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Soft Error Tolerance of Different Latches in a FDSOI Process
Dependending on Substrate Bias Evaluated by Device Simulation

KeENTARO Kojimal Jun FuruTta! Kazutosar KOBAYASHI!

Abstract: While the miniaturization of integrated circuits improves products, the reliability decline become
a problem. One of the factor is a soft errors, which are temporary failures caused by radiation. We evaluate
the soft error tolerance depending on substrate bias with a standard latch and a stacked latch which has high
soft error tolerance in a 65 nm FDSOI process , by device simulation. We evaluate soft error tolerance with
two ways of threshold LET and Cross Section. Threshold LET means the critical point of radiation energy of
soft errors. Cross Section is sensitive area for soft errors. In NMOS, positive substrate bias weaken the soft
error tolerance. On the other hand, negative bias improve the soft error tolerance. We compare substrate
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bias dependence of soft error tolerance in different latch structures.
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1 Single Event Upset

(Fully-depleted Silicon on Insulator) 780 & ADER) TH
% [4][5]. FDSOI M2 B \WTIXY 7 b T 7 —DFHERKH
FHENA R —J %% (PBE : Parasitic Bipolar Effect) [6]
THY, BRNATA2EETLH5I L TPBE L%z s
AV 7 NI TELEEZOSNS.

ARETIE, 65 nm FDSOI At ZIZEWT, TN A
Jalb—yarvEHWTT NS ARG & HRNT 7T A %2
HIHILTY 7 b —MEANDEELFTMT L. 52
fitcixy 7 b5 —ORERRK & T DOHEFRIZ DN T
RND. BIWMTETNA AV Iab—vavohkey 7
b T 5 —it DI GIEIC D WTHAR S, 5 4 Hi Tk BOX
JEDREE L HMNA T AZEASIEY 7 T T —MitED >
ab—vaURRERKT 5. BWHETIRT v FRIEIC
BV T NI T —DFRAER N = XL L IEFEMRAFIEIZD
WTERT S, 6 HiclIATROM L RS,

2. VI hI5—

ARETIIEREIRO —FRFEDORKAD 1 DTHEY 7 b
II5—Z2DVWTiHkR 3,

2.1 V7 MIS—ORLEER

V7 hNLS— L IZEREIRICR TR AT B Z 2T &
DEFIEANDPER SN, FELUZERIILHUE ITINE S
N5 Z L TRIBOMRFHEL KIES 5 —HRETH S, V7
FTT—DFERE LB FHRE LT, #il ETIX i, B
T, BTV —dilkT, FHTEES A VBET SN
%, ABCRECEAAVIZLEY 7 VTS5 — 25T 5.

2.2 SEE (Single Event Effect)

L DORFHRDEAI &Y FET S~ H U <1k
A 7R % #8%5 L T SEE (Single Event Effect) & .
SEE 3K FHRDEAIIIZ L > THFEEI LT VD, M1
RS &I, Ty FREDGHERTITR FIRVEAT S
ZLIl&oTT—ANKEET 5% D% SEU (Single Event
Upset) [7], T — X REFBLAS DA G DB I FE AT AVE
U, 7OVAZFAET 5% D% SET (Single Event Transient)
LIRS, NMOS T K, PMOS TIRIEAERKNOE
WRHBFET S, BFOBHLIZEAITHEARES VWD,
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2.3 FDSOI #&&

SOI 7t RiEv ) avHEKE b7 Y YA XDMIZ, i
YT H 5 DA AL (BOX : Buried Oxide) & A3
AENTWS. SOI 7t AiZ13%2Z @H BOX B % T
L 72\ PDSOI (Partially-Depleted SOI) & 222 J&H* BOX
J& & TEI 5 FDSOI O 2 FHEHMBFIET 5 9. ARTIE
FDSOI 7a v A& WHIZT 5. K21ZmRF &L 512, Bulk
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ALHELTY 7 b= I =iz Eh TS [10].

2.3.1 FDSOI®EILHIIDY T NI —REME

Bulkk 7Ot 228V T, RAROEAIZIDFEL
BRDPUEINDE ZETY 7 VT 7= FET 5. FDSOI
THEAZEWT, VI MNZI—DXEBERELBRLDIE, F
HENA F— S5 (PBE) TH 5. OFF IRIED b 5> P2
RIZRFRAMEATHZ 2T, EUEZEMD S LETD
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T NI T —WNRET 5.

2.3.2 Y v oS
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31 TCAD>zalL—>3v

TCAD (Technology Computer Aided Design) i& 7' 1t
AV Iab—RXRTNA AV Iab—RRYDEMEY I 2
L—REMELEZY -V THS. ATl Synopsys LD
Sentaurus %\ 5. TCAD T, TN AD7 >0 J#H
fEDAIZ, TNA ANFOYBERIZ L 2HE 2T I 2
L—2avdabZleNTES,

3.2 V7 bI>—MMDFMAE

HEEUE % A U 72 2 AJ1D 3D NMOS #i&i% TCAD T
fERK L, Standard Clocked Latch & A & v 7 itz W7z
Stacked Clocked Latch @ 2 D T v F 2 ERKT 5.
45127 &5, ADHBEARIEIEALSDEZHAVWTS
0, BEEEZTHNRERS. 3D #EMUADERS X SPICE
EFINEMAWT, Mixed Mode I ab—Ya V4TS,

BIRETIL 08V £ LT, CLKB ="1"T, BY4D
NMOS X OFF IRfETH 5. HA A V& TERERN %217
W, V7 b7 iR ES LET & Cross Section (CS)
D 238 H TS 5.
3.2.1 [&S LET

LET (Linear Energy Transfer) & (%, ¥ THRO B ES
HEODIXNF—(5ERL TS, LETEERET S
BATRIIHHIS 5720, LET R WVEEY 7 b T -
FELXT < 2b. B LET &3, V7 b I =354
THLEWMETH D, HWIFEEY 7 b I —MifETH 5.
EFET v FORDMT LE R 5N 54, Standard Latch
ZBWTIEANT — b OIS, Stacked Latch 235\
TIE, 22007 — MREDICES A V2RSS, T2
V¥ —fli% 0.1 MeV-cm?/mg 32 EF I, #1HTY 7 b
TT—DRAEUMEEZER LET &35, TOBROEA A
VR 1FA (1) [11] o kDB.
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6 FIUIVARSEET) YR
7y [nm] = 7.16765 x \/LET [MeV-cm?2/mg] (1)

3.2.2 Cross Section

Cross Section (CS) &3V 7 T T —DEKERTH 5.
CS EH2REDR FIZNLT, V7 ML T —IZHfig e m
Ma&d., AFMTIEM6IZRT LI, FTYIAXE 20
nm PUADZY) y NIZKE]D, £7°0 v ROFNMIELS 4V
ZRATHILTCSDFHtiZITS. EAAVERA L
BRUZY 7 NI —FETETY Y NOLGFHDPCS TH 5.
CSIINIWVIFEY 7 R T— TV EEZ S5ND. AFi
TIXLET fHiX Ar 2B L 15.8 MeV-cm?/mg £ LT, ry
3 (1) &9 285 nm &9 5.

3.3 BOXEDEX EERNI TR

BEWNA T AZEINT 2 2 & CHBUE R T « BOBERS
HAWEMLL, bT U VARRENE AT B, FEANAF—
FIRIRIZBHEE LS X, ZHIEVWY 7 b T —iiftERE
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7 Cross section at BOX thickness = 10 nm.

kTar2E26N0E. KT, EHANCT72%2-05, 0,
0.5 VD3IFMHETY 7 b T —iittE %S 5.

— %172 FDSOI b 5 > Y A X D BOX J&1% 100 nm TH
%. AFTHWS TCAD €7 )VIiX BOX BDEE (Tsox)
7310 nm @ Thin BOX FDSOI 71+ A® SPICE € 7
HLIER I N TS [12]. Thin BOX FDSOI & X
N5 7aE AL Tgox 8 10~25 nm TH 3 [13]. Tpox %
BEFTBHIETAN IV IAXBENEMLL, B RBIZ
EHNA T ADHENNIL BB EEZSND. Thox
= 10, 25, 50, 100 nm ® 4 &HETY 7 b —itt % T
T5.

4. YXTal—YaviER

HIXNA T AL BOXEOEX 2#AH LY 7 b= I —ii
%I 5.

41 YIal—raviER

EMNA T A%-05,0,05V EeT23%M4TY 7T
Z —iftE % #Mid 5. 2Dk E, Tgox = 10, 100 nm D &
SO LET & CS %% 12 &KX 78 IT/mRT.

4.1.1 Tgox = 10 nm D& &

0.5 VH»5-05V 29 5&E, Standard Latch iZE5 W T
fE5t LET 13 2.83 £%, CS 12 0.82 % 7 5. Stacked Latch
IZBWTERS LET (% 1.33 4%, CS1d1.64x1071% cm? 230
cm? &85, OV EERIZEZD L, WHMANA T ADY
AV 7 hT o —htikE EL, EARNA T ADEEY 7
b —MMEIE T 5.

4.1.2 Tgox = 100 nm D & &

FBRIZEM NS 7 A23-0.5,0,05 VD 3FKMAETY 7 b
I —MMMEZFHET 5. 05 VR5-05VDELTEEE,
Standard Latch iZB W TS LET 1% 1.03 %, CS 1 0.99
fr 2 725 . Stacked Latch (2B W THGSH LET 1& 1.13 1%,
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Stacked Clocked Latch
8 Cross section at BOX thickness = 100 nm.

£ 1 iR LET 0Z{b

i A LET [MeV-cm?/mg]
AT Tsox = 10 nm Tsox = 100 nm
Standard | Stacked | Standard | Stacked
05V 4.0 12.5 2.9 10.4
oV 6.1 13.2 3.1 11.7
-0.5V 11.3 16.6 3.0 11.8
% 2 Cross Section D%tk
Tl B e e T
NAT A
Standard Stacked Standard Stacked
0.5V | 852x10710 | 1.64x10710 | 8.36x10710 | 1.36x10~1°
0V | 7.88x10710 | 0.8x10710 | 8.36x10710 | 1.16x10~ %
0.5V | 6.96x10710 0 | 8.28x107%0 | 0.92x10710

CS X 068575, Thox =10 nm D& & LKL T
BWANA T AR 7 b T it 5 2 2 EITNE L
2% . $#1Z Standard Latch (28 W Tk Z O ASBEE T
»H5.

4.1.3 B4 7 RRFHE

BOX BODJE X % 10, 25, 50, 100 nm @ 4 5, FHHRN
AT A%-05,0,05VDIFHETENTNELIES L
ZOEARLET 2K 912, CS 2K 10 1223 . BOX EH
[BEL R BIZ EHMNA T ZKIFEEDNS Ko T VWD Z L
Mo d. Tpox = 100 nm D & ¥ Standard Latch DYV 7
T T —0ittEIE 3.3% A T DEALTH B DIZXF L, Stacked
Latch i% 13.5% LA & LT 5. EWBLEMIFE L BOX B
DEXDOEBIXT v FEEIZL D R 5.

4.2 BOXENYV I IS—MEICE5Z5HE

HERANATABOV DL EIZEHTS L, BOX EHE
KBBIZONTHEFRLET B F2 0, CSHKRELRBZ L
T, VI IZI—MEMMETLTWDE ZEAHERTES.
BOX B)EL 725 Z & THBRNA T ADRFENI R—F
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BIRIZEZ BB TN RY, VT NI —0ifERZEAL
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BENY 7 7 —itIC SN E 5 2 BRI D
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MeV-cm? /mg AN A T ZAH3-0.5 V O & ZIFER LET
HUTF, 0VOEZIFEER LET fHETH S, 05 VDL Xk
AR LET A ETH B, BN T AN 05V O L EER
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OPWENEHENIZY 7 VT —%2FEIETVS. 0,-05
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<, BRNENEENIZY 7 T I —2FKEIEEIL
Wb b.

Tsox = 100 nm IZHWTC, CS %KD 2 & E1d 15.8 MeV-
cm?/mg DEA A V%I T 5. CS L, Standard Latch
TIE 1.0%DZHE, Stacked Latch Tl 32.3%Z/LLTW5.
2007 — Odul (K 11 JBH R 2) ICEA A4 U DIRE 1
72 ED RV A VERZR 12 (b) 123, Standard Latch
KHWTIE, SV — 2l AR S BMINEIC £
DY 7 T —MFEELTWS. — T, Stacked Latch
WZEWTIE, BWE— Il BRI RIBEIZ L D FENT
R—=FWONL, V7 I IT=DPFHELTVWB I LHIHHER
TE5. A LET £ 0 @0k 2322 A LT3 Stacked
Latch IZBWTIE, HFENS R—FHROATY 7 b T T —
MHELTWEZ b5,

R LA U ANDOEMNEIIEW N T XD E Z 1T 720
A, BOX BHEL & H I NA T RNEFENAS R— %)
HizwE % 52 5, Standard Latch IZERUNE & FFENT
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ROATY 7 hLI=DHFELTWE 7D, BOX EOE
TN & D EMNA T AKTFEIZEZVEH N B 5N 5.
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DTy FaME UK AL 7 A BOX HOES 223t
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Wz $ 5 Z £ T, Standard Latch (X3 EN1 R—F L
mize, BRINENRKNTY 7 b —0FETHZ N
bhrotz. BOX BEEL T2 L TERNS T ADKE
WWNE LD, FENMR=FEIPERTY 7 b T —
WHH$ B Stacked Latch iIZ2BWTIE, BOX BWEL %
%1% ¥ Standard Latch & 0 & BHZE 12N 1 7 AT
MHER T E /-,
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