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FHREXTRERNYAN. KEFMEAR T SEE
MEITEERBUANE. EBFEIEER
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2 o-LET {H#H £ LK Weibull 1 &5
KR/

REM 20 4 90 FHFF & SEE LR BIFR
Bk, FIHEANEBSFNERRRAT -—MHEETF
SEE WM LR FE. Bh-FREHM NI, AT SEE
HRFEAXMNRE. EBFLREBIEHEEUN o
LET MR Rk FTR, T o-LET {H #l £& 7T
H Weibull BRER##R, LREBOILFFHK
Weibull BB G S ImEk 1 Fin. kP
IDT71256 Ky %% & F A 78 2 M E 8 7 o 3 3%
(HIRFL)SSC fng i 1. 6 GeV B9*Ne, 1. 26 GeV
B Ar, 2.1 GeV B Xe A K SFC i 130

MeV B Ar B F BB MR LRI, A1
i, ' Xe 2 HIRFL 4 M IEMBENRE
KB F. HM628128 LA HM628512 /Y Fil =2 #
LT SR &R e I 88 (HI-13) B AY 46. 8 MeV [
BE, 113 MeV 89 *Cl 1% 133.7 MeV # “Br 5
FHEA/. X1 PRAMAHTREI QOB
aFoméﬁ[sh

arom = —B(MeV + mg™) , 1!

LO.ZS

Hh Lo s i FXB3:
Lo_zs == Lo +W X O. 2881/1. (2)

1 - SRAM ) Weibull {1 & %5

BN xR ayr/cm? Lo/ (MeV »cm? » mg~!) W/ (MeV +cm? » mg™?!) S FOM
HMS6116 2 kX8 0.03 4 14. 29 1.1 4.56X10—4
HM65162 2 kX8 0.03 1.18 22.7 1. 61 1.98 104
IDT7164 2 kX8 0.1 4 33.33 2 2.09x10—4
IDT71256 32 kX8 0. 055 4.2 34.3 Al. 6 1.38X10—4
HM628128 128 kx8 0. 075 1 16. 67 1.4 1.22Xx103
HM628512 512 kX8 0.5 1.2 33.8 0.92 5.08x103
KRN ESAHRTHREE,  AMKEF A
R L § R . EHER. NTHSENTFERBIN -LET MK
£ = . — B, LR YRR € I L —c/pd RE, 3}
g T L REMERAR LET , p RENEE. —#
g 10~} o 14 GevNe ME. SMNEUBRKEEAAN 2 pm, E]Rd K2
2 O 92MeV “Ar pm, R TUE K
S 1074
2 g(E,, L) = &(E,) e =L, @
9 10-8
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A, .

g(Ep, d, e) =Be-—ﬂ ’ (3)

R T

M 6(E,)=0.134+4+9/E,, B & ( MeV/mg/
cm®) ™, E.RRNI R MeV., MEER N E B, RF
kT )

0,(E,) = 2.4 1o~°fg(E,,, LYo(L)dL , (5)

KoL) RBHN o-LET {Hi1 £ 8 Weibull B3
FTiEA -

o(L) = aHL{l—exp[— (L;VI”)S]} (6)
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e fLIDORZMENER LET HMS B FRE:
foll) = 2.4 % 1o4J':°g(E,., L) f(E.)dE,, (8

LD E —-HENE LW EREmsE—#
. HEFH, X+F 3 000 km BLF &Y B #138,
fo(L)ERK

Je(L) = foexp(—0.2L) , €))

HRERTHERSIBFRENF. XF 800
km BB EHE, KBERAEE, F+%E 1 mm Al
ﬁﬁ, fo=2. 5.

4 RFRRBERNEBRRENESR

ARAKXGOHEMILAREMRTFEERES
BBEMXARME 2 A, BBEEEMN 20 MeV 3
300 MeV. WNE S WA LLEH, 7£ 30 MeV F| 100
MeV Za], JLF SRAM By EH 2E{LIR K, 7E 100
MeV L (L X IR 2 18, B 1 81 5 A F SEE &,
FRFEEBEATEALE 100 MeV L L. ZEFE 25, ¥

Barak A H B HWEMEBE S5 FOM AKX LA K Larry
AXHEGERHATT HRED . HPHA aronB
#iHBERTHRMBREHAKXN

_ arom
= I Ex 107 (10)

MEHRATLLE H, Barak A X5 FOM FEiE K
SR R, T Larry A4 H A REABREN
ER.

].0_6 T | — T T 1
g 0Tfp e o 7T B
g 8: . ® hd hd * 3
g 107°F .
2 ! 2 6 C : ° muus§ 1
—9 °
3 107°F o, s EMesiez )
3 °o IDT7I64
8 10710 ° v DTS
S F o HMQSIS
O 10‘“|- o  HMe8S12 -!
]_()_l'2 P RPN NP TR NN SIS S
0 s0 100 150 200 250 300
Proton energy /MeV

B2 FIf Barak 2R AR HNREFHEBRFEKRT

%2 3BHAERMRANRTFEUAREDAILEE cm?
#HxY HMs6116 HM65162 IDT7164 IDT71256 HM628128 HM628512
Barak J7 3 "1.06X 108 7.89X10° 7.05X10~? 5.14X107° 3.25x 108 1.67X10~7
FOM 1.01Xx108 4.4X107° 4.64x107° 3.06x10~* 2.7X1078 1.13x1077
Larry 245% 1.38X 108 1.37X10-% 2.33X10°8 1.4X10-3 5.58X 108 2. 44 X107

Al Barak £2R A X HH 1 JLF SRAM 7E 800
km B BUEMBERINE 3 Fin, FBHHT A
i FOM i+t ® M R F B 5% 3 (R =120 X apom ).
AR AR T ENBRGR BIER BE.

#3 FA Barak £ 20X FOM 4%
A LB SRAM (B RNV RE B!

L Ry Barak A3 FOM J5 i
HM6116 4.37X10"2 5.80X10°2
HM65162 3.47x102 2.53X10°¢2
IDT7164 2.55Xx102 2.65X102
IDT71256 5.82X1073 7.27x1073
HM628128 1.51x10"! 1.19x107}
HM628512 9.03X10"! 6.13x10°t

+ 800 km W YIM; 1 mm Al Bk, KHTBB.
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M HIRFL mEMERFRERT -HERTFRRET
BB KERBE ", AENEWMHFAREERE
BFmMEREMAT SEE BHEERRZHERT,
HEESRAHRE, EPmMLANHE, BRERY A
CHMAAANER FXRIERERTFEERE
MPUEBARHEY, REBAIEE. xITHE
X7 H#HT T AR AIRR.
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Proton SEU Cross Sections and Rates Derived
from Heavy-ion Test Data”

ZHANG Qing-xiang, HOU Ming-dong, LIU Jie
(Modern Institute of Physics, Chinese Academy of Science, Lanzhou 730000, China)
Abstract. The radiation environments concerned with single event upset mainly consist of heavy ions from
cosmic ray and large flux proton from solar events and planetary radiation belts. The most reliable calcula-
tion for SEE rate induced by proton and henvy ions are the way to use the experimentally measured data ro-
spectively. But it is too expensive to test devices with both heavy ions and protons. So it is necessary to
derive models for predicting proton cross-sections and rates from heavy-ion test data. At first the heavy-ion
test data of four kinds of SRAM is introduced and fitted by Weibull function. Then by using newly repor-
ted Barak empirical formula, the proton cross sections at different energies and proton SEU rates on typical
orbit are predicted. And the latter are also compared with that predicted by using FOM method. The pre-
dicted proton SEE rates have important application in radiation-harden design of space electronics system.
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