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'nlfi· O!eQr,ott(:!d, IUl)lltrle of m1ele.&1"" WflllfK!li pli.]'414:1& 

ud 1M e,qu:IIOIUI ~--!:ltlr~ illtllractl:Ol'III WI~ ••m:1-
C!O!dlotor-. wlM_not. be dli1c11Hed •l:PN .Uie¥ aft\ 'Well l :2 
dac:umeoted lifl, m.Ab..t cxo.llent repcina llhi1 _p1,rbli~ll<MIIII, ; 
IPor ilrlB paper. tile bulo ao:m1epe. of low !."I08L ■lrcraft 
IIW'~tlt, "JU bl 'llPVined, 

m. Teclmol.Qp Coll&ldm-.13011, 

Sin"'lftvablllty to radiation ha.BJ been be9l!d: ~ Ula 
:aeled:Eon of aem1eoqd1,2~1 Ui&t nwet a 8.Pllllffi.ed e~\IU',0n­
l'l!ieft't. Thi• IHiDi llltt a cl&u cl Hm1concilator dell~ 
M~ or fanl&tad pte MOS:) u ,e ■eleoted ·Int prvrld9 
opl.lmam toi.r.llllliCII m per.aunerrt e«.t UII trUited 
rllllidlo:n 11,!PMt (JI.~~. CODIIIICft prut.lflfl 
•u bNn to ■■leat: lhfl aeml~ ~ uhllJllhlc 
UgliNI a,1$~ IO dlfllltloit. hll' •■:a"lllpl9 'l'fi., or ~ 

dniOD11 pll:'ffioully apecllled lor fQL811111e anll~ 
eftD d!.og,h ~ -..-. paid lu cwelldfliSp. power dla-
1..,atkm f&lld pon_(b]fl Jinterltce llll!li!ltUl!pAtlh'tiUUH, :.., 
lf11!1191'M, 'Die Nleotlo11 of HmletllXlu.c:im-8 beat, ilUUed tor 
a Kfym1 11,-.t.em i• beaomlq morio ~ a, Ille numbeJI" 
ud Die t,,etilOt'maliC. oll>«bllltlY OI 11-\ltlUllle km} .. 
ocmdacto:r ~IIIWJCIH iaaraee. Fot tie ,d,tiipff al 
r~~ •l«lkonln Ow dlala. 11 futti.er 
comp1licated by 1M apu•U• e.nv1,tc1UUnt, T~ 
betWNn perfor~ce If!. 1dvu .. •lll'Ml"OMll!lllil and can 
imll i&"-HablWy ,ll!f' OOIIIPOIISllh ■dd to~. 00:~lmt;' of 
Ill• a.cialoo. 

Elsht, Ledmol~ ue crul'renlly •ed In ,dump,. 
vf icompa:lv/mid'111¢IO'JllP!lteH, ••ii+,, foim 'bi..P>lar ,ff2L, 
B~ -rt.. ECL,, PL) llfJdl fGIU" MOB (btdk t.DiOB, IMilk 
CMOS, CNal/l!ICl8 illld. NMOS/SQ!I). l:ZL lli!dl CMOB/S06 
11N em.ergble u '.161i1 de,velq,eds+ llfl'DC!e TirlQ, ~1-
llidu bat •• ih• two t.dmo1Qllea lll'itll ~atlalbr P•itnt 
'piyon Im HdJAlton...;liardeeedl eleiotronia,. •OMOS I■ U11!1 
pnf,vnd MOS, tnlmolom, btr:.111118 oi Stll low Btmlb1 
pc:ni,er niqujnmtmlt& ulhlp aoiae lmmunlt,-. 19('JS coa­
alrllc:lica. !'MW!IN lhfl ~HI$ 11!,flMrllited. bf a 
bUBlell&, ndlllU.R pllfae aid 1:IM!'l'Hllell ,dJ.rCHalt !lp!ledi and 
pldlc dtinmb· n. to1iu de.• 'l'IIIMnl>IIH.y or ,c·F,,IO!;/ 
SCle, inffl.0, a ■erl.0118 ~mlftf, la DOW" f,epll'tM to 
l>e Olllh ~ (d Loi- lo" l\ld'-9 tfJtl, 3 

fr,, U! 1b Ni.dl1111r billolR ea:ndidta for LSI hi the 
IHDB 'beoauae lt1 pac~ de:n:alty and ~r pl"'Od-
11d; c•· liUplJno1' to thoff of tho otlNr ~ ~1!11•­
tti. Ol?lauit. liMlmJqtif!, IIIIN 11D raal!IIIIM",11 ■ad illllfl be llb­
rl~ U a MU-1.io'~ ilnC!t\lNJ "1,cl'i ~ ft9 
ahllJty IO nw1ntA1n pe~, in. a radlallc111 e:nt1ro11•" . 
m.nt. A •H1'6l 1'dM. of ~ ¥'8, l>O'W•I' dtiii■lplltiQa ~ 
deni■U,y t. ,lhown :llli FIJID'e z. U im:tlcuad, sohottky .,..L 
'11\UJ, id'lm.YI• ~ Ille futm devt.c:111, wtl1' CMOS/SOS 
opttmJHd toward pcnN!I' dli■ldpalkm. Emlller CO!lpledi 
Jlast11 ,csc1a) "11l. tot. ibii dhCIIIIM -, ·lb_e ~if' peiliJh.H 
k'\9 ~11.i.v., Ula Umll'lnl lb ilpW:lli~i. 

'lh-!lillN Ii. )U ii(lt ~ .e-.: ' but C!fltalmy' !la 
~ 1, ouatcrdu buld ,cm tt.1 dcmtm:r/l>OWff tril!dealf 
•t.blN 1 11111d II illUIUIW'IH the Jellffic riiidiaU.cm itoler­
UlONI al' IC-'• •WJTntly IIIHdl m ■, m-" ~ ol 11!1~ 
a>~ de,ftlq,mmit. " Buell O'I\ ex!BUq NmlCI0.11-
dac!tor cle\t9:Lapmot, die, tee~ uHUtld !II 
pH~ '.ill. Mr68p&MI C)(mlplller:/mlfll'OCOmpulff 
-.,plle&tlo1111 ,U"e u follnM: 

Low Powft Scll.OUlq; 'ttrwi.etor-Truwlator Lgeo 

ftdLt 
'l'lllli ~ •U. be~ 1Uln81C:ream, ot hlib ■peod 

O,tOOC!aH1r. TM Ptt~ dn't!bl'tlb are pD'll'ff ,and. 
dauft),, ~ toJ.er:~ fff bO'tb 11:Ucnft. 1111d. 
1..tellite ~ i• -■thnM4ld. to bo fall' f.a rpod. 

ic.-

fHIOI .~ 

lllu.nlll.llllan' 
-■D1V11Cl!llaftV,viil •-~~II 

iBIMMP 

.. it Ch.::iillwllilll .__..,111,ml h •• a..,Otilll1iii 
iflil'V......ICTI I -,- I I 

~ Tl:L ~11 pl:'QWde 1!JCl'Mllll(I QaM ntc, ldlmon 
to.llu&na (al:!,on a fl.cur c-t Iii) conipullll to ~L. In 
mAl)J' ~luae•, lib 99eial ~ ·- b:x:l!ulqgg ~ bt 
nqgiy.d for lllrc:nft BJ'fl9.S di.at eompletll]J' utruu 111111 
1ieicb111>loc.v. -

lfrtllgrllted lnje,ation LGCl(: (l9'L) 

iBGtb 1ow powt!l1" and c'blp dauity an itlw HllltDi fol'CI 
fo;i;, &111 ~. !It fJ tillti~ ll:hat JIL lifl!fJl r~ 
I.ST1 L in du! eal!IIDN"dal markat. Bll!llad.cm ta~ 
~ (l11 to@__. 111 fair, bancatl) ~riDg IIOJiii!I 
t.wn of Ul'G4IIIIJ11 felrwm.'l'llllitton) to ~co«M ,th 
lHlitlenli i.-et, effect., A■ t:hl1 tei!bo}cgy :m.alm'ea. 
filwlt!er- l:i11~IIKIDI: In~-~~ Cllllli hei 
IIIU.c:~. 

O!Ut'IJl~lnlentuy KOS OD ~ (OMOS/S(l6' 

Len, powu •CltHlpatkm oowdllllld wl)b roodJ ~ 
clivamitFlill:Jm• an Ute pr-lmD7 fealiuroel!I or fthl a.diaol­
QC)l', A.I~ it ,nltlbtt. ~ ~ EliHutedllkill 
Ilia 1'2L, dip, ~Jly iiWa ll!fiplH'lca:nd'y lowff. 'l'b1a 
teclmiolo&y ei&r.11 .-:eu.nt :rlllillflUl!la. tolerarloe ~­
~DVer, It fa lJmlled la tc4:al. doe& eapalJIW::kJ11 ,:om,. 
:pu-ed, Ul 11■ b:lpo,lu ~----. 'Tb~, ill. _ 
._.wui appllcuto.u, aldelll:IJw ~ bo ~oil rur hq: 
dv&l:l.on mi11ROD111 Y'ffldq Qil!II Vall. AJlkn Bi!i.ha, 

N-Cbumal MOS gt~O!lp 

'11111 tel!bo)ogy will r■:mal■ u t1ici ~l' law ooet 
lC ~loip'. ~ and ~le~ t,o total ,do■e !'tdlalloo 
NCOlll.O U■ prlm,at'J dr-&wbact. Bownw. IWlm'QII. tbimuce 
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Jl&NlenlllC &.t~• unity oa.n pr<wide tor eUm.lnlll.l.ng 
nwmory and power •I.IJPly f~lure•. tto.tver, 9Peclal­
lled hard..,.• and ,oftwue t6dt.~qllN mu.et be developed 
bued \l(JOll tnadll.M arcbli.cc:are &o miJl5ndH errore 
lntroctllctd by losSc qpeet or re111ter aonc.eirt chlngH. 
Ill genera!, u the ~dlty ol U. ooD11)UWr lncrn.e••• 
1)1:11.alUJ>roce1e10,, .,.ctal.114d 1/0 reawn, and blgb 
apeed c,ptrat10t1), pboeocurrent t.r11t111eac.e prodaoe moN 
Ml'lCIIIM maliuctton. AddlUonal corr-.cdw tM .. U,... 
boCb In IOflwve 8fld bl.rdwt.rt Nq\ll.N fN•ler IKlPht_... 
Ucatlon and cocnplexsttee. 

Bule Coq,uter H&rdeDl!I Corw:,e,pt• 

~ barde.nill( "R)roacbes AOUl6 be: conatderod. -
b:ltrtn.nc Bardolll.,ig aad E')ctrlQ8.io RlrdeolftC. Tbeae 
q,pl"OICN1 are dtltMd 1141 foltow11 

!ntdulc natdenl,c - Tll11 lllelbod utllllee devtoe.e 
tlblch are ioi.id to be tole-rut to thie speclftc raicUat.tora 
efffln>mneat al¥l tporea apoel.al hardenln11t i.c,1-..nSque., 
It dindly d"Pf!'nda on die radtatloo le-vela conaidfflDI 
only ab-craft ud, to a le11.ter extent, u.telllte DUc.'9.-: 
envtl'OIUMlltl, Selact6on ot tha eemicondt.aetor techt,,::iQCY 
(MSl or LSI) uuall)' ..W ! nvolYo mil ll)ff dovlcea, 
N'l'oened Dlllltar)' sr• ud apec-tal deffloped h&l'deaed 
de'lll.cea. For tatrln,:lc appUC&tton 1le computer Will not 
be ilurTaa,Ced, bllll wm (lllltrMe tllrOQPOUt tbe radiatlon 
bu.r.-t. 'lids prooedlllre nonaally cumot be I.\Md 1n rm .. 11e 
a.ad Mffre 1atelltte ~.uon envtronmeabl appHcattou. 
Ualll.lly tlM etuhrd T L, CMOS/SOIS lltld aome iutalloee 
J.BT"L t&dJ.~ff may be vUlu.ed ror th.le catecor,. 
Alao, epeOl.al rldiatt.oo bardonecl computer LSI c~ 
imc:t.r ~op!D9C'lt. bf vutoue DOD Pr'OJfV.DI may be 
ILled for lhl• catesor7. 

Elltrlna1c Rardelll"I" - Thi• tecb&lque 11190.tvee 
developaieot of spectallaed .oftwve or ftrm..re ctr­
Clldl~IOll adle:mM (roll-back, rodundaRt MO-re, N­
loadh:lg, etc.) and for ba,rd..,.. (NORO mapietic a,~i:n­
on .. , ROM'•· ndlUloa IHtectoH, and UrdeMd' tldMl'ra) 
to Mlbl..-e radlatioo toi.r.oc.. Ttlil .,,..06ah la uUUUNI 
WNr'II ndlsttoa M'l'ala fOU!eed tbe toi.ran~ of h'wlent 
r"J)OQN c::lluaoterl.Uca eautnc toJttc ~ ot tlrte ,emt­
ooad\lc!tor dovl.CN (phctocrw-rect ''tla'D-<111"). 

For mast ol!--dM-mu mlcrocolJIP!d.-r wucauons 
.,.. dapee or atrtnetc h&rcS.lllal C&D hr. utUJHd. 
&lrl)' oouddft9:tion uu.an, will rto&d C01fU1 ardltt.ect-

• 

ural. h&rdw&N 8Ztd/or ~re IDOdllloattou to .,.. a 
potelll'lal tbroat 8oeMr&o. Ae cpUllli&ed IC'PNltoCb fot" 
w. ClltefOl'Y wwld coulat W: 

• Compirter strrt.e pu&-awty (Cll'Clllm'¥eMIOII) 
• Dedfcated pnortty tl'lt4irn!P( flap for 

radl.Uon dMeceora 
e !batdown,/aartup proaeduNa 
• Mtcrq,rcsr,.iruned opUmiu.Uon 

Permanent r.uut.on tolerance of inomori••• CPU, 
r/O and power eiffllff 18 dl-rfftly relatied to Ole 81)8(ltb.c 
aenu.oo.S.Uctor tecltooklpN utlllsed. Qener&Uy, the 
tedulolClp" p~ly dMorJbed wlll meet tbe D811l&rol'I 
nlN-QOe requ:&NIIW!Clta tor neut, all Ml'Oep&Oe nqui1...,. 
tnelU. Total doN, on the other band, lQlltlt be l'IICll'e 
crttleall1 ...... - allllCe a aa.fflber of NM08 {Uld PMOEI) 
c1evlces m.,. be mugt.-1 tor aircraft appUOU1oU. Por 
tbe moat part, ap,1et lcClC toteruoe Will be dlftlout to 
acbl••• llGleH tba radl.&Uon .. 'llroame.nte IN alpilloully 
Jaw. For memory appllceti.ooa, NDftO or ~ 
charact.rllltlce offer the ltret lefll of laardeoJIIC to 
tnnelet!l dlsturballoff atnce a doM-ra&.8 bd•oed power­
OOWII will not promote Joe• of memoJ')' coatonta. MqMtlc1 
(plated wl.Ni8, thia blma), 01' ROM ,_ MN08 aeat.lcon­
dl.actors are sllllabla rnemor1 e.lemisnt. tn • t~ 
rldlatton 9ft\'tr0mllelllt. However, -'dltkm-1 p~ 
well ... "radlatton--elampl" ~ be Nqlldrtd fOT ~ 
me mory applJoaUona la hip level r-21.Uoa ermroo.med 
sfnoe driver ''lw..-.ott" and oon,seq\teftt er~• wrtunc 
cu oecur. 

T·h.e Clrcurwenuon M!f1!Y!ch 

Ctrcumvomioo may be t• 'COIOlllJebed bf cheek p '>lat.1 tt, 
tho main prop-am to •km ~ • 9tate of Ute complllter at 
N1'tcted pol'ftta In the pr1JIIU'~ . _..,.,.am. If a radiatloo 
dote rllte 1ilfllch exOMCI• logic lllaltuMtJoa Wlel• ( • toll 
rad• (9')/88c) 11 e11cou.nt.,-«1., the ma.lo memory 11 brat 
clw!cleed (or program correctneH; then the computatloo 
1, rolled blek to th,e 1Nt clw,cllpolnt .ttcb coata.1111 a 
preYlou.• etate or &be coms,u&.er. Tbt cellltral prooe .. o, 
1:1:nlt (CPU> I• tbea roio.ded With the prffloua ltaformattoa 
and Teproc .. •lnc betl;hu1 from. tu& pohlt., Tb• IIU.IDber or 
checkpot.nt• la oiatahUabed on Ute bl.ala or llllowable enor, 
atid epeed charactertauca of tbe oollll)Qter. SotM 000-­
•tdoratlori,1 neoeua-ry r.or evaJu1,t1ng a mJcrooomput.er 
s1.uro for c.t.r-cvm.-e.nU.oe ue ehown ta Tillie a, 
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Co:q,lflllJ of die ~mNllll.oD approach 'ltlU clepe~ 
til!I ml•tlon OOl:lltnJIJhi Ull'I nqubedl CIOffllllll1llltcmal ac­
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