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Failure Probability Modeling for SRAM Suffering Multiple-bit Upsets
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Abstract: The reliability of SRAMs that exposed to radiation has been studied with the aims of driving predictive
model based on suffering multiple bit upsets. A method based on simple birthday statistics used to predict the
cumulative probability of SRAMs suffering soft errors. An improved non-cumulative probability function was
proposed to evaluate the periodic memory scrubbing technology which used to improve the effective BER over
physical BERs. The predictive model is in good agreement with test results for SRAM processed using 90 nm bulk
process technology under proton test.

Key words: multiple-bit upsets; SRAM; reliability; scrubbing

A SEC R # 1 n i gy =0

5| A SCORE T A7 fif 0 405 ) 8 2% 1R B T3] 30 1 BBk

il

1R (Soft Error) & iR S35 & 9 7= A T 7
A AR B TP B — B A A R, — BT R 1% R (Soft
Error Rate, SER) X FRAE & A #1352 (R 17 %
BATT IR R DR R A L % A v 11 FEL I 2 B 4. AE
T o FH R85 T SRR 158 8 ARG, — P B LU Ry ]
fh (Single Error Correcting, SEC) Rl 0] 3t 47 ££ 4.
SR AE 52 7 5 [A) B S J% 4 0 BR B2 |l TR0 Uk
K Res . (45 SER tREHKIF BB T £ ks
#%% (Multiple Bit Upset, MBU)'™, #ugili fii ff SEC
To i B R G K AW R (Period Scrubbing) Bk

WA HE: 2013—04—17; {EE HHEA: 2013—06—01
BEEUTH: BEXHAR¥IELTIH(61101033)

AR RRLBEAT 3B 2t DL AR R A D A O XY
PR A AR IR 2 R ) AR G [ — iz P A B A A
JE BRI A SCLL A H S B A S 0 Hr SR Al Ry
FGUINE By B T EAE o M a6 0F b AT B HE 7
tar RBUEUAEE BB R RN DL T # S A4 g
R AR,

2 BEHEHMESEBREAUMERBEREIS
UL

% JE B R GEV T — OO A7 i 2R AT G A A



el

JEl R, 4 RS AR 20 LR A R R R RO Y 55

TE R BE (Failure Rate) 5y B9 R 35 o 50k {2 45
Aith JC ¥ Tl JE R 3 5 2 T JRL 0 R 3 B R L AR SO Xof
X I AT 4 A B D = AU A SO B
HAF

(D Fefi e R 2 S5 i HEAT I . R ) — 4>
o LA B AN D AR RS A A SR

(2) WA A 1 R RCE AR error/bit-day)
FH 25 [ BR 358 R A RS pe s AR S IA A 40 4 5

COFEZS [ AR S W B BL T B R W IR 77
BRI BT EAT IR A 21 IE , BV 2R A5ORAR = 1 B L 8
i LA Bt 4

T THT K AR 2 1 (3D FE R R A 3 Ol R R R
FEIE SRR 1R AT A0 R RN A3 BT L HE AR
FAFDHF2).
2.1 ERBFRPRUMERE

Abramson Fll Moser F 1970 4F & & & 47
T HESECER S AT, AT A — B
NBE 2 T4 KA B TEAH B Y K8 A 3 4 /9 HE
U MR AT AR N

inml(n,p):—L THD!(H_ ple=D—1 @))
n p—1
K n AR —AFEAZ DK, MR X H b RIRAHB KR
Bop MRS 5z m N8 F 80D T 70k
fr AT SEME AT AR 0 RN AR R T T RIE— A
F YR p S AT A 1 i 1% B LU A A OB
AT AR AN [R] PR EE T 26 8% 38 | A I i) F01AF i 45 25
AR R W) AT LR AR — A b A [ i R
AN B DA b LR A i R . R By iR R
7% ANRE PR T R A5 AL Ll kR T Y 3 RURT LAAS E)
fii f 4k
WD FATIRIT .

— Dy k=1 1
Pnn*vol(Tl, p) = (_%1)

n p—1

_ =Dl (n=plk=1) =D
n’! (n— p)1(p— 1)

~ (n—pk— 1) — D!

- (n— pk) I 0™ (2)

K2 5738 p— 130, BT B I L .
DPro—col (115 D)
_ n=plk=D =1 X (n—pk+1)

n !
:[1—1%¢]><---[1—Pkn;1] (3)

SR 28 0 9B AT — B AR AT, BHRE 2% B8 25
B i

oo

e =1t ot = > ° )

Mo << 1 WYIPE, Z R IR A —
B bR EXC -

e~ 14+ x (5)

M T AE SEBR R L 776 2% 09 25 o K T B A L g
B ph/m << 1, 0 2 KM G KB G) A A
(3) 1,

ple—1)+1 plk—1) pk—1
n n

pnwn»llisoll(n? P) = e e X oeee X g
 [pGe DT pCe1) e pe—1]
= ¢ "
[ DX ple p D =20
— 67 "
(DD
- ¢ o (6)

WIZEAE it 28 b, — A F R AWA WAL
B MR bR AR K

Peotiion (15 p) = 1 — & )

K (7) T FoR R A 5 B A74% o BB IR
AR SR IR [ 25 dk T AN R] 7 K 5 4 % 2 350 11 52
). e 30 A 4 5 T DA R A R K R A R R A T
AR . X O R — i AR A R R
U B 5% 2 2B AR []— A~ 57 11 W RE R 3k B . BT LA TR
AR A /NI 25 0 2 K R 25 4 ] 4
PEE L A TSR EE T — B,
RYES S NEE R
2.2 FERBEROKNMRER

PR 5T I BT RO S S DL R, iR kLT
T P 1R L 1 R R R R o &, Ll A A
ANBEA RO R R B R 0 B A 8 R B
AR BT BB TR 50 T o R A R 38 2 i K
FER T S, SRAM () BER R LA FE /R by 415 Ho 4 B 54
MGG A E A, B BER = p /n. JH 1, £R
JHT R SR = 1/ ¢, 227 Wl % 76— A Wil 3B J] 30
PR SR U 1R A TR v 1) R R LU AR BT LA ROR

p(p—1) (2k—1)
2n

p=AXt = ASR 8
WAR(T) 155
Pt (s p) =1 — SRR o — s

(9)

1E DL B HES A, BT LA R A R S Bk
KT BER, ¥ T ol S, 24 BER #1 SR 7] [t
LR e , BER 2 155 I 2 7] 35 1%

3 HESERST

PI—HeF K 4 Mb, {2558 32b B SRAM 1E R



o6 BT AL

2014 4%

TS TE 4, 2 SRAM % | Hamming %l E. n=4
X 2% X 32, 1 B AESL bk #2 vf, DX Ry 8 3R BL 4R AT RE
W BAE — A AT AT A R AE 2 B — A5 K/
(g —2F L B0k 16, B 1 g i T 5 b AR A A S LR
T4 4 Mb Gl 45 75 AN [ 74 10 B2 RS 12 2Kk 0
RO LAFE AR AR 8 A LR T g5
AR . X 5 kL2 ] SEC f/ 479 SRAM 7]
SEVESE R A S L, BPAH ) 45 5 R OB 4 AT R P
2.

Probability of Non-Correctable Upset
=
La
T

02F —O—widih=64
—g—width=32
[5] —m—width=16
/_" —f—width=8§
e L ] 1 1 1 1 T

o T '
0 100 200 300 400 500 600 700 BOD SO0 10000
Number of Bits Upset

Bl 4 MbABFKMBESFEHEIBREE
SR 23 (] o7 FH v 2 MR A #8400 RS A g
S A MR AH R A R SR A AR SR R A B A AR 5K
(DR ETE Y p J& 5 R BB T8 0 3R T LA
o FEE AT, 20 (o) o B B R ROR. T
R 4 52 s B g 647 40 7
3.1 RAHRERFE
BN R T € e T T R SN P (i
AR 90 nm K T2, 4 & 4 Mbit. 2k H SEC-
DED 5 fin [ . 76 48 B8 it 56 ief , #2573 s AE 10°
A /em? IR FEFE 1 MHz, 430k ¥ 1 80 . 384
B 3 1 s,
F 14 Mb BTSSR FES ML S

N % bh 4% E AR g it
Energy Multiple-Cells Failure rate
Upsets 1-Cells
(MeV) 2b,3b.4b ( # multi-bits/ # upsets)
17.5 39 37 1X2b 0.051
32 60 56 2X2b 0.067
46 83 63 10X 2b 0.141 2
46 142 112 15X 2b 0.211 26
23X 2b+2X
65 182 56 0. 31
3b+1X4b

WHESCH (4] SRAM 8 K/NEE ol 4
Mb, k 2k 32, R () Friin mg 25 L 2 pros.
A 2 A H L AR SCHRE A% 000 A TR A R T B R A

X B B0 55 I 0L & B A B R T L] T
B R B A BLIE.

0.5

predicted

0.45F ¥V tested
0.4f
0.35F
0.3f

0.25F

Probability of Non-Correctable Upset

o 1 L L L L 1 1 1 1 1
o 20 40 B0 80 100 120 140 160 180 200
Number of Bits Upset

B2 BEEHSEIVKERBNER
3.2 ERMBIRREGE
MR G TARAE ST 9 B L T RO R R
ARG » 0 200 P E BN B SEAT N 2% 2 R aI T 90
nm T2 SMITRCHT R 2% 808 a9 I 8 b % 8 e
R T 3CHRES .
F2 90 nm IEHSHEHBEFRNEREREGE

Space Charge collection LETwm/
Physical SER
Environment depth/pm (MeV « cm? /mg)
GEO Solar Flare 0. 25 0.44 6.0X10 2
Worst Week Model 0.5 0.21 5.0X102
99% Worst Case 1.0 0.11 1.0X102

WR RS E A BER i 1070 & 2%, W b 1
=R O T R A BT R 4 5 R 6.3 X107 .7, 9 X
107.9. 5 X 107 W & T SC R[5 ] o 790 00 A5 A 1) 31 53 4%
S W R/ R DR R TR R 4 R ok UL
A 3.

—SF— GEO Solar Flare
+ Worst Case

PiFailure)Per scrub cycle
=

=]

Scrubbing rate/physical BER
10° %‘H\
'

107" H —9— worst Week Model

—V— GEO Solar Flare
—H— worst Case
T

P(Failure)Per scrub cycle

" 10 1 10"
Scrubbing rate/physical BER

B3 RIS/ GSeEn FRsmEnss
4 EERIE

AR SR AR S5OHE 2 oA BV A i S A7 A A A
(T#% 61 W)



el

AT — AT PLC REM L% RS 351G 61

—3 PLC R h B3 7M. & R A
HJTC 0. 18 pm 1P6M CMOS T. 2, 233t 65 Fr
) Z 48 RS i a8 L5 n] LL7E 80 MHz By R 48
b N TAEIEH.

5 HRIE

SCHRERX PLC RGEH RS 5 2 8 F /4 [n] &1, 1
RiBM 535 Fl wiBM 503k i B4t L 53t 1 —Flil
T 285 F60 RS 55 5% 5 4. 2% 19 05 4% 38 e i 1
uiBM B 35 Al RIBM B 125 19 010 A, T 3k g 01 3fe 2k 4%
AR >, B EEAR, 5 T VLST S8 H ATz i
i D4 FE — 3K PLC S i A5 2 5 H.

S XK

(1] FDLT . Ah e, Bagd WA LM Jbat b E b )
th it , 2010,

(2] EHig, HEE. MR- JEI S EIMI] 2. 9E
HL Bk R iR L 2003,

(3] sKRH. WILEMEER RS FRHF I FPGA ff X
(7], BBUEE TR 22740, 2010, 32(2):84-89.

[4] Dilip V, Naresh R, High speed architectures for reed-

solomon decoders [ J]. IEEE Trans. On very Large
Scale Integration, 2001,9(5) :641-655.

(5] e 2247 0 )y, 48, Bk BM Bk 19 mi# RS %
7 J5 % K FPGA SEBLLT ] WA $K . 2007, 31(6)
22-26.

[6] Kavish S, Viswajith K N, Srinivasan S,et al. Ultra
folded hign-speed architectures for reed-solomon de-
coders[ C] // IEEE Proceedings of the 19th Internation-
al Conference on VLSI Design. India: Hyderabad.2006.

(7] EEH LR, BT RS B0 ] 2 A A FR 5k 3fe vk 2% 1)
it A s BT 3k LR S BCpE, 2011 (8D
281-283.

(8] M7, HERYE, VLA, —FUE T DVB RERRA 2%
J# Reed-Solomon f# i [J]. &2 B 224 .2006(1) . 1-5.

(9] KEZ X EE, —Fhib RS #5365 5T I 1y 48 1
W], BACH TR ,2010(23) £ 33-35.

[10] X0, BkAHEG . RSC16,12) 45 5805 4 13 JrU B K P A 20 A
(] fEH A . 2012(2) :49-52.

fEE @I
A F 5,982, WL, TN, AT 5T o # T
A n e B B 5 S .

(E3%% 56 70

R A P 8 TN AR R, Sy AT SRR A AT AR AR T BRI T
oK HE A AR R B S R IR TR
2, IF AT AH I 18 Ak 7R R G 2 kB B A] DORESE: AN
[Fi) 4 S ARG T A i 1) P SE A 5 O AR SR AR 30 0 A A
Y F 430 T R JE X AT S 4 5 e 3 A S g
tE = C7) (o) B AT PR £l B L A A7 A 4 10 T
P AR 90 nm T 20 F il 45 1 W) 4.

S 2K

[1] Radaelli D, Puchner H, Wong S, et al. Investigation
of multi-bit upsets in a 150 nm technology SRAM de-
vice[ J]. IEEE Trans on Nucl. Sci. » 2005, 52 (6);
2433-2437.

[2] Abdallah M Saleh, Juan J Serrano, Janak H Patel. Relia-

bility of scrubbing recovery-techniques for memory sys-

tems[ ] ]. IEEE Trans on Reliability, 1990, 39 (1):
114-122.

[3] Abramson M, Moser W O J. More birthday surprises
[J]. Amer. Math. Monthly. , 1970,77(8) :856-858.

[4] Reed K Lawrence, Andrew T Kelly. Single event effect
induced multiple-cell upsets in a commercial 90 nm CMOS
digital technology[]J]. IEEE Trans on Nucl. Sci. , 2008,
55 (6): 3367-3374.

[5] Michael A Bajura, Younes Boulghassoul, Riaz Nasr.
Model and algorithmic limits for an ECC-Based ap-
proach to harden-ding sub-100-nm SRAMs/[ J]. IEEE
Trans on Nucl. Sci. » 2007, 54 (4): 934-945.

EE® T
AgE L, 1982 WS A, B BAT ST 5L BSOS 16 A
BORE T 43 BT LA B v, T [ AR



