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SEU rate calculation for nano device proton on orbit based on protons and
heavy ions experimental data
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Abstract: The methods of Single-Event Upset(SEU) rates calculation induced by protons on orbits
are studied on nano device. The SEUs of 65 nm SRAM are tested by using heavy ions and protons
generated by accelerator. The SEU rates induced by protons on orbit are calculated based on heavy ion
and proton experimental data respectively. It is shown that the proton SEU rate obtained by heavy ion
experimental data is 1.5 order of magnitude lower than that obtained by proton experimental data. The
conclusion is that proton SEU test should be performed for nano device to evaluate its SEU sensitivity; and
the proton SEU rate should be calculated based on the proton experimental data.

Keywords: radiation effect; nano device; proton; heavy ion; Single-Event Upset(SEU)

25 (AR T PR BT, 90% LA bR SR BT A5 1) T 1Y 2k PR E it {4 4 (Linear Energy Transfer, LET){H
Ku[ik 0.5 MeV-em>mg ', i FHEEZ RN =¥ 1) LET {H0i5 15 MeV-em®mg ‘o 44K 75 158 1) F ks 75400
R, CARIRIEE RV, 99Kk ok RIS LET BIE A AEMR T 0.5 MeV-em®mg ', Z8Ja] it 7 H 3%
T R SR 7= 4 3 ] 5 Bk BN X TR ER AR, R SR R T B SR T RE L S TR
W, 7 EE AT G OK AR 0T R B SRR DR A L SR K SR R R T o [ R n A SRR A A . ok B
PEBEART 15 MeV-em®™mg ' MRS 0F, AUE % 845 ) E B 5 R A SOk T B, 8 S R R TR A ok T
W .

B b T BB TR N DA T L, ST T AR b S 00 B T A )RR T ROk B R Tk Bk
E| B TED T Rl £ VA S LWL 1 7 A N a1 SR WL 5 7 1 DA I L= SN R a I~ S - L 1R e A RV 4 /1
Tt B R B R ik, BV B O AR A A

T HETR VAL K BRI T B TR, L 65 nm SRAM X4, FIHERER TN, o #T TET
BAORL - B 10 0 R 1 R 1 B G, AR B R 6 B A R kL I B, R AT T A A
Tl B FORL T B R, AT B T RO [RS8 O 1 B A K AR 0 BT BRORL - B EE R, B A R X
Jo& 0 K A A B SR B R U S B AR

i BHEE: 2015-07-17; {€EIBHE: 2015-11-29
HETH: ERARB2EILE B H (11475256))



146 KMZMESEFEEFR 5015 %

1 ZERFSIER AR TR A

LR AR R T A L RE T . X T A% R N 5| A A SR B, 38 A S ) BT T B0 BE T A A SRR T B A AR

AT RS, AT 3RAS 25 (] 22 3% I 7 7 A ) Bk 1 B R

Ry= j ®@(E)o(E) dE (1)
X R HIRF BT B R it @E) MR TR (em >d "MeV ) o(E) S MR Bl %
(em®bit™"); E MR THER (MeV); E, 45| Bk 1 B A9 e /N T BE B (Me V)5 Epae N 25 0] BT e K il
(MeV),

HUORL T B A o(B) 5 T RE A ¢ AT 5 ok B R BT, A5 AR AT HOR T B O
o(E) 5 FREE M BREOC R o o Hof Bl #0 5 0 BRI R EOC R v o 2 Aoy SU3R 1S - o b T o 1
BRI AR AT, B I O M T R e B A SRS . N T A A A

1) B R B EE

TENNEE 2R LT T ok ik, EEEADST 5 D FRe R AT T, RIS AS W BE N Y B0 A
T, A B R 7 B LA ARAT B A S5 0 R REC R o B R TR R -

y= Al KXY, @)
Ay B, ARRIFE B oo s X TR B RN TR kM d A& IERSE

2) Bendel %1%

Bendel il Petersen £ 1% [ I BE i 5 19 FEAlf b, $2 1 7 8 34 o HORE - B0 5% 41T 5 0T+ fig 1 ¢ R 19 Bendel A%
. Bendel #& A XUS ORI AN KN .

ov(E) = op(0)[1-exp(=0.18Y "', Y = (18/ A)" " 3)
e op W TR BIFETH s E AT FRER (MeV); A gl Bk 7 B 5 BT 95 19 5/ BT BB B (MeV)
oy (00) K 5T fiE 12 00 B B - B0 24 48 T (B PR A 1T ) o

ENE SR LT T ook F e, xR TR A 2 Fr 24

JoT % NG 77 ) R B - KN 5 S R N B AT AH R A RETE . AL Rollins 51 T — D& A AR
T SR B A BRI o (o0) FIEE B8 7 H R F M W AN o, - P R t X E B 1 LET BA
Lo( MeV-cm® -mg™) Z A [E R,

0,(0)/ o, st =1.27x107 exp(—0.383L5*") @
3 o ) b S R B AR, 58] LET BIMH Loo MRS RBXMIER t, AR T3k 1 8% 1
W BRI op(0) o C. Petersen $&H T — /N1 5L A9 i 5 B SR T BHFE 130 (B9 580 5T ok 7 B FE BI(E A0 A X
A=Lo+15 )
RO, e R RN B, P HES S 2] Bendel 2 IS4 o (00) IS AL AL

2 BUEBFMRFREMNFIRGHE

RIRHFE A 65 nm CMOS T. 2 #liE) SRAM, X5 HT, it d JFiE . 58 il 50 7e b BB =2 M 3k 4C 4 3
S 05 o 4 A0 R R T BE B R AR A% LR AT o iR A I - 2R P L5 % (Paul Scherrer Institut, PSI)E
JIE i s Al S K 2E ER A s g8 LR T . AR AR = R T
FH AR R 7 R A B A i 4
3 HEHRFRENFIEERTITRIER

K FH v 253 ) 4 AR A 5% B 41 2T & 14 2 [6) 4 S 35007 43 B 3514 ForeCast i#F 17 78 LB 1 BR % R Wi i1

A TR ER T8 (400 kmx400 km, 43°) T Fb T B R o 58 5 R85 0 K PH G shic /MG 0 o 8 517 i 7t
B APS. AL K28 FEME L EL 3 mm 45 .



551 4 FRESE:. IASBERFENERNFEEERITFE 147

3 5 T 1R 6 RO A B IR R, O A A S LI R A T SR Y SR T B R . 65 nm 77

it 5 5 U1 R T B R U SR AR 1.

M1 RIE Y, SR B T ML TR 0 T SR B R, AR S e A A 1 ROk T B A R

5 RARZ 1.5 DR

TR ML R AL ROV B LA BT, X T AORES I, BT B A R T S O B
T L HOCE T B 7o R A SR T 8, T e SR T g, BT SOR ROV A RN R .

BT A LU 25 SR AT A i, X TR R F, A SR A R a6 MO0 DA A R OB B, R AR AR AL
Y BURL T BEE R, X TR E, AU BT Ok, I B AT B AR AN I e A, O
AR 5 71X 0 A A0 AT A Bk T B R T

cross section/(cm>bit™")

Fig.1 SEU cross-section of 65 nm SRAM vs. incident heavy ion LET
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