, the
extkeme changes in ba-’tomet~ic p/tess an.es. The tempeiuttuxe ext’ternes and
shock £okces axe p’wbably well within the sta-te-o 6-the-ant 06 any LSI tech-
nology. Chang e in baxome-t’zic pxesswte, howevex, is pxobably the poincipal
undextying caus e 6°”. most openationa 6a.Aluxe.s 06 a-iithokne eleciJwnics.
Then.e is a vast imp’wvement necessaxy in the he-tmetic package axea to pno-
vide a 6undamental imp ’wvement necessaxy to meet -this envixonment. The
s emiconductok manu6actu-tex selects his package based pnimaxily upon piece
pants cost and yield. Re iab ty is considexed 6°”. a bn.oad spectawn 06
customexs and usages, and does not adequately addn.ess the avionic enviiwn-
ment. 16 1  could encoukage the Navy to 6und any needed imp’wvement, it
would be to develop a heninetic packag e in a standa~d 6onmat , whe,te n.eL.i-
ability and appn.eciat-ing the £undamen.tal 6a.-~tuxe mechanisms at wo-’zk in
this envi/tonment would be the dniving rnotivaton.s, not piece pants cost.

2. CM OS/SOS, silicon, and GaA MESFET technologies; depletion-
-load lIMOS/SOS. 1 beLieve that SOS MES F ET low powell. technology ha.s a gn.eat
6utwte since it combines the low powex and layout density 06 I2 L with the
speed and ~adLation haxdness 06 CMOS /SOS . Since this technology is not
6unded eLs ewhexe, NAVA 1R might want to considej t its suppo k-t.

3. a. Radiation haxdened technologies .

b. Gigahex-tz technologies (MESFET5 , etc.)
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NAC TR-222 l
Quest ion CA: Whit semisonductor teclino?oql.s
are requIred for fut ir, autonic ~ syst ems that
w Il l  nOt b. inei li ble is S tinily wi nner St

apIs- o f f, from non-military prcsju cts? whi t

iI neio u.ntu Should be fuedud by NAVAIBI

c. Extkemely high quality technologies.

High 6kequency devices £o~ micxowas.’e applications might not
be available 6/tom non-miUta..n.y sowtces. Vevelopment.s in integ’zated high
6n.equency LS1 o.in.ctiits 6o~ the Gffz opeiw.ting a/tea might have to be 6wided
to get omething spec-i 6icalty 6ok the militaxy.

4. Hig h speed digital Logic using ga.tlium axsettide and ~n-icxo-
wave integnated c,Ln.cuits axe axeas that will p’wbably not ~pi n 066 £ ‘to m
the coninvLciat wolfld. In siLicon-based technology, veAy lo.’l.ge memo4ies
and haitdened devices axe als o unlikely as commexcial sp in-o664.

S. Radiation haxdened and dielectn_ic isolated devices. Also,
high ‘LeLütbiUty hybn.ids . Neithex is being pu ns aed by the coninej wi.at wo/v td.

6. No con~ne,tt.

1. In the nea.x te,’un , a kQLioLbLe, comp etitive, and pex6okmance.
al-tir.ac-tive -low-po wex S-bit on. 16-bit m.Lciwp noce-sson. is not available £o~
the m~LUa.xy use. Pn.obUms have been expen_-Lenced in all the. cwtn.e.rt CMOS
pxoduc.to in this categoky , n.elated to axckitectun.e (since these p’wduc..ts
now availabl e wexe o/Liginaf ly designed 60k spec-i6ic app t il-ions and now
axe attempting to answex geneAal-pw ’tpo se CPU p -n.ob lern s) , and pen.6o~’cnv~nce
in the ~r&LLitaxy envixonmeivt .

The CM OS technologies available today axe capabLe 06 p ’todu.c-
ing a “CMOS Z80” on. “CMOS 9900 ,” etc., -that would be ven.y a.tt ’uzc..tive to
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NAG TR-2221
Question RB: What SonIc,nduct,r teciwi oloqies
ar, required for futu re avionics systaMa that
wi l l  sot be ava ila ble in a s lim ly wi nner a,
s~ in -offs from son —mi lI tary products! What
d,velo ~~~~t , shoul d be fue~ -~ by NAPAIS?
Why ?

the mi-Utaxy ’s cw~xen.t ke.quL’Lemen-ts 60k low-powex, genexal-pan.pose, and
tow-cost milLtwty miexopxocessons . Howevex , vendon.s have not in.-L.tiated
this app itoach since they axe conrtel cial-maxket oniented and lack the n~x-
kei_ ing inputs to develop this p n.oduct on theix own. A 6unded e66o ’zt now
would yield p noduats in -&uelve months , much be6on.e the indust ’ty would
iivW.o.te this e66ont on ththr. own. The typical budget n.e4uL ’Lernent 6°”.
a CMOS ZS0 has been sized at 150-200K.

Radiati on-ha.-nd bipotan. and MOS technologies needed 6on. some
6utuxe avionics systems a-n.e not Likely to evolve as spin-o~~s 6/tom non-
miLita.n.y p~oduct8 . Technologies such a-s CMOS and 12 L have the po en.tio.L
6o~ high levels 06 integita. tion b ecaus e 06 low powen. cons ump -tions . NAVATR
should, a-s a minimum, 6und the development 06 .‘utdiat-io n hand 12 L becaus e
06 its potential 6o~ exts emely high integn.alion levels and high nadiation
han.dness levels . Funding the ha.xdening 06 the CMOS technologies used in
existing compwtex pta ced-and-wixed macito ceLl appn .octches to LSI sho uld
als o be consideited.

In discussing LSI technologies that should be 6unded by the
Fedeital gove~tnme~vt , thexe is a philosophical dichotomy which is bn..ie6ly
e~p Wted he.n.e. On the one hand, the mi~Utan.y usually wants equipment that
is 6iel.d n.epa.i ’uzble; ba-I -the LS1 manu6actuxek ha-s a -lange capita l invest-
ment in a pn.ocess which has Led to an inexpensive device cost, cheap enough
to o6~ten be considexed “tlvww-aiuay.” The m-iUtaity Likes the “timow-away”
concept, but is dAscoanaged by the huge 6n~ont-end investment n.equiJLed in
capital equipment.

AUL.tax y equipment and device rlv2nu6a~twLexs have histoni.cally
de.sixed to “pe itsonolize” theL ’t p ’wduct in -them. shop; that is , p nog narn a
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NAG TR-2221
Question 48: Whit semiconductor ta-chnolsgi.n
are required for futu r, avionics system s that
w ill set be aveil abl e is a t iwil y winner as
quis-off s fr~. son-m ilit ary produ cts? What
duedlo~~ nt s ahov id be fisidud by NAVA IN?
Why!

rnic.’wp iwcesson., lay out the ai~chLtectwte 06 an FPLA , etc. The.xe is a pai~a-
dox hexe that must be considen.ed. Pevice manu6ac.tun.exs want the 6n.eedom
and 6lexibilit y to modi~y them px oducf .s as they see the needs 06 the
maxket place. VoP -dixected top-down technology din.ec.tion, even though well-
intentioned, could lead -the TC industn.y into an axea on. p~oduct gn.oup
which ultimately could toxn out -to be Mm.ong . The p ke.-s ent stxac-tuxe 06
the LS1/1C maxketplace consists o 6 muLtiple and distnibuted ~technotogies ,
pxocesses , and expen2iAe, com pe ting £.tee~Ly. While. this 5 tkwtuXe is 6ax
6/tom peit6ect, it may be p ke6qjta ble to a Fedcitally-con.titolted devicef
technology p ’wg n.amn. A comnp ’wmise ~olution may be 6ok the m~lita/r.y to
iden.ti~y its LSI needs 6/tom a 6unct ona~L /w.thex than a device p exspe c.t.ive.
In this way the LSI manu6actuxexs could competitively cn.eate wha.t they
6eeZ axe the best technologies , axchitectuxes , a-nd pxocess es to p e.k6okm
the n.eqtWted 6unction.

8. Fu twte avionics systems will kequiAe micxocixcuLts ~i2h mon.e
6unc.tions that go 6a.stex. This is not unlike indu.stn_i.al needs. Cons e-
quently, the s ern iconducton. industn.y will develop the basic technology to -

accomplis h this without sigtvi~icant spo nson..ship 6/tom Pot). Pot) and !IJAVAIR
should concen.vcate the,ut e66onts on p ’tog.’ta.ms which get .the t€c~noLogy into
a 6on.m they can a-se, such as :

LSI building blocks (spe ci~ic devices )

a Standaxd cells and computex-aided design
technological imp ’tovements

Special pa ckaging and handLing technologies
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NAC TR- 2221

Question RB: What semico nd uctor tec hnolo g Ies
Are required for f ,t ,re avionics sys t ems th.t
wil l  not be uv atla b le in a t i wi ly winner as
sp in-off , fm non- m il it ary products? Whit
dsneIo~~ nts should be fund.d by NA VAIR?
Why s

Low powvt and ‘tadiati on han.dened
technologies designed to meet miJJ_t~vty
needs .‘uzth ex than indust ’rial

• GaAs development

06 cowts e, NAVA I R and Pot) should be in sea-itch 06 those new
technologies which have a high pa y o66 6o~ both the m-LLitaxy and industj tia.l
mtviizets, but have high nislz a-s well; and the’te6on.e axe not in-tentionally
6unded by the s eniiconducton. industn.y. In these cases, Pot) development
6undo could be vexy e66ective in initiating a new technology.

9. I n te.’uns 06 6u-tw!-e s emicondacton. -technology development,
thitee axeas should be considexed : ( 1 )  design , ( 2 )  p n.oce.ss, and (3) test.
in the design axea, new models 6on. subm.iciwn devices axe iteqw-Lxed. In
the p iwce.ss a/tea , new equipment and techniques axe itequi’ted . In the test
axea , new -test ph ilosophies axe n.equi ’ted. The des ig n and pn. o ce.ss axeas
will be dn.iven in the medium speed bipolax and medium -to high speed MOS
by the con~neiwial ma ’rizets. Kowevex, the vex y hig h speed bipola--t pkocesses
s uch as GaAs witt pn.obably n.equi’te additional m-iUtzvty 6unding . In addi-
tion, the axea °6 LSI testing could bene6it 6/t o m additional miUtw uj
6unding in texms 06 -test philosophy development.

in addition, a quote 6/to m Intel ’s G. Moon.e (8W Octobex 24 ,
1977 )  may be appir.opitiate hexe in texms 06 the tk’w~t 06 new -technology:
“it’s not cteax that we know what -to do with . . . (something) . . . 10
time.s mo/t e complex tha n today ’s . . . ( devices ) . . . . It may tuxn out
to be moke .Lmpo atan.t to design betten. cixcuits 06 less complexity.”
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NAC TR-2221
Questi on RN: What s.miconductor t .choOlogI•s

are requir ed fo r futu re .,ionIc~ systems that
uiil not be avai lab le in a t ime ly winner us

opi n -of fs fm non-military products? What
deoe?,yinon ts shou ld be fuede d by ISASAIN?

Why?

The leading 6utwr~e conmie~cial LSi a-nd VLS I technology is
NMOS. Un~oatunately, NMO.S is the least desi ’zable 06 the. 6u~tu~’Le 1ST semi-
conduc.ton. technologies when considexing nucleax ‘tacUation haxdening
/tequixements. CMOS/SOS, 12 L , and T2 L o66ex incitea-sed capabi lities in
this axea , but they will not appitoach NMOS in commexcial usage. With
the exception 06 12 L, comme-’tcial usag e 06 1.51 bipolax technologies will
be inhibited by lan.gex axea p ex gate and po wex dissipation itequixements .
Futaxe 6wid~ing may be xequi&ed to asswte that essential CMOS/SOS and i2 L
1.51 p ’wducts will be develo ped and /t e6-Lned to meet 6wtu—ke m-ilLtaiuj system
xequ-utemen~ts.

10. We axe not in a p osition to comment on the ovexa.U techno-
logy needs that hould be 6unded. in the medium to high GHz ~n.eqaency
hang e, GaAs appe axs to be a viable technology to develop; howevex, at
pn.e.s eat we have no applications n.equix.ing thes e 6n.ei~uencie~s.

The 1n.end towaxd use 06 itadiation htvtdened devices suggests
possible heavy miJi~taxy 6unding in development 06 technologies and p ’coces - 

-

capab ilities in this a/tea .

We also suggest that NAVAI R take a good look at the pos-
sible development 06 muLti-level logic devices and so6~ti~v.xe techniques
to evaluate them p ’wraLses 06 even gn.eate& weight and size savings .

11 .  One technology that wilt be itequixed in 6u~tuxe avionics
systems and that will not be avaiLable in a timely mannen. a-s a pin-o 66
6/t om no~t-miJ.itaxy p~wducts is ‘cadiatio n hatdened technology. CMOS/SOS is
a technology that has inhexent nadiation ha.n.dness qualities. Kowevex,
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NAC TR-222 1
Question RN: What ses ico nduct or technologies
are required for future avio nics syst ems tha t
wi l l  not be available in a ti mely manner as
s p i n-off s from non -milItary products? Wha t
d,v.l o~~ nt , sho uld K forde d by MVAIR?
Wisp?

mUi~ta~ty 6und~ing is xequ.ixed to develop design aids such as standaitd cells
and univexsal a-nicays that will enhance the inhvtent haxdness and will be
use6ul to meet custom 1.S1 kequJJ tements 6o~- haxdened avionics equipment.

f~J4VAlR should 6und the development 06 this -techno logy and
the enhancement 06 its haxdness capabi lities, as well as s tando.’t d cell
6a,nüies and wviveiisal ax/ta gs . Technology choice is an eve-’t-changing
pano /w.ma.

12. The basic ~~nu~actw’ting and cixcuit technologies xequiaed
6o~ 6ut~m-e miUtaxy sys tems axe being developed and evolved by industky
on its own . it £6 ehpe cAAUy -ünp o ’~taat tha-t -the miU~taxg ‘tes-tnic-t the
use o6 sp eciaLty technologies which axe not likely to be us ed and devel-
oped by industny on its own. We believe -that iateg n.ated injection logic
li 2 L) best 6ul6ilLs rniUtaity n.equiaemento and is likely -to be used widely
in conr eitciat 1.51 iiso. We axe p itesently using 12 L in ov e/t 15 custom
1_SI cixcuits .

Gouexnment ~unding should be vectoxed ~towaitd the develop-
ment 06 LSI and VLSi 6unc~tions which axe eithex unique -to mos-t militaxy
sys tems ox which axe itequiited by milLta.ity advanced development p kog&o.m6
soonex than no’uncl industay pitog/tess would p eiuivit. Unique 6ww_tions
should be itestticted -to items 06 gene’zal milita~ij appLicabiLity such as
MI L-STV- 155 3 bus intelt6ace p /to cesso/ts , NTVS bus intvt 6ace pf tocesso/t s , etc.
Howevex, these devices sho uld be developed as compatible membe-’t s 06 exist-

• ing qua-f_i6ied 6a~,niJ_ies as indicated in the xespo ns e to Question 1.

Govexnmen-t 6unding can als o be vectoxed to accele.n.a..te
development a 6 devices soonex than cortriexcial demand would waxitan-t. This
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NA C TR-2221

Question RN: ahit semiconductor technolo ~ie$
are requi red fo r future avio n ics s y st ~~ that
wi ll not be avaIl able Is a ti me ly manner as
opin-o ff o from non— m ilIt ary produ cto? Whit
d,velopusn ts should be fuedid by NAVA IN?
Why ?

6unding will Likely have the long-texm e66ec-t 06 stimulating conmte.kcidL
technology gxowth . Fo~ example, considex the case 06 a inil.itaity advanced
development pxoglui.rn whose size, weight, poiuex, and cost objectives kequite
the use 06 a single-chip micxocomputex device having taice the me.moky
available in pxesent commvi.cially available devices. The p~wbable hea..san
the conine~w.ial mcvtket has not caused development 06 this device yet is
that the tkade-o66 06 cortmiexcial volume ve/tS u.s p nice ( ma-nu~acttming yield)
is not yet 6avo~.able. Note that development 06 such a device 4 techni-
coily 6easible. The snvllek volumes kequiJted by the militaity in advanced
development pha ses axe not thxeatening -to the s emiconductox manu6ac tuxe/L .
Thexe6oke, govexnment 6u~nd~ing 06 advanced device 6anct~ion4 such as this
can accetvutte. availabiLity 06 thes e 6ww~tions 6°~ miUtaxy advanced
development while having the likely side e66ect 06 stimuLa.ting moke
‘tapid evolution 06 the comme~cial maxket .

Govexnment 6und~ing should also be used to suppont te ting
and veni6ication 06 device pe .’t6o ’wunce xeLative -to unique &.LLtaxy /LequiJte-
meats such as nadiation hciv.dne.ss tes ting .

Goveitnment ~unding should emphasize device development to
inc/tease the level 06 6unc.t~ion integ ’cation pen. iitteg ’ta.ted ci-’tcuit as
opposed to emphasizing c.ixcuit speed. System ‘Lequi-kements 6°~ speed
sho uld be met tMough use 06 i~r~itoved system axchitectwtes which exploit
the use 06 VL.ST cixcuit.s. This is the appxoach which corimie.nciol .tec.hno-
Logy has 6ouowed and which has caused the explosion o6 vexy Low coot
consumex and cori,nen.cial etec.tn.onic.o. 16 device speed continues to be
a xequin.ement, it is much moke p nac.ticol to impxove ci.xeuit speed once
the coitxect level 06 device integn.ation has been achieved.

S . .
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NAC TR-2221
Qawot iem $: Wha t onoiconductor techoologl es
are requIred for future av ionics sy ot ems that
w i l l  not be ao a* la b ?e in a t imei p manner as
spln -off o from non—military producto? Whit
deve lo pme nts should be funded by NAVAIR?

13. 1 question whethex it would be advisable to use any techno-
logy in militaxy equipment which is (ox was ) not pxoduced in quantity 6°~
conmiexcial uses. The high volume commexc~ial pxodaction helps matuxe and
pnove a technology as welt as n.eveaiing any inhexent 6ailuxe mechanisms .
16 the expected mcvthet 6o~ 

iCs in automobiles is xea-lized, technologies
which meet militaxy tempe ’uttwte and shatze, nattle, and n.oLt spec i6ications
should be available. Special technology developnien.t may be. &e.qu.-ui.ed to
achieve /tad&tion haxdness , and unique envixonrnentat xeqczin.ements -o uch as
a cxyo g enie atmosphexe.

* 5 *

14. The only technology which comes to mind -is SOS; howevex,
othex -technologies with simila~ cha ’uz.ctexistics may exist. Such techno-
logies would have some 06 the ~o~Clowing chana c~tenistics:

a. Too expensive 60k conr excial appLications.

b. Supexiox pe k6onmance cha~tactenistics.

c. Not LimLted to one ox .t.wo sapptiexs .

d. A commitment on. potential con.ni-tmen-t by systems houses
to use the technology in sy s~tems with a xeLatively -long Li6e span.

NM/AIR should considex ~unding i.mpxovemen.t in the docwnen-
tation 06 the existing CAl) p xogna.nits 6°~ automated chip Layout and design.
ftJlhough these pxogxams pxesently exist, the docw,ien.tation is geiie.na .ty
inadequate. Any okgan.ization desi4ing to use the pxo gkamo must pay a
kelatively high “initiation 6ee” in compwte.n. time. and exp exirnenlation
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Question 08: What sem icond ucto r tec hnologies

are required for future avio n ics syst ems that
w i ll not hi ava i labl e $~ a t imely manner as
sp in-offs from no.-eIlI t .ry products? Wha t
deve lois uent o should be funded by NAVAI P?

be6oxe enou.qh is tznown about the pxo g~tams to use .them e66ective.Ly. Good
documentation 06 the “coolz boo!z” -type would eLiin-ina~te much 06 .this and
encow~age additional use °6 -the pxo gn.amb.

NAVAI R should als o 6un d the develop ment °6 additional
slandaxd cells and cell Libxaxies in the SOS technology. At pn.esen.t the
choice -is vexy Limited, ~on.cing as eits -to design theix own custom cello.
These, 06 cow’rs e, axe pxopnietiixy and not avaiLable to othex oxganizatiorts.
it would p xobably be desixable to 6und the development 06 a cell 6am.iJ~y
with cha~nactenistics -that axe d~i66exent 6n.om those 06 existing Libicanies.
Possible exampl es axe minimum aMa on. gkeate)t opeJuxting voLtages .

* 5 *

15. No comment on -the 6in.s-t question. As to the s econd , devet-
opri ent 06 mas !z genvzat.-ion capa biLi-ties utilizing multiple technologies
should be established within each rniutaxy cont ’utctox. Most miLi_ta.xy
systems n.equ ting -the use °6 custom LSI do not n.esutt in su66icient p/to-
duc-tion quantities to entice device menu 6actakexs to conini-t engineen~ing
xesowtces to the design e66on-t. The’te6oxe, the usex must be capable o~
p ex6o/tming a signi~icant po ntion °6 the design using the n.ules estabLished
by the device manu6actwtex.

* 4 *

16. No comment.

* 4 *

17. AU cuxn.eatly available s emiconductox p itocesses alte on. soon
will be available 6o~ use in n ’iLitaxy p itoductb . Uquid cn.ystol d.L~p Zags ,
although not a s emiconducton., axe needed 60k 6u~tu.xe avionics systems .
The cwtxen-t maximwn opexating -tempexa-tw!.e is 85°C but 100 °C pant-s axe
needed 6°~ cockpit displa ys .

5 * .
120

L. - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - -~~ -



F-

NAC TR-2221

Question •8~ What sem iconductor technologl,s
are required for future avionic s syst ems that
wil l  not be available In a timel y manner as
spin -offo from non-.tllt ary prod uc ts? Wha t
d,v .lo~~~nt o should be forded by 8*0*11?
Why?

18. Commen.cial s eniiconducton- houses will. soon pn.ovide a.dvance.d
1.51 (at the 2 rnicxometex de~ign iuzles ) using elect/ton beam- 6abn.icated low
de6ect mastzs . Hotueven-, high p ex6onrn ance ( low powex, high speed) cus tom
L.Si using sub-rnicn.ometex design xu-tes wiLt not be available commexcia.Lly
un.t.Ll 1985 on. Latex . Ce4tain mi —t-tLzxy avionics app tica-tions cannot u~zi.t
that long--modest quan-ti-ties 06 sub-miizxornetex LSI must become eva--i-table
by 1980-1981 . in oxdex to meet ~these new system needs , NAVA IR should
suppoi it computex-contn.olied elect/ton be.am cWtect wa6ex exposu/te -technology
in gene/wI, and in p anticulax high th-’ioughput elect/ton beam system devel-
opment, advanced n.esist development technology, advanced cixcuLt design ,
and n.enovation 06 p -’tevious concepts on the ;t/tans ition 6n.om device concept
-to digitized pa ttexn data. tapes.

5 * 5

19 . No comment.

* 5 *

20. At the 19 OctobeJt 1977 F.SC 5962 cocn.dination meeting held
at VESC in Dayton , Ohio , an excellent p n.esentation 06 how 6ax ah ead we
would look and have a ‘t easonab-le degn.ee 06 ceitt.ainty xega.n. ding the tech-
nology that would be employed in 6utu-’te equipments uv.s p ’wvided by AlA .
it is xecor,,nended that VESC be contac~ted 6on. a copy 06 the AlA p ’tesenta-

-~tion including next geneiw..tion -technology n.equixement.s (3 ye aks) .

* 5 *
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NAC TR-222 1

I. Question #9: What changes shoul d be made to exist ing MIL-

specifi cations , standards , requirements , and policies to facilitate the

introduction of advanced LSI technolo gies? (Be spec i fic.)

Highlights:

Suggestions resulting from the respondents ’ replies to this

question are listed below :

Change MIL-M-385 10 qualifi cation by
allowing submi ttal of existing design
test data to satisf y the qual i fication
requirements .

Update MIL -HDBK-2 17B to include reason-
abl e failure data for complex monolithic
LSI devices .

• Consider the JC 13.2 Commi ttee reconinen-
dations on MIL -M-38510 JAN IC devi ces. —

• Lot qualification testing is too
extensive and costly.

• Utilize the DESC “Selected Item Draw i ng ”
(mi ni -spec ) approach to allow more effi -
cient in t roduct ion of LSI technolo gi es.

• Replace the controversial MIL -STD-883
chip visual requirements with a
comp rehensive electrical test.
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NAC TR-2221
Question fl~ What chamqus shou ld be made
18 euist lag NIL-st*c i f icat iui,s , standards .
requironents . and policl.o to facilIta te
the ictreduction If advanced semi conductor

- - tache.loiies? Se specifi c.)

Develop translator programs to convert
the test vector listing on the MIL-
specifi cation for standard LSI to
popular test machines .

Qualify various vendo r cell libraries.

Achieve confi dence in process -related
areas through facility cert i fication.

Industry Replies:

1. The Joint Electn.on Device Engineexing Council JC13. 2
Committee on Govexnment Liaison 60k Micn.oelectxonic Devices has n.ecent-ty
developed a ma~tnix 06 cost-e66ec.tive suggestions n.elated not only to 1_Si
but to all JAN ICs . (See pag e 19. )

* 5 *

2. The quali~ica.tion 06 device t~~es is too cwnbexsome at
p n.esent, even when well unden.stood technologies axe used. Lot quaI L-
6ico~t,ion testing is als o too extensive and costly.

* 5 *

3. No comment .
* 5 *

4. This is a highly complex question with business, technical,
and pseudo-poti -tiaoiL n.aini4Lcations. I wi-U basica lly pass , except -to
say aga in tha.t schedule times axe 0 6-ten a sevexe Lij ni-tat-Lon -to the. intxo-
duc.tion 06 advanced 1_Si .technologies .
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NAC TR-222l
Questio n •*~ Wha t ch~ng., should be ma d,
to Cs istin q NIL-specifications , st ,nd~rds .
requir~~ nts , and po il cias to facilitate
Ibm intro*scties, of advanced sanica mductor
t.cin..l., i.s? 150 specIfic.)

5. VESC 1XXXX Mini-Speci6ication.

* 5 *

6. No comment.

* 5 *

7. The changes -tha-t hould be incoxpoxated axe:

a. Utilize industiuj to select the p .wduct bas e and then
6und 6on. the evalua.-tion 06 these devices. This would alleviate the pxo-
L~i6e) uz~tion 06 devices.

b. Amend MTL-M-38510 to allow 6o~ the quaLi6ication 06
devices built “o66-shon.e.

c. AR- 1OA must be clax-L6ied and n.evised 6o~ subo.ssembLies
con.tixi,ving both MST and LS1 components.

d. AR- 1OA should add/Less 6au1_t detection s epanate.ty 6n.om
6auLt isolation. Fo n. example, 6cwtt detection should be to a sp ec2~ied
p vtcentage ( 8 5 ~ ) and 6auJ~t isola-tLon to a 4pecL~ied nurnbex 06 components
(6ox example, 4).

These 6auLts should be n.est~’7icted to “n.ele.vant” 6au.Lts,
i.e., a66ec.ting the opexa.tion 06 the device, .‘tathe.x than a-U “possible”
6auLt-s which could occux .

M eas u.n.ement techniques must be developed eon. 6ww2ion.aL
-test cove.’cag e which axe compatible u~i-th lJ~~~~~~~~~ 6au~tt” test c.ovexage so
tizat a .test coven.age ~igu.’te 60k the en.tin.e s ubass embly can be computed.
ReLiabiLity data should al-so be 6ac~ton.ed into these calcula.tions to give
heaviex weighting to those components with a hig hex 6ailwte kate.
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NAC TR-222l
Questi on fl : What ch.nQ.s should be made
to esi stin q NIL -s p,cifi cat louus . st aad aeds.
rsqiai r~~ st s . and po lIci es to facilitat e
the tntpedvctioa of advanced semiconductor

t.c~~~Iagies? (Se sp,cl f ic.)

e. Utilization 06 the DES C “Selected Item Vxawing” (mini-spec)
appxoach should be emphasized, since this will al-tow 60k moxe e66ic.ient
intitodtj cLion 06 1_SI technologies and obtain £ndu~t~’ty s-tandaxdization and
con.t&ol at the s ame time.

8. Appxop niate changes have been pxeviously suggested, namely:

a. Economics 0 6-ten dictates less -than 100% test cha-kacte/t-
izatio n I 6ault covekage) .

b. Reduced visual cizite/r ia 60k 1_Si devices.

9. As a rninimwn, the 6o-llowing spec2~ica2-ions wi-U xeqwiJLe
changes : MIL—E-54 00 , MJ L-M-3851 0 , MIL-STV- 883 , M IL-M -28787, and MIL-STV-
1389. Fo~ custom 1_ SI low usage devices, the 6ollouing -should be considexed
as an addition ~n. kepla cement -to the pxesent standaxd kequiAeme-n.t~s and
sp eci6ications placed on micxocLkcui_ts:

a. Investigate new pac izag e schemes (e .g . ,  chip ca-vT_ieks,
tape bonding , etc.); M 1L-M -- 38510.

b. Replace the cont&ovexsial MI L -STV- 883 chip vi~ual kequ)JLe-
meats with a compxehen~sive elec,tnical test such as Guaxd &znd tests exceeding -

Jutted voLtages.

c. Replace the standaxd quaLL~ico.tions with a nu.ni-qua2.

F oii. standaxd 1_SI (i .e.,  miclLop / wcess o. t6) , tkan -tatOk p.’togf l.amo
which convex-t the test vec.-tox listing on the MI L -s pee -to p opu .tax test
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MAC TR-2221
Questi on 09: What changes should be made
to ex isting MIL -sp eci fica t iove - standa rde .
requir ements, and po l icies to facIl i t a te
th. introduction of advanced semi conduct or

t.cPmOlOIlIst (Sn spec i fic.)

machines (i.e., Sentity ii , Tek 3260 , 1.4) 500 , etc.) would speed up accept-
ance 06 M U-devices .

Fox custom and quasi-standaxd LSI , cxea-te a new spe c.i6ica-
lion ke6leeting the 6inai xesults 06 this -8wtvey. Minimize initial and
kequaLL~ication test costs . Speci~y the quaLi6icat.ion 06 va4ious vendok-6 ’
cell £ib-’ta-ties with the emphasis being placed on p n.oo6 testing as opposed
to taying to obtain univexsat agxeement on the speci6ica~t&’n 06 p ’wcess
and design-xelated paf uzmetexs such as Line widths and spacings . Requixe
vendo-ts to f teq uaLL~y packag ing xeLated 6actons once p ex yea.x (ass wntng
no design ox pxocess changes) 60k each packag e con~igu.ka2ion used, not
6ox each package- LS1 chip combina-tion. Achicve con6idence in pxocess-
xela.ted axeas thxo ugh a ~aciUty ce~tt44Lca.tion pxog kam simila/t to -that
being us ed in con ’j unction w-i-th MI L -M-287 8 1 .

10. The motivation 6ox use 06 advanced 1_SIC technologies exists
in the potential advantages they have to o66ex. Kowevex, the high costs
06 a conventional MIL-M-385 10- -typ e qua-U~icatLon cart be de.vasta.th1g £o~
a low usage application. Such LSIC axe usually designed 60k a spec.44Lc
application as p a-’zt 06 a lo.xgex entity (i.e., subsystem, system, etc.)
which is itsel6 subjected -to envi’tonmental and n.eliabi-Uttj qucLi~ico.tion
tests. AUowances should be made -to use the data genvwted in thes e tests
to quat i6y the 1_SIC. ( This is analogous to pn inted cixcuit boaxd ass em-
blies tested as pa.tt 06 a hig hex assembly. ) The degnee 06 adcLiti.onzzl
testing on individual LS I C4 would be dependent upon -the ‘LiS kS involved
in the design. These ni.sks could be minimized and thus the amount 06
testing ~tedaced on designs which use the design xutes and standaxd ce.Us
that have been quaL-L~ied .thxcu.gh the. CAP design c e.n.tex pn .ogizam men.tioned
in the M.spo ns e to Question 7. The LSTCs would als o have to be 6ab~2co~ted
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NAC TR-2221
Questio n #9: Wha t changes she#Id be
to •ols t lng MJL -speci f ic ati,v s . Stand ards ,
requirement s . and pol icies to qaclli tat .
the iatrg ductio n of ednasuced semiconductor
tecisio log i.sl (So specific.)

by a souxce that has demons-tkated “p/wcess compatibility” to quali6y 60k
the minimum ~.is~z categoxy .

RequaLi~ication test xeqwixernents should also be minim ized
by taking advantag e 06 the. device his-to/ ui geneiia~ted in device bw’~n-in, end
—item, ox system tests including bwtn-in, and actual 6~Le~Ld data .

11 .  M-L Utaxy spec i~ications should kecognize the di66icutty and
incxeas ed cost involved in detailed visual inspect-ion 06 complex LSI devices.
High voltage and high tempexatuxe stxess -tests and extended buxn-in tests
hould be subs titl1,ted 60k visuaL inspection. This impoatant appxoac.h was

discussed at the August 1977 IVA Symposium addx essing the use 06 1_Si in mit-i-
ta/t y equipment. Tcs t kesul-t4 xepoit-ted -thexc. indicated that p ko p eA st/tess
tests gave make. xeLiable p aizts -than pxes eat vi~aaL inspection c~.ite~La.

MTL-HV8 K-2178 handicaps the use 06 1_SI devices by p/w jec.~ting
unMali4tiaolly bad 6ai~twte ‘utte4 £o~ 

1_ SI. In dust/ty data does not 5 upp o~tt
the MT L- 11 P8K- 2176 app ’toach 6o~ 

p &edicting 6a~iiw.e ‘tates 60k 1.51 . MI L-HVBK-
2178 also unduly pena lizes MOS technologies . Cwt-’t en~t 6avon~a~ble MOS 6ield
xeLLabiLi-ty data needs to be xe6lected in a kevised MIL-HVBK- 2 118.

12. The ~o!lowing changes axe xecorrmiended:

a. Spec-L6y device opeizating tempeltatukes such that devices
meeting a -40 °C to ÷85°C ope ’wting tempe ’uttu.ae axe acceptable 6ox use.
This is adequa te 6o~ many rni-Utaxy applications and allows adequa te maxgins
6ox eAvtLy 1_Si device p xoduction dis.t ’tibu.ting. As pxoduction p’tocesses ma-
tuxe, the standa/td -55°C to ÷ 125°C device opeitating tempexa.t.uxe is achieved.
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NAC TR-2221
09: What cheeSe, sSnqld K

t. •*Ist iag lIL-sp eelf icat ioe, , standards.
reqwir.uu,ts. and policies to facil it i t.
ii.. ist ioducti os, if .dvaac.d semiconductor
tectussiopios ? (S. sp ecific.)

b. Allow use 06 devices p ackaged in peas tic. Ba/ut-in and
additional s cxeening may be speci 1ç-Led.

c. Pxe-cap inspection 06 I _ SI and VLS I devices ha~ become
imp/tactical due to the muLtip le levels 06 the device 6aLrn~Lcation pxocess
and the ex/ouzoxdinaxy geometnic detail 06 the devices.

Pite-cap inspection cnitenia should be xeduced to 6ocus -

— - on inspection 06 the device packaging and bonding quality. Ve4i6ication
06 6unctiona attkibutes should be accomplished by 6unctional testing at
extended tempe~’tatu.xes ovex a pxescitibed numbex 06 tempe n.atu/te cycles .

d. Reduce bwtn-in tempe ’ta.tuxe 6/tom 125 °C to the maximum
opexating tesnpe natu.xe whex e applicab le.

13. a. Accept wcvtxanties, pxoduct-Lon gua ’tantee.s, ox pwzchase
06 an adequate supply 06 pants as an attexnatLve -to second s ouxce kequiite-
ments and to p/toted against technology changes.

b. Wheite possible, extend lead times on avionics develop-
ments to allow ~the “nisk ” 06 custom development to be minimized . This may
kequiite moxe ma-Cti-yeait cont/ta cts .

c. Requi’te li6e cycle costs to be considexed when awaxding
p—tototype development cont ’zacts . Th es e should include the cost 06 att’ti-
bates s uch as size , weight, powex, xelinbiUty, etc.

d. Remove tot txaceabiLtty xequ.i.xements .

-
; e.. Mtex MI L-STP-2 118 -to bettex appty to L.STC .
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NAC TR-2221
Question •S: Wha t changes should hi made
to eo iiti eq HIL—s p ec lf icati cen . standards .
requirements, end policie; to facil i tate
the iat redijctio n of idvanced seulcoaductor
technologies? (So specific.)

14. Appt y M I L - M - 3 8 5 1 0  to equipments xathex than -to 1_SI chip s .
Most sen’iconductox r ivnu6actuxeks axe not willing -to q uaLity a Line 6o-’t the
small nwnbvts 06 devices xequixed in militaxy systems . This situation
should be xecognized.

15. MIL-M- 35810, pa Aagxaph 4 .2 .2 , “Qua.li6ication, ” should be
changed to allow submittal 06 existing de4i~n test data -to sa~tis 6~ the
quaLi6ication xequi.xements in Lieu 06 a sepa ..’ta~te complete. quali~ie.ation
tc~~ p/tog/tam.

M1 L-f-IVBK-2 178 mws-t be upda_ted to include xe.asonable 6a~i~tu~xe
data. 60k complex rnonoUthic devices. Industty 6aLtwte data indicates a
sign-i 6-icantly LoweA 6ailwtc na.-te -titan -tha-t p~tesen-tLy in M7L-HVBK-2178.
The data. should include necessa.xy va-’ziations in 6a-itwte ‘uttes 60k the
speci6ic technologies.

16. No comen—t .

17. No corr.n ent.

18. Mo convten.t .

19. The woxtz being coo&dina.ted by RAVC/RB RM is in the p wp e/t
dij tection.

20. Mo corinen.t.
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J. Question #10: In what ways could avionics equipment procurement
practices and policies be changed to enhance the introduction of advanced
semi conductor devi ces?

Highl i ghts:

Predominant sugg estions were :

NAVAIR shoul d conm~it to its LSI supplier
earl y enough -in the procurement process
for the projected contract production run .

More rapid equipment development , shorter
equipment procurement cycles , and planned-

for technology upgrad es of equipment
shoul d be considered.

There should be higher weighting of the
i mpact of LSIC on life cycle cost analysis
and program funding procedures compatible
with minimum LCC , instead of min imum
developmental cost .

Industry Replies:

1. it is sugg es ted that you establish a team concept whexeby the -

con-tkactox and a s emiconduc.tox manu6aatuxeit axe selected to woniz togethex
to develop avionics geax which uses advanced seiniconductox devices, in
this way they axe dxiven by the -s ame motivations and quite Likely you would
see an int/wduced accelenation 6o~c~tof l. in the use 06 1.51 to solve op eci 6isz
app lication keqwutements . This appiwach has been used quite success 6uI ~Ly
by the awtomotive/semiconductox hous es in kecent con.t ’tac.-ts 6°~ 1918 model
yean. cont ’wts. 16 it wonized the~’te , it shoul4 woith 6°~ NAVATR.
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NAC TR-2221

Question PlO: to aiiut ways coald avio n ics
equi~~~nt precaren.ent practices and poiic1~~
be Changed to enhance tim int roducti on if
adva nced semico nd uctor dev ices?

2. 1 believe -that the Nav y would be be-ttex 066 to develop majok
elect/tonic equipment independen-tFLy 06 speci6ic weapo n systems , and to up-
gkade designs in 6ive to ten yea-’t cycles . This in twtn iiequ.iit es st/t ong
modulzvization at the s ubs ystem level (comp utens , memonies , etc. ) and
intex6ace s-tanda ’tdizat-üyn. Tkend5 in this dij tection do exist aL ’teady, but
p ’tesent pxognarn manag ement and p’tocwtement p n.actices axe not conducive to
this app ’wach.

3. Re-evaluate M. 1 standaitdo and attitudes, e .g . ,  “p lastic”
packaging was bad ten yea.~’ts ago , e-’tgo , it’s bad today!

4. No comment.

5. When sp ec-L6ica~tions axe ‘teleas ed , the Govctnnient should
6un d qwiLi~ication and chaj tactenization p kognams ‘utthe’i than waiting 6ok

a manu6actuxex -to use inteitnal 6unding .

6. Mo cornmen-t.

7. NM /AiR should commit -to its 1_SI sapp tie ’t ean..ty enough in the
p lwcWtement p/ tocess 60k the p iwj ected coat/tact p n.oduction /tun. This would
allow the s upp liex -to amon.tize his non- ’tecwvting sta.xt-up cos-ts and sigivi-
6icantly keduce his ‘tecaMing cos~t. Obviously, the technology/pex~oninance
p iwbI em exists hexe, which makes such a commitment a senious gamble. Thexe
is no incentive 60k a MA VAI R p / tog /Lam managek to con~nLt tc a p ’toduction .‘wn
on a new p / to gna,m even be6oke the new p iwdact has been tho ’wughty evaluated.
Oat , at the ve-’ty Least, the supptiex could be 6unded to buy and s tolte 1.81
s er,iiconducto ’ts in wa6en. 6on.rn, pending the p ’wduc.t.Lon authonization 6nom
NAVAIR .

1 31

- —- —-~~ --- -— ----- — - - - --— —-- _ _~. ~~ _ ~ - —~~
- 

~~~~~~~~
-
~~~

- 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- _  - --~~ - ~~~~~~~~~~ -~~~~~~~~~~~~~~~~~ --~~~~~~ -~~
_U-- --

NAC TR-2221

Quest ion 010: Ia ~~~t ways could avi on ic ,
eqo $~~~nt prOCur,masrt practic es and pilici .,
I. changed hi a~~ mc. (ts $ntv,~~ tiem •f
advanced iI.ic.nducton- devices?

Two majo lt p-’tobleins in p n.ocuxement p ’tac.tices and poL-~cies axe:

Semiconducto’t second souxcing
Multiple srrioj l quantity p ’wcwtements

Each 06 these items is addkessed in -twut in the ~ollowing pa -kag ’tap hs.

Custom 1_SI s emiconductons axe not pnactical when second
-s owtcing is also ‘teq u..i~ted . Second sou.’tcing kequi ’tements axe impos ed when
competitive pn.icing is desited, when altexna-te sou/tces 06 suppLy a-n.e /v 2-

qui’ted -to avoid the e66ects 06 natuxal catast ’tophes ( ea.’ttiiquakes , etc.),
and to avoid “los-s 06 ‘tec-ipe” p -wblems. Most custom LSI is nut amenable
to second souxcing because the ‘tepno duction ‘twts axe insu66-ic-ient to p ’to-
vide a viable ecovton~Lc. oppo ’Ltunity 6o ’t mo’te tha n one -supp liek. The othen.
issues 06 second sowu2.ing can be deaLt with by p -’wcwting su66icient
devices at one time to sa.tis 6y the entin.e anticipated system pxoduction
‘tan , including spa xes . Since dicing and pa ckaging 06 s emicondacton.
devices is not gene/tal ly a nisky p.tocess, it is suggested that p n~ocuite-
meat 06 1_S I devices be divided into disc’tete steps:

a. P’tocu/te su66icien.t 6uLLY pa ckaged devices to oatLo~y
£mmed~Ate equipment needs and spaxe pants.

b. P’tovide 6nan t end 6unding to 6abn~cate ou66ic.ient wa6 eM
thiwugh 6inai test to enswte that the most di66icutt p ant 06 the 6abn.Lc.a-
tion pnacess is complete and success 6uJ ~ without incwLning the costs 06
6inal packag ing. The wa6ex 6abn-icatJ~on p n.ocess should p -’wvi4e 5u66 c.icnt
qua.n-tity 6o’t -the maximum p kocuxernent and span.-Lng envLs~.oned du.xing -the
enti-te Li6e 06 -the equipment in question. These t ’x~6e.ns should be p laced
in bonded stoxage geog itaph ica/ly disttibuttd.
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NAC TR-2221

Question 010: In whit ways co ald avionics
eqaip-ent prucurenpnt practices and po licies
be changed to •nhancn the introducti., of
advanced Semiconductor denice t?

c. Pn.ocwte additional devices by 6unding the pac kaging and
-test 06 devices stanting 6n.om wa 6e/t4 placed in long-teitm sto ’uige.

Following the suggestions above , it is possible to p.’wcwte
su66icient devices 60’!. a long - -te-’tm system without incwvting all the costs
in the ~wat end. The suggested appkoach als o minimizes the kisk associa-
-ted with ‘testivtti ng a pn.oduction pxocess that may have become obsolete by
the tàne the components axe nequ.ij ted in p ’toduction equipment.

The intj wduction 06 advanced hig h-~unction devices (mic’to-
p itocessons , bit slices, Fas t Fowtie’t Tiuzns 6o ’u-n chips , etc .)  could be
encouxaged th’tough speci6ication 06 equipment Lunc-tion ‘utthel!. than device
pexóo’tmance.

8. Mo’te ‘tapid equipment development , shon.tex equipment pn.ocuxe-
meat cycles, and planned- 6o’t technology upgnades 06 equipment could enhance
the in.titoduction 06 advanced s emiconducto’t devices.

9. Establish a standaxd avionic module (SAM ) p ’togn.aj n and manag e
the pxoblem at -this Level whekevex possible. Requixe SAM to be speci~ied
6o’t technological -txans paxency as 6ax as inte ’tnal cikcuit ’ty (including 1.81)
is concexned. RequiJte SAM design cost goals which axe compatible with
logistic s uppo n.t th ’tow-away cost thxes holds . Vo not -/tequ-ike extensive
p €~’L~oIcmance and -test speci 6ical_-&rns 6o ’t quasi-standa .kd and custom 1_SI
devices; SAM spe c~6ica.tions and testing will be adequate -to ve’ti~y 6u~nc-
-tiona capability. Reqwi’te SAM to be tested ovex the intended tempeka-
tuxe ‘tange. S.tkactu-’te SAM test p ko g/wJn6 in a mannelt sJ.~inila/t to that o~
MIL-M-28787A . Evaluate I _ SI designs which have hig hej t development but
lowex p/to duction/r aaintenanc e costs on a Li6e cycle cost basis . Allow

133



NAC TR-2221

Question PIG: In .dmt mis-s could avi Onics
Iqui~~~0I •roc wr Ont p rac tices and po licies —

P. chengpd hi enhance the lat rodue tie ., of
adwanced nemicondact., devic es?

-tkade-o 66s beXjueen pex6o’trinnce and schedule- -minimum developmtnt -time
schedules p~tecLude on. minimize 1_SI usa-ge.

10. t~ighex weighting 06 Vesign-to-Cost/U~e Cycle Cost ( VTC/
LCC) 6ea~tuxes along with -tong-texm wanxanty/r iviintenance 6eatu.ke.6 need to
be imposed. The pa y o66 6o’t use 06 LSZ C in low volume applications is nok-
mal y long ten.m na thex tha n hont te’un as 6o ’!. hig h volume applications.
Incxemental ~unding has a -tendency to woniz against tong tenm bene6it6 .
Thexe needs to be some vehicle to o665e1 this disadvantage.

It should also be ‘tecogvt.ized That the use o~ custom LSI
in develo pment p -’togkama kequi ’t es the expendituxe 06 “haxd tooling ” costs
in this time p ekiod -‘utth e’t than in the p ’toduction po ntion 06 the cycle.
A cvc.tain amount 06 “ha.’td tooling ” 6und~ing must be made available duirAng
the development and p ’to~totyp e build cycle.

11. Avionic equipment p’toca’tement pnac.tices a-nd po licies houtd
be modi6ied to encouxage the i-to e o4 I_SI devices. Speci~icaLty , p ’wcwtemen-t
needs to emph asize minimum li6e cycle costs ‘wth ex -than minimum initial
development costs and minimum acquisition costs 60k p’wtotype sy6-tems.

1.81-based equipment designs axe rno ’te ‘tetinble and cost less
on a p iwduction basis than assemblag es 06 catalog 881 and MSI devices .
Howevex, the initial design cost is o 6te n lowelt when available components
axe. used . The cuvten-t 60 cus on minimizing acquisition costs saddle the
equipment with an undes-i’table cost a-nd keliabihity buxden tk-wughout the
p ’wduction cycle.
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Quest ion 010: In ahat mayo could apioni ca
eqsiyuent pi-ocsre..ent practice. and policies
be changed to enhanc , the introduction of
adva nced semiconductor devi ces?

12. Requitements -to use pa /its on existing qual-L6ied pomtts lists
should be n.erno ved 6n.om alt advanced development and most ang ineening devel-
op menl cont ’tacts . Instead, cont ’utctons executing on tJtese p n.og-’tams should
b e ,tet~uJ ~ted to spe ci~y VLSI device 6unction-~ which axe n.equij ted to meet
govej tnment-sp eci~ied p itoduction s ize, weight, p owex, a-nd cost goats . AU
advanced development and mos-t engineeking development, i.e., pn.e-p-’wtotype,
pn.ogn.amo should subs titute modutwt implementations 06 the ‘tequiJi-ed VLS I
£unctions . Thes e moduta ’t imp lementutions can be impl emented using cu ’vtent
o66-The-shel 6 components and -s e-’tve a-s high-~ideLity modeLs 06 the kequiJ i-ed
VLS I chip developments. This appkoach ctllows a detailed assessment 06 the
compl exity ( numben. o6 gates and bits o~ memo-’ty) °6 -the p -topo sed VLS I ci’t-
cuLt development while p ’toviding a tes t bed 6o-’i- deteiunin-ing the 6unc~tionaL
‘tequ-i ’temen-ts 06 -the device.

13. a. Accept wc.xnanties, p ’toduc-tion g wvuintees, o-’t pwi-chase
c6 an adequate supply °6 p cvzts as a-n a-Lten.native to second .sou-’tce ‘i-equine-
ments and to p -’wtect aga inst technology chang es .

b. Whexe poss ible, extend lead times on a-vionic~ develop-
ments -to allow the “nis f a ” °6 custom development to be minimized. This may
itequLke. moke muLti-yea-n. cont ’tac-to .

c. Requite li6e cycle cos-t to be considexed when aiAlaxding
pkot otype development contkacts . These ~houLd include the co-s -I 06 a-ttk-i-
bates s uch as size , weight, powex, ‘teliability , etc .

d. Remove tot tna ceabiUty n.equiJtemevtts.

e. A-ttex MIL-ST V-2 176 to bette ’t apply -to LSIC .
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Questi on 010: in ~~ t .sys could avio ni cs
eQ,ai~~~nt procsr.mest pructi ces and poi1t4~~
P. cha nqed to enha nce t ha introdaction of
ndonnc,d assicondac tor duv icos?

6. A/how mJl.ita ’ty sckeeniLng 06 coimi~vtciaL gn.ade pa/its;
don ’t ins ist on M IL-M -38510 .

in a ‘tecent study 06 “-taxg e scale int egnated ci-tcuits 60k
nvWtaxy apptica-tions ” 6o’t VVR~E by the Insti_tu~te 6°” . Ve6ens e Analyses , it
t~xts ~s hown that a decn.eas e in avionics weight 06 one pound -“.es ut.ted in a
to tal 6-8 pound weight savings in a tniLliaxy ai’tc~ta6t . Since the “6lyawa y ”
cost 06 a moden.n 6ig h-ten. p lane -is about $500/po und , 1.51 can save rnon~y by —

n.edueing the weight. Fo’r. a sa-teLtite, this cost can be a-s high as $15 ,000!
pound. The cost p ex watt has been estimated at $20 and $2 ,000 6°” . a p lane
and a satellite, n.e~s pec-tively. Incn.eas ed ‘teLiabihity ca-n a-ga-in be titans-
lated into c o t  -savings due to the ‘teduced maintenance and spate pants -

n.eqtWtements. , mo-’te than acquisition costs should be cons ide”.ed in
implementation studies.

14. Pke6exence could be given to contitac.tons who have the a.bitity
to design 1_SI devices, with emphasis on automated design. Use 06 advanced
devices could als o be evaluated ~avonably in the evaluation 06 p ’wposats.
A po -ticij 06 p uitchasing a-LI expected sp ~ ’.es keqwi/tements a-I the tAme o~ the
initial con-t ’zac,t would alleviate the p nobtem o$ ob.ttthiimig them a-I a much
Latex date. The. neces sa.xy devices might be pwtchased a-s p~wbed wa6exs a-nd
~ton.ed in a con-t’tcUed envij ’.ovmient.

15. The pnocw’.e.men.t pnactices must accori ’rioda.te the L.iini.~.ted l-i6e
cycle 06 s emiLconducton. technologies. This must ine.lwie aLlowance 6°”- con-

- - -tinued updat ing I L.  e. ,  kedesign) 06 seLected pon.tions 06 systems .

Vev elopi ’nent times must be ‘teduced to a-void designing dwiing
-the l-i6e 06 one technology and tkying to pn.oduce the equiprn en.t a6te”. the
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—~ Question •iO: Ia ahat .sys coul d avionics
eoni~~~nt proc ur~~~nt prac tice s and poli cies
be charged to enhance the introduction of
ad.s.c.d sl iconduct .r d~,ict st

- .  technology p eak has d-Lsappeiv ’.ed. This will also mean -that “p ’wven design”
ca-n no longex be a p oitamount conside ”.ation.

16. No cor iwnent.

17. OEM , upon n.eceipt 06 a contn.act, should be authon.ized -to
make a one-time buy 06 a-U custom 1.51 pant s in on.dex to xeduce the xecwiiting
lot chan.ges. In this cas e, NA VAI R would assume a-U ‘t es po nsibiUty 6on. the
quantity on.dexed.

18. No comment.

19. No comment.

20. No comment.
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NAC TR-2221 -

K. Question #11 : How should the Government LSI device standard - -

ization efforts be di rected to minimize the prolife ration of devices , bu t
allow timely intro duction of new LSI in avionics equipment? 

-

Highlights:

Predomi nant suggestions resulting from the replies to this
questi on are :

Device standardiza tion and timely intro - 
-

duction of new LSI in mili tary systems
seem to be mutually exi us i ve.

Standardize on standard cell families -

and CAD techniques .

Establish a national semic onductor LSI
data base function to include forward
proj ection of device needs and device

- 

- 
developments .

Restrict the technologi es used. -

Focus on func ti ona l standardiza ti on at
the module , interface , and device ter - - .

mi na l levels. -

Industry Repl i es :

1. why not establish a s tzznda- ”.d p ax.ts List analogous to the pn.e-
viously established WAC modul e concep t , which wonized quite so..tis6actonuly? 

f

in so doing , it would be well to coon4inate to the gn.eat est ex.ten.t p osoiblt -
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NAC TR - 222 1
Question Iii: he. sheti d 0O~,r~~~ t UI
device standarditatlon •f fo rt u be dir ctod
to nin inli. th* pro liferati on •f duv ices.
but 1110w t i.sly intr od uct ion .f .sw SI
in avionics eqw i~~~ntI

with othex bitanches 06 the gove-”.nrn ent to minimize the subseq uent logistics
s u.ppont n.equJJLenl en..ts supponted b y VSA .

I
2.  a. Rest}iiction o~ technologies in use.

b . E~-tab-Cishment 06 a na..tionai 1_Si device data bank access-
ible by compute”. te-’uninal to rniUtaity ag encies and supplien.s .

c. StandtvuUzation 06 CAV intex6aces and 06 chip 6on.ma.ts .

d. Availability 06  alt. chip design , ma - k, and test data
06 Navy-p’wcu’ted LSI de~igns to a-U con-t ’iac-to ’is with a-n established need.

3. 1 ~eel that the ~oo goa ts being considcxed he ’te. a-~e diametni-
caily opposite to one anothex . The. s .tanda-”.dization e66onts to minim ize
p~wti~eitation 06 devices will automatica.Uy low down the timely in-tkodac-
tion 06 new 1_ST pa /its in avionic equipment. The s ta.ndaj tdiza-tion e66on-ts
will dictate that additional time, be. used to bning moke vendon.s on Line
with a new pa nt. This would centainty slow down the e66on.t -to get newex
devices into avionics equipment. Mo’twve’t, WAVAI R volume is not going to
be high enoug h to encounage vendons -to exped ite developments in o”.dex to
meet the standa ’r,dization kequJJ ’.ements in a timely 6as hion.

4. Standa,’ci zation in a-n axea 06 ‘tapid ly changing technology is
usually unsuccess6ul. Vo not t”.y -to standtv ’.d-ize too ea.nly.

5. The gove ’tnment -should encou./cage 6on.wa.&d pno jec lion studies
as a-n.e p n.es ently being done by AlA a-nd E TA , and pu blioh this in6o”.matiov ’.
to indaotn.y.
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Questi on dli: Htw she ald ~~~~~~~~ LSI t S

dunk. sta uder-di cittop Cff,v tt be directed
is •ini.ize the proif f ,rati on of devices.
bet 5110w t i0wl , intrg duct ion if new UI
Ii avionic s .qwi~~~ntP t

6. No comment.

7. Thvte. a-n.e. two viable Levels 06 1_Si device stand aizdizalion
that should be considexed:

a. Mchitectuiial

in this standan.dization, the LSI aiuihitec~tu”.e would be
-the same p/c og/c a in code that could be -“.un on a-U device £a.inities . Fo n, example:

8080 , 8085 , and 8086 6kom Intel

• Z-8 , Z-80, and Z-8000 6’wm Z-ilog

• Commo n iPvtelt6aces such a-s 1553,
RS-232 , on. TEEE-4 88

As thes e devices evolved 6n.om s-imp le to hA.ghv’. level.s o~
~‘o~p iexLty, standa ’tdization which n.e.sutted in no changes to the pn.o g.’tam
- I  used would be vexy bene6icial to NA VA Z R .

b. Vevice-based - -

I n this standa ’tdiza.tion sch eme, multiple chips could be
mv’.ged into one complex 6unc-ti~on chip, such as Intel has done with the melt- - -
gut 06 the 8080 CPU, the Clock Genuzaton., and the Sy4 ten~ Con.t ’c.olleiv. Ln.to the - -

8085 mic.’copn.ocesso ’t. This mei’.ging 06 6unc-t.ions , esp ecAa.Uy i~ it can be
implemented with no change -to usen. p nog.tamo, can signi6icantly impnove the
int ’toduc.tion 06 LSI into Navy avionics equipment .
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NAC TR -222 1
Question Ill: How shesi d iouer~~uet LSI
device standardization effort s b di rected
to ,$.i.i ze th e proliferation of devices .
but all ow ti only introduction of new SI
in av ionics etui~~~nt1

8. Functio n standa-n.dization is a possible solution. Fon. example,
standa”.dize a bus intex6ace 6w- ’.c~t~-i~-on, but do not spec i~y the -technology in
which it must be implemented.

9.  Standa- ”.dization e66o ”.-ts should be &ocu.sed at the SAM level
to p -n.ovide an added degn.ee 06 -insensitivity -to 1_SI devices. The miUtan.y-
industiria.l complex has not 6° and the need 6o~~ non. have they attempted -to
mn-imtimize the pnoLi6ena~tLon °6 hybnid devices . The use 06 1_Si should not
n.equiJ’.e ~niUta-&y contj ’.ol ~signi~icantly above and beyond that 6°~- hybnids.

Device 5 tandan.dization pn.ogn.ams ho uld concent’tate on the
high volume comme’tciaJL LSI a-tea , not on -the q uasi-s-tanda/z-d 06 6u.ll custom
1_SI devices . Fan. thes e high volume 1_Si devices , the p n.esent “mini-spec”
is-sued by RAVC/VESC -should be used to in6on.ni oth en. miUtan.y complexes °6
-theLt availability. Standan.dizalion should be based on a “mo ving window”
in which new devices a-n.e added a-nd devices 6ad~ing away a-n.e deleted. Cn.ea-te
an LST standcutdization committee with the n.e,s po nsibitity to ‘teview 1_SI needs
at all phases 06 equipment development, including equipment RSV p ’tog ’tams
initiated by the DoD ( Navy) Labo’taton.y community. A n.elalively small tech-
n-ically quaL-L~ied giwup could sti’.onglcj in 6luence 1_SI standa.n.dization eaxl y
in the development cycle and also maintain a sensitivity to 1.51 evolution
as it a66ects milita-’uj electncnics .

10. The timely dissemination 06 in6o ’wvtion on p n.eviously
designed 1_ SI Cs and incen-tives 6°”. thei’t use on new designs 6houid go a-
long way to minimize p iwLi~e ’tation o6 devices . f loweve/ ’., thv’.e is dangeA
in blindly 6ollowing this app’wach. With the shonten. ti6e cycles 06 the
IC technologies, neanty obs~lete technologies could be designed into
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NAC TR-2221

~~ sti.n •l1~ ~beuid t.oer. nt SI
device stonda r-d$z.tion efforts be diricted
to ml.i. ite the prol iferation of device s .
but s h e  it uely int rodu ction .f new LII
in avionics squi~~~ntP

6u~tw~.e equipment. Also , by de6ining system an.chitectwte-s , conro n 6unc-tions
can be belleit de6ined and stonda,’T4 LSICs developed.

11 .  FunctionaLl y pa ntitioned systems can be updated to use 1_SI
pa/c.ts without seveAal cos t pen allie-s . PkoLi 6ekat~ion 06 device types will
n.esult 6/c orn the s hi6t -to LSI components since the gn.eatek Logic complexity
on a chip n.esatts in a mo/c e specialized chip 6unc~tion. Geneical in.te/ ’.6a-ce
‘wles need to be used to de6ine chip opeiia.t-Lon in a way that wi-U make
each 1.51 chip bn.oadly use6ul to seve’zal o.g enc-ces and con-t ’tac.tons. Thes e
highly spec iaLized custom LSI chip s wi-il be mo/c e co~st-e66ective and give
highen. pen.6onmance and betten. n.eiiabil-sf ty than any ass erth-tage o~ catalog
p a~t~. Stoching 06 s pa n.e6 and quick twtnan.ound 6/c o rn stoclzpiled ma-s Ea sets
wiU make them available when needed .

12. See the kespo ns e to Ques-ti-on 13. This indicates that
can.e6ul allen-Lion should be cW’.ected at the beginning 06 an equipment
deueLopnen.t to a-ssu ”.e a p an..ti-tioning 06 dLsci’.ete system 6unc,ti~ons consis-
tent with the Likely evolution 06 the components used to implement -the
6unc~tion. This a-pp -”.oach n.equij ’.es p n.ecise documenta~tion 06 the 6on.m , Lit,
Lunction, and signal intex6a-ce on each system sub-Lunction on. p o.k.tA.tian.
Imp lementation spe ciLics such as powek cons umption, weight, and sire
should be speci 6ied as uppen. Limits only -to accommodate evolu.tiona/ty
n.e-implementations 06 the equipment -to cons e~n.ve these Lactons . Genvi.aL
/cequAJ’.ements 6o~ envin.onmen.tat conditions should also be sp ec-i~~ed.
Above all , gn.ea.-t can.e sho uld be exe,n.ci-sed to avoid sp ec i~ying the s ub-
system 6uncti~on in a mannen. which denotes imp l ementation -technique
speci Lics .
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NAC TR-2221
Question Ill How sheul d Go o rnennt 151
device ~tso durdi,.tj o , eff ort s b. direc ted
to • infeize the prol iferat io n of devices.
but allow t i* ly intr od ucti on of saw IS!
in avionics ,qui~eientt

13. a. The goven.nment could see that cen.tain high usage sta-ndan.d
devices (such a-s memoeies and m-ic’wpn .ocesson. chips ) ate M1L-quaLi~ied -such
that they become de 6ac,to -o tandan.d ~, a-nd/on. adopt commexcial tanda-n.d
speci6ications.

b. Ve6ine standlVtd m-iUta ’t~j 6uncti~one~, en6on.ce the tandan.d,
and 6und developmetvt °6 p n.oto~typ e devices .

14. Use 06 the standa .n.d cell 6arni~Ly appn.oa-ch, while not minimiz-
ing the numben. 06 device~ , would allow 6o~ ‘t gn.eat degn.ee 06 ~tixndan.diza-Lion
and encow’.age the use 06 new LSZ. 5a. icitttt , this gets bacta -to -the idea oL
owning both the designs and the pk ocess speci6ica-tions, on. p lacing them in
the pub lic domain.

15. Stando tdization 6°~ cu tom LS1 devices -should be dLtected
towai ’.d encou ’w.ging -the use 06 comeiu2ia1iy accepted technolo gies.

16. Genen.a-Fly speahing , device standa., tdLza t ion and timely in.tn.o-
F duct-ion 06 new LSI ate considen.ed mutually exclusive. Conside-’u~tion should

be given to planned updates 06 ~tandwtd devices--say eve-’ty *i&o -to thn.ee
yea.&s.

17. NAVA1R could maize available a Listing 06 speciLic 1_SI pa nts
which a-n.e used in otheA equipment . The OEM ’ s designs could possibly incon.-
poMte these same pa /zts .

18 . No comment.
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~~ st $ on lit: Now afie ld Goeerne,st 151
devic e st lndn rd$oation eff or t i be directed
to .inlui zs the preii ferati ,n of devices .
bet s ho w  ti~~ly intr odu cti on of sew 151
in uv ioøIcs equ I et ?

19. StandaAdize on nias teit chip LamiJ~ies and associated so6t~ n.e
pa ckages. On custom 1_SI , p enini-t quali6ication on the basis 06 siinilairity.

20. No conrent .
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NAC TR-2221

L . Question #12: What documentation data should the Government
require in order to realistically protect its interests in procuring and
supporting avionics equipment?

Highlights:

Suggestions include :

Utilize standardized documentation
which is understood and accepted.

Specify form, fit , and function only.

Acquire all design and fabrication
rights to custom LS !Cs developed on
Government fundin g , including mask
tapes , process specifications , cell
descriptions , design rules , test
tapes , q ualifi cation test and failure
ana lys i s  data , etc .

Insure second source viability.

Industry Rep 1i~s:

1. The po int in the LSI design p &ocess con~Lden.ed by manu6ac-
tan.ens -to be p nop nict.v ’.y va.ties stLgh~tLy 6n-om company -to company . Almost
without exception, s emiconducton. makexs considen. pn.ocess pa kameten.s -to be
the seci ’.et Lngn.edient which makes them be2Le~’. than compel-tons . Some
p n.ocess pa.’tametens a66ect ma~k desig n and an.e s uppUe d -to the goven.nment
with gn.eat n.eluctance. The digitized data used 60/c making mas ks is o(,ten
supplied to equipment maken.s and uLtimately -to the goveAnmen.t.
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Question 112: What decientetlen data
SHoul d the Goversient require in order to
real ist ically pro tec t Its interes ta in
proc urin g and sappor t inQ •v i .nics
eqv$ 1

2. No comment .

3. No comment.

4. The do cumentation should be s imiJj vT. to that n.equin.ed 6o~
simp en. component/cy. In vexy new and sophisticated componentity , gnoss
pt oces-s speci 6ications may be appn.opniat e.

5. UtiLize standa-n.d documentation which i-s und en.stood and
accepted by the industn.y, i.e., Mi.Litan.y Standa.’td 38510 6on.ma~t. in addi-
tion , n.etizzbitity data, and compl ete eleetnicat pe~6on,mance data as sp eci-
6ied in MIL-STV-9 65 i-s needed. A st’wng standan.dization p -wg ’zam would
minJj ri ~ize the pn.oli6 ejza tion 06 data.

6. Tie the device spe ci6ica.tior. -to MIL-M -38 510 n.equ.i./Lemen.ts,
but spe ci6y the p a.’w.meie-ts as maximum and minimum.

1. The Navy shouLd 60110w the good example which it has set on
the MAC SEM/SIIP modules . That is , the Navy sho uld spec-i~y only “Lo’im, Lit,
a-nd 6unc~tion” (including p eit6o/unance pa namete ’rs) , but should not sp ec.-L~y
p n.ocess-n.elated pc icameieits. 8y Limiting its /cequ.4JtementA to “Lww..tLonaJ.Ly-
sp eci 6ied ,” and not “design disclosu.te,” the Wavy ca-n ins u.xe a mone otan-
daAdized Lunctlonal ~a,nLty 06 1_Si modules.

8. Fot a raititoci’c~uit s upp tieIt , a ce.k.tiL-icDle ~j  comp’iance
should be adequa te to inswte that the device u~ts manuLaetu-.ted to the
‘LequvLements .

* e .
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Quest ion 117: What docientation date

s” o ,ld the Gover,~~ot require iv order to
rea l istically protec t Its inte re%ts in
procuring sad support ing avionics
equi~~~et?

9. At the SAM (assemb ly) level, he documentation n.equin.ements
sho uld be sim-ilan. to those 06 MI L-M- 2 8787 .  Paxticu-lan. axea s 06 conceitn a-n.e
the pex6on.mance a-nd ~test speci6ications and -test p n-ocedwtes. Vocumentation
should be Limited to -that necessan.y to 6unct-i~ona~Uy spe ci~y the SAM 6uncti-o n
(not the LSI devices w i thin) .  The Navy docwnen~tation keview and app ~’wua2
sho uld asswLe tes tabiLity and rnaxirnw-n technological t ’utnsp axency. This
a-pp n.oach wiLt allow development 06 n.ep-lacement SAMs without n.equining inten.-
chang eable advanced technology devices , a-nd may ven.y we~U n.esuLt in n.edwing
equipment acquis ition costs thn.o ugh the intn.oduction 06 competition via
muLtiple SAM soun.ces.

At the LSI device Level, documental-ion data should be di ’tec-
ted towan.d p/c oo 6 that a second souxce is available, no.t towaxd obtaining
design/p n. ocess detail~ to -the coolzboo tz Level. 16 data axe n.equJJt ed -to show
that a second souxce can p n.oduce the LSI devices in question, then tn.ue
p notection and suppont is ens wted . Requining a co n-t/ uicton. -to “-teLl all”
(deta iLs in design and p .kocessing) &axely ensuxes that -the devices can be
made by anoti-iex cont ’iacton. in an emeiwency. Emphasis ~houid not be placed
on divulging p-’wcesses (times and ternp e&atukes; equipment capab iLities
di66ex 6-to m cont ’t-acton. to contnacton. and may p n.ectude di~&ec-t copying 06
techniques) , but on ensuxing a second soun.ce 6o-’t the pants. Maize cont/uic-
ton.s p itove that a s econd souxce exi to in p iuzc~tLce: masks exchanged ,
devices made and -tested.

10. The goven.nment houtd acquin.e all desig n and 6a.b’r~icot~1~on
nights to custom LSI C5 develope d on govexnment ~unding . Some scat 06

a-gn.eemen~t should be woniz ed out with the inno vaton. 06 such designs so that
he would n.eceive some boat 06  toya lty i6 the govvtnrnent on. a.notitex con-

t~nac.ton. chose -to pwtchas e LSI Cs 6n~om those designs within a given nw~ibe/c

o6 yeLvts.
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NAC TR -222 1

Question 112: Whet decue,n tation dote
should the Gov,ranevt require in order to
realistically protect Its interests in

pncuriog sod iupcof t iiog avionics
equi~~ ot l

Any quaLi~ica tion test and 6aiJ~wLe analysis data. on thes e
devices should be ptocun.ed by the govelLnment and made available to otheit
po-tentia-l us ”vs. See the tesponoe to Q~uestion 7.

11. LSI chip designs in one 06 the industty-standaitd techniques
can best be documented in te’un6 06 the mas k set used to Labn~icate the -type
and the p/c og/c am used to test it. Funct ionality and logic opeita.tion 0260
need to be de6ined (a-s in a data- sheet) to p exmil use by othen. contkacton6
and govexnment agencies . Chana ctenizal-ion data- should also be s uppLied
to ass axe that the chips meet speed , cu t-Ly e , and othen. appLication kequ-iJte-
ments .

12. No comment .

13. a. Test da-ta- on the equipment LtselL, not on each component
thexein.

b. Fo n. custom 1_Si , the govvcnmen.t mu-st in~ist on masks and
test documentation.

14. Vesign ‘wtes, pnocess sp eci6ica2ions , ceLl descf tip tiono ,
and othen. in6oiunal-ion necessa ty to allow a- vaxiety 06 supp Ueits to rnani.LLac-
tuxe the 1_SI. Mask tooling inLonmation is also necessaxy, but p iwbabty
not ston.ed in the Lon~m 06 physical ma ks. Cootdinate inLohina.tion ston.ed
on magnetic tape would be supexion. b ecaus e 06 the va’cy.ng 4ez~wLtements Lot
mas ks beti~ieen diL6exert vendots . A complete descivip tion o~ the test yea- -

tons and test set-up 4equLted shou.ed also be made available.
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— 

QuestIon 112: What dec,~~nta t ion da ta
should the Gov,rswent require ill order to
r,elis ticell y protect its interests is
prucsiring sad s apport ia, av ionics
lqut~~~nt?

15. The most impo ntaitt data is a Lunc_tionat sp eci6ico.tLon which
does not unduly -testtict -the method oL implementation. No n.equixement should
be sp eci~ied which i-s not absolutely necessaluf -to sotis6y the intended appli-
cation.

Since design ct-Lsctosuxe data is essentially not available,
c-toss-Licensing ceali6ica-tion should be considexed as a- method 06 inswting
multiple sowtaes .

16. Continue tequit eme,tts 60/c second 4 oun.ce 60/c components and
p nocuxe su6LLcient design a-nd p n.ocess data to p e1’tmLt n.e-soakcing in accon.d-

• ance with these data .

17. Pn.op ’t-ie.tarty detj i.-i-ted design/p n-o cess in6o ’umi—tion could be
ccnttacted 6o and p laced in bonded s tonage. This data should be au66icien.t
to build p axt6 , and as a minimum should consist 06 Logic di-agn.amo, magnetic
tape s , test pa ttexn4s, and detailed p nocess steps.

18. (‘b comment .
- -

r 19. No comment.
* e e

20. No eoriinen.t.
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NAC TR-2221

M . Quest ion #13: If you , as a co nt rac tor , en ter into a long-term
warran ty ag reement w ith NAVAIR on a par ti cular av i on i cs equipment , how
will you protect yourself against technology obsolescence?

Highlights:

Predomi nant comments were :

Specify the function at the module

level .

• Use long-term storage of wa fers and/or
dev i ces.

• Make careful technology selection .

• Establish multi -sou rcing of devices.

• Use a strong standard ization pro gr am.

• Establish an in—house IC capability .

Industry Repjles:

1. Sem-iconduc.tot wa.t ’uz~tty is ptese.~ttty one qea.k 6/corn the date
o~ acceptance by out customexs. it is po ssible that this wa.vianty wi-U bt -

inexeas ed to ~two yeats in the Lutaxe. We have not a-nd see li-CIte possibi-
lity 06 en.texing into tong eit-tenrn ukVVLan.ty situations .

The pnime method 06 p ’wtedting aga inst technical obsolescence -

As designing new equipm ent with new technology iL multiple sowtces exist.
Oldex technologies a-n.e dis canded by p n.odacets when no long en. popuLax on.
p n.o~i_table.

— 
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NAC TR-222 1
Question •l3: ir .. -~• as e contr.ctor,
enter into a loa,-t.re wsrrsety uqre ot
wit h UVA IP so a partic ular avionics
equi~wwot, hOw will yso peotect yssos il?
a,ainst t.chnolosj sbs .l.scsae.?

2. No comment .
* 5 *

3. The -two pa~to to this question axe not n.ealty n.ela-ted. 16 a
conttacton. entexs into a Long - -te-km agn.eement with NA VAIR , then the con.ttac-
ton. will set up a p a./ct 06 his open.ation to manu6actwte the n.equixed p an.t to
NA VA1R spec i6icat-Lons . New avionics on. technology will be coven.ed undex
othex con.ttacts. A manu6actw.ing ax ea. may continue pxodacing obsolete p axts
undet a ceatain goven.nment cont ’uzct unless the conttact ca.lts 6on. a con-
tinued upg/ uxding 06 system devices and ca-pa-bAli-ties. Thus , the long-ten.m
wc.vzanty agiteements axe not cUn.ectly n.elated to technology obsolescence.

* 5 *

4. We would pn.otect ounselves thxoug h modclaxLty a-nd the in-
hous e 6ac iJi -ty.

* 5 *

5. As an aid towan.d solving this pn.oblenE, we have a st/cong
int~~na-t s tandcvcdizcttion and p a/cts manag ement p/c og /cam which maximizes the
selection 06 long—ten.m technologies which can be manu6a-ctwted by mo/ce than
one soun.ce. A long-ten.m wcvtn.anty agn.eement would n.equin.e eLthex i~wuznty
p oxts s uppo n.t by the p n.ocuxement ag ency, on. s p a-Ices p n.ocuxemert coincident
with p ’wduc.tion buys . Vepending on the p -tog/c am, eithex method could be
cost-e66ec.tive. Additionally, NAVAIR might conside-t a p /c og/c a in s imilaic to
the Aix Fo icce PRAM ( Pn.oduction Reliability Availability Maintainability)
pn.o 9/c am. Undex this p/c og/ca m, items on. s pa -Ices which become di66icult on.
non-cost-eL Lective to suppon.t a-ice modiLied on. -‘cedes igned. The new design
mut  be a- Lo ’cm-Lit- Lunc~tion n.ep lacement . This pn.ogn.am has solved a- numbe-’r.
06 d.i6LicuLt a-nd costly Long-teiun suppo lzt pn.oblems.

* 5 5

6. No corrinen-t.
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NAC TR-222l
~~ stisn ll ~ : If ysa, as a contrac tor.
eater Into a long-t.r. warranty •gr,e~~~t
w ith UVAIR 00 a part icular av ioaics
alwi~~~.t. hew will you pvot sct ioorealf
.ai.at tlC~~~le.j Uheslescsoc.t

7. We would conceicn owc-s elves with the 6unc-t~ion kequiiced, a-nd
not with the component which today might p e-’t6oiun that Lunc-tion, but tomon.-
now may become obsolete.

~~~6 the Navy wants to nepain. etectj wn.ic subass emblies in the
Lield, it may be Leasible to conside ’c long-teiun bonded sb /ca ge.

Be6o ’ce committing to a Lu-ti p/c oduction /cun , nay be p ltu4ent
to consideic a technology apgnade , bas ed on p in-6oJ c-p in an d/on. rnodute-6o/t -
module ‘ceplacements 06 equivaLent 6wtc~tions .

The p/c e6e.vced method io to wa—vcan.t the “btxciz box ” to a
given 6unction. Upon Laitwce, the box would be n.etun.ned to the. manu6a-c-
-tu.-’c e.’r. £0/c itepaix on. ~‘cep lacernent. Thi n.epaix-o ’c-icetuicn activity could
be done at a-ny time with new techno logy which is tka.ns pa /cent to NM/ AI R.

* 5 *

8. As miciwcij c~ui~ s upp tieits, we axe not the. best people to
answe ’t this question. I-bowevvc, we would suggest that i6 you plan 60/c
technology ~pda tes, you can p’cevent obsolescence.

* 5 *

9.  Fonrn, Li~t, and 6unc~tion; a-nd technology -tkansp aitency a-s
design philo sophies (see answe) cs to (~uestions 1 a-nd 2 ) wi-eL pnovide. the.
kequirted p ’cotection aga inst tech.’~logy obs oles cence. Eve-’cy e66on.t wi-U
be made to inconpoizate LSI into Logical testable la.’cge 6unc~tion modute
designed to maximize technology t ’uznsp~vcency (e .g . ,  standan.d S volt
supply, on-module 8ITE , etc.) We will rna.z-imize the. use 06 SAMs .

When the sowcce 06 supply becomes questi-onable 6o~ speci-
6-ic p a/cto , advanced technology on. oth vuuLse, we taiU n.edesign the module -
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NAC TR-2221
Question 113: if you. as a contractor,
enter Into s long-tar. wa r ranty uSrelOwut
with NAPAlM so a partic ular avionics
eqaip~ ot . hçw wil l  y ou pretect ysarasif
aga inst t.cIwmle~~ absol,scencet

to p eic~on.m the same 6un c~-t~ion but with up-to-date , p n.ocw’uzble device techno-
logy. ( ‘J e may, as an intenim meas ulce, p ’cocwc e a laxg eic-than-no n.mat q uantity
o6 the device, on- devices , in question a-s a hedg e a-ga-ins t schedule p -’wblems .

* 5 *

10. Us ually in long-te’tni waiviaivty ag/t eements wheice. the o~c.Lginal
equipment designe ’c and manu6a-ctuxen. has conticol 06 n.ep a--Lns and testing,
then.e is mo/c e 6texibiti_tij 6on. incon-poica-ting and co n-C/ coiling design changes.
Also, cu/c Pu,’ccha-sing Vepcvc-tinent maintains good /cappo ’zt with owc vendons
as well as 601-Lowing the industicy tkends . When one 06 owc vendon.s decides
he is going to discontinue p ’wviding ce4tain p an-Cs, he usually twtLL-ies
Puicchasing and gives them a chance to maize a 6inai p wcchas e 06 as many 06
the p ants as they want. At this time a -t ’cade -o66 decision is made as to
whethen. to ‘cedesign the p a-itt out 06 the system considening n.e,t ’co6it
‘cequiicemen.ts , etc. c/ c to pwtchctse enoug h s p a-ices 6o ’c the tiLe °6 the
eq u-i pm en-ts

* 5 *

11 .  LSI pa nts a- ’ce inhelcentiy Ic eLiable and wi-U have a low 6a~iL-
u/ce nate. A modest quan.ti~ty 06 s pa ices will su66ice 6°/c the tiLe 06 the
equipment. 16 excessive sp a -ices axe ‘c equi’ced, the design on. application
is suspect , a-nd n.edesign in a mon.e modexn technology on. 60/c a towex sticess
level in the application is in onden..

* 5 *

12. Compcnent used in an equipment imp lemen-tat.ion would be
n.estn.-icted to components which we/ce mesth vcs 06 a ~arnAly 06 components
having a s-C/co ng Linkage to a nstins t ’ceam con.nvcciat p icoduct ~amity and
which wexe p itoduced by at Least one ma -jo / c s em.iconductoic nvlnu6a-ctwcex, i.e.,
in the top 6ou/c in domestic semiconducton. sales. System design techniques
would be encou’taged which exploited the use 06 components Likely to be
developed as evolutions 06 existing membexs 06 the comme/ccial component
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NAC TR-2221

~~st4 ga 113: if pow, as a contractor.
ester inS, a long-tsr. warranty •grs~~ st
with gavaig so a part icular avionics
pau-I~~~ t. ~~ will you protect yo*-sil f
Igaisot ts~~~l.ga’ ~ aeleseeeuet

6ainily. Fo’c example, system Luna-tional pantitions would be esta.btLohed in
a manneic that would allow evolving implementations -to natLm.ally e~pLoU
evolwtions in component technology. This app ’coach i-s best exempU 6ied by:

a. A medium scale integna-tion ( M S I )  implementation using
LSTTL components . Typically, this would ‘cequi’ce 200-300 compoittnts and
15 wotto.

6. A mic’wpitocesso ’c-based implementatio n using a mcc’co-
p . tocesso ’c, memo/uJ devices, and a sr ikz1-2 nwnben. 06 LS1TL MS1 components .
Typically, this would ‘cequixe 30-4 0 components and 10 wotts. This is
n-ep ’cesentative 06 a-n LS1 impte men.tttion.

c. The 6-m a-I implementation would use the ve4y Lan-ge caLf
integ ’uz.tion ( VL S i )  technology coming availab le in the 1979-1980 pex-iod.
With this app icoach, -the 6ww-tion implemented in 12.a and 12.b can be imple-
mented in a single chip micizo compute,’c device. This a.pp ’coach ‘ce.qwuces one
component a-nd Less than one watt 06 poweic. An impontant ice.qu.iicemen.t is
that the micxop ’cocesson. us ed in 12.6 a-nd the micn-ocompwteic used in 12.c -

be membexs 06 a compatible Lasnily 06 computex components . Comp a.tibiLi.ty
‘Leq uiJcements include :

( 1 )  Inst ’cuc-tion set
(2)  Memoicy aicchitectwte
( 3 )  I nput/ output aizck-itectuice

An additional aspect 06 this appn.oach p e/unlts the combination o~ muLtiple
system Lwic.tions in a- single micxop’cocesso’c/niisvtocomputeit-based imptesnen-
tzi.~tLon.
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NAC TR— 2221
Qs.st iea Ii): I? you, as a costractav- ,
ent.r into a lelg-tar. wsrs’aety agroonnet
with MVA 1P on a particular avi onics
squi~~ nt. how will you protect yone’self
sgeinst tsc$wel.V olulssc,nc,?

These actions at the beginning 06 the system development
cycle pitovide a-n assu/cance that -the equipment -&np lementa-tion must not , oL
Ltsel6, s appont the existence 06 the n.equi ’ced components and that on-going
component developments axe l-af ize.ty to be compatible with components cwtxent-
ly in use. Additionally, the business sticength 06 the component supplie ’c
p itovides additional asswt-ance °6 the continuing avaiLability 06 the

n.equiJced on. equivalent component 6unctions .

Co nt/cactuat ait -’zang esnents would be negotiated which n-equ.ixe
the component manu6actuxen. to rcoti6y the equipment manu6actu!Le/c 06 chang es
in the p ’coduct and/on. pn.oduction pn.ocess which would pn.ohibit availabiLity
06 the n.equiiced compo nent 6un c~t,~on. The cont/c act would have p ’ce-negotiated
quanti.ties/p nices 60/c p -’co viding a n-es e’cve supply 06 components 60/c Lutu ”t~e
n.e~uiJt ements .

The dual app ’coac.k outLined maximizes the LikeLihood and the
time peniod that the n.equi-’ced component Lanction wi-U n-emain available.
Fwutheiunon.e, the system design technique tends to encowcag e the use 06
contno n component 6unctions which axe p ’wgnammable to meet n.equiJced equip-
ment 6unctions . This technique minimizes the numbe.’c 06 di66exent cornpo n-
en.ts used by the equipment imp lementation. Last ly ,  con-Cnactua p ’coceduxes
a/c e outLined which p n.ovide Lon. stockpiling components £6 the p ’ceceding
measu/ces become inadequate. Thes e cont ’u-tctual p n.ocedwces pnovid~ an
acceptable level 06 n.i~sk 6on. equipment and component manu6a-ctwcexs.

* 5 *

13. a, Make oux own custom LSIC5 .

b . 8uy all chips we need in wa6e.’c 6on’~ a-nd stoke until
needed i6 waLe-’cs a-ice pn.ocwced 6/corn outside. 16 itvte/cnally p icoduced and
we wish to allen. on. discontinue the pn.ocess, we would :
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NAC TR-2221
Qwa~t4on ala If pow , so a contractor.
ant,r into a long-tar, warr anty agr-eeons t
w ith UtA h Os a pa rt icwl.r avionics
agwi~~ nt, hew will you protec t yoarsalf
against t.chn,l e~~ abulsscsnc.?

( 1 )  Maize all the wa-Lens we need Len the Lutu~’ce.

( 2 )  P icodace in a 60/ tm, t~it , and 6unc.tion manne ’c spa-ice
pants LIcom -the new technology .

* 5 *

14. By using a technology such as CMOS/SOS which ca-n be expected
to have a long tiLe, and by using design icules acceptable to a lang e numben.
06 sapp lie ’ts . In some cases, a qua.n-ti-ty 06 devices su66icient 6°~~~ 

Lokesee-
able spa -ices nequi ’cements rnigh-t be pun chased, since thexe could be substan-
tial savings available tlvcoug h quant ity p un-chases.

5 * 5

15. No comment.

16. Long-teicrn wa~vtanty agn.eements would apply only as Long as
vendoics p’coduce pants to -the onigina l on. an analytically equivalent design.
We would expect to n.enegotiate L6 pa itts axe unavailable due to obsolescence/
Line shut-down; on. t’cy to tie any vendon. to a piwduction quantity that wilt
sa~tis Ly any wavtanty ag/ceement with any castomeic.

* 5 *

17. LS1 pa nts which axe used wi-Il be s elected 6/c o rn p itoven techno-
logies which axe not Likely to become obsolete in the nea-’c 6u~tuxe. Vevices
non.srv.ztly will have mon.e than one souxce, and U6e-time s p a-n.es may be pn.ocwced
in the event that the ptvcts become non-p’cocunable.

* 5 *

18. No comment.
* 5 *

19. Pnintvtily by wa-Lex sto.’iag e (see answex -to ~aestion 1 4 ) .  We
have also bought spe ci6ic mask sets ‘cetained by the L.S1 manu6actu/ce ’c to
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NAC TR-222 1
Qusst losi 113: If you, as a contractor,
enter into a long-to,, warranty agruanesit
w ith MAVAI~ on a particular avionics
Iqul ent . how will you protect you rself
ug.inst t.chonlo~~ oSoolesc eote~

a.ss u/ce that thexe wiLl be no chang e duning the p ’wduction p icocuxement liLe-
time. Fo ic small volume usage, we La-von. LiLetime buys 06 p a ckaged units .

* 5 *

20. The best p -totection is to imp lement cuvtent ~tandan.d muLti-
souicced devices to -the maximum extent pos sible.

* 5 *
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N. ~~est ion #14: Comment on the concept and techni ques for storing

s~niconductor devices in wafe r form until logistics or rn ob il -f zation needs
require that they be diced , tested , and packaged. Comment on knowledge
of the aging characteristics in wa fe r storage of the specific technologies
with which you have had experience .

Highl i ghts:

Comments finding concurrer ce among respondents are :

Wafe r storage is technically feasible;
however , not practical because of manage-
ment of peripherals such as masks,
testing , pac kaging , e tc . ,  and economics .

Store wafers in dry nitrogen (N2)-rich
environment .

Leave the glass deposited over the chip
meta ll ization intact and continuous .

Store fully packaged and tested devices.

Store wa fers for future logistics needs .

Industry Replies:

1. The concept 06 stoning tAlLeJcs i-s an excellent one . We would
only Like ~to encowu-cge tA.’o considenations . Finst, the wa-Lens should be
sto’ced in a ni-t ’cogen (N 2 ) -nich envUconment. Second , we would encouicage
Leaving the glass deposited oven. -the metalllzation intact and continuous. 

- -

Vo not etch -the g las s awa y 6/c o rn the bonding pad s , thexeby exposing the
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MAC TR- 2221
~~ 1tIOn #14: Co~~~nt an the conc.pt and
techvigias for storing s icoøductor

~~v icas In waf.r fo r, un til lo gi s tics or
Osbihi&a t lon sands require tha t they hi
diced, tasted, and packaged Co~~~nt on
hncwl.dgs of t iw ag ing cha rac te ristics is
wafer sto rage of thi specific technologies
wi th WhiCh you have hod .spertance

bonding axea -to a-ny long-te’tm oxidation. The nisk Lac-ton. is hig hex with
-this appn.oach, but we believe n.eliabi-Uty i-s ce-’ttainty -Lmpicoved.

* 5 *

2. In pninciple, waLe/c sto/cage is possible. In p/cctct ice, how-
eve/c, A_I could be da ngen.o us since s erniconducton. ma-nu6actwcens mig ht succumb
to the temptation 06 shipping inLenion. pn.oducts into s-to/ ia -ge. I believe

~tha.-t it i-s 6ea.s ible to nvi-intain a Lij ni-ted supply 06 s emipnocessed wa-Lens
to a-thieve a Last toxvuvcowid L°~ logic a--vtays , pn.ogn.amimbte Logic wt-Lts,
etc.; but p icoducts 60/c sp ates on. laten. pn.oduc.t-ion ~hould be £nventon.ized
LaI ty packaged and -tested.

* 5 *

3. The ag ing chana ctenistics 06 s emiconducton. devices in waLe/c
60/cm (i6 placed in the p /c ope/c envixo nrnen.t } can p ’tobably be neglected.
Howeven., we do not have long-teicm data in -this a-tea. I Lee-I that the
ma-jon. p iwbI em involved in tj cying to do what -they want would be in t’cying
to keep aFt -the peniphe/cal axeas intact and in good s hap e Lan. a long
pen.iod 06 time. Tooting would get lost and testing p/c ognams would no~t
be kept up-to-date. These kind~ 06 things would be diLLicutt -to mai,vtain
in a high state 06 n.ea4-iness with a high degn.ee 06 con6idence.

* 5 *

4. Semiconducton. waLe/cs could be s-ton.ed in dlcy niticogen with
Little on. no appaxent aging . I have a “gut Leel” that due to the ‘tale
°L the change 06 technology, they would p/c obab ty not ge5t used an~p .~ay.

5 * 5

5. Vevice.s should be sto ’ced pf ce6eita bty in the p ackaged stale;
“ hoti,~veic, iL ston.age in the wa-Len state is necessaxy, a city nit ’cogen a~trnos-

ph exe is ‘ce.corisnended along with n.einsp ec.tion pn.ion. -to use.
.. * 5 *
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NAC TR- 2221

*.stien #14: C~~~ nt on the concept and
techniques for stori ng semiconductor

~~vlces iv water for , until logist ics or
nehi~ ization needs require tha t they ha
diced, tested . .nd packaged . Co~~ vt on
Enowledge of the agi ng cha racte r istics In
emfge thorege of the specific tocknetogles
wit h ~~ICIS you hove hod .spsrienca.

6. No cort*nen-t.
* 5 *

7. The best way to app ’wach this pn.oblem would be -to s-ton.e “good
die ” 6/corn the wa-Lens . The die would utilize less space and the_te would not
be a need 60/c wa-Len. dicing on. testing . The containen.s should be seoted and
n.eside in a nit/co gen atxnosphexe.

Since we have no data on wa6en. sto~cage aging chWcacteJrA~tLcs ,
we cannot intelligently comment on this subject. tloweve’c, the available
aging with tiLe data would indicat e low n-is k in an inteF.Lig en.tty managed
waLe/ c s to/ uzge p .tog/ cam.

* 5 *

8. This concept is 6e,~uible. Howeveic , we n.econmtend , on techni-
cal gn.owido , aga inst wa-Len. sto’tage due to possible handling damage. Vice
stonage would be mo/ce advisab le . Sto-’zage would have to be in a- d ’cy, dust
6/cee, m en_I envij conment . Aging should not be a pn.obtem.

Fnom an economic sense, NAVAI R would have to pwt.chase the.
invento ’ty a-nd pnovide Lot its can_tying cost. NM/AIR would aL.~o have the
p .’coblej n 06 pn.ocwting the packaging and -testing opena.tion when the dice had
to be packag ed. In addition , NAVAIR would have to wcvvtan5ty that the dice
we-xe good , beyond one ye-ax, since that is the s emicondw2to’c industay
wan/ta nty pe’iiod.

5 * .

9. ~ waLens axe -to be sto’c ed 6°/c Logistic on. mobilization
needs , they must at teas -I have been p ’wbe tested a-nd a canned ~ample etec-
tnical test p elt waLex should be n.equiiced. The waLe/cs should come owL 06 a -
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MAC TR-2221

Ounatian #14: C~~~ vt on the conca pt and

techniques for stori ng semicond uc tor

~~v1ces 1~ wafer fo re until log istics or
bil i zatl on seeds require that they be

diced, tasted, and packaged . Coement on
k.~~ ledgr of the aging cha ract er ist ics in
wafer storage of th, sp ec ific technologIes
with which you have had eaperianca .

cwcn.ent p n.odw~t_Lon /cun in which Linal device yield statistics axe a-va-liable.
The die n.equin.ed 6on. the sample tes t could be taken 6/corn the wa-Len edge.
The wa6e/c should be ston.ed in a dxy box , bacf z-6i- Ued with n-Lt’cogen . ~6

• wa6exs axe pt ocu~e-d and pn.oduced in .Lcvcge batches , extensive testing 06 a
canned samp le wiLt as~ wte mane a i6o5’ur ~ device pen. 6onina-nce. This app n.oach
tends to n.educe the lot-to-Lot va-nia tions e~p exienced in a-U s emiconducto ’c
p ’wdacts by n.educing -the total nunibe/c 06 tots a-nd the time sp an in which
they axe p iwduced. Sub~tantial industxy and inilita/cy data is becoming
available which indicates that ag ing is not a sig riI~ican-t n eLinbiJ_-Lty nisIz
and is p xedictabte. Fon. evolving and Lutuxe technologies , accele/cated
aging testing wi-U be necessa ’cy to as s u/c e p tedictable aging cha-’cae_Ien_istic-s .

On the negative- side , a policy ‘cequining U6e~time buys at
the waLe/c Level couLd have undesinable side e6Lec-t5s. This po licy n~ay
n.e-suIt in p e-n_ iods o$ hig h device rnana~ctctwcing activity a-nd p eniods 06
ve/c y low acti vity. F/corn the manuLac-tu/cex’s point 06 view, the/c e io a
des i- ’ce to maintain continuous pn.odu c-tion activity 60/c obvious /ce a.so n6.

10. Wa-Lens , when s ton.ed 6on. extended pen _Lod~ 06 time (mo/c e than
six months) should be p n.otected 6/corn con,/cosive on. active gases, heat , Light,
and wa-te’c. P ’ceLenabte conditions include a hexrnetically s ea-Led containe~’r ,
p icobably metal s p n.ovid-ing a- ba_tnien. to Light and mode/ca-te eLec-t ’trnmxgnetic

~‘Met aL is suggested but no-I mcznda_Ioicy; howe-vex, the containvc
mate,’tiat should p~’wvide static p n.otect-Lon and not be. a- static
gene/t aton.. Additionally, i-I sho uld not be a souicce oL out-
ga-sing, vapons, on. solids contaminat ion. The-J ce6o ’ce, the
matenial i-toeL L should be cake~uLl y s elected.
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MAC TR-2221

~~ stI n #14: C~~~ at a. She concept and
techniques for storing s~~~condact Or

~~vIGa1 in wafer fo rm on ti l loqit t ncs Sr

hil i zati.m needs require that t ’ity be
diced, tested, and packaged . Co~~~nt a.
k~~~idge of the aging character~st ,cs in
wafer sherage of th, specific tec hno log ies

with which you hove had eugeriance .

and ionizing n,adiation. The atmosphene should be ~iLttog en at appnoxi~nate-iy
one a-tmosphe’~e 06 pn. esswce and containing not mo/ce - than 10 ppm 06 wa-ten..

No speciLic aging da ta has been i ’otwttee ’ced by vendons;
howevex, it is known that the- above has yielded excellent n.esutts with
he-ant pace_’c chip-s (wa-Lens ) sto’ced Lan. oven. a yea ic.

11 .  We believe -that pa nts should be ston.ed in assembled tested
60/un nathe’c than as wa-Lens. Fan. 1,S 1 pa nts, the cost oL the pack age As
less tha n the coat 06 a goad chip so that pot en~tial cost advantages 06
sto/ uzg e in wa-Len 60km axe oL 6~ e~C b y .the nis ks o$ s -toning unpko bed chip~
on w?cpn.ote cted waLe-its 111 unclean envin.onmen-ts . 16 it is desi ’ced to stoke
pants in waLen. 6o ’u~, then wa Len,s should be Lu~Uy tested and inked and
complete tes t data stoned 6o-’c each good chip along with ide.n.ti6icat.ion
06 the chip in the wa-Len. mat~tix. ALt wa-Lets should be ston.ed in a ~ ow-
ing city n-lt ’wgen ambient in a dws.t- L ’cee cabinet . P/c e~eiiably a pa4s ivction
technique should be. used. Alwninum metallization cannot be expos ed be- - .

caus e it can co’utode . We have expen_Lenced excessive -l eakag e and lack 06

metal continuity in imp-’copenty ston.ed CMOS wa-Lens a 1~tex seven.at yea/cs .

12. TechnicaLly then.e is no ma-jo lt pxobleni stoning bipoWc
technologies a-nd we do no-I anticipate any ma jo /c p koblern with sux6ace
‘celated devices . The ice-al p n.oblems axe associated with p lanning and
maintaining the ices oWcces ‘cequL’ced to p’wvide the testing a-nd packag ing
06 the devices oven a-n extenazc’ peitiod 06 time.
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MAC TR-2221

Qonatla. #14: C~~~ nt on the concept and
techniq ues for stor ing s~~~COiiductOr
•v icus in wafer fo rm until logist ics or

hlll zat ion needs requIre that they he
diced, tested, and packaged C~~~ nt on

knowledge of the aging charact eristics in
wafer stor age of the sp ecific technologies
with whic h you ha ve had as.eria.ce.

13. The ~o!2owing technique invoLves the p nodact ion, .testLng
pxotection, and sto ’cag e 06 low-cost ~emiconducton. wa6ens in quantities
-sa L Lic-Lent to meet ct-U expected usag es in a rniLltaxij system. This quan-
tity would be based on the maximwn nwnbvc o6 p ’coduction systems exp ected ,
the expect ed system tiLe, and expected La-i-tune ‘cates , and a s al_table -6a6e-tg
Lacto/c. With the waLe/c sizes inc/ceasing and the device geometties decxeas-
ing , a veicy lang e numbe~ 06 LSI C can be n.ealized in a Limited nwnben °6
wa-Lens . Fon. the small volume inhen.ent -in mi-Utciiy sy temo, the nonnecuj t-
ning cost6 pn.edor a—inate a-nd the p ’wdact io rc cost 06 thousands 06 devices is
small compa~ed -to the development and cost 06 p ’coducing hund ’ceds . I t is
also small compaxed to the co-s -I 06 obtain ing a second sowcce.

The concept 06 stoning n.etatively inexpensive waLe/cs Lan.
-low volume, long- ten,m needs has been aicound in vcvtiou Lo-’uns at s emiconduc-
-ton. houses 6on. quite a while. Eve/ cy designe ’c has a des k Lull 06 waLe/cs on.
pa ntial wa-Lens that we-nen ’ t needed to Li-LI immediate cus tome-ic needs , but
he ’s aving them, “just in case.” it is als o common toda y to stone “ye-ni-
Lica-tion waLe/ cs” 6o’c pants that axe manu6actwced pe niodically. Thes e wa6exs
a.’ce sto’ced 60/c yea-its by s emiconducton. vendons and used eveicy time a new ‘u-tn
is complete. They use these wa-Lets to veni~y the test s et.up and the test
p ’cog/ca m 1 6on. automated tes ting ) by compani ng p/ce -sent -day ‘ceading s with the
values obtained when 6i~nst tested.

Vesi gnen.s’ expenience with stoning wa-Lens suggests that it
is a iceasonable thing to do p/covided a 6ew pJ t6aJLs axe avoided . The wa6ens
mu6t be p iwtected against va ’tiouo conto.ininations such as sodium ( 6n.om 6-i~n-
ge-irs on. dit ty handling tool s) ,  as welt as oxidation 06 the aluminum. The
veny nato/ce 06 completed wa-Lens makes them subject to both these ki-tLens.
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NAC TR-2221

~~ st ion #14 : C~~~ vt on the conce pt and
techniques for ~tof ing soni co ndu ctor
duvi cas in wafer fey . unt i l log istics or
unhiliz utleis needs require that they be

di ced, tested , and packaged . C~~~ nt a.
knowledge of the aging cha ,-icta ristics in

wafer sto rage •f the specific technologies
with which you han, had e.periaszc..

The wa-Len is coated with oxide , but in on.den. to electn.ica-Uy test the die ,
the coating is etched to expose the bonding pads. The etching can intko-
duce -s t ’cess es that .tend to “ciutch ” this coating . —

One technique that has a good chance to nviz.ing th—is concept
p nactical begins with the ability to deposit a high quality oxide oven the
wa-Len’s a-d ive swc6ace. One well-known el_ect ’coriics centen has developed
a Low tempe/tat wte nitnide. coating pn ocess. ( Ni.ttide i-s the best quality
oxide available to semiconducton. technology. ) IL the. die on the. waLe/c
axe elect,n~icaJly tested to deten,mine iL the waLe/c is won.th stoning , be6o/ ce
the nLtir.ide coating is deposited , then theice would be no need to etch the
ni_tiride un-lit the die a-n.e needed. Thus s t’cesses can be avoided, and the
bonding pad s will no-I be expo s ed. With a- good quality nit~n iLde coating,
the waLen. is “seated ” and thus not subject to contamincit-ion on oxidation.
Corn pa -iced to conventional si-lox coatings , n-itt-ide wi~U “5 eal” the su~t6ace
such that waLens can be stoted in an ineict a.tmos phe.n.e in a d’uj box Lan. a
ve/ cy Long time. The die a/c e still subject to hig h in6ant montaLity nate-s
and testing di6Lica Ui es , a-nd should be banned in when they a-/ce packaged ;
but the p -’ririwcy 6actons involv ed in .long-teitm stoitag e de.teicLo/ra..tion can
be min-imized with this ni-I t-ide seal.

To avoid s upp l-wc ca-tastJcophe, these wa-Lets ca-n be stoned
in man.e than one location, and by p /cocess ing pa ’t.tiaL wa6en.s (pieces as
small as 1 / 3 waLe/ c can easily be handled Lon. etching and testing) , the
total value 06 invento/cy can be neduced .

14. The conl2.ept is excellent p iwvided -that the. waLe- irs ate 6i- ’rst
p n.obe tested. They should be ston.ed in a dn.y m e -itt a.tmosp heice at .‘wom
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~~ st i.. #14: Ce nt en the concept and
ts~~~1qu.o for storing s iconductpr
hnolces In wafer form on ti l logistics or

bIlt zat Ion na.ds reqsire that they be
diced, tested, and packaged Ccecow t on
k~~~i.dge of the ag ing characterist ic, in
waf er stor age if ti,. sa.cl f ic t.cWlogias
wi th which you ha,. lad .speriowca

te-mpen,ata ’ce on. lowen. S-ton.age tiLe hould be a-s good on b e-LIen. titan stoic-
age tiLe 06 pa ckaged devices . 06 cowcs e, iL -the swc6ace is uns tabLe in
the 6-inst p lace, it wi-U n.emain unstable whetheic the devices axe pac kaged

- 
on. sto ’ced in waLe-n La/c m.

~Uho tg h ito sp eciLic data i-s available, p exsovio.L expenience
ha- indicated that devi ces stoned in a city box which was kept in a clean
‘coons did not change c ’ven. a- Live-iJ e~a,’c peniod.

15 No C~~- ’ f l C f r t ~t.

16.  No cr ’Inm e.rLt,

17. Vie -should L.~ ~ehc-ted 6/c orn each wa6 eic tot , pac kaged , a-nd

~u~lu tes ted cvz on.dei~ to p &ov~ the pen.6on.mznce 06 the wa6e/c lot. Tke
nerna~ning die can rno~t e6~ecJive-Ly be ston.ed in waLe/c 60/un in a- seated
con-ta.inen. wi-t~t dicy nitco ge-n bacf ~ Li--Il.

18. No cor inep tt.

19. The concept o ., sto ning s emicondacton. devices in waLe./ c 6on.m
Lot Lutwce ne:ds will be implemented when the need occuns . We have no
p nesent ~wed. We have s-toted wa-Lens as a conting ency in the pa st ( RTL

Logic ) but we.n.~ not Landed 60/c aging tests, non. we/ce the devices even used.

20. No cornrnen-t.
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NAC TR-2221

0. Question #15: How can the procurement specifi cations for complex
LSI devices be standardized to reduce the redundancy of documentation while
requiring less effort on the part of suppliers in providing the specified 

-

testing, etc.?

Highlights:

Predomi nant coninents we re :
a .

Utilize the IIIL—M- 38510 approach for
LSI .

Emphasize form, fit , and func t ion
specifications only. 

- -

Industry Repl i es : -

1. No comment.
* * *

2. No covrane n-t.

3, No conm,ent.
-

4. This would n.eqaiice con~iden.ab.te stu dy and e66ont . Howeveic, j
the use 06 ce-Atom g ene4ic types 06 devices coup led to cen.ta.Ln types 06 -

test p atWcns ca-n aid in this a-n.e-a .
I

5. StandaMize on test methods and sp e.ciLicati-Dn Lo’una.t a-s
spe ciLied in MTL-STV- 883 and M1L-M-38510 , /cespecLivety.

6. Tie p n~ocw’ce-men-t speci6icaLions in-to a ‘ceaUs .tic M T L-M-38 5 1 0  
- -

sla~h sheet.
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NAC TR-2221 
—

Ouestl an lIt: I~~ can the proc ur. nt
specif ications for coeglex (~SI devic es
be s tandirdized to r.duci tI’e redwhd~ncy
of dici~~ntat1on util, requiring less
effort on the part of sup pl iers in
prov id ing the sp ecifi ed testi ng . etc-i

1. a. Fund an agency, ideally a use-ic, to de6ine. the chan.a.cte’c-
is -tics electnicaLly and allow Lon. these cha-’uccte/c.Lstics to be spee-i6ied
6on. the MIL-M-385 10 device pnion. to 6u~L-I quoLi~ication .

b. Allow “o66- shon.e” build.

c. Utilize the MIL-M-3 851 0 app icoach only to imp ’wve on
“tunitaitowid time” and sta-ndcvcdize the pn.oduct mix, and not as a wviveic~aL
speci6ica~tion /cequin.esnent.

8. Es tabLish on e bc~ic stand a-xd and insist on adheicence to it.

9. in cases when.e custom LSJ i-s being used in a .SAM, ve’cy ca/ce-
6ul consideiuttion should te  given to the elimination on. minimization 06
the detail device sp eci Lication. The c/cea.tion 06 an a.ictiLiciat inteicmedi-
ate level ( L . S i)  device spe ci6ica~tion may have ve/cy Little value to anyone
and can ‘ce.sult in copcside-’utble expense. IL n.equ.iiced, they should be

pwcely 60/un , Lit, and Lunc-t-ion. 16 a second sowcce Lot the device is
available, the c’ti,tica-l docwnen.tahi-on wiLl be the manu6actuning build
and te-st-n.ej aied documents .

Cunxent p itactices axe not ~tU that bad. in on4eic to ass wce
that each vendon. knows the n.equi~&ements a-nd that the. p/c o cun.eA wilt have a
minimal p irobleun 06 inteiccha-ngeability between vendoics ’ devices, the pn. e4-
e”i system seems adequate except in the axe-a 06 6unc~tiona~l test (test
vectoits) . The availab ility 06 test vec-to/c tuutn~Latoks will iceduce the
e6Lon,.ts 06 both supp lien. and uS e./c . 

~~ 6 possible, standa icdizat.ion e6Lo/r _ ts
betjg ee.p i ag encies ( NASA, NSA , Navy, Ai-’t. Fon. ce, e tc .)  would be beneLicia2.
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MC TR-222l
~~~et i,. I ts -  can ~~
iIiCi?ic a et.nu ~ r c~~~t,. it ~~.icee
he stan~~rdIled t i r,duc~ t *  re*.~~~ p
if ~~c~~ .tat io. di ii. so. ring less
.?rert em the .r% of u~~~t an ii

providie, the sNcl?iad beetle,, .50.?

Gene~to.Lly s p eaking, equipment ma-nu6ac-tuice./cs p ’ceLeic to
Stkuctwte tes t pn,ogn.ams that p icec.ipitate Lailwtes at the lowest po ssible.
Level, as this i-s usually the least expensive app/co ach . Reducing conrvc-
ciAl LS1 s uppli e,n. testing may be cou tex-pjwdac~ive and ‘cesa t in higheic
equip ment costs due to incn.eoses in the equipment rnanu6a-ctwce’c ’s test
costs . The cost o~ toot ing a con,neitcial L.ST supp Cie ’c (e.g., I n-tel, TI ,
etc.) a-nd ‘ce-salting kectmning test costs , wiLt be sub~ta-n.tiaLty less tha-n
establishing a device level test capab ility 6o ’c each equipment mana6ac-
tw~vc. This has been p / coven ticue- in the pa st a-nd wiLl be so in the Latate .
The-xe is a- n.eZuc ’tance on the p aint °6 comen.cial 1.31 suppl.ien.s to p e/c~citm
adequate testing becaus e 06 competitive. pf cess u/c eo . ELLec-t ive -test -sp eci-
6ic~a~tions wiLl p ’ceclude vendo n. -shott cub and the 50% 1.31 yield losses
being expex-ienced today by some equipment nvinu6actwce.ns at thelic incoming
test op eiuz.tion~,

10. The question can best be answe.iced by suggestions 6/corn the
suppti eics themselves . Once. the supp liens agn.ee -to a- common app -.wa-ch, the
suggestions should be s ubmitted to the use- ’cs Lot comment beLon.e. ~incoicp o’c-
ating them.

11 . P iwcwtey nej tt spec-i Licotions in the M 1L—M- 3 8510 data sheet
• 6oitn~ t seem su66ic-~ent to p/covide pxo.tec-tion to the using ag ency. What

is needed is nap -id genenaf io n and availabiLity 06 thes e data. sheets L’com
- - the app top4ia te agency.

12. The pnocwcement spec..i6ica.tions ~o’c VLSI cL’t.cuLts muot be.
developed quickly w~.th the rnanuLac-twceic and/cit . mana6actutej is; howeve’c,
due to the initial £nvestj~,ent and volume usage 06 VLS I ci’ccui.ts, theite
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NAC TR-2221

Question #15: l~~ can the prvcur~~ nt

specifi c at ion s for cce,Ies 1St divices
be Stand a rdi zed to reduce the redumd.ncy
Of dici ntetioq i stili rq ul r lsg l ess
effo rt en the pa rt of supplier-. Ia
proniling the specified tilting. •tc t

wi-U be tE,ni-ted sowcces , and in ma-ny cases sole s owcce 5 uppliens . This
wi-U dictate ve’cy close Liaison between -s upp tien. and vendon.. Unden. cwvcent
goveicnment /c egulations , this would suggest that Lwtwce n.equiJcements 6/corn
the gove. ’cnment should be de 6ined as system n.equiiceinents , and p lace the
Ices ponsib ility on the equip ment manu6actwcen.s to handle LSI/ VLSI component
selection and p/co culcement.

13. Adopt a 6on~mat which is -siini-&vc -to a comrne/ccial pa M data
-sheet. This would coven. p vc6onrnan ce data . Quali_ty and ‘ce-liabiLity do cu-
mentation could be obtained b~i ‘LeLe/cenc ing existing documentation, such
as M IL-M-38510 .

14. SpeciLy p an.amettcic testing on the basis 06 a s ttzndaxd test
chip, a-nd p -’co vidc the test vectons and tes t set-up to be used 60/c testing
the wa6e ’ts and pack ag ed devices .

15 . P ’cocwce,nent spe c~~-ica lions hould 60110w the gene/c al Lon.mo,t
06 M1L-M-3857o . Each -‘cequi~tement should be caxeLutly consideiced n.eta.tive
to Lmpo ’r tanc e and ove ’catl impact on cost and Long-tvun availabiLity 06 the
device. Abov e oil, the speci6ica.tions should cleaitly state the n.equiJce-
meals and be devoid o4 ambiguities. Use 06 spe.c~i6ication ja .’cgon should
not r n a k  the communication 06 /cequi ’cements.

16. Use the Lonma.t used by MT L-R-5151, which has basic n.e.qui.ice.-
ments with a slash sheet covening the unique n.equi ’cements Lot the device.

17. No cotiine-nt.
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MC TR-2221
Question Iii: i~~ cam the procsr~~ nt
Specificati ons for cou ples 151 devices
be Standa rdized to reduce tile r,dlaidancj
if docuaesntltion uhhl, requiring less
effort on the pa rt of suppliers in
prov idi ng Silo specified testin g . etc.?

18. No comment.

19. a. Coon.dinatLon has been attempted between the govvcnment
( VESC, RAPC / R~RM , NAVELEX , SAMSO, MSA, NASA, etc .)  and IndustAy (EM ,

JEDEC , AlA , etc. ) to standa ’cdize 1.31 p icoccucement speci6ications . The
‘cesuLts 06 -these eLLonto have been minimal in p ’copo~ttion to the eL6oM
expended. Us e-its shade thei’c speci 6ications towaicd high pe ’c6o ’cmance Lon.
a pa.tticulan. system -‘zathe’c than high yield with a compiwrnis e on p e- ic6o/cm-
ance. ManuLac-twcens individually ca-ten. -to these demands when.evex thexe
is a p~w6it, while at the same time voicing a-n Indus tJcy Assoc-La.tion p osi-
tion 6°/c a common spe ei6ica,tion. A 6i~’rm commitment by VoV to enLotce
coo-’tdinated tandan.dizalion at a- pe n.6onmance level consistent with high
level yield would be a- step in the -‘tight di- ’i ection.

b. In many cas es the test ‘ceq ui’ceme nts to meet gove ’cnrnent
spec i6icatiop ’s diLLen. L’wm the manuLa-ctwcen ’s standa.n.d p ’codu.c.t line.
Coon.dina tion in -this axe-a could also be p ’wductive.

c. St ’tic-tty ‘cestiticting govvcnment spe c-i 6ica~tions to Lonm,
6-it, and Lanc-tion would als o help.

20. Issue MIL-M-38510 speci6icationo/qu.o2i~ied pax.ts lists .
This wi-U p itovide 6on. common docuxne,ttation and manaLactuxex p tocess~ing
and testing .
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T O~~~/~~~ DEPAR TM ENT OF THE NAVY

INDIANA INDIANA 462 16

5 OCT 1977

Dear Sir :

The timely use of larg e scale integrated (LSI) circuits in
Navy avionics equipments promises advantages such as lower cost ,
smaller hardware size , reduced power consumption , and improved
reliability . However , the use of LSI poses problems related to
the limited quantities required , long-term logistics support , and
potential mobilization needs .

How should the Naval Air Systems Command facilitate the use
of advanc ed technology inicrocircuits in avionic systems , while
insuring adequat e support of logistics and potential mobilization
needs?

With input to this question and others from a broad spectrum
of both industrial and Governmental activities involved in advanced
electronic technologies and their applications , the Nava l Avionics
Facility, Indian apolis (NAFI), in support of the acquisition manage-
ment wing of the Naval Air Systems Command , is working to formulate
a management program for utilization and configuration control of
commercial larg e scale integration and other advanced electronic
technologies comprising Fleet hardware .

Your comments and suggestions to the questions provided as
enclosure (1) are invaluable to the formulation of this program.
Enclosure (1) is not to be considered as inclusive , so other con-
siderations are solicited. Also , please provide the respondent
information as requested by enclosure (2).

It is emphasized that this is a survey and this request does
not commit the Government to pay any costs incurred in the sub-
mission of your input .

All communicat ions or questions regarding this survey should
be directed to Ronald R . Jennings at (317) 353-3080.
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In order to facilitate evaluation of the comments received , it
is requested that your reply be forwarded to the following address
on or before 25 November 1977:

Commanding Officer
Naval Avionics Facility
Attn: R . R. Jennings , Code 908
6000 Eas t 21st Street
Indianapolis , Indiana 46218

Thank you for your consideration and assistance in this matter.

Sincerely,

ROBERT J. BARNETT
Acting Director of Engineering

En d :
(1) Survey on Manag ing the

Timely Introduction of
Large Scale Integrated
Circuits into Military
Avionics

(2) Respondent Information
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SURVEY ON MANAGING THE TIMELY INTRODUCTI ON
OF LARGE SCALE INTEGRATED CIRCUITS

INTO MILITARY AVIONICS

1. How should the Naval Air Systems Command (NAVAIR) facilitate the use
of - advanced technology microcircuits , while insuring adequate support of
logistics and potential mobilization needs , and protecting itself against
supplier catastrophe ? 

-

2. Sow should NAVAIR protect itself from the ever—increasing problem of
devices/technologies that become obsolete (unprocurable) during the opera—
tional life of avionics equipment?

3. Faced with an ever—decreasin g market life cycle for semiconductor
devices/technologies , how are the commercial/industrial producers/customers
dealing or going to deal with device obsolescence?

4. How should complex LSI devices be specified to insure adequate perform-
ance, and assure quality and reliability?

5. How can LSI device qualification and requalification be accomplished
at reasonable costs?

6. Please coumient on the problem of testing complex LSI devices .

7. What should be done to make custom LSI circuit development costs and
turnaround times affordable to NAVA IR and its contractors , with low system
and schedule risks?

8. What semiconductor technologies are required for future avionics systems
that will not be available in a timely manner as spin—offs from non—military
products? What developments should be funded by NAVAIR? Why?

9. What changes should be made to existing MIL—specifications , standards ,
requirements , and policies to facilitate the introduction of advanced LSI
technologies? (Be specific.)

10. In what ways could avionica equipment procurement practices and
policies be changed to enhance the in troduc t ion of advanced semiconduc tor
d.vicea?

11. How should Government LSI device standardization efforts be directed
to minimize the proliferation of devices , bu t allow timely introd uction
of new LSI in avionics equipment?

12. Wha t documentation data should the Government require in order to
realistically protect its interests in procuring and supporting avionics
equipment?

ENCLOSURE (1)

-4
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13. If you , as a cont rac tor , enter into a long—term warranty agreement
with NAVAIR on a particular avionics equipment , how will you protect your-
self against technology obsolescence?

14. Comment on the concept and techniques for storing semiconductor devices
in wafer form until logistics or mobilization needs require that they be
diced , tested , and packaged . Comment on knowledge of the aging character-
istics in wafer storage of the specific technologies with which you have
had experience .

15. How can the procurement specifications for complex LSI devices be
standardized to reduce the redundancy of documentation while requiring
less effor t on the part of suppliers in providing the specified testing,
etc.? -

16. Please discuss other considerations that you feel are important.

2
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RESPONDENT INFORMATION

1. Name of person responding to the survey questions :

2. Mailing Address :

Agency: 
—~~~~~~~~~~~~

Mail Code : -

Street: 
— —

City, State , Zip Code : 
-—

3. Telephone Number : ( ) —

Area Code Number

4. May we contact you for furthe r information? Yes 
-

5. Would you be available for an on-site i~a.~cview? Yes
_ _ _ _ _ _  

No
_ _ _ _ _ _

6. Should another person at your facility be contacted?

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
( ) 

_ _ _ _ _ _ _

Name Area Code Telephone

L ENCLOSURE (2)
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LIST OF ACRONYMS

ALU Arithmetic Logic Unit
AR - Aeronautical Requirement
CAD Computer-Aided Desi gn
CCD Charge Cou pl ed Dev i ces
CMOS Complementary Metal-Oxide Semiconductor
CMO S/ SOS CMO S/ Sil i con -on-Sapphire

DDR&E Dir ector of Defense Researc h and En gi neerin g
DESC De fense Electronics Suppl y Center
DIP Dual In -Line Package
DMOS Double-Di ffused Metal-Oxide Semiconductor
D-VMOS Double-Di ffused Anisotropica lly Etched Metal -Oxide

Semiconductor
DSA Defense Supply Agency
DTC Diode-Transistor Logic

ECL Emitter-Coupled Logi c
ECOM Army Electronics Command
EJA Electronic Industries Association
FPLA Field Programmable Logic Array
GaAs Gallium Arsenide
GFE Government Furnished Equipment
IC Integrated Circuit
12L (IlL) Integrated Injection Logic
JEDEC Jo int Electron Device Engineering Council
LST2L (ISTTL ) Low Power Schottky Transistor-Transistor Logic
MESFET Metal Semiconductor Field Effect Transistor
MIC Microwave Integrated Circuit
MOS Metal -Ox i de Semiconductor
MSI Medium Scale Integration
NASA National Aeronautics and Space Administration
NAVELEX Nava l Electron ics Systems Command
NMOS N-C hannel Meta l -Oxide Semiconductor

B-l 
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NSA National Security Agency
NSWC Naval Surface Weapons Center
NTDS Nav y Tac ti ca l Data System
PLA Programabl e Logic Array
PMOS P-Channel Metal -Oxide Semiconductor
PROM Progra mmable Read -Only Memory
RADC Rome Air Development Center
RAM Ran dom-Access Memory
ROM Read-Only Memory
RTL Resistor-Transistor Logic
SAMSO Space and Missile Systems Organization (USAF)
SOS Silicon-on-Sapphire
SSI Sma ll Scale In tegra ti on
STTL Schottky Transistor-Transistor Logic
T2L (IlL) Transistor-Transistor Logic
VLSI Very Larg e Scale Integration
VMO S Anisotropically Etched Metal-Oxide Semiconductor
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