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Abstract: Technology scaling results in that chip failure caused by single event transient pulses is becoming more and
more serious. In order to accurately compute the failure rates introduced by the transient pulses impacting on latches,a novel
latching-window masking model considering overlapped transient pulses in multi-cycle is proposed. Firstly, sensitized paths
and delays are calculated by the proposed re-convergence aware sensitized path searching algorithm. Further, on re-conver-
gence paths, pulses are overlapped by the proposed pulse overlapping calculation technique. Finally,as regards transient pul-
ses arriving at latches, failure rates are computed by the proposed latching-window masking model. The proposed technique
can accurately compute re-convergence induced pulse overlap and it is suitable to estimate failure rates considering multi-cy-
cle. Experimental results for ISCAS85 benchmarks show that,compared with the approach which has not considered pulse o-
verlap in multi-cycle, the proposed technique improves 7. 5% soft error rate accuracy on average with only less than twice
the simulation time overhead.
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B ] BT IR S K o 2 7 298 1% %8 (soft error rate, SER)
TR, T 5 1R 28 SCBREET T X 43
4.1 HEREWITE

MR B el R4 kA BRI R, K
(25) 5 th TSR R R A

SER=A,, xR, xR, xA,, x3.6x107  (25)

B AL BRI ROR Ry, 5 R 5350 R i S ER
vkl A RAE T R, 2% SR 11,12 ] 43 )
IUAE A 56. 5m *s ™" 2.2 x 1077, A S 414 i 43 32
B TT AT BRI

X HRE PR E T RO, B e S e R R
ITHRITHRMIE Z 8086 R I & AT Rocs | W A 5
FEIR RSO BRUE B A 2R 7 B 454, R )5
AR 2 VA R B R R

Horpr N oD ) s 40, S B BR AR AL W o
ki AANEL, G oL S AR BT RO, Bk Sk
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WU A S BT AT L % 2, SR i B AL AR Ao+ 4Ll
B BEXE R — I i, AT AR AR (1) 28
P73 (PR 1 801 B A T A R B Tk A 4R AT
FITENBIAE AR R BUL B AR, U B i LR AR T
PRiche H R IR AT (2) M ARTER AR Y2 — 1
IR TTHEA T AN ] 58 BE AR ik s 1A ABEAUAS [+ BE 1 1)L
TRAE IRIE A Bk b A AL B AR B EAT A4k, I P [l
SRk b -5 F OB ORI E A SCHR L 12 ] 4 A R
UG RO DAL LU OOV 5 (3) TR i B 7
S A Y T K o X AT R Y SR BRI ST Ha g%
ERRACR. B, W NI e T A9 o 2 R
AR PR 3 (25 ) THAR AL A e AR R R

&3i%£2 SERComputing

/7R R R R SO TS
/7% - L R TR R
B A S EO AT HL 2K
{8 FHBERIL 1) 5 A s A I 3k ) a5
FOR i < 1 to N DO

FL IO L7 5L 5

B RBLHAR IR ERAR AR

WA E R R AR AR R SR A

FORj < 1 to S DO

FOR w «— 1 to W DO
FOR k «— 1 to G DO

I D -5 v SO IR 5

4.2 LHERHLLE

A LIS A B o Windows XP x86 SP3 0S 4GB 4
17 Intel Quad-Core i5 ZbFHES.

4 I B R 5 Sy 2GHz, T, 55 2 30ps™ | Bl AL
74 1000 LK 6 AR OOURE o R
TI9I06 SET ki 55 B £ 1

1) =2 (e - o) (26)

Ty _TB
Horr Q e Wit &, 7, O FL AT WSO I ) K, 7, SR
o7 300 1 T ] (] R A 4Sam TZF 7, AT, 430 HUH
J1.5%107"" 5 x10 s,

X Q e [0,300fc ] Hr 10 114 5 B A% H faf 1t 194
HERTRD 46 IR B0 A6 8, A5 2R 3 79 52t 4 22 AL S R 2 ik o
B N7k SET Jiik b4 22 I 3153k v oxof v, 3 78
) BRSBTS RN 1 PR,

1 v SERL 5[] 1 SER2 5[] 2 435 A%
TR 25 e 2o I A ] 300 W 285 O o S ) B 1R R T AR
5 WFRIJFHS , SER3 S [a] 3 Sy SCHk[ 14 ] p i E 1§ £
4 JE 1 T 190 20045 8 SR T BB 25 R 5 st [ . A T
[F) 2 SCRREL D, PR AR S 2 22 5 [m] 28 SCik [ 14 ] # 47 1
B8 LA JTIE AR IRV 25 5 SER, XS T B Jr ik
PO DRV 5 R SER, 9 22 SER ;04 «
SER, - SER,

SER,
A 2R 1 8 diff21 (diff32, & S350 % SER2 AH

SER i = (27)

END X} SERL LK SER3 AfX} SER2 %05t 15 % i 2% , N T A
PSR BRI A 7. 5% 5 9. 2% . 3% R - (1) 5% 182 1 4 ]
G KRR e o et s

END RS Wk o 2 I P AR R T A A, A H IR E

END FF o 0 25 Ik e 2 O ) A R T R SR B A AR A

END 7.5%. S Hi IR, AR 3. 1 35 GEit25 £ B4 1 2w

LB R AR R ok e 2 A R BUR MR R ARO. 5,  (H AR S5

#1 REREHEERSHETFY

HL I 44 TR SER1(FITs) i) 1(s) SER2 (FITs) i) 2(s) SER3 ( FITs) I 3(s) diff21 diff32
432 5.23E -04 7.09 5.83E -04 13.72 6.23E -04 1.77 11.47% 6.86%
499 3.26E -04 36.52 3.64E -04 59.16 3.86E -04 9.38 11.66% 6.04%
880 8.41E -04 29.31 9.06E -04 51.32 1.00E -03 1.79 7.73% 10.38%
cl1355 8.79E - 04 67.15 9.80E -04 87.15 1.10E -03 9.63 11.49% 12.24%
¢1908 9.20E -04 179.95 8.97E -04 280.49 9.58E -04 4.29 -2.50% 6.80%
2670 7.19E -04 96. 65 7.95E -04 431.58 8.63E -04 2.47 10.57% 8.55%
3540 9.43E -04 702.43 1.06E -03 1612.37 1.13E-03 9.29 12.41% 6.60%
c5315 1.83E -03 1229. 64 1.84E -03 2382.46 2.11E -03 8.59 0.55% 14.67%
6288 5.38E -04 1741.25 5.72E -04 2916.51 6.44E - 04 120.5 6.32% 12.59%
7552 1.51E -03 1960. 46 1.59E -03 2703.02 1.71E -03 13.2 5.30% 7.55%




3018 i, F

¥4k 2016 4

Bt g 2% 1 22 Il J] 301 P 1 T 2 ol 0B R R T B 4
SO R UL M E TR IR S ko
N, Z2 st b Y T S B B R AR S T o i
{37, PRI 255 7% 18 22 Wt Ji) S00 W 2 ok o 2 oy 0 A 2
FRITIALE R SER2 # 1Y SERT i . (2) SCHK[ 14 ] B4k
BRATT 45 X SER3 HE A 3C SER2 i %% 9. 2% 7%
A IR SRR 14 TIA R Bk 58 2 1 b A S0 1) 22 A0 i
R D YRR, FAE R R BAR R AL A,
8 4ty SER1 SER2 (SER3 {1y L4558, B 11 A A —
WAL R 3, Pt — 2P UL HIAR SO i A B .

2.5

——SERICAHEL HM+Fin)
2.0 -~ SER2C 1 2 T8 W+ )
—a—SER3CCHR 14D

107 FH R # CFITs)
=

0.0

=1 =] = i =} = = wy oo o
~” = % wy = [ = Lam, o0 e
o Lt = = vy [aa) (> x

—5 3 5] — — ) L] wy = -
o (] ] [ o ]
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P8 BT R IEAN A5 ST L

ST I TR) T8, AR SO 2% 08 R i EE A R i Al
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I B L ST A 0/ , 2 — 25 I 1 e e ik e e 22 A4
JEIIIZ R B A 6 T3 B ) A 7 B R Y, 72
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JESITE T BA ARG 0003 TR AR SC5 1 5 A% 18 £ It
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