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--:-;::~TI:'~C ~1: :::~n:t::n j\i,iJGt\.OPAOC:.L::.oVn.;, • 
SPACE APPL.lC:::AT[ON RiQlII!R~MENTS 

A , C:arJan,, R. Con:a,~J'l, .a.ru;l C. Lek\'l!lc 
Tbe Aer.-ospac:e Co1'p':Jll'i!!\i on 

El s~su l'!do, C:aUfo.r 111ira 

~~.! 
}.f ic ropro,r:~ H Ql' 11 an Cindi ng in-e:r•a.aed ~ppli ­

c -1tj cn in ,, _pace 11y&tem11 ,u componenL■ , r,eplace ­
m c l'lt i; . a n d a 111 .n,ore, 1etph.i sti.,;;.a;,ted c:om pu.~al sona I 
subsyet:.cll'l •· Some o:f t he ac ii.pplie.!i tion" i-equ ire 
the, d,e,v~l oprncnt. or MW LS[ 4:h' ,;mH:a and l~rchnclOw 
g.l e,, a.nd 9()1'.l)C req1,1i re 'th e adapt.atll;ll'I of ,r: cmtm;:.r ~ 
dally a~a.Lla-'ble cl~vices, 

ti ,!I.a g,e, f<;1 r mm ~ry 11pacli!' r equl r ,ea ape~i a I 
11.eSll!I 10 ... erHv t h.i.t the;· meet Space Sta.ndi!ird ae­
qu.i rem e nt 11 , and dt d-C spc c La.l lie ■till may :req,u I re 
111pec ilic: hardware I i!iottwar e confi.gurati en 11. 

TMs pa.pe r d,ea e;r~b.cs, the rnet!hodology .a.rnt 
te•s ti:ni!; :tieq11ireim eillta to &ta ndi\1'di 1:e. the pai.rt~ . t he 
te-sll.!!1 ri! gu l.r i!!! d a.I: the p;ii :rt a 11d aiy•it c m l!! ve L, ',i/ hen 
to te■t ae a c: om p,one:nt OT embedd,ed &'Y!I tcm, ari~ 
1-o:m r: of the ~u r- 11'1!!iflt lll·C t i 1,1 i • •~ 8 and i ,a sue i l"' th c 
te!!l't .snd u rill ze.rtition oJ rn k , ,o,proc-c s 1110:r 1 . 

i . ll1h- adu ction. 

Pro&ret!1111 in th e dfeivel opn,enl a~d applli::auo.ri 
c! m i C ropn>C I! :, 11,(J ii" ■ r !,I.PS~ ba It been b.uU:'i ra.p ld ii l'ld 
• pee tac u:!;11.i· . l'he SI! devicl!! l!i a. n!!I !Lnd &ng i r1c ~-eased 
appJ.i cuicm ill satclHte, ■pace c0mmunic:.a.t1on and 
spai<:c 11i=n~ ... r sy.11 tem 1. T bes(: .s p-ace •based 
5y01tcm,!! reg u i ift: cxt,cn ■ i ,..c t ,e •tin lil a.l t h e pa: r l , 
:s;u'b sy~t•~rrn .s nd 9')' &;t ern l ,c·,..e I , he c.a.uu!: of the VI! r y 
hi p:fi cost of m I s isiCin fa• Lu t <l!l , 

Test pbllo.!I op,h)" ul'd proc eJ.11 re:11 'Ila. vo lbe en 
w,ell e ·s ta.bl11!l]n~di in the fu rrn nt m1 bt 111r',' e.t.tn d-t rcb, 
, pe•c ih ca.ti on 11 , regub.iU011i!I , p .t o-~c-dure, , <1ind. 
guidclin-c!L . 1J,'?.s, because o! t helr Complexhy , 
lbcca .1 11fl. i.lhey a.re n e'W de ... ice ~. and bec a.u se 11.hi~y 
ha·.·e ~h.araderi11Ci<:s ot bolb a comp o nent iiimil a. 
systl!:rn, ha,.. !!: rai 11e:.d t t: que s t i on a..11. to w ticthr::-r 
e :i(.c slina 'i:e~ c p r ocedu -r;es a :re a.c c:epi~ b Le . i n 
ge ne r all. t h e an s1,•,e:r j ~ y~ s . b u ,, pda t ing of" 
~:11.i atinli, pToCedui:-1;0 11\ill",' ba Te,ql1i r cd. J\ll !illa.r.­
dards a.nd proc;ed .. ?",c & ;arc under :r~!i'"" iew h , •ni8 u.r'<e 
til ei r 4pPtic.t bi.l i ,..,. to 11P~ irn-d de-c-.a Hed a.p,ec: ifi c: a .• 
ti.en .ind t ,o• t p,rocedu rea are being lor mu]Bl l'ed for 
tile v a c- i ou a LSI d4.!ivire-e a. 

Thie Mic !fO.f!._(liCCl &or 11; !I a New Non sll.3.lld.ru d De vi CCl 

1-ru::orporatio.n ol me'\li.· t ec:hnl"lfogi ,u .a nd ctr-
c u i t .a i ri 8!1)11 c;iii appHcn tio n .!! i s ;a com rn<0n "'= CU1' -
rcnc . In fact. MlL -:ST D ~ H'J'~ I c d-li!ilbl I ahe 8 t h.e 
p c-oc du re ,s for l!lppro,•.J f or nons t.i.inda rd pa rt 11 

JH°io:r to u ,1 e •n military eq u 1pm e nt. Tht: t i!! rm s 
" 11ta nda rd'' .im:11 1 'no11.a.1;a.1t1dardi'' p,111 rta. air e defi.ncd 
i n th.4!- aovi;rni,ng cqi..tlpment spl!':dlica.tiom o r <:.Dn­
, :ra.ct. For ,nili~r • , pace applica.tion5, .at..J.n d;;,. rd 
rnicro1le,,r: t ronl,e part• Are tbol!lc tba.t bilva lbocn 
obtain di w Lth the c riie:rig a:nd liuridelin-cl!I of 
SAMSO ~STD "13 -ZC. 1'bi1, 11t.11r..d;i,1• i utabHshes 
the &t-'!nda 1:d c:ont t ol program for 8. ~ c·t ronlc part 
u~iliz,aUo.a in eq~ apm rtt used l1:1 ,11-pa<c:e. For 
:m i cr-oelectTom-c~. this :atand,ud imp o1e-1 MfI.,. ·.• -
,00 lM l 0, C~ 11 • S, 1 t he " Ge•ne ra.1 :Spec.ific,ati o,n I u~ 

1119 

M l.crocircu._it111 and it• ;LHJO,;:iatt:,d M l L-s:'fD-993. 
11T 1!al M el.ho-di, iilind Pr0c.edu.r'i!111 f Qr Mi-cl"D~in:1,1H•~ n 

The Mlc:roE_ri;;u;,u1a.G1T a111 iii Sta.11-~d P•rt 

Con11idt:rable etfor!I. l a pree.e,n,l-ly ;u:nd.~:r-wair to 
,quil.lify !)Pi• in accord~ee wi.t:b MlL~M.(t0l85ilO 
~nd MIL• ST[J>-88-3 . .SfC!c.mfic. ,idivitil!!'II in 1-1iF ■paccei 
q1J:a.l ific,a,tlign ~.re di •c.lJ 1111 ed i.r1 Section U. A, 1t :i. n­
,a a..tsd de vi,c:e • • we ,r:~n ,e1xpcct l t11Cl' -~H:d a.pplt,c.ti . 
Uone or µPa pi, rticui~dy i.11 Mnbeddt:1d <Col"!Hgur• -
1 l.on1S , w h Lieb wiU nrq'1i re. "pee i.i.l att4>n tfon w tc 111t 
requi r ement• for accep t ance. pl"@ - l!il.Ulil-Ch, and, on­
or bit ope r&li On 11. 

Emb.cdded Sy•tom e Appl i cf!ltion • 

AFR 800- l 4·5, entlt:J.e:d, ' 'Mana.geme·n1 or Con, -­
pu t,tnr Re 11ourco ■ in Sy1111te m ■"' h& 111 provld•d both 
pollc )' and gu de tine I! for eom putu· re,q,uireme nt ■, 
a,1HJ ,1.0.f t-w.:i. re _pro cur em eM III fo:r :Spa c:e: .App1 icu1on 11. 
H.ov.1ev,: r, 1,1-.Pli ;1, ?C l>t:drrt.s ~•~di a 111 abnpla lo-11 c: com• 
ponon t~ ~n a o:rne .a ya.t,eme an.d. fl.!11 a i'i! • •Jl t the: 
~ E,lpllcalb:1.U ty ol Af"ll a.oo. ] 4 :m-ic•, bet CV-ill-I~ ted . 
Se cl• un 11 I ,cg.a,re:r s the con !!I i clc ra.ti.D'l'LII or 11,P ;i. a ;1, 

pa rt 111n d .;i. 1■ il 1y .atcirn, o11ocl a.t ao t!i-.~ J?l"C • JJi"'-n-ch 
le111.i111~ i.!ichv tioa, Ti:at V!1Jie1or. gC"MT!il.Hon and te11t 
equ ipm ent con11:ld~r., 1011a ~:r-e a l so ~ov,ered Ln th5ii 
a~ cti on. 

Space ;i.ppHc ation•, b'!,' and la.rge, ar~ for 1,m:11: 
I I Ce 'l'n1 .11 !!lhm1 . '11"1 IJC: h ,.;r.,..11-rrcr U1;a I'! O'f'lil! ~r ii! r T he 
.abiimLy to Le ~rt i.P.& embedded in •~•·111tcm& . oo whil11 
o n - orb1 L i!l being 111v,i:·1tlg.!-tcd . Curr 11t f,ra.c1.•ce 
is tc p rfa.rm {1,1nri:tlon,al •;rr dla.gnoeitii:;; t e, ts, To 
;.1-~h ieve tugh teh a'bl llt )' I an dui.raHol'II T'nil!IB-io ri e , 
fa.ult I ole-1' Bl at. 1-1oP c<lnflflui'll. li.u,n s a re e voh•in11:, 
Fault t-0le:r&nt !!iy111t.em• rcq_u i rll!' Cau l t di;;L&J'ID!liil!I 

c:a.pabi I i ty BJ nd thu !!I ti! ■IL L1t1 g i 8 a f\1J1d;1.m<i:ntal f' C • 
q ,. . :re-n,enl. F;a.1,1,U tol11:r ill 111;.~ i;.onc a:pts .a:nd thd:r 
LTTIP,'1.(; t op 1a.P des igi1 .a :ti! eove red In S e,cclon IV. 

A v D.r i y Q( 11,P (4iim1Ue !I ha.v,e b e1c-0me 
a v~U~bl ov-e,. Ute la:a t th ree yea:t s . T hese dH w 

f,cr widely ~11 compled ty 11.n d. performan c e cbar 9 
n c.:•·ci r j e tLc !I , Th11:J tee htiolo,&:tl! l!i used £or ma.nu• 
h1ctul'iri,g ~Pe i!ilso va:ry •;,,i ldeiy; thl!!'~l!I lndude tbe 
fon owi ng: PM OS, NMOS,, CMOS, Tlt.. 1ZL and 
EC I.,. 

Sp,1ce appi.lcation.ll ¾ih•e :1~d 1"1gcnt :r, liabilit.y 
.i. nd ~-...a l ~la cation :ape,i; ifkat i on,s l o e l!l111ure, m • H -•on 
aucc:e S 11!11, SAMS O - ST D 73 - 2 C p r ovLde ii a. standard 
control pT c l!l "•m for _pa..Hii rn be u!ied in m i11ile 
&.n d 111pacc n.p,pUcatlons. Tt-te purpo,e: of tb,: coalrol 
pro1rr~ i& t o uu1ui-e that unifor m devi~c• w iU be 
fl" 0d1iclf!d, to 11:i V•C! in-im Eo·rm ;r 11pon H1111 t o jt."le l:r) 
t e-:a ts and/ ,:;r 11cr ,c11nill. This Stand& rd :req11i.re111 
, nat m icr od r cu-.ita conform I:n,s too MI L.~M - 19 5 U , 
JAN c:l:;u1.:1 A or w lth MILaM aoo,B!i,10. <::IAH Sor 
e·q11.1i v.a: l e-l'lt b,a, ul!lt::d,, 
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A mlcro(:ircuh qu.all(ied t.o clau A or to 
class S le requir ed to be ma.nl.lfa.c:tured on a pro­
duction Hn.e which has been audited by NASA or 
SAMSO/ Aero•pace a nd certified • • conforming 
to NH6 SlOO. 4(3C) " Li ne Cerd .ficat ion Requi re­
ment , fo r Microci rcui t•" (Ciao A) or MIL•STC • 
003851 0 (USAF) "Cen.en.1 S pecUicu\ 011 for Micro .. 
d r euita" (Cla n S). Thue line certl.flcaiion 
specifie;.tion , wUI be replaced by MIL -STD- 97b 
" Military Standard CertHlca ,ion Requir ements 
(or } A N Microcircuit• " In the n,oar future. 
Qualified rr.ic r ocir cuits a l t. -:, rn•et t he qualifica­
tion uqui rement1 ol MIL-STD- 883. METHOD 
SOOS " Qualitieation and Quality Conformance Pro­
c edu1'e•" · HOW"ever, p1'ior to qu•lifica.tion, a de­
tailed &pccification (slash sheat) in accorda nce 
w ith Mll-•M•l8!>10 i• prepared, coor d\n.ate d a nd 
l u u•~ by the D£SC 1De!et11e Electronic Supply 
Cente1') at O;.yton, Ohio. £ach qua.hfied micro• 
circ:.alt mu, t c onform to ~.e electd eal, mechani ­
cal a nd sc 1'eening J'equirements or the detalled 
.sptoclflc,uion, It i t , ther efor e , euential that all 
o( the &pplic•ble tests fo r the se 1'cqul1'emenu are 
i ncluded 1n the d•t.ailed 1p,oci!ica t iun, The device 
screenlng 1'equirement• fol' Cl••• A parts a r e 
specHied i n MI L-STD -8S3, METHOO 50J -4, 
''Screeni ng P rocedure s" . howeve r . these 
screening requirements m•y toe modified by the 
detailed 1pf!ctnc•tlon which iakcs precedence ove r 
the geneu.l 1pecl!lcalio1'. 

U a pt,1't l.s 10 be ueed In a hlgh relia bility 
appllcation and deu.ilcd speelticatlon• and/o 1' 
milita r y qualiflcationa au not avalbble. the put 
will be F: OCu1'ed to t he d eaian. cons~ructlon, 
quaHfka tion, !ICreening. qualHy co nformance. 
proce s s control and fail ur e anal ys i s rec; .' r e ments 
equi•:alent to Cla11 A o /' S. In this c~ue , a con­
tracto r p r epar es a dttailed d.-awina which con­
tains a ll of the essential in.ared1ent1 or a 
MIL•M-)85 10 s lash sheet . Thi ,- d rawing is 
then ll.pproved by the appropriate p1'ocur i ng 
:ictivity. 

Milch o{ the uuting and qualifica ti on in, pec ­
t ion• ;n e &tar1dal'd. thue Include: ope rating life 
tee1• for 1000 hO\! ra. hermetic packaac acal. tem ­
perature c ycling, :i.cceleruion. e tc . f\l nctiona l 
testing is u3ua lly ~ r(ormed a~ ambient tempera• 
t uru: - $5, C , 2> C and I zs°C to a a sure .i.dc:iq u.ate 
Ope rating ma,.ii.ns an-:! imp1'oved reliability aa 
comrared to roum temper,atu 1'eS Hitting alonfl!, 

A1 di sc ussed below, (Section JU). complete 
11P fu nctional te111ting o r all pouib l• c omblnst loM 
h not !ea9ible ; however. alternate approaches. 
such as use or: reliabiJit)' test pattern, and use of 
qualified technologies w ith auociated CAO (Com .. 
puter Aided Detign}. 11oitware and qualified a tan .. 
dar d cell libra1'ieti a1'e under conaider ation. 1'he 
Reliability t e et pattern, .:ont.ain an of the • truc ­
t ure, of devtce11 a nd cell, contai ned within t he 
micr~clrcui t : howe·1e r, testinQ h raci Utated by 
bringinJ oul a ccees lble contacts fo:- tee1 pur­
po1e•. The Oe(en■c Department it currently 
evaluating ,ome or these a.lte1'na,iv• •6 a , ,.:ell a, 
u■e of c iatom LSIC dHigne, 

Use oC qu.:1.Hfied technologies , etc .. h not, at 
thle Hme, a aenera.lly acc epte d a.pp1'«i.cb to im­
pro•1ed r eliability and micr ocircuit qualification. 
However , with t he pro:.Uuation ol LSIC's (large 
, cale i.ntesratc:d circuital a.nd the nee.I fo r cu,tom 
LSIC de1ign1. qualified tecb.nologie• rnay become 
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vlable fol' lut.ure proeurement.e. 

,.._p circuit• ca.n be duianed with blJilt- 1.n leet 
,tructure• at the e.xpen■c of additlon.al 1011-c and 
interconnecu. To faeilita,~ te•tina, the1"e , hould 
be no non- acce•s lble etore~ •Ultee, i. e . ever-y 
,t.ate •hould be r Mdable 0 1' writable, and It 1hould 
be poaeible to :alwaya set all a tonse 1tates to a 
k nown initial it.ate by mean, of a n ex.terna.l 1ignal. 

An addition.al teatur• which would Caci.lit.ate 
functional tentlna i e to deaisn the 11P In• regular 
matrix array auch tbal data navels one way 
a cro.u t he chip <•· g. horhontaUy) aad with con­
trol algn.ale vertica l. Thia type o!"deeign permitt 
more detailed (u.nc1lonal testing and analy•i• . as 
each dat.• blt h l o<:at.able at a given lrutant of 
time . 7 

P1"ovidir11 new u.P de,igna is (acilit.ated at the 
wa{er l evel (prior to cut.ting up at th• dice a nd 
packaging) by a technique known • • microprobing, 
In thie technique. ve ry tharp elaculcal probe• 
controlled by p1'ectaion rnicromanfpulatore are 
used to contact the m el,l,llha tton d i rectly withJn 
~he microcircuit in OJ"der to pick up dat,. 1ianah 
01' to measure voltage lev•I• at va r iou1 points in 
.a circ\lit, Thi• met hod ie somtiwhat a nalagoue to 
toting a b1'cadbo~rd ci1'cult u1lng h...,nd p robe•: 
however. cor1'ecti ng e"r " r• in a microcirc.uit 
r e quiru: a red••ign., n•w photolithographic 
mull.a a:'ld production Qf testable wafers fabricated 
wifo the new ma.•h . Micr oproblng l e no1 u ,uaUy 
pou)ble to pe1"forrn 0r1 prevlw sly pacUged 
devices as all the metal int1'6 <:0nnects aJ'e c oveJ"ed 
b y a n i nr.ulating layer called "glas1ivation", whic.h 
i s 1'eq11i red fo r Cla.ea A o r Cla a• Spart, as a pro­
te ctive layer to prevent scratche• and to help 
p 1'otect again1t i nternal ,horta which ma y ta, 
c .au1ed by loot e p&1'tlcle,. 

The t -rad.ltlona.l " shake, rattle, and roll" type 
of sc reening for m l C1'0<:11'cui t• la not totally ade • 
quate to weed out ail ma1'g ina l device • . Emp!1a,ie 
today ii beinr placed more on p 1'opc r dc etgn a nd 
cons truction of rnic1'oci r cult• along wi th more 
inpr oc ca• inspection an.:I use of contr olle d or 
monitored productlon lints. ~Hlitary speciH<:a• 
tlon• are being uparaded to provide for t.heae 1'e • 
llabiUty imp rovemenu. 

RADC (Rorne Ai r Ocvelopment C•11tu) hat the 
prima r y reeponel bllity • nd l• the preparing acdv• 
i ty for M.1L-M - 38SJO. They are currently 
d eveloptna detailed s pecUic•Uons for a large 
va1'1cty o( u Ps. 

T able I indlcatee t he atat,,,11 of RADC deve lop• 
ment of detaile\ ,peci(lcationa tor avaUable. o(f 
l he shell. uPs. When U:.e i,.P numbers are fol ­
l owed by a " /". the number following the "/"Ja the 
MIL•M-38510 ah.sh sheet number and indicate, 
that the,e devic e • a 1'e i n p roce•• of being qualified. 

The » 'Pe llst.ed ln Table 1 without aluh num­
ber s have noc. as ye t-. ,ta r ted throus!\ the .:i_uaU­
Hca tlon cycle. AdJitional ._.p . wtll be added to 
the lht a , the military need develop• tor their u •e. 

III. Ground T eating 

The life cycle o( apace •Y•tems conai1t1 of 
fi ve phate ,: a} concepti.:.al, bl valida tion, 



•1 ao1e , M)croproceseo?'• by p,).rt number a.nd teelmology 

NMOS 

8080A/420 
f-800/400 
Z80 

PMOS 

PPS-8 
PPS# I(> 

CMOS 

l802/410 
6100 

ST2L 

3000 
5701 
8X300 

290I A /440 9900/460 

ECL 

10800 

c) c:ngincel'ing development, d) pr oduction, and 
c) dcplayml!nt. A con.1idcra ble number of syatc:.rn• 
incoYpontlna 1,1Pa are now in the .!n glneerln.g de­
velopn:umt pbasc. ~Pa an being .a.PPlied to a u .itude 
control sys tcnu, guidance sensor,, •ignal yro­
ce1eor • , cornrrtw:11c:-.ations e.q,dprnent., telemetry 
e.quJ~.i.c,nt, c.c,nuiund and control ,equipment, and 
genen.l pur po,c: computeo, 

Changing Computer Resource Management 

Computer11 (with thj" auodated 1oftwal'e) h~vc 
beer:. complex, expen, ivc and critieal component.-
in the overall ay•tem. A• a r eeuJt, they have been 
trc::i.te d ae a Conilgor.1tion Item (Cij wher e lhei ':' 
a pecilicatiora, develop,nent, fabrication a.nd test 
.:ne carefully co-ntroU~d. In p,.-irticul:i r , as a Cl , 
t he computer ca11 be teated di I oc•,ly, wi th CSE 
{Ground Suppor t Equipment) providing fh:xiblc 
■timulua operation and r esponae moi,ito::-in", 

Recent and ..,ear-te rm 11,P techuology deve lop­
ment will permit the 11,P-baeed comp,Jler to be e m ­
bedded within other systenu. 4;'\'o Force Reg1Jla.­
tion 800-14, Volume ■ l and II • provide 
guideline• for the p,la.nning. dcvelopt'Oent, acq.,iial ­
tion , a uppor t and tett of computer retour cee 
e.mbeddcd i n ,ya.tern,. 

Har dwar e caste and technical risk (actort 
auoci:ated with ~p :applic:ations, as compal'cd with 
pa.i .le r o,pace computer developments, have been 
roduc:cd con■ider.lbly, a.nd there i• aome ques tion 
.l■ to whether they ■hould be treittcd a, Cle . Thi'\ 
a.n■wcr ti" thi■ que s tion is not c lear and w ill 
probabl y depend on~ specific s i tuation; if the 11.P 
la u•e-d a .e a urJvcraal logic clement, o r if lt i8 
\ltcd in a ■tmple c;onfigu ution wher e it can be 
tc,ted coaclusivcly. then it need not be treated a.e 
a Cl. On th~ o the r hand, U t he uP iii cmLcdded l n 
an a p,plicatlon th.at r ~ui re8 c;oneider ablc auppo1·t • 
lne 1/0, me mory cir cui t• a lona with e xtensive 
aoltware development, it 1fould QC ernpb:iahed by 
treatlna i t , atill, aa a CJ. In be.tween these two 
extreme, there will no doubt be a :;rny ;1r ca which 
will L ;:cd to be r esolved by the proc;~r i ng agency. 

Systctn T e &tin8 

Once uP• arc incorporated into a. syatern, 
they unde?'&O dcvelopm.ent , qu.i. l ilication, acccp• 
ta.ace, and pr e-launch valid.atiQn testin g, !\{IL• 
St'D 1$4-0A ( USAF), "'feat Requir ements for Space 
Vehicle•"• p1'ovide, the general requl remerate fo~ 
&?'ound teatlng. Specific projects augment thl~ 
•pecification a• necenary. Thi$ apeclflcation de­
(i.1ea the functional and envi.ronmental te ata to be 
perforTn•d, Typical te•t• perfor med include func• 
tiond, electrlcal, vibration, acceleration, ■hock. 
thum&l-vac;.uw:n (altitude), te!mperaturc ,:.ycli na, 
volta.ge-f reque:1cy ma.rain ,, r adiation, £ ?.U, hu ­
m idity, a.nd bu.rn.-in. Far cac;h te,t pol'fOrTned, 
the foll<Ntln& •tep■ arc included. a) id8ntiHca.tJon 
of wba.t mus t be tested, bl fol'mulation of teat 

caeca and test set-up, d C)(ecution of the test.9, 
d) ver i fication Qf re ■ultt oba.incd, 

Before (gro11nd) ,yetem testing begt.na, 
however, a aubetantlal amount of testing at che 
aub•yuem {computer) level hu take.n place, Em~ 
~ dded 11,Ps have ,he poteruia.l of elimin.ating aome 
o( thie teeti.l'IS, becauae the overall tesona .at the 
iJ> part level (which ha• evolved primarlly from 
C(lrtunercial conaider atlon,) providu a ver y high 
l ievel of confidence in the l,lP ;u a par&. Tbo con­
ccntra.tion on .i. ■m.;i.11 group of part■ (the l'P.) by a 
brrc number of u■cra (totter• ) provi.de• a u u?"­
a,nce ol te ll qua.llty at tho device level. "The 
quution that remain s to be anewered le : Ca.11 u P 
baud ,yatema be bu.ill wi,th wdl specified puts 
which will perfonn as intended, with only minim.al 
testinR a· the •ubsyetem level, which can th• n be 
inst.a.UC"! fo r teetina at the ,yetem1t level, : .. ,d carin 
the sys t. m ' s o~r atinn be verified ~dcqu.i.tely !o?' 
olf- nommal and contingency cQnditione in addition 
to tr.ccting the nornl.ll requirement•? 

uP•BueJ Sy•tcm V.a.lid~tion 

Compucer cot'cware programs have developed 
e xten,lve verUlcaflon and validation (V&V) pro­
cedures . Thia la bec.a u,e lhe combination o( data 
bit •tatea, lns tructlone, 1/0 and interrupt, have 
been ,o extenslve that tpecial leste a r c required 
to validate th.at the r e arc no undc•ir able comput:L• 
tlOf'lal p4th:. . The intern.al complexi ty ol t._.e !IP, 
a long v,ith the unpr edictable , cquencing of ihe 
inte r rupu :i.nd of the instruc1ion■ by the u ser, 
have resul ted in problem• s imilar to thote faced 
in softwar e dcveloprn ... n t . 

Some of the techniques uacd in softwnc V~V 
{•uch as struc:tured teettng and inde pendent tcstin gl 
!kre finding applieatlon in ~p teatina. In some 
c.i.so•. a repUca is beina· c onsuuctt:d , which will 
provide accees ae required tor tc::sting; the Ycplic~ 
con~epoode to the ICS (L-itcrprctivc Computer 
Slmulation) u•ed during ,otrwa.re VSIV . 

The curr ent .i.PPr o;u.;h l e to make use of lower 
coat compononts to actually construct a replica of 
t he hardw<1re system to be te1ated. Thia p,rmit• 
an independent validatioo / vc r Uic.i. tion of both the 
h.a.rdw,1.re a nd the o~r .lHon,1.I 1of~r e, .ind their 
interaction. Aleo, rrntny face ta that cannot be 
ca.Uy teated in the embedded coniiguration can be 
eaelly t'riven by appr opri.ate software inputs. 

Indep,endont hardware/software valid.ltion will 
become more important ae mor e 1ophi■tic;i.ted 
redundancy I:. desi gned into our ayat,cm e. 
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A :rna.jo.,"' pr<1b.lie-111 ha.,. been Oi11 ,gr-e;atu· com~ 
pmc X i l y inv4'l V'ed j 11 formula d ng the Wt,[ pitUe r Ill. 
r eq1~i.r e d lo va llda.tie tlbe ii? o-pe r uion, On t!:i• 
-' )',iitf!lm 1,e,vel, th Lo problc'"m i■ re:a.Uy n-ot 'U l'liq ue to 
11,P 11 . Di,a.i;: rcl e .'S.~ I/ M SI imp' erne-nt.a.-Ho:n 11, also .1'111 • 
q 1Jl red cq1,J.i •t;ft l e 11t dfo r t iP for mulating: t he te ilt 111. 
lb1Jt t-be· .;u;cr • isl baH I l' r;i! Ln,c rn;d 'tc 1t p oifll!!I f e '1en 
tnougll 1101' ;:1.cce ne d to 111ny oxh ;w 1ti.v(; d..ea re-e) . a nd 
t bei o.,u·drt'■'C: c.1.p111bHity o( the dr ... u.it l! . pT,,vided 
a. m ore « .tm -Cortiiblr. ,ituuio n ln t he· rnil"da ol m a n y 

u.1e.r • . 

L o g:i • 'tiea11 y l t i s ,ei!J sic II' Ito re 11t on~ COfiiopon<tu11t 
t~ ~•, .• •. 1 than 1e,wr,d t it•t WQUld bl! invulvc:dl 1:n 
.J d : a. 1n: t ,c IS.SJ/ MSI in,pl e m 111111t ii.l ion , i . c::. , te-n1pt! r • 
&\lu ,.. ,..i b r;1.t icm . e· l e,: t't • i=a.l il.Dd 0the•r ·.c IJlt!I nc,ed 
be dor,c one e rathi! r t h8.l'I se vei r111 I t:Lm e.11 on th in • 
41 vldtl,.i.l i:;om pone n\!I , Am so. mi.c roc,;im putn • d•e'■'e1 • 
op m enL syste·m:. arc avanable tha t faciUtii.~C pro,: . T 
d-O"Y•~I opm e-nt l'l nd fo:nctitmal checle-out.l l IP iLddii • 
t Lon , ;i,u t om at ,:d ti'! 11:t e qu ip m enl ha a bee n dcvdr;, ped! 
tha ~ ~rm ~ts _ Chor ~gh w.,~,o,nal , c'!ile Ctl' I ca I iU'ld 
e!!IJvt re>nrnir.:n ta l LJ! 8 t1n B• • 

11-P 3' $ !!:11• bn l>oth 11ofm .in d 'hanJ £a1 Lu re •· Out 
o! col e r-,Hl cic nc :rnd A C m,cll■u rr.·m c111111 are u •ed. te 
( ~ L' rc-t o ur ~ LJ c h J;l'l:'(lbl,c f'l'li8 . I 4 "'S h moo'' plo\ 111 .i [' e 
11,l;,11 m a.de to ,,..~ ri fy p ropo r rt; !!!lfDlll!!!IC Wit hin a r.i. ng1:. 
nf '11<!.J:' i~bles. l , ::-'g'° ,cx;:;, tTlple, VOD .iin.d ,rfH!, :u:e 
" ai"r i ~d. o v e T' l h;d r Li,11}~\l:t .!! nd i DD , s iTl e;a 111n• cq to 
-.re rl f i' thar JI <loc-.ll n ot e ;,cc,ce d ~ ,i; c rt.a. r n i im it. Fa 
each i?, l-0 w JI') Sltrrr 0 0 p•! Qt ei m a y lbe nfJ, dad, 
,1-\ uton"I-Me<l 11(! st e:cp.iipln~"' 1a 1v.H1ded tQ perform 11U 
I he !!·i'!' I 'C !i-1 .!! , 

A.es h.'!!c!i be-e n pointed o u, pre, •uL s l.)• , e~f'la.u 11,lh•e 
11!11- linfi_ ul l!lll li:Ornbina:1ions J ~ impossible:. .F"or 
11 1• ~r em le vcl t e sh n a.,; L~ ,;onc,ept of stre u1 l e 11: Lins, 
per Lo r rn e d d•J r1 n .11, q uah Ci c u 1-0 n te I! tin a i !I i n,..o ke cl.: 
1h f i~ , t he ll! l ec·Ld· ;-i l 8.nd r. 11,.. ironm11;::nia l 'le-■t 
I eve l.11 a r ~ rill I sed and l•1we red t o love-Is (IXC.•C<:1dl1111 11: 
~ ho.5c L•J be e-nc oun Le r ('r: i l'1 lilDl'Tl'lol I opens t itm, T h,r, 
u:pec La.I j ,~111 i I t h::i L .in y w ,e,i!J c p-olnt 11 Ln the dci s I ll:"" 
wi ll s how up d im:rinc cllc q u;a.Sifkauon 1ortC , Quah­
f1ca tion Ceslhtfil l!I U !l ll;!; U }' pe r ror m 4."d OT1 Ii. !i LJ'! gle 
u ni r o :r a f,e·,i,,-_ Acc:eptaince H sting i 11 ·per tonne.a 
u •i 11 g tri!!:!l,t le " ,el • equ i v&.h: nt to '1:h DM e-.xpet"ted l o 'be 
r. nco, rntc:1' e,d in op!I!! :r.ttion :1mdl s • pe:r formed on .1-li 
~,ni ts to be d cl i ve: Tf;!ld,, 

A. f't ex hlli u sfrv,e l e sf of a ~p de vice w ou~ d Ln-
vol ve el t'! c L t'l cal and e nvi J"onm,c:nt,.i. : tc-•ting of all 
C()Tt'rbin;lt ~r,111!1 of the co:mbinM.ior..:11l .i.:nd a.cqu,eriU 111I 
5tili t<Ot1 t"1arr can oceur tin the extel"l!I.,!,] a.nd lnt,Brnal 
fllQd !l or th r. de v1ce-. Exh.a.v •tivc tesiirig nol. only 
t,ests fo;r no rrn al opentfon but c-ho-cks for c oupliil8 
effo~ts. between l bc vaTio1.1 s d~ta. patlu, aJ1cl ac:tiv,e 
&ad pR Sl!l i~•e elem-en t e , The .numb.e r- of combi.na -
tlOn!I> i 11, t h~ Pumhc r two t o :aon1e power , Juu 1.~lt­
i1111: th r. mJmb~r of i ns tru~~ioJ'tla as N and , h~ number 
o f bit lJ ~ M. , ~ 11\lhlbe r- oI c o.mlb mtlon a C l !!I 
C =- z:M , F'o.r .a t,P .,..hh 8 c.i.111 L~~it l?l urd JD H 18 

!.ltr-u,c:UiQni!S , C 11 2. 410 z I. 1 x lo • • a ver y l a.:r,p:e 
:un,be r i I c one ..18 sum,e.!I, tha.t e .ic h i:;omlbi riali<.i r.. 

c:,;m be I e i!i t,r!!d in one rn ic r o.■e co:ntl, it wou,ld r ,ac:mire 
n1,a111y thou 118.nde of centu1 i c s to t 1t1 1. the de li'i,;:e: 
SL:nce- ea.c h d e vice i11 .a.ct11 t1-ll.y only t e1Jtc,d for a :few 
.!!~Condit l r;,, .i rr.w m iJlui-c e., lt c~n be 11een tha t tc:e: 
cov,e11111,a:c: of t be <t:omblrU1.li01Ui ii minuJCu li:. B ut 
expe ri,11,.m: t; 1h ow il t h a.t fr. I i8.bi I ity \i.ri a,e th e d~ vic:;: ,::111 
w ork wcU in a.p• e o! the lack. -of ~'ll!~111■ t (v,e ir;.stiing. 
The r c:;,1. i.on for thi a i■ t:h~t the devi 11:-1.e • ;:i. re d s •gne.-d 

I by r;i.ndr:,,r 1ta.ndiJ'lg and control a! •c:li•ct:r~al, 1J1.ll• 

terial, prroce•.dnfl 11.l'ld l!l•oirle:ttY P',n,mete:r-t,) •a 
tha;t e r«::1 .11■ cauph11g effe1ct19 1:r-ei not l!!·•ten9i.ve, •• 11.d, 
the·refo,:rl!!.. ~•tin.a, all comb,inati -on-• I ■ not qrce:11-
1&1·)', T~!I!! :k•y etioi:I: ih 1,1,P teatma l■ to ianti(y 
what ,r,:,c;,m'bi.i-Jl'lilno:n• •hauld be te•ted 111nd to formu~ 
lull!! te,1t ,.t.!terJ1■ , electrical ed. envlronmental 
te ■trt t o p:r4J-Yid• m~:it;irntjµ]'ll tie ■l e.overage w-ith mln­
irnqm t,e1, time. To• lill-'i~ ,eir;ll.1:1!1.t, a.t:cepuMe 
tQ 11t• ar,e obta i:ne di after • •9v11 r&l i'litrr.il.lion•. 

Me t.hoda. fo:r· t11 ■tinl,!i ~l:"a1 i:nduclei e ,combJ11atl O.l'I 
o(, a~ ulf lestlng, bl c:gm:pari ■on •t,e•tln1i, cl il!ltor ,ed 
pa.tte rn tee ittir.J., a.ndl d~ algorithr-1 a.id•~ p.at,1:1"l!lt te•• ~ 
ti n,g, I 6, l 7 All of tl:\e .e m,ethCl!d" :r,•q,tnrc tha.t the 
i.ht~rna.1 lbl<Qceklll !!ii th.ei ~p be· ldea.ttf:lied and appro• 
pria,te te11t pauc::rne or- t e,1i: vector• be :form.ul~ted • 
&i!i~h. te■t v-e ctor in tYJrn ·rna.y iin.·1-0.lve •eve:r.1111 (:Lock 
i::yr;:iea. For- exi1.mplc , ch.cd,ing a 6SI{ prr.:-z;ra.m 
c.Qunter- may r,equi r~ u.cc.uU;rig ll'C~aud11 a. te•t 
vcr::'LOr ( 11111ch .1u tbe 11 

• .1\DD" in•it,Tur;.t.i!on 'te"li. 1,1t,l.ter.n~ 
o'i,K Hml!8 , C1u·.rent µ,Pit, d•p4tn d.in,g On neif' com.­
plc::dty . re-qui re bet¥l'e:en l , OC.O il.nd 20, ~uO te•t 
vei;:tof'1J. h i ~ e111tim"l,t,ed ·t,h~, .a o ne mli11 year c! 
cflo r t ~ 111 :requi red 10 de-•ign a good tenet. 

S,av"I ra.l .Ut te:11 cer" u ·e- a vaiti.able fo:r l:e ■tins: 
1- P . Th .,c ~e!!!llcu h:awe· t h e- capabilil)' a.o 111:pply 
h i gt p;a t;,u•11e a !lei io rn Dl'l.it:ti r, r(, 4;,oi'd ar11.di 11.11.•I 't' 1:e1 

r.: .11po n H • , T he IJO tc:• t,c r■ •r I!: c:a.•tl y • i , e. . Lift lOo 
about $400 , 000. a.-.d. theTiefor1;; i in.d,epe111dent con­
tract t,e at.in B 1.6 r;:Qm mon1 y u sgd , Some or 11.ne o\de-r 
tc,tite:rs are lbec:oml ng capability l imltc:dl for ■uch 
rca.■onfl art •nz.bl li1. y to gene n,t,e the :pro-_p~ r tirr.i ing 
~nd te ■ L pau-ern■ , or pili l iffli • tLone , 

l V, Ope r<1.Li Dn.d Te ill in &_ and Y1u.1 •t T0,le rant ~ Pe 

Ibe purpoH of u,atk r.ig i • It> u 111c:ovc1" faiilu r1u . 
Whi l.e l h apaee, Lhe rM>rmal. ru nc;·ti oning Qo:f-' com • 
pcne ~t p,rovldc i!t th4!!1 mo riit p;r,a.ctlcal m,can !!, Q{ 
checkin g i ts 'hea hh s iatu1. 1' e letne-try .B-1gr:1a.l1 ol 
II e ~• t,e 11,t poi rit s, ,dona; w i th mi it..9 i -0:ri data. a.How 
I he oietQ ~tiora o ! a ny .a.bnorm.a.1 .o::ondili01111 . C n some 
1 n i!IU!I 11c @ 1, d ia gn1:;u1 t ic■ . a,cH ~-1; L• a.nd. ,comrna.nd-
r I! epon !I ·J ,,e 1St ■ t. r tt -e>u1 eutei:I. to per fol' l'Jli tt more: 
exhau sli ,,e e b4!!1ekou:t , Lf II l'la.c:eepia ble po:rform•11i=e 
i ll! detiec ted. rt!!dtmdanl di'! •{11n11 pe !i:'mil t h~ l:1I T'[I Eorr 
o ;" ;:. ,ail~ .111y11tem and the turn•·On ,of 111. 11t 111ndlby, 
h1 the tpll-st , 181.1!11.dby re dund;a.Qcy ·w ith 1 rou.111d :t·e a 

confi gu;r-iltion C(ll"lt:r ol h.a s 'bocrr. 11.1 H d cxl!cn•tvc:l.y 
w.lth ,;i.~c-a:pt.i.blc roa,ulta. 

DuTiri l!l the ~-eil H -VJ0T.11L ye~r:a .. r._i.iit taier-ant 
comp~tor d slgns h a.Y b.cc: 1'1 L111v,1nt igat.c:d. J.S, I ~ 
Fa.uH. tole,.attt d,0111lgn s permit tH1•nlerrupted J>l"D• 

weuins. ev,t!n when ralli.Jrea h 111v,i11 OC:C'IU 'r~ii. i.,Ps, 
becau !l•e o f thcl r 11'.>W v.•e-i.filhl a.ind po•1e r cba.racte r -
i ■tie a , a:-e :parti !:ula.tly .i.U ra,~tive lor fault toler ~ 
,a.r,t d e-,, i ~ n l!II . iF3.uEt 1,olcr,i.nl de■ i.1Jn,1, requite the. 
ab iii•:, to det r;t ~ i mu ~ e. a.11d to i ·rrvDlit;•c tor rec• 
t i v,e: a1;t ion■ . l,i, ii- 11e·111ae , t l:ta l"!l!<lll bm·• t eHmn~ and 
la.ilure dei e ction ca.pa.bitity perfo~• conUrll!t;1UII 
11:IQ ■tiEJ.g of Lhe: a 'f •toro , with thie (a.~lt m oni tortna 
ic:;:1 r ~ t:! it 1t ■e rvifl g .i.'91 the te• t 1,q_y j.pm•llt. 

l ~i ,a fault tole,rant r;:011:fiauration, l 'h!I!!· rty11tem 
rrm s t be 1,b'l in to dicttec t .U tyPC III of f&il-un t b.i,t 

;;?&n o<:cur. Failur III can re1uU mte:rnal to t he ~ 
<Or trom extet!rral 111ourcer11 su.clh a 1 fa.ulty ~npul■, 
.fail.ed po Wt!! r •111?0~ Jo. &nd £.al I ed dock -.oorce • • 
V~Ti()LH techn i(!L.tCll hai.v.r, 1.ee:n de:velapi:::d bA) detect 
: .. nd ma.1111!: the v•:rir;,,1:1111 [oi1,r;dt 9 that ~n ac.cur. 'fhc 
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11!11 ,u: op1r•'t:i0fil ,1:1, 10Jllc ot ·m~ ,e wictmtqu c:11 a. re· 
de ae:dbed in th.~ foll011'i;ng -para;Sr-a.phe,, 

& ord•~ tg d.ellie.cl int.TRI! ~ !au.Ua, on,e 
techniqu,e u 111!d 1111 to o~;r;a.t:c: 1)1'lcl!! 11,P a.Ill the ,illictive 
p:taee 11.or and a •t:contl &I a m,i;ini to,r , &th pro· 
ce II iror 11 •Ofl'!H'.a.tc i r1dcpendienUy @Jl!lcl t.h-e" rc:■uU.i!i a re 
ca:m,u-e:d contim:!.ou•l y. U .a. dla<::Tcp.ancy h in1H • 
c,-ted, 11n ,er-ror 1-i gnal i 1 ■er.ic to & m\m~ti:r,edundant 
:re:cord.lauration 1.1nit wn.ii,i:ih turnia. otf ,;;me 1,1,P, tnrnia 
on a.;pothll!!:r. Eacho{ th.e lW'Q· ia:Ps now .\cUve, Toll 
back tbeir p:rogl'am al'ld. ~e•e:ic:eC1Jte tbc P•J'OIP"?m . 
[·f a filult pe,r11hts another paiT or ~8 is acloc.,cd 
i.mtil the f11-il.ure i ,a d:r,o-umvc:ritrcd. f o,r long 1nia1• 

■ •on d1.u.ation 111u.ldanc,e ,a.pplic;alti11;>ru1, mi I te ehnl•qu.e 
h-a11 be:Cfi found to be o-f parU c u l;a.I" iT1te:r-c:1t, tnainlt 
b1c1u 1111,e h can tia.ndrlr a ■e:r l e Ill of I iP81c fa.ilu re., 
and i:t mlrumi11•!!I the rwmiber- ,at aipare I-LP r,nodule11, 
reqnire--d. Tn• re: 11-:re: atbie.r l e c:hnlq_ue■ thii.t ,c;:an br;: 
1.111-edi, e:a.cJ; w ith it• own ;a.dvanta gee. and dll&Ml v.a.11 • 
ta.ee:t:. 

Another tec:::Jm.,q1u1 ,, the "pair a.n-d 11pa.r e ' 1 con~ 
cc-pt, utiHzei1ei Ui re~ µPs, ,ea,.;b, _pcpfo Fmipg t he­
hl111r.itic.i.L ~~11np11 t-&tiua ll . Tbe outpl!Alll from two, o! 
t.lu:i ~• &n •,;-nt m,o .a comp.iH'llor, U a fa,i L1,1 :n , 
Pot:cur• . tne ou tpuL■ from the third i,F' a re· ,u, e<i, 

AJLQth c·r «=l;)JI.C:l'!p l ill to 1u1e two i,i.'.P11 a n d C:Ot'l,a 

pare t];J•h outpu.t,. U ;a !fa.Hu-re o,c:eu r.!I , ooth ~ P l!i 
a re !orced into 'II d ia @:llQ ■tic m ~, -w m• h the one 
whi,c:h paane ■ h• di.g,t014.le t~ki.ni ~o a t r ol a£ U1.L 
outpuu1. 'fhl ii tec;h-ntque n;u 11low l'e-cov,c-., v re• 
lif!Onl!f! itime, but- .at lJJwe r t,;a, rdw-i" re pie n,al,Li,i; .11, 

A ~ !P may indllc:a,te fali!le outputs bo cau i.o U. 
na.a ri!-t:eivi!d la.uUy iapuh. The tec hnique ·1.111ed to 
ciei.l!!,i;:t iuch lailure• il!II to u1codie the d ;jl,tlli and pe r ­
Jo:r-m er ro:r deh: cd.on and pe rha.p~ .c:or re c:ti on upon 
;i.t■ r ceip.t. l:hi! 1,1P muirt a:.h :o ~ .,code it,i; out puts 
:pI'ior to i1· 11 pla.<::ement in the oui put bu ~_ 'f hh: i~ 
to al]ow thi! rece11ring u nil. io de c ect line fa Hu re 11:1, 

Data. ad.dTe-1!11 e: and eon I toi b 11 :n:, s a re u med e.ic ~ 
t en• ive ly in 11,P • ba•c:d !!!I}' 111tem 11. A s ho rt on !' ny 
devi i;:e co~ pl,ed to t b,c bu ■ Fl! su ll!I i:n car rel ;Hcd 
;l:~11lt1111 i n a.U d~vice• ll1111in_g lhc blJ l!l, Red"l.lnd.u:i, 
b,,i1H, s ca'1 bee ua cd to ei rcumv,a-nt 'bu ~ ! .ii ilurc Iii, bn t 
t,il'!c:•e b-u ■era <:onah1,t. of rna.ny lines. , 1.1~h a19 a 16 
1bit dat.:a b111!1. a.nd alTJc:e devl<::e~ a.re pin lim:te:cl, 
11-pilre line" a-rei used ra.th~r than complete red1,1.n­
danf bu ae !'f- TM.ii t,echl'll~qu.e r eGui tcs aw ~le h ing 
e]e ctta l'tlc.- to r-en~ ove th,c ralll ty fonc a n-d to re• 
place l.t wilh a. Calli. .. t:e free I i:nc, 

Vo.ha.ge &mil heq11e-·11cy rnoriho79 ill'-0 i.l B•ed to 
de1e et out r>! taleTa:nc eond1tion1 and 1'.pPropriat 
,wi t,chi:rig t n 'L!Dfill :Led u11 Lt :i, I Iii pit r form~ ~-

F..i,1.1l1 t-olo.r.a11l c om :pur eri9 are b e ing d!esi.gned 
•o t l\a"t- 1:peeifi,c ha.r d\ll'H'~ &Tld sa!tw:1.re faults ~n 
b,i; iaj •cted: into th:• 11ry111te.m l n order to clu:ck. n1J't 

Ch~ op,er.ar.lon of tbe r1.ul~ d,i;ti! c la r 11 a nd t li :re r.:o;n • 
figuration unit■ . A l•a. t he d l' cu i t a rc~ul :red for 
l1.11lt role rane,e ;are d,e.aigned t,o be te !lit.abl e. .For 
!!!Dmpii':. <11 data 1;:mc;,)~1' can 'b,e lor,ce.d co p lac,e 
improperly ..:o-d-ed di!itliL on the Une 110 that the 
opt"ra1'.io:m of the e n·o I" de tee! le, d!e code • c.i.n "b~ 
ch.e-~kcd o 11t. 

l:11-llllt .tolera.nt 1,1,-iP• ba •ed •}· • t ern 11- hii.,o'e ~en 
d•:non111tra..t1:d.. Vie ,;: h1g l!lllllc:.h lllyst;emis, one i• 
11>l-r1:1.c:k with 'th_,:: u<::t th.11,t t h e 1'.: I reu~ t 11 .req-iJj r-cd fo:r 
f"ault tole- ra,nce 9ucl, a.s for data C-0-rnpa.ti•On, vol a 
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u.gc /cg.ta ~witchini• dA 11, enc odlng, er tor d-eteie -
tlon .an.d ca-.:-;r-el!;t.ign. and v.olla.se b-t:que nc-y momJ ~ 
tod ng_ t,a ,r outn~"bc:r t bc, ba11ii:: ~ d.reuit s . T he 
ri:,,:8. s,Mfl for th,i.a iii th.!., the IC function". ,t re n0W 

bcinlj. pe•rJorme:d b-y diecri:tio ill"!d M.Sl c:i Fc:ujt•- _ 
Cori,1 i,d_,c:r.a.b1e: pair t ii co11nt r ,educ t lon i;:._n lbc a.ctL1•c v,a d 
if m ~11iy o( the !a.ult d.ete eltlon :a.rvi co:r rec ti on c! :r -
-cuit • wo1'c b \lH.t h1,to Un: L51, 11,P and othe:r drcuL1.il:. 
Some t.rcn-d in tM!!i diire<ct:l.o-a has 1beien .aehiev<!ld i n 
th.e ,comm c ;r c i.l m..icr~t. Ffir e:X.-llmplie, .a.Fl LSI 
dev c e for a rnierocornputcI" al:re,ady h..a..1 ROM, 
~'I.A.-.1, l/0 ·po:rn a.MIi a time out ,;:D'l,lnC.c ir on .1. s-in11,lc 
d j ,c . A rnonoli.t hl c .LSl analog .,.oU .. agc regulator 
d,evic4> pi111ta, whic b. i n adW15.on to l tlll v,olta.ge 
Bw•tching, puila•c: width modulation and voltase rea~ 
ulatlan {\Ulehl)l'li• ha.a an jn put UmU can ,11Jltch off 
ih ootpu~lll , AU Qf the 11.e c;a.pa.biliti~ !II ~n b11J u,cd 
to •irnpU!~• -eonl!i •derabl >' ~h.e de• lgn ,i;i! (~ult tQl,c rant 
1ry,tern 1r. Mil tary projecta a.rl! a lso und 1'Wil-Y io 
deaign ~P and LS,l <el rcu LU ellit'able for high reHa ­
bU hy f-,llfl t. tQl,::r ;ant isy 11tem 11. C oti ~~d.era.ble, a ctL -
v ity and p ro g re:1 e i• cxp,t!:_c.ted in the dev~ LopJTI e nt 
of LSI 14,evi cer. wHh bu ilt- in fo1-ult. toler;;int c;s:s.pab11ity. 

V. Con:..lul!llons 

TtDaLing of ~Pis in ~Jllol!:1!! a,ppUca,l,01'11 ii& ..-onti.n­
uLn~ ~t- ,a.n iJCC~lc·nLed rate. ·r1rte mf!·t.hodl.)l.011·; f-0:r 
t e l!lltng ii.fl a. al'\d oth c r L..-"il de vk1:-s from L.he ;pro~ 
ce s a Ing le vu I ~ an on~ orbl t ,ehe ck.out be.., be,011 we-] I 
e !Iii lablii!i heidl n, pr,evLou s m i1Ha ry ;J:r,d c omri.1~ 1' ci a I 
sy■ll!m• . Specific J.l~~ are be L:ng q 11a Hficd to mi li-
1a.ry speciC.car ,ons , and more wHI be, add,ed ( ,-:i l he 
u~,. l::,,rperm,l!!ncc lo date lias nut UEl CO'Y-.e tied u1y 
ge ne:r (c;. we a. lie. 11_i n lie l!I wil h in th e· .i.P, 

The !!(Inc rill env I l'D-nrn-enlillll .1.n d eh:i:-t:ri ca.I le 5 r 
c-ondlt lon~ a.re w ,eU eatalbli lllhie-d i"n pJ' viou-11 •p;i,ce 
p 1r oj 11: ct~.. Ho w,e ~4!1'. th,e apec: [L,c a.ppb c.i hi I Hy ta 
1,1,-V:11 i i!i b e i,.. 8 j nv e 1ni sa., ed, ln I prove mient e a.r c 
evol\'in(!: arid detailed l est proced1JJre11 i.llld Ye,qulre• 
menli!I are bemt forrnulHer:I. :Sp-ecHLe de..,ic::os aFe 
i n v r iou.!I sll.8. ~ s ol ,qua L ilks.d on to apa,c c e nv, J'On­

m e nl s , Te :11l i na to dat e na. 11 !l-howr1 cJ,a.t uP ca.al 
mcc, tbe en'.'irori.me nt;:i.l and fun c:: tional :r~qui't"e-
rn e I'll• for 5pa.c e ;:1ppl ic ;1 Lions. The o rm u L!Hion o( 
wc,y sl CliUI: fon.;t.ion;d and tll •c-ct r icilll tc I tinJ!: bas 
noi lbe~n !IQ]ved. The f un,a;U1.m,,I test.a now per• 
fo rmed incor-por .ate worsl caH p,ostul.at-ed ,c;,;,,nd i ­
tlons. PF e p.11.ration o-i goc.od tests r e qu Lr-e:d lntl -
7"' ;.le know I edge ·w-iith Lh,e ; n f e tnl!i.l sl.t' u C:luJ'ol!! a ad 
p rl!l!ce 1111i.nlil, of th 11: 1iP .i.l or. u: with int im :t,te ~no"A' ­
lod8-C i;.f eli::c tJ'i,c,1.I couplin,g efl ect • •· and t he 
£"a Lhn e 0'1 od•a • urwco 11c red b)' ,c,;icpc r lc-m:~. 

T be hlsh eoai ot failu re (or space appHc111l1on9 
re9ru1:re• hii,h rdi&.lb ility die:slil,n!l. Hi;h reUab ht:, 
m ilnda.te s exten:,·i vie 11!: ~n ng .11 nd i n m.a.ny i ns!1:81 ne e s 
fa,.11 It lol er ;a n'l ;;i.n.d. rcd,,nda.nt. d <·s E g.n s . Faull tol-
e r;a.11t fai!!h11' Gs bu i It i rt ~Q i,i-P& .,:id othi: r. LS[ ci r m 

cultt1 are cxpie,t d t.o rlf'cchrc f" O'Y!Sldcr;a.ble ;;i.tlen• 
t lon ! Cl the ruitu I' e - Su.c:h ac-c i ... i~·,· w LU be.l'IIB flt l'IOt­

On1y spz-.ce s~•!l1.ern!II but many grouml! b:i..:ieJ civi -
l i.a.n .1pplicatio1u. 
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