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Alrtrot

The single event wpset { SEIT) sensibviby of cerlin prpes of
lineat moicmcircuits &= shongly affectsd toe bizs conditions.
For the= devices, a roodel of wpest rrechani=tonand a e thod
for SEIT have teen sugwmested

1. TR ODTCTION

The histooy of the single event upset (SEIT) sudy of linear
inkegmabed cimuits (T2 is mlatively shodt, The first & podting
of SETs in linear I wood place in 1905 [1]. This can he
coropated with the sutemantially longer hisoge of the ol
ionizing dose (TIDY investgaton of linear Ifs, including
thioe inyolving electon imadiaion [2.3] However the smdy
of SEUs in linear IC= (which have also teen cafled analor
SEU =) has sained attenbion [4, 5, 6] i wcent pears patihy due
o the detdtren il e fecks which moeee sesult frornanainge SEU=
in space bome elechionics systercs. For exatnople, batkeny
chateme cimuits, which meopodale a vollaee coropambod fol-
lowed toy a D-pppe flip-flop, have tedrodnated the chardnge
process when the cornpambod is irmdiated Ty heavy ions.
SircdIve spsteroes have teen whilived in speace o chares tatbetes
with the 1= of zobar pameds. Inothet cases, analogr SETs moeoe
e trembed althowgh they ame a nuisance [7]. While previous
shidies of analogx SEUs hayve included e mults obbmined foc
varping tias settings [4.5.6] the moagoriny of the est el
have been obtxined with a relabively aoell nurdber of gt
tias sethings. Therefom, a substantial difference in the
sensibyiky of a et device ype due o diffeent bz conditons
has notteen pepoated. Inarder o beter uwndersand the wpeset
eechardisrns and o poesitdy moikgate the fogect of SEU= on
the ms e we lave exposed several ppec of Hnear I0s biaced
in vaqing condibons o heavy dons. This has extended the
soope of SEIT obesrvations in lnear I0= bodnclude vamons
Qiescent input conditons. The cument invesieation has led
1o a finding in which SEL sensitirity moay be educed g
controlting the quiescent mput conditions i some oppes of
linear IZ=

I TEST DEYIZES

Test device trpes include yolmee cornparabors, operaticnal
arcgplifiers, and other lineat nbe aked cimudts, afl of which
incogpoda ke a difference atoplifier cimudt ab the input secton.
The input sechion has been shown o be E=nsitdyve D heayy

iome= in sivoilar cieudts [1]. The estdevice brpes ae shogmoin
Tahle 1.

The LWM119 voltage commparator incorpoftes npn
iansishors in the difference aroglifier sectons (Tl T2 and
LY and the fewvel shift section (L) 2= shownoin Bgue 1. This
iz de=signed for high speed applications and it provides a
sponse Hone of kes than 100 nanoeeconds, The posiive and
the negalive inputs (+¥vpq and v are diectly ted o the
tansisioes 1 and G2 meopes: Bvely, in the Dl arcgplifier

L1539 and TI111 wollye coropedabods incorpodake fop
ansisiods in the front section, whete te idbial arogpbifics bon
rikes plce, These device: ame of rowch clderdesion and havea
i bively dow time eaponse, The meponse irnes for Lh{l30
amd Th4111 ae abonk 1.3 rodcaceecond s 2amd 200 ranceecond=s,
respechively. A sitoplified circuit diagmrn for ThI{139 i=
shoem in Figue 2. The Derling on difference aroglifier i=
roade wpof four manastors (O, G2 08 and Oy, The diodes
(Tl and Ty ab the input pins provide a quick mcovedy ac o
z= an additional curent som:e aweTrenting &1 o &8 for alow
(less than 0.5 wolts)h to bdgh woltage transition. Lhd111
consists of thiee diffetence areglifiers (T, D2 and D3 a=
shorgmin Figure 5. Ttdoes ot haye the quick mcoveny diodes
at the inputs. The woltags conversion (ioward the owiput
voltage, v,) at the end section of the D3 circuits is
(comcep wallyh sitedlar o hat shown in the "L saction in
Figue 1. A= the "300 section roabches hatin FHyume 1.

We do not show ransistor yvel circndt scheroabics of the
mst of the device prpes due o litcdbed availabdling of space.
Hopever a emsisior level cimuit scheroabic is of en paooided
in the specification sheetof 2 device bty the rendacuer, The
AT yolare corrgamabcd has a fast eeponse Wroe, which
iz on the order of tens of nanceeconds. The opembonal
arcplifiers Op -2 and TR102 ae faboicabed with different
technologies, Cp-d2 incorpodates a fast JFET {unction fisld
effect mateichor) inpnut difference aroplifier folowed ty cmades
made up of npn tEnsisors o fast eoporee. L1038
incooporakes the sndard npn bipolar Hemsistors i the first
difference aroplifier. However, the bpdcal ingat bizs cument
value of aboat 1 nano-Arapes for this device type is
corcfarble o those for FET devices.

REF{I iz a tipobht volags refeence device, which
incorporaes a few difference arplifiers. Cme & o coTopensake
for the teropeda e chanee while another = o moondlod and o
= rulabe te oupat, A= such it roege te affec ed Ty heayy ions.
251549 iz a Hipolar curmnt sense Iabch deyvice consising of 2
cople of yolaes coropedabors as shown in Figue 4. The
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Tatle 1 Listof Linear I'= Clonsidered fior SETT Testing

Laenyicsa I3 Ldamutac et Fume: BiCm Lake code
ILhflll Matiomal ol e Cornpaabor =y ke
Lhdlio Matiomal ol e Cornpaabor o533
Lrd139 Maticmal ol ge Coroamor o518
ATOE0E Analogy Devives ol e COTnpRAleT =0 H g
Cp-d2 Analogy Devives Cperational Aroplifier o830
Lhflns Matiomal Crperational Aroplifier ooss
REF{2 Arnzlog Devices Yol ge Refemnoe (=10 g
2515409 Silicom Grenetal CurEent Sense Latch = ey

* A1 ae fatmicaed with the tipos echnodoee.

oy of corrgedaied in the rodddle of the disgarois roede up of
foup wansistors fomrodny the Dadington diffemnee aroglifier,
251549 i= dedened to roonilod cument for wse with a pulse
width roodwlakod (PR iR a pooser convedter spsern 2 ).

IOI. TESTIMMETHID

bdioest amalog SE= appear 2= adishrbemes in the cnlput of the
test devds, The distarthanes often has both positive and
neralive polrbes a wide rangs of pulse heighe, and yaneme
wilths [Ld]. These SEU: ate alo called tansdents since ey
disappear in e, However, thedir effects roeey be rocde lastng
inyasows cimadt gesterns affected tor thern,  Such an exarogle
iz poovided in Sec don I

Cruning the esting, the imadisfion sike (where he device
under et is located) is sevedal feat (of Toome) aoemy fooon the
aren wher SEI de echon (obseryation of counking of wpsets)
ke placs, In odder b0 cornpensate fod fe lates atenuation of
te caLtput signate (ecpaciatly for thoss which do ot hayve
bigh driving capabilife we have added a sitople resistor
nebpork. Anexaropl wilfeed for Lhi111 is shoen in Figune
3. Gince the cecilloecope ha a very hirh volles rin it i
possible o oteense the disturbance adequately T sitopdy
radring the s as necessany, Cften we 1se 3 Sodame soope
fzuch as Tektrondn TS0 of TDE744 A) to collect an
insanfnecs aap shok of the distubanc:, This infodmm bon
incdudes fee tueshold yolmes o te analoy signal cupak, e
pul= width, and the polanng of the distutbance, (Since the
snap shots of these dishirbemees have been foecented eatier
[1.4.4], we do not shoe thero hem ) The same detecdon
reechardsrois wed o aoliect rmny evenks in cmes o incease
the SETT counk for teter statctcs, 'We oiasionally inert a
curent driver of a log: rak (=ch as a fip-flop) at the okt
of Lh111. then by counbing the output mensibons of the
flip-flop, we indiges: Ay de ect the analog SETT events Insorme
applications, this set-up is yery conyendent toouse, Hopever,
we mevikably loss the fideling of the SEU signals both in the
Hre and the pulse height doroeins, In other words, we no
lomger obeerve the yafabons in the pulse height of width,
et we have achieved the otjective of finding cut bhow a
digital cimuit which recedves signals forn an analoge IO ooay
b affeched. Themfore we wse both brpes of test cimudks,
which angrrent each other,

Bor devices other than yollzes coropatabods, the best set-
upes are shll wery sirrdlac to that shown o Figue 5. In cmer
o rezxnue he Snsibving of operational aroplifiers the st
device i replaced tor an opemtional arcgdifier tiaced in a
genemal condition 2= shown in Figue &, We often e +pp to
ground and Sy toasstvolbge.

9

2531549 conbzdns a couple of foomt-end aroplifier circudrs,
The device senees the cument atboth the high and low voliags
levels with imbermal yolge coropadaioes. We have meased
the =natvity o both coropambiers o the device. Howwever,
fod taevily we descrite here onty the poocedues adopred o
testing the lower cornpatator. Inomder o measne the
seqsitirity of the lonwer coroperabor, we shodt the teo inputs
o e wpper cornpeda ied (see Figure 4% and poowide a specific
ingut vollges ko the positye mpaks for the T2 CRIIITPTTT'.
The g hoechold has teen mtemally setat 100 . In
Other wiods, e outpt changes the stabe when the diffemeace
in the ingut yollees exncesds 100 . Here, we select hmee
yollygee levels 50, 70, and S0 Tl

EEF2 i tdased while rocdntaining the outplt msishod
(B in Figure 33 to 33 Eohro 2= shown in Figue 7. The
inputs o the diffemnce aroplifier in this device bepe are ot
suited for comtrolled variations, since they are tied 1o the
erreahe sensods oF the oubput volage, Meyertheless we
include this device brpe in our best sarnples, tecanse we moay
cheatve rreanumtle diffemnce in SET sensitviby for different
heTrem e Sekbines.

The SET cioss-sactdon has been defined eadier in a
Tremnet accEpable © the mdaion effects comnrmundty [1,.4.8].
We ww the same defirition Harceby, the SEUT cooss-section,
g, 15 defited as for digel ciruits, yia the equalon g = ITE
coedy, whete 1T is the nurcber of upsets and (F oo’ is the
wsual Fhercefanele farod, Tis crucdal tonote that IT depends
upon Hee vatue of the theeshold.

We um I {57 hie™, e (90 Bhie™, Ar (180 R T
(200 By Eor (380 h4eVy and He (800 ke dons ab the
Lawmnee Begieley IMational Tabodabony 83 -dnch cpclowon
facitiby, The msociated LET vatues of thess ionsame 52 5.6,
15, 50,41, 2md &3 ]:-.-Ie“.-’.l'[rn,g.trrt?}],rﬁpecm'elg.r

Ti¥. TEST RESTILTS

The SEU disturtemoes am pulees, which yany foornyery short
ful=s (<5 nanoeeconds) of stoall pulse hedght (<350 ol o
thoe of longe duration (=1 =) with e pukee hedeht (@i -to-
fail). Theyare supertopo®d on e nodmoal ckpat vol e of
the Todcocdmit.  Soroe dishutbemcss (of mansenkE) aE nmde
up O roode than one puls . Bor esarople the rosin pulse of
one rocieesad width & followed te 2 secomd puke of siToiter
width, tut mhbvely soeller pulse hedght amiving st about
the Hrre when the roein puls has retumed o the Quiescent
level These double pukes ae counbed 2 aue dis urbancs [1.4].
The tgeer volmes thieshold has been sorewhat achd iy
chosen (see Figuwe 53, When the +%cc & +3 VW and =%os isar
the wmund for LRA111, the tdeesr heshdd is st at +25 %
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Table 2. Approgitele thechold LET walues in [bde™ § ropfern)] fof yaoious A% yvahes,

AV (Failtsy LETy, {+¥oo = 57)

LETy, (+¥oe = 10V) LET;y, {+ Voo = 137)

]85

Q4o

020

a0

Ja

o

10

117

13

15 S0
20 S0

k]
3
3
13
an
an
a0
a0
a0

5
3
3

<3
K]
3

1a <15
a0 13
a0 30
40 30
a0 40
a0 40
a0 40
&l =1

While we inctezse +%oo b0 + 100 and then o +137%, we sull
redntadin the tgeer trechodd ab +25%. Since the cutput of
Lh4111 i the "open colleciod’’ bpe, the fesnt chodce of the
b et thieshdld appears bo e poopet.

The SEU resule for Lhil11 are showsm in Fizwmes 3, Q.
and 10 for the tdas voltmes of (+%ec = 5 vols and Ve =
amundy, (+Wos = 10 vols 2amd Yoo = gomd?, 2md (4o =15
volke and Voo = gound) respectively. Ineach cas the ingut
voltage difference, AV [= (+ypp - (vl was varied fmoom
05 o 20 yolks, The thieshold LET values tecaroe lame as
&Y was incmeaced as shown in Tatde 2. The mtio of the
nurcher of positive poing SENT pulses and negative sodng
EETT putees was clos ounibg

L1532 corogparabors shonped sinilar mepose o heayy
ions The test esults for the beoyahes of +%ec aE showm in
Figumes=11 and 12 for + %0z = 5% and 15V, respectively. We
cteerved that the thieshold LET whes tecarne 1armer as the
diffeencs bebeeen +vpyand -voqinceased.

We itmdiaed Lhi119 and ATOEE coroamicrs oo
varions ingat bias conditions. The results ae shown in
Fgues 13 and 14 eepechvely. Bor these device brpes the
thieshold LET valuwe did not chan pe appoeciabby while the
differencs bebween +vprand -vpg was vaded.

Crperational arcplifies Cp-d2 and TS wene tizsed
with input wesistors B+ and B - (522 Figue &) In this “linear’’
fanpe of response, the ingut voltages of the operational
amplifier wem at “virnal goomd”. When +yprand v wes
varied we did ot oteerve any meanueble diffeences in the
zensilivity o SEUT. Each tmneient had itz oen specific pulse
height, Sorre pulse hedights weme as shoft as seveml oW,
whik others eached rooge than 1 volt The= pulse heirhe
weke measued when + Voo was +15% and Yoo was (157,
These ek for OF-42 and LIICE ae shoen in Fgwes 15
and 16, mepecively, Bor Hose tests, all pules larwes han the
e thaeshdd wol s wete conmbed (see Flewe 3.

A wide mngeof puls hedghis was obsoed for BEFLOZ.
Since the quiescant catput voltms was +37, we yaned the
M e volaes o5 S 6.5 and 10 fof mexsucing positive
oing pul=ses and 4.4, 2.8 2.5 and 1.8% for measuring
Terabve oodng pulses, Ther were subsanfially roode wee ks
with sTmller pulse aroplitudes (fod exarople, -1y palse auper-
itnposed on the 5 wolts onmpon) than those with larger
arrgplimdes (for exarople, +47% pulse supenitoposed on the 5
wolts owpu ) as shown i Figum 17, These coes-sections
were chizned with copper oms (LET = 300, The SEIT cooes-

9

sec fons for the mgeer hiechold whes of 1.6, 3.8, and 10°0F
are shown in Fgue 18 for otherLET values,

For 531549 cument sense hich, he bwo cwkpuks (Hi G
and Lo Q% wete alwags the complement of each other (one was
at 3%, while rthe other was at 0. The SEUT pul=s rooe very
quickly fom the ooler of 100 nanceeconds) and retumed o the
quiescent vahe oadually fon the ooder of one rodooosecond’ .
For thiee =& of "LO CMMIMPTIT' yalues of 50, 70, and 90
iy we Obfined the SEIT cumves as shown i Figuwe 19,
Since the output changes its stake while "TO ORI OITFIT
egpzeeds 1000, we litrited onur roeaswrerrents o ondy hiee
input values (all ame belony 1000, The threshold LET
values 2= well 2 the smmbon yatees for these thies inpuk
varied subcanbiatly, As can be seendn the figue the soraller
the A% = Wi+ - W the larmer the oros section

1rs T

-

1=

o

‘r’n:LLl_gllgiw
Thgpar wikige [V)

Fgume 17, SEIT test itz for RERR with Chu dons

: 1
W 80 N o0 0
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Faue 12, SED est malts for FEF O for yaneing thieshold
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LET
Figue 19, SEIT test esults for 551549

&, DISZTISSICHS

Sorre device bepes showed a swong corelalion be beeen the
ingut bdas conditons and the SEIT sensibving, while ohers
shionped hamdly any dependence as shoen in Tabke 5. The first
group of devices included the Lhi11l and ITR159 voltags
corrgaraioes and the curent senss Bich (35 15490, AN these
devices incogpomed jnp HEreisor o the St s Ree diffemEmee
arplifier. Fog these devices the yvollzes levek at the positive
(+vp and the negative {-vpp inputs diectly affacted the
biasing cordition of the ingnt trateistors. The SETT
sensibyine depended on the ingut volg: diffeence AV [=
(v - (Y], The stealler the AW [= (+vgqd - (vpp]. the
higher the SETT sensitivity, as shown in Figues & thoush
12, Thi= type of result was “hinted at" in earlier
invesignboms [1, &), However no swstemabtc obseryations hal
ben roonde.

In coder o fusther investigate this phencrmencon for
LEA152 we camied cutan imadiabion wit a finely focused
pul=d lazer bearn [, Whilk lirmdbng the Beer pulse enetey
1o less than 4 paco-Toude (ot we lodeed for SETT sendtive
Erions in the whole die, This enabled s o find the exact
locations of sensiive redons and o rexsuwe he wlaionship
tebgpeen he mput volme: diffeence (AW 2md the Taser pulse
enetey in pl, which was needed o canze an upset, Thee
weE ondy beo sensitive reag-sms fin rhe whole die’ which
We the hae aeee (< 1 & 107 cm®) of the tereistor Q1 and OF
The Elalorchip betwesn he mput volmee difeence (AY) and
the lases pulse enerey i shown i Fgwe 20,

The tese phiysically surmunded te asaociated ercdiber,
Since the sahabon cross-secton for this device brpe was
ahout 4= 1074 cre? fsee Bigums 11 and 120, we expected Hat
a considesmtle chatee diffudon ook plaze. This mceasd the
appadent sencibive mdoms that were denived dudnge fee heay
i0m esiperiToen k.

The laser imadiation of Lh{111 showed that the Toost
sensityve fedon fof this devics Dppe was litoited o the firs
diffeencs aroplifier (011 in Fgue 5% Sqee he input yoliags
differnce (AW did not affect the tdasing of T2 and D3 in
Figure 3 the aboye result was consistent with he el
shongmin Figues 8, 9and 10,

X ¥ 5N @ M e
{Ma{mglom™)]
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Table 3. The effect of the ingut volap: diffeenc: on SELT
Sansityiby

Dependencs of

Dravice T Funchicn AW on SEUT
Lhii11 Yolmge Comparater Yes

L1115 Yoltage Comparater Mo

L1205 Veoltaga Comparater Yes

ATAGG  Volmge Comparater He

) 2] Crpeta ticnal Amplifier Mo

LIl 0% Opemticonal Amplifier Mo

EEF-02 Yaoltage Refarencs Mt Maamipad
LD Current Sense Latch  Yes

“.

I 1

T

|

I D

!

] nn:mmnuuumumu
Mgt voltage dilerence {roks]

Fgue 20. Lawr test resule for LE{159

EETT thieshold v=. inpuk yolgs diffeqence (A%

A mrechand=tood the wandent fooation for Lhd139 moay
e hyppothesized. In omder bo canse an upset 2 al charps
collection mkes place within the first differencs aroplifier 2z
indicated tor the laser tect Let us assurre the follosing
condibon: (+vpq > (vgg in Figum 2. Then, the cutput, vo,
iz close o+ oo, When AY [S+vgy - (Yo is very sTmdl
feg. J00e ) a sooell depoaibed chare: at the bas of Q1 can
inceace the ercdter cument atb Ol ooroen Ealy excesdinge thar
in Q. This will camee the diffemnoe arcgplifier consisting of
G2 o Od o "fip't he polacity. In oter woods, Tocde curent
fasses thooueh G2 than Od. The new condition moay te
"arpplified " by the suwbsequent transistors in the drcudt
wsulting inan SEIT at the cutput. The dureticon of the “flip"
iz ston gly affected top the st of the cimewit The ofiginal
Quicscent condibion roay weauroe af e all deposied chates has
toe di=pemed,

"When AV tecorres brse we need amoaddibonal clerme bo
caise A bempoay mbalnes and b Cflipt’ the state. Theefomr
ioms with breser LET vaties ae needad to canse the effect,
Thiz &= consstent with e shift in he Hoeshold o high LET
values (see Feures 11, 12, and 13, The dependence on the
level of +7%o: of -V was IndTmrn as pEviosly obeeored
[1,4.&]. e have not carcied cut any cornputed cimuit
sitrodation with the xd of SPIZE of other techniques. This is
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tecause the ingut pamreters for sitoadation have not been
aleqmely obeeryed,

The Lhi111 coregeda o showed, st teeponse o ons
as LM139. The stoaller the input volaee difference the
sHoMe the sensitivity bo SET. We expect thalb yvery st
chates colles don mechandisroe ae applicatle for SEUs in thiz
deyics prpe.

In Lhil 19 2md AT OE0 cormgedabods, Lpn Hansishors
fom the firt diffemnce amplifier. These ae desimed for high
speed applications, CmcE agmin we can foodae a posstie
scemanio, which enplyins the fodroation of transients at the
cubpuk (see Figure 1) for Lhi119. A fa=tnpn Wansistor
responds to indtiate a rooTnerdany mbalance. This is
“arcplified’ by subsgquent differencs aroplifiers causing an
upset in the oupnt,. However in these trarsistors the
tem=ition i not dependent on AV, In oter womls we have
enconmbered beo ecterne conditions: Eiterno wpst for LET
yalue helnw 3 MeWiTneire) of upsets for LET vahes Tamer
than 3 MeWimogloredy. I the LET of an icddent parick is
large encugh the deposibed chafee i sufficient o cause an
upset moarilecs of te input vdage differerce AW [=+vI) -
(-vgp]. The ;ahmbon cros-sections for ADSEES tend ho be
sorcewhat 1af pet when AW is stoaller han a few hunded oodli-
wolrs Omothe other hand no such mend has teen found in
Lidi1i2

Bor the BFEFL2 device bipe, we could not obkxdn SEIT
ek for which we could spstercabically chamgps he input
vl diffemnes, AL o000 ETopedaie, we obesrved 2 wide
mange of okt pules heights for REFO2. The sooaller the
SETT putse hedght, he roore fequently they appenred.

The fromtend of 531549 i= a diffemnce areglifier rmde
up of pup Hansistors,  These Hansistors ae also weed for
L1111 and L1590 x= discuszad eadier. A gnin this device
bppe shionged the dependence of SEUT cioes-section on AW
[+ - (vppl- he dEvices wem roome sensitive when the
externally applied input signal (+vpq was close 1o the
inemally applied signal (v, which i = tar 10T .

& COMCLITSIONS

The linear Iz {aorve iroes called anadogr I00s) afe sensiive bo
SELT=, Often, the roost sensitive mdon is the first stags
diffemnce areplifier. for sooe device brpes (uklEme moosty
fnp tEmsisiors) the SET yulnembdibny ab the input diffemence
aroplifier cimuit depends on tdasing, the stoaller the inpur
yollge diffemnce, AY, the larmer the SET sensitvity, while
the ot of the ket device bppes (fabricated mooety with npn
tansistors of JEET) is shll sensitve the sensibviby is not
sHonely dependent on fee bixs condibom.

The SEU putses vary i their pulse heights fooon veoy
sooall cnes bo the ones maching the supply voltaes Voo).
Geremlly, the nuriker of stmll puls height evenk excesds
that of e putse hedehtevents,

Cme oby ious way o rdhgake the SET: for Thilll,
L4139 and 551549 is o tdas the devices while mcmasng
the mput vollge difference, AV, 22 uch 2= positle. This
enses that hes devices lave a lower sensifiviby to SE=.
Cm the cther fand, another wayy o educe the itogect of SET:
i= o conmect the output of linear IC%: o2 device which is
inzansitive bo pulses with lower aroplifudes o ooz deyice
which attenuates the SELT pulses  This tends 4o stop the

e bon of ransients Since pulse height vares in amator
SEU=, the second appaoach will te wsefid in localising rthe
EENT = fof Tooet linear [,
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