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Th'- :..etal qa te C'AOS technology was 
or ig i iu i i l y chosen Tor i arii.it. lot, -h.u' don inq 
because ir.'ir.y !;yjf:'ins requ i red low standbv 
power 'J is:", i nnt i on , and the inner e n t l v 
si:per i or CMOS noi se :narqi n ; a] lowed 
g rea t e r r adi. i t ion- i n d u c t t h re sho ld v o l t - • 
age s h i f t s without ' si gnif i can t p e r f o r ­
mance d e g r a d a t i o n . 

The t h r u s t c£ the ? c t a l qate hard­
ening e f f o r t war. d i r e c t e d toward hard-
eni nq L!ie qa te oxi de and r e ! yi :ig upon 
d i f fused guardr ings to or event r a d i a ­
tion-iivducod invers ion cf the p -ve l l 
f i e l d ox ide . B r i e f l y , the exper imenta l 
r e s u l t s showed that the ga t e o x i d i s i n g 
arcbi'TiL i:nti t empera tu re , as well or, the 
ga te a n n e a l , had a taajoc e f f ec t on the 
g a t e oxide ha rdness . Tb'-- onto m e t a l l i z a ­
t i on process was another c r i t i c a l opera-
Lion, .TS c-bean not.il Li za t ion denosi t i on 
in t roduced iinar.nealab'. c daraano t h a t 
r e s u l t e d in l a r g e p-channei fhresnold 
vo l t age s h i f t s a f t e r i r r a d i a t i o n . 

Other process pa ramete r s , such as the 
s i l i c o n o r i e n t a t i o n and sur face q u a l i t y , 
p reox ida t jon c l e a n , and metal l i g a t i o n 
s i n t e r ambient, were not an do! ft or i our, 
to tbn <;."ite ha rdness . One ui nr.i t i can t 
rer .u l t of the hardner.r3 r.tudy was the d i s ­
covery t ha t the rad: at ior.-induced t h r e s h ­
o ld volt ,v;e n h i t t wa", nronrjrt ionai to the 
cube of the oxide th i c^neca ; t h y ; , s i q -
ni f i can t i : pfoverrents in hardness unuld 
be achjrved by reducing the g i t e t h i c k ­
n e s s . The Sand j a r e t n l qa t e r.a r rie-ed 
p rocess now u t i l i z e r , a 700 k, 10C3°C-!00 
pe rcen t 02 qace ox ida t ion •••Jti.out 311 
anneal v:it ri an in-nource al'JTinum meta l -
1 i?a*- Lon. l "^ i>i l 0 tb.re •.'.".«lii vo l t age 
s h i f t , as 1 funct ion ui t o t a l f!n^e t or 
t h in p r o c e s s , i s i l l u s t r a t e d In r i g u r c 1. 

'Th i s v/oik -.mr, sunpor tori by the 
Department of Energy. 

r i j i i f t o i 
T»H* fsm-i t) VOLTAOE EH'. 
fOH UflAL CA1L CMOS 

To str.:,:ii:' i YA- the v-reseiit ra,di a t itia-
hordoned not.-1_ —iLr> CMOS' r.tat-.tJ-., ' over -10 
c;uEtom chip--: have been de-.ionod and eval-
uati'd ft^r r.yslrnr. uric, and ' J000-r"r i«s 
hardened p.ir t". a re ava 1 1 a'.'le f ran sev-ji a I 
s n . i r c c r . I'.eqarad capahi I i 1 v has !c-ri 
well estr.bi.j^h".*., and the proces:; ha**-
demonstrated an >iTiH" c a o d h i l i t v in nr.CiTS 
of L0Q0 hours for a iC0«C h ia red l i ;'e 
t e s t . The d isadvantages of th i s t e c h n o l ­
ogy r hov;pver , a re i t s 1 IT i ted t>er t o : I'lan-.r̂  
(•,'S HK:0 and pickinn d e n s i t y (• T300 
Lra r . s i s t c r s in a s tandard c e l l r;--nr.o^ 
Ion ic chip cor i f iqurat ion) . Th^se l i m i t a ­
t i o n s of the metal ga te technology i.or 
the i i i i l i t i i ry svste:n. :; use have fo rced , .is 
thoy did in the commercial vrorUI, the 
devo] or-'fnent of a ha rdenc : r.i 1 icon go to 
technology. 

Hnrdencd_Si1 icon Gate T"chnolGgv 

The bull; CMOS s i l i c o n oat f r a d i a t i o n 
hurdeninn technoloay develonmont war. 
b u i l t upon the hardened ne ta l n^te pro­
c e s s , tn par t i c u l a r , a ICICJ^C-IOO per ­
cent a On q;.t" ox ida t ion with a noi.iinal 
f<00 /. thicii ' jeas is us .*!, and a l l p o s t -
tptf* ther: .al cycles a re n i n i n i z e d . The 
po lys i J i con depos i t i on is done a t 7r.0.°C 
and is foi. loved bv an 850°C r/r.ospijorrus 
d i f fus ion to ob ta in a pc ly s i l icon rl-.r.-t 
r e s i s t a n c e of ^0 f?/c. After the polys 11-
icon do! ir.f ntiors, the n + and p1" junc­
t i ons a re f ot ii'-:i !y u s.asi*,i;d ic,n implan­
t a t i o n . The inp l an t a t ion activf*t ion 
occurs during the hign t ^ u o r j ' t u r e [Rr>0-
9S0°C) i n t e r l o v e l oxide d e p o s i t i o n . 
The hJqh- temperature ox ide , which 
achieves good .-nop covorane, i s ua^rl for 
t h i s ieyer s ince the r a d i a t i o n hardness 
c o n i t r e i n t s preclude the convent ion.il 
1 of lev c»'clo used to acliieve qOt)d i n t e r -
3 pvrl -;t"i» co*. e raqo . The rcetall i na t ion 
i s an i:*.d.:r.:tinn-:;;5i:i r e . l i - M f.t loy, and 
a f t e r net a] .Jol ineat ion the s i n t e r and 
p a s s i v a t i o n complete rhe process c y c l e . 
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na t ion el l:.uU s i l i c o n ^^^\ o c i r e m •. s LU.it 
may operat e .it t^r a Ixlfl'*: r:id (Si) 
OXMOSUIV. Th" n- .-.mi u-rh.-.nnel t hr.-.-.hd d 
vi>lt!i]o, ar. .1 funct ion Y.f r.i.li at i on, i s 
i 1 1 U:,LI at od in i-'ioaie " . ' As with the 
n-.'t.i) CiU 1 t(-fl.:i.>].-.iv, the dip in the 
n-channel thro.-.hold vnl v.-.qo as a funct ion 
ol ir ! a.i>.<! inn : oq-i l ion t h a t , the p: e-
radi . i t ion value n:-.!i;l be above I !:•• t v p i e a t 
nonha: .huied val ;!••* *. o pi o v i s t d-'f- f t i on-
innde ripe rat i on. The irjcr-Mso in p-channel 
tin O'-hoM v.ilL.i.:- a", a iu:ietio;i <u dose 
a l i o iiii.-t:: I ' n t i.irdenorl i:irc'.nV'J HI 11 
t y p i c a l l y np.M.,t» .it a lower Ii-'queiK.-v 
tli.in t h e i r no:;:iardoned cvnint .nivir t :. A:; 
:i r e s u l t of t*io a:".yr.:r.et ,• ic !hi":;ho)d 
s h i f t s , ex tens ive r i i c u i t .in il ysi •.: must 
be p.'i l'.-»i-nnii to insure tha t race condi ­
t i o n s wil l not a r i s e as tin* p-chamie] 
Ihroshol d vol trioo inc reases v:!i i 1 c t ho 
n-channel t h re sho ld vol taqe dec reases , 

l - HGUKE-S: 

*- THRESHOLD VOLTAGE SH{I"TS VS TOTAL UOiiE 
FOR Si G A T £ C W O $ 
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The o ther aspect of t o t a l dose hard­

ening i s the H o l d r cq ion , which wi th 
moqarad exposures , can e x h i b i t nega t ive 
t h r e s h o l d vo l t aqc K!IiCts in excess of 100 
v o l t s . For t yp i ca l n-woll su r face con-
c e n t r a t ionr . , f i e l d invers ion wi l l occur 
between 5-1 Ox 10 3 r a d s , caus ing dramat ic 
Increase:-, in Iw F o c t n t * mor.nl qato 
t echnology , where the n + and p + d i f ­
fus ions a re for mod pr i or to the qa to 
m e t a l l i z a t i o n , quardr ings can be imple­
mented at no prose*sinq expense . For the 
s i l i c o n ^ato technology however; the c o n - ' 
v e n t i o n a l quardr inq formation, which of 
n e c e s s i t y i s accomplished p r i o r to "-he 
polys i 1 i con d^pos i t I o n , r oqu i r e s an add i -
t i o n a l pho tode l inca t i on and d i f f u s i o n . 
The guirdbandir.g can a l s o ho achieved by 
using the C 2L layout t e chn ique , which 
has no f i e l d oxide underneath r.olysi J.i ron 
and di t fuscd source p lanes underneath tho 

net all i station •1 here i s , however, 
s i g n i f i c a n t packing d e n s i t y p e n a l t y for 
m u l t i p l e input ga tes when C2r, layout 
t ech iques arc u t i l i z e d . 

The bulK CMOS technology a l so r e q u i r e s 
hardening for t r a n s i e n t ion iz ing r a d i a t i o n 
s inee p a r a s i t i c .nCRs, wtuch e x i s t in a l l 

bul>t CMOS c 
Vi .in'/, ii'iil en 
bultf latch-'.; 
MMdOjJlUd 

n i t s , c m lat ch-iij 
.Minont . Analva ' s 
nhfnoinwion h a v , hoi 
a'i q*>nnr i r : : ol ill ini 

u! 
to 

th^ l^tcb-a:> i. .-oM e:r.. ' Minor i;*-« i-,it-
I*:LT 1 i fi*i i •••-> control, -inch as o.ild 
<! 'pi :n) of :11•;11 ron i r r.ni i at i on, rod*»•••'; 
th" i'ai a:;i v.i c binolat nain such th.tt Si'H 
.ictir.il i.-i nhyH.iral ly i-rn.v.sl bin.'j.f> \ t l 

attract ivc f^it.ure with this anornach ir< 
that the pat .:-i • " i c ii.tin:: fin bo meaiiui'ivl 
at. w..i'er n-obr* to f.'.nl" i nn tram: i <'-U 
1 -»• ch-tip ha: in.-.!:;, Hot h t hr- qol d d.ini •id 
ti-fhriiqa'1"' a ad n-'-iitrnn i i radiat inij l...v? 
IKM'II fUicces:if til 1 y impl r»;i.ont <'u on fit:-':*n-«r -
C1..1 n n t M and of for a wol | conl roi I <•> 1 
t.oi*hnique for 1 atch-up prevent ion.1* 
IIosii ron i rradiat ion. i s par Lioal.ir Iv 
a*.':ract.i ve since it is a 1 ow-temper ai 'it o, 
no-KM' i t i cal , pont-proccr.r. inq step that 
roc;ii i ros no ii-.ndi f i cat ion of normal :it o-
cossinq Btenr.. Tho anneal i nq char act or-
i st i cs or the neut ron da:naqo h a v boen 
modeled and fit to experimental data, 
which confirms the lonq-tortn reliahilitv 
of this process. To da te, over n , (10LI 
pacl'.aqed raetal-qate parts and over 6,r.i)0 
die have been neutron irradiated and sam­
pled for 1 a ten-up. 1'arametr ic and 1 i I e 
tec t s ind icato no do 1eto r ious ofloct s 
from the neutt on i rradiat ion.fl 

The use of an epitaxial substrate 
will also prevent latr:h-up bv shunt inq 
the parasitic S C R and forcinq the holdisq 
current to excCTi a value that trio chin 
will support. 1'' 9 This technique mav l1-'' 
more attract ive to comniercial. vendors 
than either tho gold doping or neutron 
irradiation since it is easier to imple­
ment and, moreover, epitaxial circuits do 
not exhibit the slightly increased leak-
ago current, especially at hiqh tempera­
ture, associated with reduced lifetime. 

The first application of the hardened 
bulfc CMOS silicon qate technology was to 
implement a hardened ver si on of s\\ 
existing microprocessor family for use in 
a satellite system with a severe radia­
tion environment. Power constraints 
reaiiVrcd CMOS, and the existinq RCA ISOQ 
family, using tho C^L technolouv, 
appeared the most amenable to harcieninq. 
A ioint Sandia-RC(\ or oar am war. estab­
lished to develop and implement the Inrd-
r.-ned technoloqy on the 1S00 Eaiiilv us inq 
the 1.802 microprocessor, TCC-244 ?.5'ix4 
RAM, and 1E134 1024x8 ROM. 1 0 As dia-
cussod earlier, the first stop in the 
hardening effort included extensive cir­
cuit simulation to insure that the 
circuits would function through the r^nqe 
of radiation-induced threshold voltaue 
shifts. The simulations, con f i rmed by i 
comprehensive test program, indicated 
race conditions only in the 256x4 RAM 
ci rcuit, which subsequent ly was re-de­
signed to eliminate tho problems. 

Tho radiation tostinq utilised a 
Co^O source at an exposure rate of 
IxlO 6 rads/hour, Tho microprocessor 
wiii irradiated wi th a 10 *!!?. clac* 
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Tcc-2-V. IXRCTRICAI.-KAIIIAIIO:; CIIAKACUKISTICS 

frc-J».l lxl£ Z*12l J*l°! 

• D:: (r,») 4 . 0 - : . o i . c - 5 . 0 3 .0 -4 .0 2 . 0 - 3 . 0 
' O P UA> J . 5 - 3 . 0 2 .4 -2 .9 2 . 0 - 2 . 5 1.0-1.5 

TAA ( i l l ) 150-240 150-J.-.0 250-350 500-750 
T'.V ( n O 40-fo 45-65 70-110 K.O-22U 

•TO ( A) .5-50 ,5-50 1.0-11O 1.0-100 

DatJ rpprosi 'n ts riis!?,!* of 5 Id le 

l-" . '« ' t , h.v. !'»M-!1 Li.-hio •;...;!. To d a t e , m ' r . r 
^( '0 h i g h t <-l i . i h i L i t v , r . i .1 i : ! t inn-h ; i r . ! i -c ' - - . I 
l i f e , T-V-IM-',-,, a:nl 13 14:'. !:.ivo bi>.»n 
d ' l i'.-ei .-d ! n r luie in i M t n U i l o s y s t e m : ; . 

. ^ . ^ L l . ' . ' i ' - l l L U 

In designing the Si-Gate standard 
cell family, prime, considers ion wis 
g i v n to topological flexibility. ?\TSV 
fxiJcrioncc with a rr."l il gate CMOS stan­
dard col] family dictated cell LivonL 
techniques ami desiqn rul osi that won 1 d 
all ow now col] s to be designed eas: Iv and 
quickly with a minimum amount of design 
experience. Additionally, existing colls 
can be modified to take; advantage of 
design rule shrinki nq wi thuut a large 
investment in manpower. 

To accompl i sh those goals, cells are 
arranged in a linear array where all *i 
and p transistor •; have equal channel 
1 ength-lo-wi dth ratio",. This i-~ illus­
trated in Pujuro 3, which depicts an RIA 
strucluic for a two-innut gite. The ver­
tical palyr. i 1 icon gai c lines, ate on a 
fixed hor i-.-.ontal pitch of 20 microns, ind 
metal interconnect.1.; tie trie .-a»propr i ate 
region:; to one another. The ntandird 
cell height (ISO microns) wan determined 
by performing extensive simulations to 
arrive at a reasonable compromise between 
coll po v f ormanco i I dr i ye and cooed) and 
densi ty. This conpioT.ise results in a 
cell hf i ght that is 30 per cen t larger 
than the ninimumpossihie height dictated 
only by layout design rules. Briefly, 
the cell height was ad} us ted so that the 
inherent layout capacitance of a two-
input gai.o equalled the Input capacitance 
resulting from a fan-out of two for simi­
lar gators. The n and p devices have 
channel widths o£ 38 4,m and 77 ..m, res­
pectively, to account for the difference 
in mobility for the two types of silicon. 
It should hi? noted that increasing the 
device !;iz(v; to attain higher drive capa­
bility si«nly requires a straightforward 
vrrlie-il stretch of all cells. 



i -i.'-'Nt a1 (iron 
M i l-ion to 
.::-! dor Paw 

roy.i-AtM-.i, patterns, 
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1. tvi'i.nl n and p transistors on both 
gate and field ox i .it.1::, 

Another very i Alport .Kit advant m f of 
the IiiK-.tr ari.iy Kv.'o.it ;mpr'Jich apparent 
from Figure 1 i:; that o 1 ] input.: an.i 
out p.its ..re .vi-.''.";i!)lo l nvn both th« top 
and bottom of each eel!; thi.s dual-nort 
approach \*i<*1 or: ti e:nendnus advaut .nio:; in 
stand:nd ct.-ll rr!i i i> lavnuts and ir.ji-.on the 
ce] 1 fa::iily par S-icul zr ly attractive for 
use with cor.ipm.er desi gn ai ds such as 
automated layout programs.' ̂  havouts-
ciiu bo generated wi th a nenl i q iblo amount 
of end-around wirinn channels character­
istic: of layouts accomplished with single 
port cell.". Additionally, the end cap of 
most coll s can h^ uti 1 ir.ed an an inter­
cel 1 row I rodthrough tn further mi nirni ?,e 
end-aiound wiring channels. An automatf*d 
layout program named SlChOPS, ' •*, ~1^ 
capable of taking full advantage o[ the 
two-ported cell structure , to produce 
optimized random Ionic layouts, in 
presently under development at Snntlia, 

In addition to utilising radiation-
hard process i nq techniques wh ich mini mi re 
char no bu i Idup in ox j den , the V.\,h ce 11 
fami .y layout: technique completely iso­
lates all dovi con, Tiiin is accotapl i shed, 
as illustrated in Fiqure 3, by: 

1. providing a continuous p + guardband 
along the p-wfll perimeter of the 
cell array, and 

2. a vertical, polysi1 icon field shield 
whose gate is ti -id either to \'$$ or 
V for the required lateral isolation. 

Tito n - c h a m e l field shield extends 
from the bottom p + quardhand to the top 
guardband. This field shield lateral 
Isolation is much more efficient in area 
than a diffused quardhand; thus, the 
linear arrav layout technique provides 
cor.ip] cto device isolation with a minimum 
effect on coll dimensions. The diffused 
guardband causes loss than a 10 percent 
penalty in cell height. 

An RLA tent chip was designed, fabri­
cated, and evaluated to provide an exper­
imental verification test vehicle for the 
co 11 Can i 1 y, The- rest ch i p con tain.: a 
range of test devices to provide the 

'}, pair delav strings of inver t-fi-s, two 
ino.it NVJt) ci.it*'!-. and U.-o input Will 
rj.ilci, 

•I. Johnson count or s with di If e m i t 
f 1 i p-t' lop el <"U'.'iiit\, 

5. hi nary counter , and 

fi. arrays of device!- (.105(1 e t ).) of n and 
p d.*vicps with varying nato longLhs. 

From a designer's point of view, the i..<:r. 
ch io pi ov ides .-it-nurtures 1 ron wh ich a 
oompl.-'.e matrix of :;\odo ! j nq r S: :i:-.i.-to! s 
can he obta i m-d as veil as ci vcu i ! r. ut i-
1 i v. i -a.i che has i c ce 1 1 r,? tos wh i ch t-'.tn bo 
anal v:*.od and tested tn ver i £y the va 1 i i-
i ty asiil accuracy of node I pat arieter-".. 
Al 1 cell and ci rcu i t responses were si m-a-
latetl using the SPICK circuit analysis 
program. 

h representative sa^ale of experinien-
tally dor ivod eleett ica) parameters for 
the cell family are shown in Table n . 
Included are: 

1. typical cell delay times for various 
combinational logic gates, 

2. maximum clocking frequency of counter 
circuits, and 

3. n- and p-drive current data tabu­
lated for 5 and 10 volts at roon toiti-
perrtture. The cell family can be 
generally characteri?od as having 
5-10 nn gate rielavs at 10 volts ami 
10-20 ns gate delavs at 5 volts. 
Counter operation in the 10 to ?.0 MHz. 
range is possible at 10 volts. 

TABU: n 
TVP1CAI, Kl.ft CKM, FAMILY 

KLKCTOICAr, CIIARACTRRJSTICS 

Frequency of [ting Counters 
3-5 MH7. fl 5 V 

8->10 HHz Pill V 

Gate propagat ion Delays 
5_v lfl V 

I n v e r t e r 7-11 na 3-& ns 
2-input NOR 13-19 ns fi-8 ns 
2- input HAND 14-20 nn fi-8 ns 

Output Drives fmA) 2 V Off Rai l 
B E Q 12 

Output buffer 7 5 H 9 
Standard Cells I 0,8 1.7 1.0 
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flQLif'E-33 
N-CHANNEC OJTPUT fcfllVt VS OOSE 

JO t h o u g h w o r k i n c o n t i n u i n g I n o o l i -
n i z i n g t h e j : i . A S i - C i t e p r o c e s s f o r e l e c ­
t r i c a l p r o p e r t i e s a n d i n e x t e n d i n g t h o 
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riounE-c 
CRITICAL PATH [.tL*V VS CtOSC, VDO'IOV 

CMOS-Hardono/l Technology Comparison 

While CMOS has been established as a 
major technology to moot the power, per­
formance, and radiation requirements For 
many space-borne applications, the choice 
whether to use [nil k or SOS has not boon 
resolved. Historical] y, the SOS toch;-
nolony appeared to of Eor the only guar-j 
an tood solution to the CMOS latch- ui; 
phonomenon. .Mar>, bocause of its reduced 
junction and interconnect capacitance, it 
promised hiqhor performance, although tho 
perfornancG anpoct ia somewhat open r.ince 
tho BOS technology hnr; a aifjnif icant ly 
lrcrfoc mobility than tho hulk technoloqv, ! 

Tho trado-ofEs [oc thene annotn were tho 
required material undurstandinn of the 
r.i I icon-sapphire structure and tho dir.-
advant,i<r? of not utilizinq a mainstream 
process, Since both technoloqten have 
boon in development Cor several yoars, i t 
in now appropriate to evaluate ttiei r 
relative merits, 
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TABU-: i l l * 

FT ALU CMOS COMPARISON 

T o t a l A r e a C h i p 
o f C e l l s A r e a 

( m i l r , 2 ) (K mil.: 
B u l k CMOS 

S u p p l i e r A 27.7 1 4 , 3 0 5 3 6 . 1 
S a n r i i a 172 6 , 6 9 1 2 1 . 7 

CMOS/SOS 
Supplier B 169 
Supplier C 10? 

5,628 22.8 
6,151 19,9 

Performance-Critical Path 

Hull; 
Supplier A 95-132 ns 
Sandia 75-110 ns 

CMOS/SOS 
S u p p l i e r \\ 1 4 0 - 2 0 0 nr. 
S u p p l i e r C 6 0 - 1 3 0 n s 

* P « t a from M, S o a v o y , R a y t h e o n 

I t s h o u l d be p o i n t e d o u t t h a t w i t h 
t h e e x c e p t i o n of s u p p l i e r A, t h e p a r t s 
w e r e d e s i g n e d t o op..>ra* •:• a t lfl v o l t s , 

^ . S u p p l i e r A d i d a 5 - v o l t d e s i g n w h i c . i 
^ a d v e r s e ! y cor.pro.t i i s e d t lie p a c k i n g d e n s i t y , 
^The S a n d i a b u l k CMOS d e s i g n i s q u i t e com­
p e t i t i v e i n b o t h p : i c X i n q d e n s i t y a n d 
p e r f o r m a n c e . 
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i n l i q h t ol t'-.e w e l l o m ibl i i ihcd h.-itilen 
b;ii V. CMOS t o f l i i i o l . o t i y , j r. op-^si t o w e r i o 
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F u t u r e w o ] 
bul 1 . : CMOS teL-hr 
tii.'On '-he ii'..i i n:' t r 
n o U v r . ' i w i l l fnt 

ami p.*i 

i i i r i ; : t e 
a n d s e l l - a l i o n i n q t h e n-w.-M t o si 
d r a in : - , wi i l !r.;:'r;i> t h e t-'.:l k C^.OS toi 
v i r t u n 1 1 y i denL i c a I t o t h e CMC: 
R e d u c e d po l y s i 1. i c o n r e s i s t a n c e w i l l 
m i z e t h e TIC i n t e r c o n n e c t l o a d , in. ikii 
c a r r i e r m o b i l i t y s m o r e : ' - i a n i f i c . i n t . 
t o r i n c i r c u i t p e r f oi : ; ;a: ico. Har.i? 
p r e s e n t d a t a c o n c e r n i n g y i e l d , r o l i 
i t y , d e l i v e r a b i l i t y , n e r r o n n a n c e , 
f u t u r e t r e n d s , t h e r a r i i a t i o n - h a r 
b u H CMOS tc . ' t :hr .oloqv i s r l e a r l y t h e 
t e c h n o l o g y f o r c y s t e n j v / i t h r a d i 
env i r o n m e n t K . 

will, oli 

u t i o i a r v trend*-. i n V i e 
l o l o - i y , v> •h ich w i l 1 b u i M 
' f - rn r>\"- •••ciaL b-i!*.; l e c h -
t ! '!••:• I T - ' r 'sve i t.'; nacV, i -in 
t ! orn.anc 1- For e x a m p l e , 

har d i ' i ie i 1 1 i o l d o x i ' l ' ' 1 -• 
t ;h " need f o r q u a r d h a i v l i . 

n the 
f.v:-

on 
,-ibil-

;i-id 
r.M.l 

Conclusion:" 

The radiation-hardened bulk metal 
qate CMOS techno Joqy U.ir, a proven track 
record for meijnrad h.irdnosr, high relia­
bility, availability, ;u\<1 no latch-u". 
This process has been extended to a hatd-
encd nil icon q.v. e procen ; that was appl ied 
Lo a coTHcrcial rri croprocL'sr.or Camilv, 
which led to the suecessrul Cabr Lcvit Jon 
and deli v r v of Inqh-rolial.-'iTi t y, 
radiation-lnrdennd m jcrourocecnors, '?">»̂ x4 
RAMS and 102-1x8 ROMS. A hardened cell 
f am i ly wan d e v 1 oped that of f ers s i qn i f-
icantly improve;) perlornance and nacl:inq 
den si ty over i ts nictal qate predecessor 
and maintains low static rower dir.sipit ion 
in a radiation enviror.^ont. This topo­
logical ly fiii-olo, hinh-ovrformance, du.il-
ported cell f.rr.ily was used in a hi'l'^-SOS 
design comparison and exhibited co:np-fi-
t'vo perfo**:»aT'ce and packing density while 
offering da::.on at rated yield and reli abll-
itv afivantan^s, Presentlv, a radiation-
hardened, 1024x1 RAM and 102-lxfl ROM A m 
being designed in the hardened bulk CMOS 
techno I oqy, future ongoing evolut ion.irv 
dcvolopmonts wi1] provide even greater 
perforinancc for this versatile technology. 
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