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Table 1.  Neutron sources for atmospheric neutron SEE experiment.
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Table 2.  Parameters of the SRAM devices for test.

0 i g bits FHERF / pm T AV
HM62V8100 RENESAS 8 M (1 M x 8 bit) 0.18 3
HM628512B HITACHI 4 M (512 K x 8 bit) 0.35 5
HM628512A HITACHI 4 M (512 K x 8 bit) 0.50 5
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Fig. 2. Comparison between the differential neutron energy
spectra of CSNS back-n and Yangbajing.
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Fig. 3. Layout of the irradiation experiment at CSNS back-n.
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Fig. 4. Layout of the devices under test.
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Table 3.  Test result of the SEUs in CSNS back-n.
R MEREE AR /bit  BdhE/nem? FAREERLSR/% BEE(#) BRI /cm?bit? BEKE/%
0x00H 24M 2.90 x 107 45.73 343 1.02 x 104 94.6
0xb5H 24M 2.89 x 10° 45.73 367 1.10 x 104 94.8
HM62V8100
0xAAH 24M 2.89 x 10° 45.73 387 1.16 x 104 94.9
0xFFH 24M 2.93 x 10° 45.73 342 1.01 x 10 94.6
0x00H 12M 3.12 x 10° 45.73 207 1.15 x 101 93.0
0xb5H 8M 3.84 x 10° 45.73 197 1.34 x 1074 92.9
HM628512B
0xAAH 12M 4.90 x 10° 45.73 303 1.07 x 104 94.3
0xFFH 12M 1.78 x 10° 45.73 114 1.11 x 10 90.6
0x00H 12M 3.03 x 10° 45.73 176 1.01 x 104 92.5
0xb5H 12M 3.94 x 10° 45.73 262 1.16 x 104 93.8
HM628512A
0xAAH 12M 2.94 x 10° 45.73 215 1.27 x 10 93.2
0xFFH 12M 2.93 x 10° 45.73 205 1.22 x 107 93.0
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Fig. 5. SEE test in Yangbajing: (a) Test environment;

(a) Wik 7 3¢

(b) test system.
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Table 4. Test result of the SEU in Yangbajing.
ey B /bt RS/ BIERE(#) B /#bit b BHEEHOR /om2bit T BARAKT /%
HM62V8100 8M x 573 6085 195 6.67 x 10712 521 x 107" 98.6
HM628512B 4M x 1221 5198 181 6.80 x 10712 531 x 104 98.3
HM628512A 4M x 635 5198 76 5.49 x 1012 4.29 x 10 97.4
15 20 KW WHIEZ 7R, CSNS 2 ff 16 7 T G bk PR
JERT 1 MeV ByhFilE A 7.32 x 10° n/(cm?s), 5 500 ‘ . 120
MENAHEELRLT 1 MeV I KET TR 3.56 x 'g 4.00
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Fig. 6. Comparison of the SEU cross section between the
tests in CSNS back-n and Yangbajing.
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Fig. 7. Comparison between the differential neutron energy
spectra of CSNS back-n and Yangbajing (above 1 MeV).
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Table 5. Proportion of different energy bands in different neutron environments.
. P/ % e
T JEH /cm?st (> 1 MeV)
1—10 MeV 10—100 MeV >100 MeV
JEDEC(Hi[) 35 35 30 5.56 x 103
IEC(12 km) 36.5 37.2 26.3 2.43 x 10°
FFF 35.6 32.1 32.3 3.56 x 10?2
CSNS-back-n Q76 81.7 16.8 1.5 7.32 x 10° (20 kW)
CSNS-TS1-41° @20 m 50 28 22 —
CSNS-TS2-30° 44 28.5 27.5 —
CSNS-TS2-15° 22.6 25 52.4 —
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MERS B ARAT H S 3R R AE R OB, R A
(A AREAE RO I RURRAA R A, DA T I % L
K, PRIk H A7 B i T ) AR RE s . BB =
[ (I it 2 R i RS B R R . Sk [31] 5 A%
FFRAE R ST R 0.18, 0.35 F1 0.5 um Y SRAM #34:
Y RE L (4> 90 0.6, 2.5 F 6.0 MeV. Kl fE
S EE AN TR A R A B 22 7, ASUARE
& IR A R ey ER AR R, fRi% HM62V8100,
HM628512B Fl HM628512A 1Y 52 refit 2 [ {5 535
490.6,2.5 F16.0 MeV, 434 5_- g EEIHEN 1 MeV
B 22 5. B SEARE R B o] LA E RT3 CSNS
KA AR TR AL KA X e X = Fhae
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WEE T AR R &, TR =R
JFEAN T i 1t [ (LS %) B B 81 136 6. X FRE A
I {8 A 3] 0.6 MeV Y HM62V8100 7 i 1
TR BRI L 1 MeV 19 21% KN 18%;
T RE R B E T 2] 2.5 MeV ) HM628512B 7E
R v U 1% B A T E (B ER 25% TR R 36%;
T REE R T E 5] 6 MeV B9 HM628512A Fi4%
I (A 27% THE N 64%. M, =Fhasthrs
1EHF43 531480 5.56, 2.78 Fil 1.56.

A D, 5] (LX) B 98 o ) SRR 1 R
AT ARFHISE A 3 S PR kg — M 1) e i k1
fHAT 0.3—6 MeV Z[HPYU, 1fif CSNS [ Ftrh

TIRAYIE(EREREAE 1 MeV [, Hi 0.3—6 MeV
AE R X ] g - 5 EEak 21 60.78%, 1 RE & IX (A FE
/IR FHE &R 24.26%. —BERSLER)
T GE & B EARMERG 0 AR5, FEAETERE i (1R 22
mF, AH IR 8 B R 2578 CSNS A FGHh IR
T AT R # MR 2, A2 ma & e - . X F
— B, IR A, AR B RO AS fE
59 (A AR A6 S 80E Roh i AR e, T RZ e T A
KANHMEIE P F RO & 8 44 TIHEA R RAR
Ivi] BE 2 B {E AR X 1 MeV BHMEIE I F B 2L K &
EAHE H B2, O [F]BE & B (E A s i bE
fE1E R 45 L A2 A

#* 6 FIERFRER BERA BT E Y & SRAM #1 BIFE A

Table 6. SEU cross section of SRAMs and percentage of effective neutrons considering different energy threshold.

. AROER T /% FHAL R AT /cm?2-bit !
RIS e F{E /MeV - -
CSNS back-n EYICiT CSNS back-n FNFH
HM62V8100 0.6 59.23 51.13 8.50 x 1071® 4.70 x 10714
HM628512B 2.5 26.61 38.02 2.30 x 10 6.43 x 104
HMG628512A 6.0 13.48 32.16 3.94 x 104 6.15 x 104

EIERFHIXTT MeVHIHH) A

0 ! ! !
0 2 4 6

1
8 10 12 14 16 18 20
RESRBIfE/ MeV

B8 AFEEEEBEHR 1 MeV B IEN T 1A R
Fig. 8. Correction factor with different energy threshold

compare to 1 MeV.

M8 FTLLE Y, Bl g i B A 3G R a1
TE R0 800N 687D P o, s ofe -2 . 4 B
REH I H 10, 12 F1 14 MeV I, & 1E B 743 5
& 1 MeV 1) 0.28, 0.25 F1 0.22 £i%, X h; Fik 3 3
B IE R Fan sk 7 sl

M 7 ATLUA Y, BEEBI(EIN 10, 12 F1 14 MeV
B, 3 s B IE R 247 1 fk, Ho, figae s
fEH 12 MeV BHMEIEH F %38 1, BIFE CSNS
B FDEH RS AT S 7 E /TR
BT A AR T 25 R o — 3. N 7 AT R

# 7 fERBEEE 10, 12 A1 14 MeV g0 13
HEIE R T

Table 7.  Correction factor for the DUTs with dif-
ferent energy threshold.

IR e R I E O TE R T

A

Jo

10 MeV 12 MeV 14 MeV
HM62V8100 1.33 1.19 1.05
HM628512B 1.12 1.00 0.88
HM628512A 1.04 0.93 0.81

AT 1 MeV BT, A (A 7E M A AR ik
SHEIE A F R K, ILas 5 E 7 thgy g
1E P FRERE L E AL R ) &

HRAE B BE - SR TS50 () AH A 5% 162831
— A T B R DA A 1 B 3 17 BB AR
o AT F A AR ME 2 (— M 2 ME R A,
HFRERHH 2.5 MeV HEKF| 14 MeV B IUAH 1) 51
AR AR TR NS I & 4 S BT I N
S PR B AR I R B E T 10 MeV LA L
T . RAE CSNS A FOEH I 10 MeV
PLUF R 7 FEas 3 81.7%, Hoxh i B L B0 s kAT
10 MeV DA B F/MRZ . XA S0 H
12 MeV [ RE & B #1775 B 7 CSNS & A H
SRR\ RS T R5E T AR AR ALK
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S AL PRl B RO s R B
TR B E— BN, HEFRH CSNS L R
F IR ZE AP A b A BB, AT DL R %
& 12 MeV Db Eryrh i it 5. e, H CSNS
T Ji KA - BoRE R0 1 56 P i PR 2 g o
B {EH 1 MeV IFAY2 0.25 1%, 4 5.2 x 106,

3.3 CSNSEXRSHFHENFIHEMRF
IR AR EE

AR R 45 R 0 4 Hr Al 1, CSNS I M
S H U AT LA FH s KA S R R
5. 7E 20 kW Mz i}, CSNS &M HYEH IR
KF 1 MeV il & O 2 FE AR
2.1 x 1071, J& JEDEC Hh i #5 #E K K1 1.3 x
108 4%, 2 IEC iz 12 km B RS 3.1 x 10° 14
A WL CSNS J A 6 —F I8 T FF e i K<
Hr - ok ROV SR, HLREZE CSNS RUIET THR%
g, Hh i S W, i R A
EL A4 .

J3—J7 T, HF CSNS A HYeH T+ 1
REE WK, HEEMBEKT 1 MeV R T 7115
15 T2 SRAM H—F Bk 755007 BH A% ki 5 K<
AR AE e /N, DT B0 CSNS FotHh+
S e SR o O 7N W R A K Y Y W S
FRAG KA TS B0 B B . R, AR TS RS
W SR RN AR AT A, T AR S R Y T RE
B XA S5 R T I, —BIEBLT, #8100 &
B EARXEAS AR AR, 0 FLARXT T ae b+, 48k
T AE I B AT 0 B 20T LA 2, DR mT DL B
B 12 MeV MYRER BEHE T, IWASAE CSNS &
1 F G P DRI A %) PR R 2 R T AT (LA
T AR T I v B 4500 BRI K - it
B, F CSNS JFJ& KA b - Bk 450n 6 14 o it
AT A B 1 MeV Y24 0.25 1.

Bk T RGP IR, CSNS B BLRI T Hift
3 &M TR TR A R, R4 -
WAL T FRETE 05 LA AT IS, FEIX 4 S Pt
TR, AT R 7 10 e b IR BE S i
W, P E e L, SRATFREIS R
AR 5 A AL 3 X6 FREKRT
1 MeV HFHORTEGEIX H 7 5 HLS28) mT LU H 8
Rl iy 3 ARk ] DU i RO S TR, H
HsR 2§ 5 H 7 R 5 B A 5 T 98 £ R 30°11

FOLH TR SR FREE A oI, AR
G 55 TR T OB T RN

4 % b

ASCFIH CSNS A FDEHFIEH R T SRAM
AHRA D TR TR0 RS, Bl RRE A 0]
FI| R B RO, AN RIS P HE ) A A  2 531
AN B R A BT 5 AR A R RS 084 B
(A BRI DG 2, JHL R R ARRAE RS B A 3 250 5 o
TR AR TR 725 A o) B 2 A T ) DTk R s G R
R, AR SCFI FH R A TE PO/ \ T R 1) 5 R R
b IR IG 25 B CSNS M G IR AT
TEAL, S5 R IE 1 MeV BER BN, 75\
FEARAT 1 B B = A CSNS KA e
TFIRRAS BRI L 35 175 HIRPIAE T P e )
B rp T REE 025 5%, CSNS KA G T IEAE
FRAPFRGEX PPk E, ST 5
. I E ] CSNS HYGHFIRPEA FL P2
PURA T HRL TR K 0] BE S AR KA 7
S B A . ARSORPE IS R, 5 ABIER
THIME S, ENEET CSNS K2 DGR AR5 Y B
SRR A LIE 1E A T RIS A 11 KA 7 ok 7
BHGEAE . HAh, AR CSNS M e PR 5 K
P TFRBIE 2 o0 T e B Y 22 570 Bl
WA TR, IR I TIEIE 7 RERE 2 B (Y
AL ZR, RIA 12 MeV By BE &t (A #5171 154
ff, 75 CSNS S DGR Y S - RH A A
T AT DAAR S B Ak #8844 A R PR v i Bk
TREBIAKE, 4 R e 2R CSNS S DR
FURTF R Bk ROV R T 5%

R A S RIS 25 SRR 6 B, CSNS A DG
Hh R AT DL s A BRI
7E 20 KW B TAER, CSNS K G TR
F 1 MeV R i@ EAXTF JEDEC HbifibgifE K
SHF TP REHFRNIEC iz & RS0+
TR A T4 B2 1.3 x 108, 2.1 x 107 Fi1 3.1 x
105 1%, fig i B{E R 12 MeV BEAT 8T, fngk
7R E 1 MeV 192 0.25 175, % CSNS izf7
DIt e, I A SRS, BRigSC
H i FH Y CSNS KA FIEHF R4S, CSNS iR 7E
BRI A8 3 R Db TR, H SR hFhgik s
. WU CSNS Aok il B af iR 55 F RS b7
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Abstract

Due to the lack of available spallation neutron source, the atmospheric neutron single event effect (SEE) in
China were studied mainly by means of simulation and single energy neutron test. Since the Chinese spallation
neutron source (CSNS) passed the national acceptance, it has become possible to carry out the research on
atmospheric neutron SEE by using the CSNS. In this paper, the neutron SEE experiments of 3 kinds of SRAMs
with different feature sizes are carried out for the first time by using the CSNS back-n. The application of CSNS
back-n in the study of atmospheric neutron SEE is evaluated by comparing with the results of the earlier
plateau experiment. The results show that the cross section of the single event upset is smaller than that of the
plateau test, and the cross sections of different devices have no obvious monotonic relationship with feature size.
The reason for the former result is that the energy spectrum of CSNS back-n is slightly softer than that of the
atmospheric neutron. The reason for the second result is that small feature size means small critical charge and
small sensitive volume, and these two factors compete with each other when they make the contribution to the
cross section. According to the difference in energy spectrum and cross section among the SRAM devices, a
correction factor is proposed to correct the test results based on CSNS back-n. For the difference in energy
spectrum, different energy thresholds will produce different ratios between the cross sections by using CSNS
back-n and atmospheric neutron. The neutrons of CSNS back-n are mainly concentrated around 1 MeV, which
is close to the energy threshold of general SRAM devices. Thus, inaccurate energy threshold estimation will
introduce a large error into the cross section of SEU. Thus, the relation between the correction factor and the
energy threshold is analyzed. If 12 MeV is selected as the energy threshold to calculate the cross section, more
consistent results could be obtained for our DUT in CSNS back-n and atmospheric neutron environment. In a
word, the results show that the CSNS back-n can be used to speed up the atmospheric neutron SEE test, but
the result should be corrected to evaluate the threat from atmospheric neutron. Fortunately, with the
continuous increase of CSNS operating power, the neutron flux and the accelerated factor of CSNS will increase
synchronously. Besides, other 3 white light neutron beams are planned in the CSNS project, the planned energy
spectra are closer to those of atmospheric neutron. It is expected that the CSNS will be better applied to the

study of atmospheric neutron SEE.

Keywords: atmospheric neutron, single event effect, Chinese spallation neutron source, CSNS back-n

PACS: 29.25.Dz, 29.30.Hs, 61.80.Hg, 61.82.Fk DOI: 10.7498/aps.68.20181843

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11690040, 11690043, 61634008).

1 Corresponding author. E-mail: wangxun@nint.ac.cn

052901-10


http://dx.doi.org/10.7498/aps.68.20181843
mailto:wangxun@nint.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

