
HEAVY ION AND PROTON INDUCED SINGLE EVENT TRANSIENTS
IN LINEAR DEVICES

Donald K. Nichols, James R. Coss, Tetsuo  Miyahira,  Harvey R. Schwartz
Jet Propulsion Laboratory, California Institute of Technology

Pasadena, CA 91109

AhvltYlct

‘1’his paper presents a display of heavy -
ion- and ]>rot(J1l-ill(lLlcc.cl  single evcnl
transients for sclcctccl  linear dcviccs.
‘Illc transient vital signs arc scrims: low
1,1 +3’ [hrcshold,  high voltage amp]iludc
and cxtcndcd  pul sc (iurat  ion (microsccs.  )

1. lntrodwlion

inves t iga t ions  of heavy ion
induced single  cvcml transients (S1 i’]’) in
Iincar IC’s have bee]) pmllc(i for SCVCJ”2i]
years (1 ,2), but their imptd on spare at~rl
satcllilc systems mcl a umvcnicnt  way
for describing and handling them is slill
open to d i scwssion.

OLIr al>pmfich  is (0 photop,raph
transicn[s  for a selection of dcviccs  for a
set of kcy paramc.tcrs, such as ion 1,1 ;’1’
and input  polarity. II- each photograph
contains scvcra] snapshots of a scric.s of
t r a n s i e n t s  gcncratcd  under  a fixed
identical condition, then Ihe photo
displays illdividua] device variability
such as might arjsc from jon impacts at
diffcrcnl ran(iom locations on lhc chip.
IIy taking the same set of photos for
scvcra] different heavy ions anti 1 ,1{”1’s,
onc can observe how the transjcnts
change with 1,1 i’]’ and also dckmninc the
device 1.1 H’ threshold.

in this paper ,  wc have appljcd
lb is approach to lhrcc (Ii ffcrcnt 0]) amps
and three cljffcrcnt  compar:itors. 1 n
addition, a sufficicni  number  of data
points were taken to dc.vclop  a heavy ion
cross section (for all observed trat)sicnts
cxc.c.cding  a spccificcl  2V outp[tt scope
lriggcr voltage ) and a 1 .F,’l’ thrcsho]d  for
several dcvicc  types.

A separate sc.ction Icports  the

first ]Jrotoll-it](lllcc(l  transients in a linear
devic.c-- proof of a well-prccliclcd rcsu]t
(l<cf. 2). lncltlded arc details of the
(ransicnl rcsmnsc of the NSC 1,M 139
Compal’atm’  ‘ to protons
cmcrgics, 1{]> <200  McV.
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o f  Val’iolls

A. l>cvjccs-- ‘1’hc lest (icvjces arc
cic.sc.rjbcd  in ‘1’able  1. M orc dct ai 1s arc
given in the. individual discussions of
device radiation rcspmsc.

‘1’able 1. ‘1’c.st I )cviccs

i z7’N 1<111056 0]) mp-l”a(l bald
1 /’1’N 1.M 108A q amp
I /’1’N 1<11 108A (y) m]md hal”d

N S C  1 /M139 Cmpara(m’
N S C  I,MI II comparator
I’N41 1.M139 Colll])m(ol’

~: Note: 1,TN=-1 .incar ‘1’cchnology,
NSC=National  Sclllicoll(lllctol,”
PM 1=1’rccisjm Mono] ithics

11. ‘J’cst  l;acilitics- IIcavy jon tests were
conducted at the llrookhtivcn Natjona]
1 Amatory (lINI,) Van dc Graaff and the
‘1’cxas  A&h4 (’1AM) KS(N cyclotron at
College Station. T h e  latter has a
significantly higbcr range of energies
than 13N1 >, but a ]OWCI’  set of] .];’]”S (See
Table 2.) ‘J’wo dcvjcc types, the 1,’1’N
R]] 1056 and NSC ] ,M ] 39, WC1’C tcstc(]
at both heavy ion facilities with only a
muic.  st diffc. rcncc  in r e s p o n s e  a t
cquivalcfnt  1,,1;1’.

Onc. dcvic.c, the NSC 1.M139
comparator, was also tc.stcd wjth protons
of energies up to 200 McV at the. Indiana
lJnivcrsity  Cyclotron l’acility (1(10’).



c. ‘I’M(  Sdup- ‘1’hc comparators  and 0})
amps WCIC set up as shown in 1 ‘igurcs 1
& 2, rcspcc(ivcly.  N o t e  that on t h e
output  of bo[h dcvicc types tlmc is a
divide-by-two cjrcuit  and op amp to
dcmlp]c  [k outputs from the lcstcl’ and
dllow t h e  outpul to cxcecd [he rails.
Note also that there is an inpu( vo]tagc
divider for tbc companttors,  but not the
0]) amps . Some noise. problems were
cncount  cd at t hc ‘1’AM  md i Um energy
heavy ion cyclotron wilb lbc op amp test
dc.vices, which were m i t i g a t e d  b y
placjng  a 1 nano]; capaci tor  on the
fccdbd. ‘1’his wm a stop-gap measure
{hat 2iffcctcd [be sbapc.  of Sl{rl’s
Somcwbat, according to a later
colnparison  using  a stmbc  li~h[.
l;it]tilly, note (1N J p]; capacitors on tbc
compm[m jnpu[s. J .atcr test data Were
obt:iincd  without tbcsc capacitors, and
no significant djffcrcncc  in lransicnt
I’CS]>OIISC was n o t e d .  A  bCS~ (St:ildd)
lCSI sclup ]Ids no[ ye t  been  C]1OSCI1;  in
s o m e  cnscs,  it mny bc OJIC (bat  can bc
easily rclntcxl  10 Ibc user’s sys[cm.

‘1’:iblc 2. ‘1’cs[ ions at 13N1 , & ‘llAM

facj] itics. ‘]’]lc lINI ,  data  WCI’C
su]xmdcd b y  t}lC  “1’Ah4 d:lta  CXCC]>t fOl”
tbmshold  dctcminatims  at I]N1, with 98
McV C, using  many i n c i d e n t  b e a m
angles. 1 lc.ncc bigbcr I ,I;l’ data is limited
t{) that from tbC “1’Ah4 tC.St. ]’hotos WCIC
taken for most dda runs, using W) Mc.V
Ar (] .]i’]’=”/.~  Mc.V/m~/cn)2)  and ] 96]
Mc.V Xc. (].]i’]’ = 4 4  iVkV/(In#Cm2),
O b s e r v a t i o n s  wc.rc.  ma(lc of  1 .1; ’1’
tbrcsbold,  dcvim cross section, transient
ampli[udcs,  duration and polarity.

Significant heavy ion transients
were seen with al] six dcvjcc  types. ‘1’hc
cross section for cacl~ clcvicc type is
tabulatd  in ‘1’ab]c 3, for tbc two 1,1 ;’1’s of
‘1’AM ions. in general, the comparators
showed a larger ampli[u(ic  but sbor(cr
(illration of transients 111:111 the (q) :II1lJM.
1 lowcvcr, tbc amp]it ucics arc significant
in botil functional types (ranging from
several volts  to raii-to-rai]) ami so is the
time. ciuratiol]  ( 1 to 20 microseconds.)
‘1’hc transit.l]t po]arity  dcpcn(is  cm input
polarity in all cases-- a fact Ih:it dcpcmls
OJI [bc inherent  clamping of the al[crnatc
transicn(  polarity.

1011.4 I ~!w’gy ___ .__l .1 i’J:~’

‘1 ‘AM

1961 McV Xc 44
600 h4cV A] 7.3

IINI,

286 McV 1 60
276 h4cv Ill’ 40
280 McV Ni 26
150 N4C.V Cl
go h/lcV ]: :>
98 McV ~ [-t all~lcs] ] .45

‘“ Mcv/(lng/cm2)

.Iwgc.(p)

148
227

‘1’ab]c 3. l’AM--’]iilIsiei1]1]l  IIwvy ION l)cvicc
[:10ss Scclions* (cm2) for d “Sfandad”  ltI[)u(  **

NS(:I,M139 5.9-1 ().5 1;-4 1.51WJ
NS[: I.M1 I 1 2,8; 0.3 I’M 8.5 IL-s
I ’MI IA4139 7? 1 ii-4 3 ];-4

28
36
44
42
64
98

1 lcavy ion (iata were taken at
botb  13N1.  :Ill(i ‘1’Ah4 accc]crator

op AIIIpS [().5V dcvicc input

1 :1’N 1{11 1056 1.4 li-?l 4 1;-5
I.”1’N I  M1OSA 6 IL-4 piclll]c (rely
1.“I’N 1<11 108A 51:-4 21 i-4

i ‘J’I)C CIOSS sc~(io]l is (h. ]lLlmbcl of tr:lnsienl
cvct~ts  cxcccdins  2V, dividd by the projcctc.d
tmm flLICl)CC  (iot]s/cn12).
*~ ‘1’here is no diflclcncc in cross section with
inpLl( polarity -- for lbcsc high 1 .1;1”s oIIly,
**4 Mcv/(mg/clll*)

‘1’IIc lransicnt  h e a v y  ion 1 ,1;’1’
tllrc.shold of most (icviccs  were foun(i,
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a shm(c.r duratim~  of 1.3 ps. RN], data
shOwcd a l.1i’1’  thrcsho]d of 2 . 0
McV/(]@m12).

‘1’hc C1’[)ss  Scdioll  [ Scc ‘J’ab]c  3]
of 5.9 j 0.s x 10-4 CJ1)2 for 1413’1’=44
McV/(mg/c.m2)  is for one. of the. fmlr
cmqmatms  comprising Ibc cluacl. “l’his
result c.al] bc ccmpamd wjth mt abul :iiccl
IINI , data of 3.4 f ] X ]()-4 CIN2  for
1.1 i’1’=40 h4cV/(mg/cm2). ‘J’hc number
Of data pOinls is limitd in lmth cases,
but [hc difference cxccds confidence
l i m i t s . Onc e x p l a n a t i o n :  t h e  ion tImk
assocjatcd  wjth the, highcy energy ‘1’Ah4
beam is nmrc (iamagil~g  than that Of lhc
lowc.r-range, 1.l!’J’-cquivalcnt 276 McV
13r ion al IINI..

~) r_M ] .] ._M ] ~--- ‘1’]]c S131i 1’CSJX)IISC  of
l\vo I’M ] COIll]Ml”21t01’S  [o ] 96 ] h~cv Xc
rcsclnl~lc.s tl)at  of NS<;.  ‘l<r:insicnis II:IVC.

a mmc variable time duratjcm  -- 0.3 {0 4
}1s pm’ pu]sc. Alllp]itudcs  arc mat’]y rai]-
10 mi] at 22 [0 26 V [] ’]1010 8]. A run
wi th  600” McV A]. [] ’hoto 35] ShOWCCl
lhc. same rail-lo-rail rcspcmsc as Xc, bu(
a slmrlcr duratim  Of 1.3 ps, c.qual  (0 that
of the NS~ 1. M139.

Notc that thC ]ow-] .];]’ thrc.shdds
[’1’ab]c 3a] fOr this par[ (Iiffcr greatly,
dcpc.nding  O n  Output  vOltagc  (inJ>ul
]x~larjl  y.) ‘1’his difference in rcspcmsc  10
input ]mlarit y [ :[1 10w 1.1 H’ ml y] is seen
ap,:lin  in the prOlOn cress sccticms Of the
NS[~ 1.h4 139 given in ‘1’ab]cs 5 & 6.

~) NS(;_l ,M 11 I--- ‘J’his cr)mpara(Or  has
all  11]>11 bi]mlw Output lransislm with 1.5
Koh]n J’csi  StOl”  On (]IC CO]] CCtO~ &
~l”OLIJKiCd  cmi[lcr. It thus has an cntirc]y
djffCJ’C1lt  S1 ;1 i 1’CSPOIISC fl’OJll  that Of thC.
prcvi Ous cJc\’icc  types . WhC.Jl thC.
COJll]X1l’:ttOJ’  hX :t ]OW OLlt]Xlt  (2111 “OJ)’”
(1’aJlsis[ol), t h e .  t r a n s i e n t  causes  t h e
transistm  tO gO Off fOr a time. I;OI Xc,
t hc amp] it mk Of the mt]ml appmichcs
-1 12V and lasts 0.1 100.4  ps [l%(m) 1 2].
(kmvcrscly,  for /1 high Olltl>Llt  the “off”
t ran sj st Or js t u rJmd on for a c0JIIp2iJ411c
pCTiOd  :llld thC OLltJ)U[ ;ippJ”(HJchcs  - J  5V
[1’lmto 1 3 ] .  ‘1’hc Ar (1.1; ’1 ’=7.3) rLIn
ll%OtO 36] slmwcd a smaller ampli[udc
of 2.5V :md S] IOJ”(Cl’ CillJ’:lti Oll Of -(). J ~lS.

(:. [)J> /$ Ill]M

‘] ‘hl’CC  diffC1’Cllt  bi ]>OhU’ OJ> :1111J3S
Jistcd jn “1’ab]c J  WCJC tested til mom
tclllJ>cI;i(Lllc,  w i t h  twO diffc.rc.nt  input
voltage  pairs clc.scribed in “1’ab]c 4.
[Note in the op amp tc.st setup  of }Jigure
2 (hat the.rc. is nO vOltagc (Iiviclcr On the
input I“c)s 0 J> a’hJ)  s . ]V i t h the
COlN]XJl”21t01’S,  :111 OJ> Wll]>  With &lill = 0 . 5
W:iS USC(1 011 thC OLIIJNlt,  and thC lllllllbCl”S
:{1’C COJTCCtC(i fCJJ” thilt jll thi S l“CJKH”[  Wld
OJ1 JhtO C:l]lti 011 S.

111 a(idition,  a 1 nmoI; c a p a c i t o r
w a s  ins[dllcd OJI si(c, para l le l  [0 the
J 00KohIN  fcdback resistors, in oIdcJ’  to
stop J]ojsc Oscillations. I)Ost test, the 0]>
aJll]> circuit W:lS tCStCd with a Stmbc. light
to cmnprc  the ‘JAM cm~figuratim  and a
simpJific.d  con fig~lrati[~n. ‘1’hclc was
cOnsidc.rablc. djffcrcncc in the twO circuit
rc.smnsc.  s. but nmc affcctin~ the basic
]&JlllCICJ”i  Of ;llllJ)]jt 11(]C :Itl(] (h J”:t[ i[)Jl .

‘1’abJc 4. lnpu( I’olarity  -- op AI]lJM

l’osilivc inpul

Negative jnpu[

‘J’hc data
different jn fmn

0.5V into -E input
(IV in(O - inJm(

OV itl[O  +- jnpul
+().5\~ in[O - inJmt

fOJ’ the. Op amps is

lJor Xc the am]> Jituclc  rang& from 4 to
8V with a lmg puJsc duraticm of -20 ps.
l;or  10 WCJ-l,lirJ’  Ar, lhc a m p l i t u d e
dccrcascs,  but the J)UISC  width stays ]mg,
“]’hc trcJId  with 1,I;’J’  is simi]ar 10 the
variabi 1 i t y al l)OJl~ t ratlsicnls  ObSCJ’VCd  fOJ”
a  fixed set of condilioJ]s. In t h i s  c a s e ,
thC :lJllJJ]itll(kX V:lt”y,  bllt Jlot  thC ]m]sc
w i d t h s .

1 ‘hum QI.QP .A up Impomc

I) 1.’l’N_  J{llflJ)S@- ‘1’his rad had bipolar
Op amJ>  W i t h  gaiIl = 12 bw+ a Jl;l;l”  oJl
t h e  input. ]llJ>Ut V(dt:l~CS  Of ] V lmd
0.5V (the. latlcr was a lest standard) (li(l
;Ifrcd the alnJ)litll(lc,  as SCCJI in 1’11010s”



18 &! 17, l’cspcctivcly],  and a Change ill
input pOlarjty c a u s e d  a rcvcrsa]  in
transit.nt pOlarity (ml slmwn.) l;O1’ 1961
McV XC [J .1]1’=44  Mc.V/(mg/cm2)],  thC
OulpLl[s have a smmth  pulse. shape, wi(h
4 V 10 8V amplit  udc, a very rapi(i rise
tilm  [<<1 ps] and a “l/c” dmay time Of
-15 ~ls. With Ar (1.1; ’1 ’=7.3), the
amplitude dccmascs 10 -IV [l%OtO  37],
and the cress sc.ctiOn  dc.cmascs  (SCC
‘1’ab]c 3), but the pulse ciuratiOn  rc.mains
]cm~. l]NI . data ShOWCd a 1,] ;“1’ tbl’CShO]d
d 1,7 McV/(mg/cm2).

A g a i n  tbc ‘J’AM data call 10C
mmparcd  tO that taken wi[h IIN 10wcr
energy Van (1c Graaff  at IINI , . II) the
IIN1, tc.st, the cress section for a 276
Mc.V llr iml of 1.lH’=40 McV/(mg/cm2)
was 91i-4 Cld Cmnpmd  to 1.41 ;-3 CII12
of ‘1’nb]c ~ [both for S/N 2 175]. ‘1’hC
incrcasc  a t  ‘J’AM m a y  bc I“cal,  1)11(
sbmld bc Of li[[lc mnscqucncc  tO prO~cct
lllal):l~cl’s.

~) 1,rl’N 1,M 108 A-- 11 can bc seen ill
pho[m 22 & 24 that this slmvcr op amp
Ig:lin=]  ()] bas h e a v y - i O n  inducd
lransicmts having a slowcr rise time Of 2
ps. I;W this dcvicc  lypc, the sign Of (I1c
inpu[ plarity has a significant impact m
t h e  ampli[udc  and durat iOn O f  tbc
[ransicnls, When irradi:tlcd  with 1961
M c V  XC (1,11’1’=44),  dcvjccs  wi[h :1
negative input [see dcfiniticm ill ‘1’able  4]
arc much mOrc.  susccp[ib]c than lhmc
w i t h  pOsilivc  input. Negative-inpu(
dcviccs  11’hoto 2 4 ]  c.xbibil  a ~rcat
vnriabi]ity  in Iransicnt amplitudes
ranging, [Ip (0 13V and a “l/c” (iccay
t i m e  o f  14 ps; pmi[ivc-input  clcviccs
[I%oto 22] have a fairly cmsislcnt  (220
%) 5V amplitmlc  ancl 10 ps “ 1 /c” ciccay
time. Wi(ll Ar (1.1;H’=7.3),  tbc amplitmlc
and pdsc duratim  remain the. same. fOr
lhc pOsitivc-inpul  (+-O.5V) clcvicc. [l>hOtO
~g] ; 1)() data  WCJ”C  dtainablc  fOJ”  a CJ”OSS

scc[i On. BN1. d a t a  shOWC(i  a  ] , ] ; ’ ] ’

(Itrcs}ml(l  (>f <1.45 McV/(mg/cm2).

~) l,:IN 1<11 logA-- ‘1’here is JIO

significant diffcrcncc  bctwccn  tbc
rcspmsc  of this dcvicc  t ypc an(i tile 1.’I’N
] .M ] 08A.  Whatcvc]’  I)lCXJI)S  WCI’C  llSC.[i  [()

dtain  the ra(i hmi (R] 1) prefix (iid nOt
:lffCC[  thC S1 ;}~ tl’~JISiCJlt  I’CSPC)I)SC.

IV. l’l”otolt” Ihperii}lf’lltfll  I{ C.Y1411S

‘]’hC fil’St ObSCJWtltioJIS  O f  l>J’OtOJl-
in(iuccci sillglc cvcnl transients were
obta ined  a t  the  ln(iiana  llnivcrsity
C;yc.10trOn l~:tciiil  y (1 U~li) fm [bc same
NS[~ 1 M 139 comparator tc.stc(i with
heavy iOns. “1’his  result was cxpcctui
bcczlllsc  of the low 1 ,li’J’ thlcsho](is  for
tbc. heavy iOns Wmsicnts.

‘1’hrcc devices were tcs[cd at
JX)olll tCl)l]lCJIJtll~C,  USi Jl~ t]lC S:tll)C. SCtll])
usc(i for lhc ‘1’Ah4 test with bcavy ims.
‘J’hc  [icviccs were irmiiatcci  wi th  200
M c V  tlJl(i  ]OWC1” CJICl”~y  ]WOtoJIS.  ‘1’hc
]) J’C]loIl(iCJ’211 )CC O f  [i:lt:t W:iS t;lkCJl  Wj[h
~25 mV it~put  (:11 the part) with powcJ
su]y)]y  VO]I :Igcs of ~ ]  5V. Ndc tht (]1C

applied vOltagc  (ii ffc.rcntials  arc twice
tllc Volttlgcs al thC lmrl, bc,causc  of a
(iividc-by-[wo  cjrcuii  m the. inpu[ (See
l;ig,urc.  1). ‘J’hc cJms scclions, (icfitlc(i  as
thC IlllJllbC~  Of tl”aJISiCJltS  ]>Cr LIIli[ flllCllCC
c.xcc.cciing  a 2V mtput trigger vOltagc,
arc sunlmarimci  in “1’able. 5 fOr tbc
ps(ivc  ;IJICi J~c,ga[ivc 2 5  JNV data.  ‘1’k

diffCJ’CJICC in cross sccti Ons fol” the two
input vOllagc  pOlaritics is significm[.

‘J’ab]c 5. 1.M 139 ‘l<ransicnt  [YOSS Scctim
(CJn2 pci’ cicvicc)  for 200” McV Prdms

SIN +-25mV -25JnV

2172 2.21{-11 1.61;-10
2173 4,51;-11 711-11
2174 31}-11 1.4 1;-10

All till’CC PW’[S WCJ’C ~lSO  tCS[CCi :1[
]OWCI’  pl”oton  cncrgics ] $ o f  1 2 0 ,  !)(), 60

and  30 h4c V. ]] OWC.  VC1”, J](J  tJ”il  JISi  CJlt S
WCJT in(iucc(i fOJ” Illcsc IOwcl”  CllcI”gy
protons  wit}} inpuis of -E25 mV. 1 br (11c
(i at /1 shown in “1’able 6, the input
vd[agcs  arc t.] 2.5 JnV. Again,  the cross
sccti Ons ciiffcr fOr the lwO polarities.
Notc aiso that [bc cross section for lbc
200 McV proton  Gin be coJnp:ircci  wilh



the entry in ‘1’able 5 for ~-25 mV; (hc
c r e s s  sccli Ons fOr t h e  10wcr inpLil
Vd[ap,cs  of ‘1’ab]c 6 arc aboLl(  all O]”(IC1” of
maglli(lldc.  larger thm those in ‘1’ab]c 5.
‘1’his obscrvtition l e a d s  10 IIIC tcsl
obicclivc displayd  in ‘1’ab]c 7. ‘1’here,
[~;t,  p:{l.[s  were tcstcd  wi(]l  2 o o  M e \ /
pl”otons”  Only, 1>11( for Several diffcrcllt
inpul vOl[agcs-- in order tO lmatc  a high
vOltaSc  djffcrcntia]  vOl[agc  thrcsl]Old
above which  ncI proton S1;1 i transients
:Irc obscrvcci.  ‘1’hc (iata arc statistically
lllC:l~,C1’,  S(I (i Zl[il  fOl” t]lC  tWO  JM1’(S  tllC
combil]c(i, ‘1’his thrcsho](i  i s
:Ij>]lloxit]]:l(cly fmln(i. ‘1’hc fact thal the
transients arc ccriain  10 bc small as wc
a p p r o a c h  thrcsho](i  was rc]cvanl an(i
llscfll  1.

‘l”ablc6. IJow’l;  llcrgyl’l’ololl  cross
Scc[iolls(  cl)121>cl(i cl~icc)l~s. 1$

Ilp(McV)  S/N- -t12.3 mV -12.5 mV

200 2 1 7 2  21;-10 2..8 ];-9

120 2 1 7 2  51i-11 g]j-]()

go 2 1 7 2  1.41i-lo I.J ii-9

60 2172 21;-11 1.2 ii-9
2173 <51;-11
2 1 7 4  4Ji-11 3.511-10

30 2 1 7 2  <21;-11 2}1-10
2173 <21;-  11] <51i-11
2174 <211-11] 2.51i-10

rccciving  the tdai  ac.ci]mulalc(i  dOsc,
‘1’here arc indications that the (iOsc
:lcclll~~lll:itiol~s  (- 100 Kra(is) affect the
s] ;1 i (i:ita  :idvclscl y.

~~ill&jics

‘1’hc statistic. s arc spaysc
thl”OLl@[)llt, bCC:lLISC. 21 hi@ ])lOtoll
flucncc (corrcspon(iing to a high total
Ciosc) was rcquimi to iducx transients.
‘J’his, of mursc, is gocxi news for space
pro~ccts--ba(i news fw statisticians. It js
pmsjblc  [0 establish 1’OissOn cmfi(icnm
]imi[s fOr ti~c ciata  by gOjng thrm]gh the.
raw (iat;(. S u c h  an cxc.rcisc  might  bc
Warran[c(i with this (iata, Ollly if fljght
cmfi(icncc  ]imits arc smlght.

‘1’ab]c 7, cross ScctiOns Vs ]II])L1[  Gap

~lap (mV) C;LUSS  section (cm2) Ndc

-1 500 0 1<51;-121
-1 50 71~-12 ““

-50 21i-11
-62.5 71;-12
-75 51;-12
-100 0 [< 1 1;-1

~: “small “ means tlla Oniy transicmts Of
a fcw Vol[s al’c Obsclvcci for the Ilotcxi
lcs[ con(iition.
** ‘]’k f] UCllCC S]1011](] h.avc bccll t;ikCIl

[0 1 l; 12 promls/cm?

1 ~iagmslic l{Lms

l;inai]y, a fcw diagnm(ic  r u n s
were dircc.lc(i  at an empty sOckcl will] a
tot:li  ]:ll& flLIC1lCC  Of>]012 ]>10tollS/CI112
(200 McV) to allay sLlspjcicms that the
(icvicc mcasurcmcnts  arc nOisc. ‘1’here
Were 110 Upsets Of the Clllpty Sockets,
which sh(JLIl(i  (iispmvc t h e  n o i s e
hypotilcsis.

othCI° di:~~ll(MtiC 1“1111S WCI’C  t:lkCI)
b y  rcirra(iiating parts w i t h  t h e  s a m e
c o n d i t i o n s  M tilcy cxpcricncc(i  b e f o r e

As wjth heavy ion (iata, (lIC trLic.
dcvicc  vdkigc  is twjcc that shown m] the.
smim, bccdLlsc  Of a ciivi(ic-by-lwo circLlit
011 [h OLl[]Nlt. ‘1’hLIs  m a x i m u m  dcvjce
vOltagc swings fOr the cOmparatOr  arc
-26 vOl(s m ncar]y rail-tmrai],  ami the
S1ll:ll]CSt  dC[CC(C(i  (iCViCC OLlt])ll[ SWill&
of 2V mc cslablishc(i  by the clmicc of a
] V scopc  Sctlillg 011 tile circuit OLllpllt.
Rcfcrcllms  in tllc text :irc fm’ the t~llC
(icvicc  vdtagc. VOll amp]itu(ics  arc the
vcr[ica] axis; tin~c  sca]cs lmrimntal.
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Note that cliffmmccs  bctwwm  [be.
individua] pl”otoll I“cspollscs of a
c o m p a r a t o r a r c  cll:ll”actclistic:llly
manifcstd  by diffcrcnccs in both the
duration  and amJJli(udc--in  tiistincticm tO
cbangcs mainly in lime dLlrati  On seen in
bcavy  ion tests of comparators. Small
amplitll(lcs  of the Ccmlpmtm”s  can also
OccLlr wbcn test cOnditi  Ons appJmch  a
tbrcsbOld  appropriate tO tbc sclcctc(i
ill]>Llt  V()]ta~C ~a]J:lll(i  JIJ’()tOll  CJICl~y.

‘Ibis qualitative diffcrcncc  with
protons C:IJ1 bc dtt]”iblltC(]  tO [bc WjdC
(ii ffcrcnccs  in dcpmitcd  cJlcJ”gy  fmm
llUC]CaJ’  lCXJCtiOJl ]M’O(illC(S jll(illCC(i  b y  it
proton o f  a  g i v e n  e n e r g y .  {icomclric
c(msi(icrati(ms p l a y  a  ro]c, bul so (iocs
tbc e n e r g y  spectrum Of rcmil sil imn
at Olns.

l’mton 1’5 al)ci 1’6 arc for  200”
N4CV protons wi th  a posit ive an~i
negative input of 25mV, showing rail-to-
rail ampljtu(ic.s of opposjtc polarity and
20(] nsc.c  widths. PbOtO 1’8 displays tbc
t i Jnc wi(i t b bet tcr fcw a diffc.rent scOpc
sweep rate. (200 nscc pcr (iivi sion. )

A scmJKi  pwl was im(!iatc(l  wit}]
200 McV pmt m~s and sbmvc.d a si m i i ar
1’CS )[)lISC. Atiditimai  data with an input
$al\ of -t12.5 mV we.rc d~taincd. ‘1’ilc
SJll:li ]Cl  ill]lllt vdta~c dOCS JIOt affC.Ct tbC
silapc of tbc transient, but jt bas a larger
cross  scctioJ1.

l>ata f o r  a  t h i r d  paJI suppo]ts
prcviolJs  (iat:i. III ad(iition ]>1]010 1’18 fOr
- 1 2 . 5  mV sbc)ws a wjcic r a n g e  of
alllplilu[ics  an(i wid[hs.  PbOtO 1)1 9 fOr
- 3 ’ 7 . 5  111 V JII[)VC.S tOW~J”(i  tbC  ill]>llt
Vol[agc  tl)rcsho](i. Wc scc a diminished
alllplitllcic {lJl(i  wjdtb,  as Cxpcctcd.

All tbrcc parts arc tested with
10wcr pmtm cncrgics,  as slmwn jn ‘1’ab]c
6. l’botO 1’35 for 200 h4c.v protons
Sl)ows a nlucb wi(icr [rallsicnt  - -
apprOachijlg 1 ps - -  attrib  Litc(i tO an
acc LIm Lllatcci  Cic. pOsilj On ((iosc)  of
protOJ)s late in the tcsl campaign. Wc
:1]S() S C C  th;lt so Mc.  V pJ”oto JIS” aJ’C
incapab]c  o f  .gcncrating Jajl- to-rail
voltages jn pbolo ]>36.

‘1’bc ]> IIO1OS  in suppor( of ‘1’ab]c 7
(Ilot S ] 1 O W J 1 )  (iCJllO1lStJ’~tC  tb:lt ]W”~C~
absol LIlc  magnitu(ics o f  input vo]lagcs
fO1’ CjtllC1’ ]d:ll”ity COI’J”CS]l(JJKi  to SJII:I1]CI”

Olltpll(  tl”ansicJlts,  as Cxpcdc(l.

yl’ot(m sllmlx]laJ

‘lIIc NSC 1,M 139 comparator  is
susccptib]c to pJ”otons  having cnc.rgics
typical of flarcsanri  ti)c Vatl AliCJI belts
(30t0200h4cV.)”  “J’}] cc]osss cc(ic)j]s:trc
cOnsistcntly  higher fOr tbc negative
app]ic(i  input as (icfincci  in scctiOn  111-11,
just  a s  wjtll bcavy iOns. ‘1’hc c r e s s
scctj Ons gcl smaller an(i u l t imate ly
VWliSb :It ]OWCJ” pJWtOJl  CJICl~iCS  ZiJICi a[
bighcr input vOlt:igc  (ii ffcrcnliais,  ‘lllE
[rallsiCJlt  CaJl bc a I“ai]-to-rai]  excursion
that lakes  p]acc jn -200 JlilllOSCC  0 1
lollgcl”, ‘]’bC (i:lt:l  Obtai JIC{i bCJ”C aJ”C
s[lfficicnt 10 permit  a rate estimate fOr a
kJIOWJl  ]lJ’otoJ)” CJIVil’OllIllCJl[  (flllCIICC  V S .
energy) ami  spccificd voltage gap.

‘]’]lC tJ”CllCi S of tbi S  (i:itfi, @LIS a
ciiagnmtic test, cOnf]rm  that this is a
sjJlglc Cvcnt  Cffcc[. ‘J’bc I“CSPOJ1  se arj Scs
from ])l’O1 [)1) jntcractjOl]  wilb la t t ice
nuclcj ICa(iing tO j0ni7,ing  rdcliatiOn
cicpmitim frOnl IIN rcac[icm  prO(iLlc[s.

“J’bc rcpor[cci  transients fmm troth
bcavy  iOns all(i  ]M”OtOJIS m a y  bc a map
tbrcat t o  S[)lllc S p a c e  an(i Satcllllc
SUbSyStCJll S. SyStCJM  ]lCJ”SOJlllC] Wd] b;iVC
to tak :1 C](KC  ]OOk tit ] 1 O W  h“ZIJISiCJltS, :1S
summari~, cd below, arc likely to impact
a d j a c e n t  clcctmnics. Tbc bcavy iOn
triinsicnts  bavcvc.ryba(i  vital signs:

(1) 1,1 H’ tbrcslml(i <2 McV/(J]]g/C]l12)
(2) 1 ,argc amplitu(ics  (JIMl)y volts)
(S) ] ,OJl~ (illJ’:~ti[)Jl  ((). ] t(J 20 }1S.)

‘]’hC ]X’Ot(Ml  tl’WISiCJltS ~1’C :I]S()  (i:lJl~Cl”OllS:
(]) ]h’OtOJl  CllC1”~y  tbl”CSbo]d  O f  -30

McV at input  sap of 12.5 JnV; bighcr
energy lbrcsho]cis fmbigbcrgaps.

(2) Amplituclcs  that cat) go rail-toJail.
(3)l)llr:ltiolls:  11)1)J”o:lc}liJlgl  /1s.
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( 1 ) R. Kog:i, S. IJ, IYnkcr[on, S. C;. Mms,
11. (;. hflaycr,  S. l.:il,~il]]()~l(lic]c,  S. J.
IIansc], K. 11. (Yawford  & W. R. (lain,
“ o b s e r v a t i o n  of SliUs  in Analog
Mic.mc.ircmits,”  lliliE  Trans. cm NL]c. Sci,
~S~(), N(). 6, ] 838 (]~CC,,  1993)

(2) R. licoffcl, s. I)llz,cllicr,  1’. ‘1’astct,  (:.
Aicardi, M. 1,allrLlncc, “Olmrva(ion of
]Icavy lOII ]nducc(l ‘1’ransicnts in l,incar
cUilcLlils,”  ]994 lfiljfil{aciiaticm J{ ffccts
IMta workshop,  ]>.72 (]kz., ] 994)

l’h0t02.  ‘l”lt~l]sicl~lc  >fNS(:l.  M139
COJN]M1’:ttOl”S  wi(h xc [1 J i’1’=44
h4CV/(Jll@112),] 4Vpcrvcr[ic.al
divisim;  0.5 ~lsl>crlloli7011tal  div.

1’1)[)(05. s:llllc as1’110t02  witl11’c\~cl”scd
inpLlt. NOtCrCVCJXCd  mltpLlt  trmsicn[s.

l’h0t034.  NSC; l.M139[cstc(i  witi]
imvcr 1.IH’ 600 McV Ar [1 .Ii’l’=7.3] .
N@c sim(c.r pulse width than with Xc.
4V/(iiv.; 0.5 ~ls/div.

1’110108. Rcprcscntalivc  trmsicn(  Of
I’MI 1,M 139 comparator with Xc
(1.1;’1’=44).  4V/(iiv;  0.5 ps/(iiv.

]’hdo  35. I’MI 1,M 139 tcstc~i  with lower
1.l~l’ 600” McV Ar [J .1i’1’=7.3] . NOIC
slmlcr ]misc wiciti~  than with Xc.
4V/(iiv; ().5 ps/(iiv.

l’hdo 12. NSC; 1.M 111 for Xc. 1,OW
OLI[]NI1  frOm bipOlm transistm. 4V/(iiv.;
0.2 ps/(iiv.

]’]]o1o ]3. NS{; 1.h4] ] ] for Xc. lli~h
lr~lilsislOr  OLllput.  4V/(iiv;  0.2 ps/div.

]’hOtOS  17 & ] 8. ] ,7’N ]<]] ] 056 fOJ’ Xc.
A cmnpariscm  of two different input
vOltagcs (rcvcrscci).  1’110(0 17 is ().5V;
]]11010 18 is IV. 2V/(iiv; 5 ~ls/(iiv.

]’hotO 37. ] .’J’N ]{]] ] 056 for Ar. Sa]nc
Vollagc  Scales as fOl” 1’11010s 17 & 18.

l’hd(~ 22 & 24. 1,’1’N l,h4 108A for Xc.
A cmnparism  of ]msi[ivc anti  ncga(ivc
input slmws a significant diffcrcnm  in
OutpLlt. 2V/Ciiv;  2 ps/(iiv.

I’1]o1o 39. 1,’I’N I <M 108A fc)r Ar.
SJIMilCJ  vo]tagc = ().5 V/(iiv; 2 ~[s/ciiv,

Qli<jOs  fQu.J’l”[)lolflIl lIl,\

]%oto 1)5. “1’ransicnt  of NSC~ 1 M 139
comp:iral(w witil  25 mV inpLl(  gap IS! 200”
McV prdms. 4V vcr(icai  ciivisim I :i(
{ic.vice]; 2 micmscc pm hOri nmtal.

l’hOtO 1’6, Simiiar [0 Run 5 witil
rcvcrsc~i input. NO(C reverse.ci mit p~]t
transicnl.

l’hOtO 1’8, Same cnn(iitims  as Run 6
wi[h 200 llat]c)scc/l]ol”iz.OIltai  (iivisi  On.

Pholo  P18. ‘1’r:msicnt of NS(; 1.M 139
fm -12.5 JnV input gap& 200 h4cV
pl’OtOJIS. 4V vcrlic.ai;  200 J)S hOrizOntal .

]’]]010 ]’] g. Sanlc as ]<1[11 18, CXC.C]3t for
-37.5 mV itlpLl[  gap. NOIC a ciiminishc(i
amplituic  and wi(illl.

l’hotcI 1’35. ‘1’ransicnt  for -12.5 mV input
~a]> 8! 200 McV ]WOtOIM t:lkCIl  aftc] 1 ()()
Kracis. 4V vc.rlicai;  200 ns hmizmtal.
NoIc. lmgcr transients than for RLII1 18.

l’lm[o  1’36. ‘1’ransic.nt  for -12.5 n~V & 30
McV ]WOtOIIS

l’hoto 36. NSC 1.M 111 for AI. 1 .ow
Irmsistm”  011[])11(. 1 V/(iiv; 0.2 ps/(iiv
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Photo 2, Representative transient of three NSC LM139 comparators with Xe
[LET= 44 MeV/(mg/cm2).] 4V per vertical division; 0.5 microsec/horizontal div.

F’hoto 5, same as F’hoto  2 with reversed input,  Note reversed output transients
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Photo 34. NSC L.MI 39 tested with lower LET” 600 MeV Ar [L ET=7,3] Note
shorter pulse width than with Xe, 4V/div; 0,5 microsecldiv.
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