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WNXE2 e TREFFOY 7 27 —MMEPRIET 2 Z 2L L.

Measurement Results of Soft Error Tolerance of Guard-Gate Flip-Flops

with Increased Delay in a FDSOI Process

Tomova Kt Jun Furuta! KazuTosHt KOBAYASHI:

Abstract: With the miniaturization of semiconductor chips, deterioration of reliability becomes a problem.
One of the factors is soft errors. There is a stack structure that is strong against soft errors in an FDSOI
process. The delay time of ALLSTACKEDFF, which uses the stacked structure, is 87% larger than TGFF.
The guard gate (GG) structure using the C-element and a delay element is strong against soft errors. In this
paper, we propose three types of radiation-hard FFs with different GG delays using guard-gate structures.
The delay time of the proposed FFs are 39% smaller than ALLSTACKEDFF. Soft error resistance of those
FFs fabricated in a 65 nm FDSOI process was evaluated by heavy ion irradiation. Based on the result of
Kr irradiation, the error rate of the proposed FF was reduced to less than 1/6 of the TGFF. Among the
proposed FFs, the FFs with larger GG delay reduced the error rate. It was found that the soft error tolerance
of the proposed FF was improved by increasing GG delays with the guard gate structure.
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DEIERFE DIEIDHET D 5.
3.1.2 DFRFF (Dual Feedback Recovery FF)
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ZDH )1 SL (Secondary Latch) @4 ¥ N—&X D%
SLOMIART =M IYN=RIZANTS. SLOMIA
AT — b+ A =KD NMOS & PMOS DiftfEA ~ 7 >
2 X DIEILEE R BART DR C. DRWEEROH T
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% X 9(b) DFLROREKEHEMT 5. HORMKITIEEL
T OVADSBIERZITFIC N T4 AF— b A U= ZAK
HEND. ROBEIIHIIA Y N—=REBIMU T4 VN —
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DISHHER

N5 —%4HITE 3. ALLSTACKEDFF ¥t [ 10
DESIRXT—=EBAN»r M EINZ FTIEBT 250
M7 — b OBREUIFEI 7223, DFRFF TIXRA Xy 7 b4 >~
N—=R R L TWRWED, BERROF —N—A vy F
DPNZW, UL, DFRFF 35— F7— MEED GG i
IEOREDBRET, V7 b7 —MHEE 2 TR e»
HIFA U 7= [12). SL 0 GG BIED K & &3 PL 0 33% L7z
W7z, SL DA — K7 — MEER X DI TH - 7.

3.2 REREE

DFRFF ZHCH — N7 — MED GG BIEZ NS,
FF OBERE D4 —N—~y FEIZ-MY 7 F 5 —
FF ZR%R 7 5.

3.2.1 RDFRFF (Revised DFRFF)

DFRFF #FIZ s 94 AT — b O RN—=XD vy 7{E
BOAN /) —FEEHEHTZ. SLORIA AT — AL N —
ZDOWHNA v N=Z bR L THERIATWS / —F
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(a) Primary Latch (b) Secondary Latch
® 12 RDFRFF O#%— o — s
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N 272 RDFRFF 2883 %. M 11 KRIEKEZRT. K
9(a) EX12(a) £V, SLOFFART— A Y N=XDA
H/—REEBELRZ LT, PLOA— F7 — MEEDIRIE
RTWR2MHDA =258 ME 5. DFRFF £ b PL
TKER GG BLEARHRTE22HPLTDOY 7 b 2T —
fif A3 A E$ %, DFRFF & [A#kic ALLSTACKEDFF ¥
FEAGBAERERT D F — N — Ny RAVNE W,

3.2.2 RDFRFFTG (RDFRFF with Transmission

Gate)

RDFRFF 232, 4 Y N—X DRI R TV A3 v g
VA& — b+ &BIM L7 RDFRFFTG 2% 7%, X 13 12H
BMERST. BILEN SV RI vy a vy — bl T v
FDH— K7 — MEED GG BIEDE N EHH#RT 5.
3.2.3 RDFRFFLD (RDFRFF with Long Delay)

RDFRFF %2}, 4 Y N—=XDREIZ ANy 7 7 ZIBINL
72 RDFRFFLD 223 %. X 14 ICEKEXZ/7RT. B
LNy 77 HBM T v FDOH— KT — MEED GG EED
BIMCEmRS 5.

3.3 SMET Vv 770w TR

TGFF, ALLSTACKEDFF, DFRFF, 3 f$H DR FF
THME, DQ BT, HEE S, ADP BEEFHAi§ 2. ML
47T b SEHT 5. DQIBIE Y HEE NI RC itk
DAy PUZMNEHWTHEEY I 2L —2ay2f752 L
THHi3 2. ADP fIXEME, DQ B, HEE N 2 #HUTE
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&2 {EREAN

Wi | HEESH | DQ B | ADP &

TGFF 1.00 1.00 1.00 1.00
ALLSTACKEDFF | 1.24 1.06 1.87 2.46
DFRFF 1.18 1.16 1.09 1.49
RDFRFF 1.18 1.16 1.09 1.49
RDFRFFTG 1.29 1.15 1.10 1.63
RDFRFFLD 1.35 1.15 1.08 1.68

® 3 GG Bl

Primary Latch | Secondary Latch

DFRFF 1.00 1.00
RDFRFF 1.46 0.94
RDFRFFTG 1.75 1.50
RDFRFFLD 2.00 2.32

DR MREERE T, ADP VNI WIZEHRED R W FF &
FHMiS 5. #2XTGFF %2 1 ¥ LTHBEL TV 5.

DQ J#IE\Z TGFF 2% L ALLSTACKEDFF % 87%3
0§ %25, DFRFF ¥ 3 FHDIESR FF X 10%LL T D #m
2% TWw3. ALLSTACKEDFF 1357 — Z e 3 % &
HMPE—FDIBAVN=—RERRy 7 M Y N=RIZE
HL7272% TGFF Y U DQBIED 4 —N—~ v RAHK
=W, 3FEEOREFF 37— 20 EMHMT 2T —
¥ TGFF 2 FIERTH % 72 ALLSTACKEDFF X b 3 DQ
BIEDHEMZMZ T3, ADP f#i1d TGFF 1% L ALL-
STACKEDFF % 146%, RDFRFF 1% 49%, RDFRFFTG
1% 63%, RDFRFFLD (& 68%38/03 5. 3 EHODIER FF
¥ ALLSTACKEDFF XD % ADP DA — N—~» K23
NN DHERED R W,

DFRFF b 3 ffHDOIELE FF TPL & SLICH>H— K
7 — MEED GG EIEDO K X X33 5. % 31X DFRFF
12 LTHKBELTWS. RDFRFF 1 DFRFF ¥ X,
SLORIA AT — A Y N—RDAN ) — REEE LT
», PL ® GG BIEAHEINF 5. RDFRFFTG ¥ RDFRF-
FLD & RDFRFF ICEBERTZEML/2D, WAD T v
FD GG EBESHEINT 2. BE FF O GGEEDOKZ X
RDFRFF < RDFRFFTG < RDFRFFLD T® %.

4. BAFICLBY 7 IS5 —TEDE

4.1 EBEAFVRSAE

HA KRB E R R FISHUTSERT (TIARA : Takasaki
Ton accelerators for Advanced Radiation Application) T
FERL 7z FHiF v T2 PR F v DN NIZEET 5.
BAAVIEIKRKICE > TN F—DRBET 270F v >~
N—NZHZEZT 5.

4.2 fEZEMETE (CS : Cross Section)

CS 3K FASEBT 2 2L TY 7 h 25— k5| 52
CFERTH B, CSIER (1) 2AVCTEHET . Nep 12V
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ENBA A DI, Npp ZFBH XN TWE FFETH 5.
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4.2.1 FHESE
V7 L —MittERiHEiS 572912, FF 28RO R 1
L7cEETHB> 7 PLIRXEHAT 5.
(1) ¥ 7 FLYREDFF 2EIZ0 2 1 2F ZAAHHIL
95.
(2) Z7m v Z7E5% 05 1 ICEE UBRSHRE RS S 5.
(3) BEHE TR, > 7 LY RX2EEHAMT.
(4) FiA U ME e BIRHEA 272 5 FF $zatHd 5.
4.2.2 PIERMH
FERCTEHAT 28 A 4 VX LET = 15.8 MeV-cm?/mg
D Ar ¥ LET = 40.3 MeV-cm?/mg @ Kr TH 5. HIESR
e L TITRT.
o HIFEE 12V
o EHA A RGN 30 )
o FIfEIKHEE : (DATA, CLK) = (0, 1), (1, 1), (1, 0), (0,
0)
o HIEMER : 4 10 [

5. BAZUREER

TGFF, ALLSTACKEDFF, 3 B OISR FF O2EEIR
REE 200 Ar G ORERZ X 15 12, REFIRE L
ZDEO Kr PR OMERZM 16 1ITRT. =7 —"—1d
BEXED 95%TH 5.

Ar FREHER X D, ALLSTACKEDFF (3 28ifEikET =
T —=DRAEL R o7, REFFIZOWTK 15 OFH{HE
& D, RDFRFF & TGFF & AT 7 —#1% 1/11 1, RD-
FRFFTG & 2/69 12, RDFRFFLD & 1/56 IZ{KJ8 T % 7=
M, T7—DiFr ALYIX (DATA, CLK) = (0, 0) THAL
7. Kr BBEHER X D, ALLSTACKEDFF (% (DATA, CLK)
=(0,1) TETI—HEF 2 HHEE LD, Zho%k
TR —BRAELLPr o7z BEFFIZOWVWTK 16
DML D, RDFRFF (& TGFF & R T 7 —#13 1/6
12, RDFRFFTG 1% 3/20 {2, RDFRFFLD & 1/9 IZ{&JK T
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RDFRFFLD
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1 no error

Cross-Section [cmzlbit]
=)

o,

}

(0,1) (1,1) (1,0 (0,0) average
(DATA,CLK)

K 16 Kr /B oiER

/e, T7—D%L1E (DATA, CLK) = (0, 0) THAL
72. ALLSTACKEDFF i35 v F% 2R v Z7HiEICT 5 2
ETHRRY 7 27 —iMttEzHo. $#8% FF 13 (DATA,
CLK) = (0, 1), (1, 0) lZA X v ZffEic kb =5 =%
filL, (DATA, CLK) = (1, 1), (0, 0) &5 — K& — 8
kb —%MiH 3 5. (DATA, CLK) = (0, 0) T
T—DERFELD, SLOGT—KF— M EETY 7
N —DWFHIBAT D THZ Z e WAL/ BA A
ME T VI RARIZEANT B TIOLARFEET S, %
JVANEDY GG B X D KRE W, C-element ICHDIAE N
% 2 ASTOW A CTRIEL 722 A1 S 2 R FAE L,
C-element DN DIEET 272D REL VR ERET
X2V LET 238V Kr DA K D RELROOVADBFEET
579, Ar XD Kr l@CREFF 05— 7.
SHEHEOREFFIKEHT 2, Y7 b7 —TMiMI
RDFRFF < RDFRFFTG < RDFRFFLD (27 5 /2. %
3 &0, BEFF O GG BLD KA E XX RDFRFF < RD-
FRFFTG < RDFRFFLD T» % 72%®, GG EZBIED K % X
MY 7T —MMHEICHEL TVWE I e, R
FF OV 7 b= o —MifEDM ED2HIZ SL D GG BIED
HEIMPEETH 5.

6. A

ARG TIE 65 nm FDSOI 7 a0t 2BV TH— F#— b
MED GG BIEDO K E X NRAL 2 FF % 3 EEIERL, [
B Ial—yaryCHRERFIEL, EA A VRFhCXD
Y 7 b T —Tit R a7z,

PERERTAM & b, 122 FF 13 ALLSTACKEDFF ¥ LE~GE
MERERE A3 40%/N X W, ALLSTACKEDFF & Ar Tl3 T
=R 0, Kr T 7 —Eh2MlTH 270, 9k
V77—t ERoTWa. BRFF X Ar Tld 5 —
R TGFF @ 1/11 BUTIZ, Kr TR 7 =323 1/6 LIT I
BHTERD, =7 —DZBREL VLI TRy 7
P —MifEERFO LIS XA V. 3HEDIRREFF 21t
B35, GGIELIAE W RDFRFFLD A —%Y 7 b =
S— I TH o 7-. EER FF 3 GG BEEZHEMT 3 2 &
TY 7 b —MiEZMLETE2Z AL 2.
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HE AWIZEIE, IST-OPERA, JPMJOP1721, HRX &4
IVSFXTAMNDXRERZTFI2DDTHE. TAVF YT
DB K d.lab-VDEC 2@ L, L3P AL 2 b
n=2 X HERY ) I ABRXE, BRT 4 7Y AT A4
VY RAT L, =X VA EDA Vv RUBRREH O
THHONbDTH 5. HA & v G Z R TR
W ZE BRI O et LI IS TIT O D O TH 5.
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