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ZiFoh 3. FDSOI 7R RATWERA Xy JHEENY 7 b7 — IR TH . RE vy 7EEEZHVE
ALLSTACKEDFF 3—fi%#J72 DFF T® % TGFF ¥ HLNGEBIERFEAS 87% K Z W, C-clement ¥ BIEZR T
ZRWIA =R = (GG) EIZY 7 P25 BT H 5. AFETE, ¥— Fr— MEdEEZHV: GG
BIER R B0 Y 7 b5 — FF % 3 MEIEE T 5. {24 FF 13 ALLSTACKEDFF ¥ LL~GBIERER 235
40%/NEW. 65 nm Fat A TRIEL 72 TGFF, ALLSTACKEDFF, 122 FF #&EA A 2HWTY 7 b
I —MMEZFE L7z, Kr £ A4 YRR K D, #8% FF & TGFF & R 5 —F% 1/6 LITIEE L
72, BB FF OHF T3 GG BIENKEWVWFF OB —REEB L. F—FF— MEED GG BT
WNXE2 e TREFFOY 7 27 —MEPRIET 2 Z 2L L.

with Increased Delay in a FDSOI Process

TomovAa 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.

Measurement Results of Soft Error Tolerance of Guard-Gate Flip-Flops
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H— R —MEDOY 7 b= —iittEm LiIcEETH 5.
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3.1 TEKERR
3.1.1 ALLSTACKEDFF
—&iy7% D B FF T% % TGFF (Transmission Gate FF)
D7y FADTXTOMES — MTRAX y ZEEFRAL
7 FF % ALLSTACKEDFF ¥R, [ 7 iICEIEERZRT.
ARy VWEICED Ty FTRET S Y 7 b x5 — %M
T& %55, TGFF L R+ 5 VY IR X MiA T 5720 FF
DEIERF R DI MHFIETH 5.
3.1.2 DFRFF (Dual Feedback Recovery FF)
WADF Y FDIIART— M YR—RERAR Y Vi
WIZT 5. M4 Y R—ZDREITA =R EEIML,
Z D1 SL (Secondary Latch) DA ¥ 38— X DH{S1 %
SLOMIART— A I NR=RICANTSH. SLOFFA4
AT — bhA ¥ =& ®D NMOS ¥ PMOS oOfftfiia + 7
AR DEFHUHBEEZEAR T2 L. 2RVWIEEROH L
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WHTES. Zuy 2735080 CHEEIRTWA L X2 SL
DIMFFFIREEIC T2 2. SL DA Y N—RTHLVADBHEEL- L
% E9(b) DFLROFER EEBT 5. FOERIFEL
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(b) DFRFF/TGFF

10 ALLSTACKEDFF ¥ DFRFF/TGFF O AN» 6% T
DfFEHE®

x5 — % TX 5. ALLSTACKEDFF ¥ x| €10
DEICTF—ZB AP M N EINS ETIHEBT 55
By — + OBBUIRE U2 h5, DFRFF TiZAX v 7 b4~
N—=REFERHLTORWED, BIERB DA —R—~ v F
DXV, L L, DFRFF 34— F4— FMED GG &
IEORENFERET, V7 b7 —itEE+a TR e h
HIBH L7 [12]. SL © GG BIED K E X3 PL D 33% L2278
W7z, SL DA — K& — MEER X WIS TH - 7.

3.2 RERER

DFRFF %2 #i2H— F4# — MO GG BIEE MM X ¥,
FF OBERBE DA — =~y FEMZ MY 7 b5 —
FF Z@ER53.

3.2.1 RDFRFF (Revised DFRFF)

DFRFF 2B A AT — b O RN—ZD 7y 73
BDOAN ) —FRZETS. SLOMITA AT — A ¥n—
ZDOHNA Y R—=Zh B L TEREINATVWS /—F
2 SLDA Y NR—RDH ORI hTWVWS / —FEA
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9(a) ¥B12(a) &D,SLOFFA AT — A4 I R—=ZDA
N7 —RELEHELEZ LT, PLOH— F¥— FMilE0BE
FFC 24 v x—&pEME 3. DFRFF &b PL
TKER GG BELHMRTES2DPLTOY 7 bx5—
it A3 3 5. DFRFF t[Al#kic ALLSTACKEDFF ¥
HARBIERFRI DA — N =y FAV/NZ W,

3.2.2 RDFRFFTG (RDFRFF with Transmission

Gate)

RDFRFF 22, £ Y N—ZDREWC SV RAI vy a
¥4 — F%&EML7% RDFRFFTG 2887 5. K 1312E
BEERT. BMLENS YRAI vy a vy — b oliTy
FDH— FH— MO GG BIEDHIMCEH#K T 5.
3.2.3 RDFRFFLD (RDFRFF with Long Delay)

RDFRFF 2EIZ, £ Y X=X DRIy 7 7 ZBML
7= RDFRFFLD #8873 %. X 14 CEER%Z/RT. BN
LNy 7757 v FOH— K& — MEED GG BIED
BImcEmRT 5.

3.3 FHME7 V) v 770y FOMEEFFE

TGFF, ALLSTACKEDFF, DFRFF, 3 @ D% FF
CHEM, DQ BT, %%, ADP B2 i3 5. mAliL
A7 v roEET 5. DQEBIE L HEENIZ RC Mk
DFy PVAPEHVWTEES I 2L—Yary2f752k
TaFHii 3 5. ADP fiidmfi, DQ B, HREHEHIE
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& 2 YEAEFH
i | WEES | DQEE | 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 BEEFH

Primary Latch | Secondary Latch

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

bEMEEREET, ADP FiAV/NIWIZYHRES R W FF &
FHEi 5. £21 X TGFF # 1 ¥ LTHIBLLTW3.

DQ &k TGFF 25t L ALLSTACKEDFF & 87%3
3 % %3, DFRFF ¥ 3 EHORE FF 12 10%LL T o
W2 TWwW3. ALLSTACKEDFF 37— & 3=k 5 % i
BY—1trD3BbA U R—REBRARY T P A UN—RIE
B L7728 TGFF X kR DQBED A —N—~A v FHK
ZV. 3EFEORRFF 37— 23T @B Y — b
& TGFF k[T 5 7= ALLSTACKEDFF &b % DQ
BIEDR M % 2 TW3. ADP #i{ld TGFF 124t L ALL-
STACKEDFF i3 146%, RDFRFF i3 49%, RDFRFFTG
% 63%, RDFRFFLD 3 68%%13 %. 3 M OIRE FF
& ALLSTACKEDFF X b 3 ADP fl{D 4 — 38—~y Fis
INEWTDHEREDI R,

DFRFF ¢t 3 @EDORL FF TPL & SL icf>H—F
7— MED GG BIED K E X %7l 35 . £ 31X DFRFF
%1 ¥ LTHIK{LLTW3. RDFRFF X DFRFF ¥ H,
SLOMFAAT— M UNR—RDAN ) — FELEEL:T
%, PL ® GG BIiE3#i13F 5. RDFRFFTG ¥ RDFRF-
FLD X RDFRFF ([SBIERFEBML 72720, WD T v
FD GG EBEHSIEMT 5. IRRFF O GG EBEOKREZ XX
RDFRFF < RDFRFFTG < RDFRFFLD T® 5.

4. BAAVICEKBY 7 I 5 —tEDF

4.1 BAAVREAE

A o+ > BRI B BT ISFABIAT (TIARA : Takasaki
Ion accelerators for Advanced Radiation Application) T
EHEL . FHiiFy 7EMAEEF ¥y Y R—HNBEET 5.
HAAVERIACE o TZAINF —DRETE120F v~
N—NZHZECT 3.

4.2 HRETEM (CS : Cross Section)

CS BN FAEBT AL TY 7 b7 — 25| &k
CIHEMTHS. CSIER (1) ZHVWTEHET 3. Ngg 3V
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B A A ORE, Npp BIERINTWE FFHTH 5.

CS. [em?/bit] = z—0— NjEN 1)
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4.2.1 FHESE

V7 x5 —iittE R T 5 =012, FF 2E¥E-oRk ¥
LEERTHES 7 LI RAXEHHTS.
(1) 7 LI REZD FF 2B 0 1 25 XAA0(L

T5.

(2) 7wy Z7E35% 05 1 ICEE LBSHRE RS T 5.
(3) MR TR, 7 FLIRX2EETATT.
(4) A LEL HFHEN R 5 FF ¥R T 5.
4.2.2 BERHE

KB CHEMT2EA 4 13 LET = 15.8 MeV-cm?/mg
@ Ar ¥ LET = 40.3 MeV-cm?/mg @ Kr T» 5. #lESk
HELITICRT.

o WIFERE 12V
HA 4 VISR 30 B
B){ERAEE : (DATA, CLK) = (0, 1), (1, 1), (1, 0), (0,
0)
HEEIE : & 10 [

5. BAFZVRBHER

TGFF, ALLSTACKEDFF, 3 fSiD12K FF 0 28{ER
BB ZDFD Ar IBGIRF O REX 15 12, 2EEIREL
Z DV Kr BHFREOFREREZR 16 ISRT. =7 —"—&
EEXMD 95%TH 3.

Ar lESHER X b, ALLSTACKEDFF (2 28{EiRET
F—BREEL R o). BRFF IZOVWTK 15 OFH{HE
X b, RDFRFF & TGFF k ltRx 5 —$1Z 1/11 i, RD-
FRFFTG & 2/69 (2, RDFRFFLD 3 1/56 ({5 T % 7=
M, T5—DIFL AYIZ (DATA, CLK) = (0, 0) TH4AL
7. Kr @53 & b, ALLSTACKEDFF & (DATA, CLK)
= (0, 1) TR 5 —»AaaT 2 HRE L b, #hbsosk
BCRITS—BRE LRI o7 BEFFIZOWTH 16
DFEME X b, RDFRFF 13 TGFF Rz 5 -8 1/6
i2, RDFRFFTG & 3/20 {2, RDFRFFLD X 1/9 [Z{E8 T
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16 Kr s oiEH

7=/, =5 —D% 13 (DATA, CLK) = (0,0) THRAEL
7z. ALLSTACKEDFF 35 v F %A &X v Z#EICT 5 Z
ETHaRY 7 b5 —iittE 2o, 5 FF 1 (DATA,
CLK) = (0, 1), (1, 0) 3R & v Z7HEIC XD =5 — %M
#il L, (DATA, CLK) = (1, 1), (0, 0) ¥4 — F# — i
&bz —%WElF 3. (DATA, CLK) = (0, 0) T
S—MBEREELEED, SLOF— ¥ — M MEETY 7
PS5 —DWHIHBAR T THEZLHHBHLE. B4V
MEPIUVIRRIZEATEIETALVAREET S, <
NAED GGBIEX D KZE W, C-element IZHDIAE N
3 2 Aol /5T REE L 7=l A X3RRI AL,
C-element DN DIRELT 5 72D FEE L=V AERET
W, LET 3EWVWKr DA & D KRERASVABFEET
%79, Ar X D Kr @S CTHREFF 0= 5 —EHmL 7.

SEBOREFFICEHT AL, Y7 b o7 itk
RDFRFF < RDFRFFTG < RDFRFFLD 2% -7, #£
3 &b, #BEFF ® GG BIED K %= XX RDFRFF < RD-
FRFFTG < RDFRFFLD T» % %8, GG BZEDO K % X
MY 7 P27 —iitEicEELTVS Z e HH L. R
FF oY 7 b x5 —iittEDm Loz SL @ GG EBZED
HMHBEETH 5.

6. ¥EA

A& T 65 nm FDSOI 7t 22BN\ TH— F#— b
WiED GG BIEDOKE XMNRL S FF % 3@EERL, [
ByIal—ya rCHEERFHEL, &4 A VEBHICKD
YV 7 b T it FHl L 7.

PEREREA & b, 2% FF 13 ALLSTACKEDFF ¥ i~
IERFR A% 40%/h X W, ALLSTACKEDFF & Ar Tidx
F—HH 0, Kr TR -8B 2lTH 5729, +97i
V75—t oT VW3, R FFIZ Ar Cl3=5—
5 TGFF @ 1/11 LTI, Kr T3z 5 —%AH31/6 LITIC
ERTED, =57 —DBZHEEL TR D TRy 7
P —iifERFOLEE ARV, 3EHOIRRFF 21t
#3 5L, GG BIEA K Z W RDFRFFLD 3i—%Y 7 b x
S—ICHWTH o7 REFF X CCBERZHMT AL
TY 7 b o—iitEZm ETE 2 Z LAV L 7.
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BB AWFZ, JIST-OPERA, JPMJOP1721, #k &t
VAR A DOXEERILBDTHS. TAMFv T
DREIFHRE A d.lab-VDEC 2@ L, VA H XL 7 b
n=7 X HAY /) 7L AGRAZH, BEATF A 7Y AF¥FA4
VY AT A, ¥— X VX EDA Py RUHRAREH OB
TTbhzbDTH 5. EA + > BHBE IR TREZERM
7B S O fE L AHE I TIT b b D TH 3.
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