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COBDCMGHHHC MUKPOCXEMbI, B CHUIIY MaCI_HTa6I/Ip0BaHI/I$[ TEXHOJIOTMYECKUX DPA3MEPOB, YMCHBIICHUSA HANPAXKCHUA TTUTAaHUS

1 BHYTPEHHUX CMKOCTSﬁ, CTaHOBSATCS Bce Oosiee YYBCTBUTCIIBHBIMU K BosneiicTeuio T3Y. Tpa,[[I/ILII/IOHHI)IC CIICIMAIM3NPOBAHHBIC

H‘-I€I‘/iKI/I, yCTOﬁ‘{HBBIC K BO3/IEIICTBUIO T3[{, TEPAKOT CBOC IMMPEUMYILIECTBO BCICACTBUC BO3/ICMCTBUSI TSIKEJIBIX YACTUL] HA HECKOJIBKO

YyBCTBUTEIbHBIX 00acTeit. B nanHol paboTe mpencTaBieH pa3pabOTaHHbBIM HAOOp paauallMOHHO-CTOMKUX D Tpurrepos ¢ curHa-

J1amMM cOpoca, ycTaHOBKHU U 6e3 Hux Ha ocHoBe DICE sneMeHTa B TexHoIorndyeckoM 6asuce KHHU 200 Hwm.

Knrouesoie cnosa: T34; DICE, odunounsie coou; SEU; cooeycmoiivusocms,; paduayuontas cmoiikocms; KHU; SEE.

Modern microcircuits due to technological features size scaling, decrease of voltage supply and internal capacities, are becoming ever
more sensitive to heavy particles impact. Conventional process-dedicated cells, resistant to heavy particles impact, lose their advantages
because of heavy particles impact on a number of sensitive areas. This paper presents a radiation-hardened set of D-triggers with and

without reset and set-up signals developed on the base of DICE element using 200nm SOI technology.

Keywords: heavy charged particle; DICE; single faults; SEU; fault tolerance; radiation resistance; SOI; SEE.

BoproBas ammaparypa B TedeHHE CpoKa DKCILIyaTallMyu MOIABEP-
raeTcsl BO3NEHCTBUIO Pa3IMYHBIX (hAKTOPOB KOCMHUYECKOTO MPO-
CTPAHCTBA, KOTOPHIC BHI3BIBAIOT COOU U MOBPEXKIACHUSI KOMITJIEKTY-
omux 0opToBoit annapatypbl. [loaToMy 11 oOecrniedyeHU s JJIUTENb-
HOTO CPOKa CJIYXObI almapaTypsl BaXKHYIO POJIb UTPAET CTOMKOCTh
000pyIOBaHUS K BO3/IECTBUIO MOHU3KUPYIoliero usnydyenus (MN).
OcHOBHbIMU UCTOYHUKaMKU M KOCMMYECKOro MpOCTpaHCTBA SIBJISI-
I0TCS1 cCOTHeYHble Kocmuueckue ayuu (CKJI), rajakTuyeckue Koc-
muueckue ayuyu (I'KJI), ecrecTBeHHbIe paauallMOHHbIE MTOsica 3eMJIU
(EPII3) (taba. 1) [1, 2].

PanuanumoHHoe M3JIyYeHUWEe KOCMHMYECKOTO MPOCTpPaHCTBA
MOXKET BbI3BaTh HeXeJaTeJIbHble 3G (MEKThI B MOJYITPOBOIHUKOBBIX

Tabauya 1. Xapaxmepucmuixu UH kocmuueckoeo npocmpancmea

Table 1. Parameters of ionizing radiation in cosmic space

Bua uznyyenus
Type of radiation

CocTtaB H31yueHHs

Composition
of radiation

DHeprus yacTuu,
M5B
Particles energy, MeV

I'KJI MOHBI, TPOTOHBL Gonee 10
Galactic cosmic rays ions, protons over 10?
CKJI HOHBI, IPOTOHBI 10 10*
Solar cosmic rays ions, protons up to 10*.
Nat]L;:rF:ill_llé3 arth 9?11;121;2:11;1 Zo 300
< up to 500

Radiation Belt

protons, electrons

YCTPOICTBAX, KOTOPBIE MOKHO YCIOBHO Pa3leIUTh Ha JIOKAJTbHBIC WA
ONMHOYHBIE U 1030BbIe. C yMEHBIIIEHNEM MTPOEKTHBIX HOPM JTO30BbIC
9hbeKTH POSABISIOTCS B MeHbIIIel cTeneHu. [1o Mepe yBenndeHM st
CTETeHU WHTeTPpally Ha MIePBHIY TIJIaH BEIXOIST CydaiiHble OMUHOY-
Hble coobiTus (Single Event Effect, SEE) [3, 4].

OnuHouHbIe 3G eKTH BO3HUKAIOT MPU MOMaJaHU1 B MOJTYTTPOBO-
MHUK TSKEJ0U 3apsiXKeHHON 4aCTU1bl, MOTYT MPOUCXOAUTDb CyYaitHO
Y XapaKTepHU3yIOTCsl BEPOSITHOCTBIO BOSHUKHOBEHMs1. Tsikesnas 3apsi-
xkeHHast yactuia (T3Y) ocraBiisieT 3a cO00il MOHMU3ALMOHHBII TPeEK,
IMaMeTp KOTOPOTO YBEJIMYMBACTCS C YBEJAUYCHHUEM SHEPIr UM YACTHULLBL.
YyscTBUTENbHOM 00MacThio B UC siBIIsIeTCS 0OpaTHO-CMEILEeH H bl i
p-n-niepexo [2]. DieKTPOHHO-IBIPOUYHbBIEC MTapbl, BELICBOOOX 1aeMble
TMPOJIETAIONINM MOHOM, BBI3BIBAIOT MMIIYJIbC TOKA U HATIPSIKEHU S,
B pe3yJabTaTe MOTYT BOBHUKHYTH COOU MJTU OTKA3HbI.

OnvHouHbIe pagnaunoHHbie 3G dekTs (OPD) MOXHO pa3nenuThb
Ha oOpaTuMble U HeoOpaTumbie. Bropas rpymma addekToB siBasieTcs
GoJiee OMacHOi, TaK KaK MPUBOJAUT K Pa3pyLIAIONINM TOCIEACTBUSIM.
K HUM OTHOCSTCSI: ONMHOYHOE 3alIeKMBAHUE WU TUPUCTOPHBI
apdexT (Single Event Latchup, SEL), npo6oii moa3aTBOpHOro Au3-
nextpuka (Single Event Gate Rupture, SEGR) u npyrue. Boinensitor
Takue BUAbl 00paTUMBbIX COOEB: MHBEPTUPOBAHUE NAHHBIX B 2Jie-
MeHTe aMsT 6e3 norepu paborocnocodbHocTu (Single Event Upset,
SEU), u3MeHeHMe JIOTUYECKOTO COCTOSTHM S y3J1a B KOMOMHAIIMOH-
HOIi JIOTMKe, KOTOpoe JaJibllie pacrpocTpaHseTcs 1o cxeme (Single
Event Transient, SET), dyHKumoHaibHOE IIpepbiBaHKE PabOThI CXeMBbI

(Single Event Functional Interrupt, SEFI). [1, 3, 4]. 3HauuTenbpHas




noJist GyHKIMOHATBHBIX cO0eB 00yC/IOBJIeHAa OMMHOYHBIMU 3 dek-
TaMU B YIIPABISIIOMINX PETUCTPAX U B TAMSITH, B TO XK€ BpeMs 3aMeT-
Hasl 10751 GYHKIIMOHAJIBHBIX 0TKa30B 00yCIOBIeHAa TUPUCTOPHBIMU
apdexkramu B KMOIT nHterpanbHbix cxemax. Takum oopazom, SEU
u SET gaBasitoTcst HauboJjiee KpUTUUHBIMU JIOKaJIbHBIMU 3 heKkTaMu
IUISI COBpEeMEHHBIX MHTerpaJbHbIX cxeM (MC) ¢ BBICOKOI CTeNneHbIo
MHTErpalmu.

B KOHCTpPYKTHMBHBIX MeToAax MoBblleHUs cToiikocTu CBUC
OOBIUHO MPUMEHSIOTCS CEeMaJU3UPOBAHHbIC SUCKN TaMSITH
1 TPUTTEPA C MOBBILIEHHOM YCTOWYMBOCTbIO K BO3AEHCTBUIO OTAE b-
HbIX siaepHbIX yacTuil (DICE, NASA, TMR u ux monudukanumn) [5].
B nanHoit paGoTe MpeAnouTeHUE OTIAAHO TPUTTepaM Ha 6a3e sTueiiku
DICE (Dual Interlocked Cell) [2]. DICE ctpyktypa (puc. 1) npea-
CTaBJISIET CO0OI sTUeliKy MaMsITH, B KOTOPOI UCTIOJIb3YeTCsT 1yOau-
poBaHMe TaHHBIX. TaKUM 06pa3oM, eciIu YacTHlla mopaxaeT 4yB-
cTBUTEeNbHBIH y3ea 0 unu 1, To ocobast cxema COeNMHEHU I TPaH3M-
CTOPOB MPEAOTBpallaeT pacnpoCcTpaHeHUe cO0sl BO BTOPYIO KOMUIO
NaHHBIX 2 UJK 3, a MOpaXXeHHBbI y3€eJ 1Mo 00paTHBIM CBSI3SIM BOC-
CTaHaBJMBAeT CBOE NIEPBOHAYATIBbHOE COCTOSIHUE CIYCTsI HEKOTOPOe
BpeMsl.

C pa3BUTHUEM TEXHOJIOTUI HabMOIaeTCsl TEHICHIIMS YMEHbIIIe-
HUS TPOEKTHBIX HOPM, COOTBETCTBEHHO, PACCTOSIHUS MEX Y 2JIEMEH-
TaMU cokpatatorcs. DddekTuBHbI nuametp Tpeka T34 — nopsaka
MUKpOHa, HaTIpUMep, TIPU dHEepTruu npotoHa B 1I'9B nuametp Tpeka
6osiee ueM 0,9 MkM [6]. 3a cueT cOMMNKEHUST YYBCTBUTEIBHBIX 00J1a-
CTeli pacTeT BepOsITHOCTDh Bo3aeicTBus T3Y, manaroieit moa nmoyuo-
TUM YTJIOM Cpa3y Ha HECKOJIBKO y3JI0B, UTO CHUXaeT 3(pHeKTUBHOCTH
npumeHeHuss DICE apxurektypsl. [IpyHrMast Bo BHUMaHKE BbIlIE
CKa3aHHOE, MOBBIIICHUIO CTOMKOCTU K ONMHOYHBIM COOSIM OT TSIKe-
JIBIX 3apsSI)KEHHBIX YaCTHLL CIIOCOOCTBYET YBEJIMYEHUE PACCTOSTHU S
MEXy YyBCTBUTEJIbHBIMU CTOKAMU TPAH3UCTOPOB, MOCKOIBKY AaH-
Hble OYAYT XPaHUTHCS OHOBPEMEHHO B 000MX y3J1aX, pa3HECEHHBIX
NIPYT OT ApyTa, 9TO MOMOXET MPeloTBPaTUTh U3MEHEHNE COCTOSIHU S
syeiiku [7, 8].

B uensgx 3amuTel oT caydaitHbIX onuHOUHBIX 2 dexToB (SEE)
B pabote ucnonnr3oBanachk DICE sueiika, Ha OCHOBE KOTODPOIi

RN—‘ RN—‘é

PO P1/—‘ ) P3
NO L/ N1 L/ 2 L/ 3 L
bt | | [l

MEetoabl 1 AxrorpuTMBI CAITIP CBUC

NS~
L
™S
L
NCLK [ NCLA —‘>e—

el

NCLA a NCLA

DP DN 1

NCLK r NCLA
-

Puc. 1. DICE aueiika c cuenaarom copoca RN
Fig. 1. DICE-cell with reset signal RN

pa3zpabotaH Habop D-TpurrepoB ¢ aCMHXPOHHBIMU CUTHAJIaMU yCTa-
HOBKU, cOpoca u 6e3 Hux rno Texuogornu KHU 200 am. YToOw! ipe-
MOTBPATUTh pacNpoCTpaHEHUE MePEeXOJHOTO Mpollecca, Ha BBIXOE
Tpurrepa ctouT C-3JIeMeHT, KOTOPbIf MEHSIET BHIXOTHOE 3HAUCHWE
TIpY OMMHAKOBBIX CUTHAIaX Ha Bxonax. [1pu nuddepeHmanbHbIX CUT-
HaJlaX MepexoanT B Z ¥ Ha HATPY30YHON eMKOCTU XPaHUTCS TPEABIAY-
wwee coctosinue [8]. Ha puc. 2 uzobpaxeHa cxema Tpurrepa ¢ CUrHaJiom
copoca RN u BbixonoMm Q.

IMpoaHanu3upoBaB cxemy, U300pa’keHHYIO Ha puC. 1, BbIJEIEHBI
Ha0OPBI YYBCTBUTEIBHBIX y3J10B: Mpu Q = 1, CTOKM TpaH3UCTOPOB N,
N,, P,, P;, RN aBadioTcsa 4yBCTBUTEIbHBIMU 00JaCTIMU, B3aUMHOE
pacriojiokeHne MeX1Y KOTOPbIMU HEOOXOMMMO YUUTHIBATH Ha dTATIe
TPOEKTUPOBAHU S TOTIOJOTUH, TIpU Q = 0, YyBCTBUTEIBHBIMU 00J1a-
CTAMM OyIyT CTOKM TpaH3ucTopoB N, N, P, P,
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Puc. 2. Cxema D-mpueeepa na ocnose DICE apxumekmypbi ¢ cueHaaom copoca

Fig. 2. D-trigger circuit on the base of DICE architecture with reset signal
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Puc. 3. Tonosoeus D-mpueeepa na ochose DICE apxumekmypul ¢ cuenasom copoca

Fig. 3. Topology of D-trigger circuit on the base of DICE architecture with reset signal
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Puc. 4. Cxema D-mpueeepa na ochose DICE apxumexmypul ¢ cuenansom npedycmarosku

Fig. 4. D-trigger circuit on the base of DICE architecture with set signal

Ha puc. 3 npencrasiaeHa Tonojiorust D-tpurrepa ¢ CMrHaJoOM aCUH-
XpoHHOro copoca RN, oTMeueHbI pacCTOSTHUSI MEXIY YYBCTBUTEIb-
HBIMU [TapaMu P-N-TIEPEX00B, HAXOASIIUXCSI TIPU OOPAaTHOM CMellie-
HUU B OLHOM M3 JJIOTUYECKUX COCTOSIHUIA. 1151 9¢p(heKTUBHOTO UCTIOIN b-
30BaHMS TUIOMIANN U oOecTedeHss MaKCUMaJbHBIX PaCCTOSIHUI
MEX1y YyBCTBUTEJIbHBIMU HAOOPAMU, TPAH3UCTOPHI M3 IBYX 3aIIEJIOK
OBLIN TTepeMelIaHbl MEX Iy CO0Oi, ITPY 3TOM MCKYCCTBEHHO TLJIOIIAlb

HE yBEJINYMBajach.

Ha puc. 4 npeacrabieHa cxema D-Tpurrepa ¢ CMTHaJIOM TIpeaycTa-
HOBKM SN. B uyBcTBUTEbHBIE 00JACTH 100aBISIOTCS CTOKW TPaH3U-
ctopoB ¢ curHasioM SN. Torosiorusi cxeMbl MokaszaHa Ha puc. 5.

B Taba. 2 u 3 npuBeaeHbl PAaCCTOSTHUS MEXY CTOKAMU TpaH3U-
CTOPOB, HAXOASIIIUXCS MPU OOPAaTHOM CMELIEHUU, KOTOPbIE MOTYT
TMPUBECTU K COOI0 NPU OJHOBPEMEHHOM BO3AeicTBUU HAa HUX T3Y.
Takum 06pa3oM, yBeIUUEHUE PACCTOSIHUSI MEXKIY YyBCTBUTEIbHBIMK
00JacTSIMU TPAH3UCTOPOB YMEHBIAeT CeKTOp Bo3aeitcTBust T3Y
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Puc. 5. Tononoeus D-mpueeepa na ocnose DICE apxumekmypoi ¢ cuenaiom npedycmaHnosiu
Fig. 5. Topology of D-trigger circuit on the base of DICE architecture with set signal

Tabauya 2. Paccmosinus mexcoy uyecmeumenbHbulMu y3namu Tabauua 4. Cpasrenue mpueeepog
D-mpueeepa c cuenanom copoca Table 4. Triggers comparison

Table 2. Distances between sensitive nodes of D-trigger with reset signal
Bes3 yBeanue-

Paccrosinue, HuH paccTo-
ITaps1 MEM ITape1 Paccrosuue, Co C mpex- Beapuy  HHS MEXLY
T, D RO otk
sistor pairs microns SIStOr pairs microns With KOH i Without dis-
reset With set ’ tance increase
PO—P2 14,6 NI-N3 10,822 between the
nodes
P1-RI1 14,135 N2—-RO 16,21
IMnomwans, S, MKM*
P2-NI 13,508 N3-P0 9,877 Area. S micron: | 294279 | 294279 | 271,04 278,784
P3—R0 14,135 NO—RI 8,877 N m—
NO-—N2 10,822 P1-N2 16,21 PacCTOAHUC
MEX]Iy CTOKaMU
NO-P3 7,331 P1-P3 14,135 TPaH3UCTOPOB 7,33 8,20 6,84 1,55
Minimal distance
between transis-
tors drains
Tabauya 3. Paccmosinus mexucdy uyecmeumenbHolMu y31amu
D-mpueeepa c cuenanrom npedycmarosku Tabauya 5. Bpemennvie xapakmepucmuku mpueeepos
Table 3. Distances between sensitive nodes of D-trigger with set signal Table 5. Trigger’s time-response characteristics

Paccrognue,

C npeaycra-

Iaps1 Paccrosinue, ITaps1 M Co copocom HOBROI Be3 Hux
TPaH3UCTOPOB DiMEM. . TPaH3UCTOPOB Distance With reset With set Without any
Transistor pairs mbicrons’ Transistor pairs m’ic‘m:ls' S
3anepxka, t,, rnc
PO—P2 15,377 NI-N3 11,57 Delay, t, . p5 B s e
P0—S1 15,377 N3-S0 17,394
%ﬁi‘\’f‘f‘a’ tls-o’ e 955,9 9483 994,2
P2—N1 8,202 N3-P0 17,394 % heoo Y
P2-S0 15,377 NI1-S1 8,202 gli);h?n;i;p?mg; Ly TIC 204,8 260,6 2464
> bops
NO—N2 11,57 P1-N2 10,938 e
NO-P3 14,666 PI-P3 15,842 Fall time, t,, ps 165,83 16,1 164
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B U30TPOITHOM ITPOCTPAHCTBE, CHUXKASI BEPOSITHOCTh MHBEPCUU JIaH-
Hbix B DICE 3amenke. Ucnonbp3oBanne C-31eMeHTa Ha BBIXOIE OJI0-
kupyeT pacnipoctpaHeHue SET o HarpykeHHOit cxeme.

B pamkax naHHO# paGoThl TaKKe MPOEKTUPOBAJIUCH TOMOJOTUS
TpuUrrepa 6e3 CMrHajaoB cOpoca U MpeayCTaHOBKU U TPUTTEP, B TOMO-
JIOTUM KOTOPOTO HE MPUMEHSIJIOCH MepeMellnBaHKUe ABYX pa3HbIX
3allleJIOK U, COOTBETCTBEHHO, HE YBEJMYMBAINCh PACCTOSTHUS MEXY
YYBCTBUTEJbHBIMU OOsacTsiMU. CpaBHEHUE TJIOIIANEH TPUTTEPOB,
npeacTaBJeHHBIX B Ta0J1. 4, MOKa3bIBaeT, UTO TJIONIALL TPUTTepa 6e3
JIOTIOJIHUTEIbHBIX CUTHAJIOB MEHbIIIE TUIONIaAN TPUTTEpa ¢ CUTHA-
JIOM cOpoca WJIU TIpenyCTaHOBKM Ha 8 %, HO paCCTOSTHU S MEXITY KpH-
TUYHBIMU y3JIaMU TaKXe YMEHBIIUJINCH. Pa3HeceHe YyBCTBUTEIb-
HBIX CTOKOB TPAH3UCTOPOB IMPUBOIUT K yBEJIMYESHUIO TLIOIAAN Ha 5%
OTHOCHUTEJBHO TaKOI'0 Xe Tpurrepa 0e3 MCIOJIb30BaHUS JaHHOTO
MeToja.

BBIBOA bI

B paGote npencrasiieH pa3paboTaHHbII Habop D-TpuUrrepos ¢ acuH-
XPOHHBIMM CUTHAJIaMU YCTAaHOBK U, cOpoca u 6e3 Hux Ha ocHoBe DICE
apXUTEKTYPbI C YHUKAJIBHOM CXeMOTEeXHUYEeCKOI peanusanueii. Tomo-
Jorus 6sl1a pazpadorana no texHojgornu KHHU 200 M. TTpousseneH
aHaJIM3 YYBCTBUTEJbHBIX Y3JIOB TpUTTepa. BoineseHbl HAOOpHI TpaH-
3UCTOPOB, B3aUMHOE pa3MellleHNe KOTOPBIX BIUSIET Ha YCTOMYNBOCTh
TPUTTEPA K BO3ACUCTBUIO TSIKEJBIX 3aPSI)KEHHBIX YaCTHIL U TPeOyeT
BHUMAaHWSI.

IIpencrTaBieHa TOMOJOTHUS BBHIIIENEPEUYNCIEHHBIX BapDUAHTOB
TpUrrepa, IJsi co3naHus Kotopoit ucrnonbzonancss CAITP komnanuu
Cadence. [IpousBeneHa aKCTpaKIMs Mapa3uTHHIX MapaMeTPOB C TOMO-
1IbIo TpoayKTa Komnanuu Mentor Graphics Calibre. Ha ocHoBe 3Tux
NIaHHBIX TOCYMTAaHbI BpeMeHa (ppoHTa, cpe3a 1 3alepKKu (Tab. S).

IIpu co3naHuyM TOMOJOTMU YUYUTHIBAJIOCh B3aUMHOE PaCIoJioxXe-
HUE YYBCTBUTEAbHBIX y3JI0B. sl 9 PeKTUBHOro UCIOab30BaHUST
IO U 0GeCIeyeHU s MaKCUMaJbHBIX PACCTOSTHUI MEXTY CTO-
KaM¥, TPAH3UCTOPBI U3 IBYX 3alleJOK ObITU MepeMelaHbl MeX Iy
c000ii, TPU 9TOM UCKYCCTBEHHO TLJIOIIANb He YBeJIMIMBaIach. MUHU-
MaJIbHOE PACCTOSIHUE MEXIY YyBCTBUTEIHbHBIMHU Y3JIaMU TIOJTYIUIIOCH
7,331 MKM, B TO BpeMsI KaK TPy OOBIYHOM PACTIONOXEHUU PACCTOSIHUE
coctasisiio 1,55 mxM. IpencraBinenHas Mmogudukamus D-tpurrepa

YBCIIMYUBACT IJIOIaAb Ha 5 %, HO MOXKET ITIOBBICUTH yCTOﬁ‘IHBOCTB
K OMUHOYHBIM COOSIM.
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Space on-board instrumentation in the course
of its service life is subjected to the impact
of different factors, which cause faults and
damages to on-board instrumentation com-
ponents. That is why to ensure long service life
of on-board instrumentation it is important
to provide its resistance to the impact of ion-
izing radiation (IR). The main sources of ion-
izing radiation in space are solar cosmic rays
(SCR), galactic cosmic rays (GCR) and natu-
ral Earth radiation belts (NERB) (Table 1) [1,2].

The impact of space radiation may cause
undesirable effects in semiconductor devices,
which can be conventionally classified into
local or single and doze effect groups. As min-
imal element size decreases, doze effects
also tend to be less. As the degree of integra-
tion increases, Single Event Effects (SEE) are

becoming prevalent [3, 4].

Single event effects appear when an occa-
sional heavy charged particle hits the semi-
conductor, and are characterized by prob-
ability of occurrence. Heavy charged parti-
cles (HCP) leave after their passage an ion-
ized track, whose diameter increases along
with the particle energy. The sensitive area
in IC is reverse-biased p-n junction [2]. Elec-
tron-hole pairs, released by a flying-over ion,
result in the appearance of current and voltage
impulse, which may cause electronics faults
or failures.

SEE may be divided into two groups:
reversible and irreversible effects. The sec-
ond group is more dangerous, because its
effects result in destructive consequences.
This group includes: single event latchups
(SEL), single-event gate rupture (SEGR)
and others. The following types of reversible

failures are singled out: data inversion
in memory cells without performance loss
(Single Event Upset, SEU), change of logi-
cal state of a node in combinatorial logic,
which further propagates circuit-wise (Single
Event Transient, SET), Single Event Func-
tional Interrupt (SEFTI) [1, 3, 4]. A consider-
able part of functional failures is conditioned
by single events effects in control registers
and in memory, while a considerable part
of functional failures is conditioned by SEL
in CMOS integrated circuits. Thus, SEU
and SET are the most critical local effects for
modern integrated circuits (IC) with a high
degree of integration.

As a rule, VLSI tolerance enhancement
by means of design methods is conducted with
process-dedicated memory cells and hardened
to single nucleons impact triggers (DICE,




NASA, TMR and their modifications) [5].
In this work preference has been given to trig-
gers on DICE-cell base (Dual Interlocked
Cell) [2]. In effect, DICE structure (Fig. 1)
is a memory cell, which uses data redundancy.
So, if any particle strikes sensitive node 0 or 1,
then a special circuit of transistors connection
prevents failure propagation to the second data
copy (2 or 3), and some time after the affected
node restores (by means of feedbacks) its origi-
nal state.

The technology development has made
it possible to decrease minimal element
size and, as a result, to reduce the distance
between microcircuit elements. The effec-
tive diameter of heavy charged particle track
is a micron by order of magnitude, and at pro-
ton energy of 1GeV the track diameter exceeds
0.9 micron [6]. Closely placed sensitive areas
increase the probability of impact by heavy
charged particle fluttering down at low
angle simultaneously to a number of nodes,
thus reducing the efficiency of DICE archi-
tecture application. Considering the above
mentioned, it is possible to conclude that
an increase in distance between sensitive
transistor drains enhances tolerance to single
events upset induced by heavy charged parti-
cles, because the data will be stored simulta-
neously in both nodes spaced far enough from
each other, and it will help to prevent change
in the cell state [7, 8].

To provide immunity from single event
effects (SEE) DICE-cell has been used and
on its base a set of D-triggers with and with-
out asynchronous set-up and reset signals have
been developed, using 200nm SOI-technol-
ogy. To prevent the transient process propaga-
tion, the trigger output is provided with C-ele-
ment, which changes output value in case
of identical signals at inputs. In case of dif-
ferential signals it proceeds into Z and in load
capacitance the previous state is stored [§].
Fig. 2 presents the trigger circuit with reset
signal RN and output Q.

Upon analysis of the circuit presented
on Fig. 1, the following sets of sensitive nodes
have been singled out: in case of Q =1, drains
of transistors N, N,, P, P,, RN are sensitive
areas, whose relative position should be con-
sidered at the stage of layout design; in case
of Q =0, drains of transistors N, N,, P, P, will
be sensitive areas of the circuit.

Fig. 3 presents topology of D-trigger cir-
cuit with asynchronous reset signal RN, with
indicated spaces between sensitive pairs of p-n
junctions being reverse biased in one of the
logic states. For efficient area utilization and
provision of maximum achievable spaces

between sensitive sets, transistors from two

latches have been mixed, without artificially
increasing the area.

Fig. 4 presents D-trigger circuit with set
signal SN. Sensitive areas are provided with
additional drains of transistors with SN signal.
Topology is presented on Fig. 5.

Tables 2 and 3 contain spaces between
drains of transistors being reversely biased,
which may result in failure caused by simul-
taneous impact of heavy charged particles.
So, an increase in the distance between sen-
sitive areas of transistors results in a decrease
in impact sector in isotropic space, thus
reducing the probability of data inversion
in DICE latch. The use of C-element at the
output hinders SET propagation along loaded
circuit.

Within the frame of the current work, lay-
outs of trigger without reset and set signals
have been designed, as well as trigger, whose
topology does not provide for mixing two dif-
ferent latches and, respectively, there is no
increase in spaces between sensitive areas.
The comparison of areas occupied by trig-
gers presented in Table 4 demonstrates that
the area occupied by trigger without addi-
tional signals is 8 % less than the one occu-
pied by trigger with reset or set signal, but
distance between critical nodes also reduces
in this case. If transistors sensitive drains are
spaced far enough, the area increases by 5%
compared to the same trigger without apply-
ing this method.

CONCLUSIONS

This work presents a set of D-triggers with
asynchronous set and reset signals and without
these signals developed on the base of DICE
architecture with unique circuit implementa-
tion. Respective topology has been developed
by means of 200nm SOI technology. The sensi-
tive trigger nodes analysis has been carried out.
A set of transistors whose relative allocation
affects trigger resistance to heavy charged par-
ticles impact has been singled out, and requires
special attention.

The report highlights the layout of the
above mentioned variants of trigger circuit
developed using Cadence CAD. Stray param-
eters have been extracted by means of Men-
tor Graphics Calibre product. Basing on these
data, the rise time, fall time and delay time
have been calculated (Table 4).

While creating the layout, relative alloca-
tion of sensitive nodes has been considered. For
efficient area utilization and provision of max-
imum achievable spaces between sensitive sets,
transistors from two latches were mixed, with-
out artificially increasing the area. Minimal
distance between sensitive nodes turned to be
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7.331 microns, while using ordinary alloca-
tion this distance makes 1.55 microns. The pre-
sented D-trigger modification increases
area by 5%, but may also increase resistance
to SEU.
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