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Table 1. Parameters of the SRAM devices for test.

ik i 3 T %1 /bits FHIER ST /nm TAERH/V
HM628512A HITACHI 4M (512 K x 8) 500 5
HM628512B HITACHI 4M (512 K x 8) 350 3.3
HM62V8100 RENESAS §M (1M x 8) 180 3.3
IS62WV1288 ISST 1M (128 K x 8) 130 3.3
IS64WV25616 ISSI 4 M (256 K x 16) 65 3.3
IS61WV204816 ISST 32 M (2 M x 16) 40 3.3
CY62126V Cypress 1M (64 K x 16) 350 3.0
CY62126BV Cypress 1M (64 K x 16) 250 3.0
CY62126DV Cypress 1M (64 K x 16) 130 3.0
CY7C1318AV18 Cypress 18 M (1 M x 18) 150 1.8
CY7C1318BV18 Cypress 18 M (1 M x 18) 90 1.8
CY7C1318KV18 Cypress 18 M (1 M x 18) 65 1.8
M328C =™ 256 K (32 K x 8) 65 1.8
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Fig. 1. Layout of back-n at CSNS[l.
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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. Comparison between the SEE cross sections of devices with different test patterns.
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# 2 78 CSNS e TIRAY SEU M4
Table 2.  Test results of the SEUs at CSNS back-n.

= FHIER ST /mm REE 288 /Mbit JER(>10 MeV) /108 n-em2 4/ 4# BT /10 em2 bit ! AHERE /%

0x00H 12 5.54 176 2.52 12.88
0x55H 12 7.21 262 2.89 12.13
HM628512A 500
0xAAH 12 5.38 215 3.18 12.47
0xFFH 12 5.36 205 3.04 12.56
0x00H 12 5.71 207 2.88 12.54
0x55H 8 7.03 197 3.34 12.64
HM628512B 350
0xAAH 12 8.97 303 2.69 11.92
0xFFH 12 3.26 114 2.78 14.03
0x00H 24 5.31 343 2.57 11.75
0x55H 24 5.29 367 2.76 11.67
HM62V8100 180
0xAAH 24 5.29 387 2.91 11.61
0xFFH 24 5.36 342 2.53 11.76
0x00H 1 9.52 55 5.51 17.05
IS62WV 1288 130 0xAAH 3 8.05 116 4.58 13.97
0xFFH 3 10.20 151 4.68 13.24
0x00H 8 4.76 271 6.79 12.08
0x55H 8 4.76 339 8.49 11.77
IS64WV25616 65
0xAAH 8 5.23 381 8.68 11.63
0xFFH 8 4.50 275 7.28 12.06
0x00H 64 4.76 534 1.67 11.30
0x55H 64 4.76 523 1.64 11.32
IS61WV204816 40
OxAAH 64 4.76 589 1.84 11.22
0xFFH 64 6.35 707 1.66 11.10
0x55H 3 9.88 64 2.06 16.29
CY62126V 350
0xAAH 3 9.88 71 2.28 15.81
CY62126BV 250 0x55H 3 128.00 516 1.28 11.33
0x00H 3 10.40 115 3.53 14.00
0x55H 3 10.60 139 4.16 13.45
CY62126DV 130
0xAAH 3 10.40 141 4.30 13.41
0xFFH 3 9.04 106 3.73 14.26
CY7C1318AV18 150 0X55H 32 5.12 1293 7.52 10.80
CY7C1318BV18 90 0X55H 32 4.69 381 2.42 11.63
CY7C1318KV18 65 0X55H 32 5.09 374 2.19 11.65
M328C 65 0X55H 0.75 116 167 1.84 13.00
4.0 1, 6.0 12
3 (a) 3 (b) E 10l
L 3.0 i L
E E 4.0 g 08}
320 = T 0.6¢
= S 20 S 0.4t
= 1o E E 0.2}
& g, g, ] ]
= HM28512B  CY62126V = IS62WV1288  CY62126DV = IS64WV25616 CY7CI318KVI8  M328C

K5 KR BRI R < SRAM #3#44 SEU # i %t e (a) 350 nm SRAM; (b) 130 nm SRAM; (c) 65 nm SRAM

Fig. 5. Comparison of the SEE cross sections of the devices with the same feature sizes from different manufacturer: (a) 350 nm
SRAM; (b) 130 nm SRAM; (c) 65 nm SRAM.
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(a) HITECHI/RENESAS HM % %] SRAM; (b) Cypress CY1318

Z%1 SRAM;(c) Cypress CY62126 %51 SRAM; (d) ISSI IS6X & %1 SRAM

Fig. 6. Comparison of the SEE cross sections of devices from the same manufacturer with different feature sizes: (a) HITECHI/
RENESAS HM SRAM; (b) Cypress CY1318SRAM; (c) Cypress CY62126SRAM; (d) ISSI IS6X SRAM.
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BRRIFRAE. W] ULRTH] SRAM 28441 SEU # 7 3:-1%
AR BRHOE RT 48 /N sl )N 0= PR A
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fI%, Wi XTeeF SEU R i sk e AR 1. b5 Fr
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Fr LA AR KA . RS S v B B AH R]) R
ZRYIARVERE R ST AY SRAM 23 FHEAT He s, iRIA
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XFF i A, MCU $2 B I 6 fi K [n)

B IR B, SR Bk 5 32 - g e
KRR, AR TR 500 g5 2 2520
PHSEU HyE i ny MCU 5 B, %7k hei% L%
R RS SEU $dlE i iy MCU {5 L. XI5
A EL R JEL | A TR RN R TR B Sk [25) A SC
ik [26] heh . 3R 3 8t N SEU $diE
) MCU {5 E.

(2) MK EDE By 5200

BEXEFE 3 P 4 3 SRAM #8420 Bril ik &1
XFMCU (& Feibgszmm, 45 R K 7 s, Fif st
1) MCU (5 Lb 3452 MK BRI 52 . 7E 4 3K #s 14
H IS61WV204816 Fil CY62126DV 5 2% £ 14 114
MCU itz B s ma /0N, AR ETE T
MCU iz KM E /s 5 o i 4 %60 i 22 4351 R 4.43%
1 9.82%, HH X W 25 43 51 18.39% i 27.69%.
HM62V8100 1 IS64WV25616 P 3 % 14 A MCU
7 H A2 IR R 5 i A Xk, MCU S R AR/
7 HE R AR T 22 4331 A 444.95% il 1213.70%, {H
o N 25 55 T PR AR RS RL, 40 4.85%
8.86%. MK EIEXT MCU 5 Fb KI5 i 5 g4 4 356
HL 0 A A O, ARSI DT T #2544 R s
Yo i AN, B350 AR R 5 i H far L 22 AT 52
W 2 MCU & A RHER.

(3) R T2 2 5 15 m

Z g 3 A BB 65 nm SRAM #% 14
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#£ 3 HkiT MCU $2HZ5R

Table 3.  Extraction results of the single event multiple cell upsets.
) ARIFAFEIEIMCU 1 B
#I= FHIE RS /nm FRMCUR $
0x00 0x55H 0xAAH 0xFFH
HM628512A 500 0 0 0 0 1
HM628512B 350 0 0 0 0 1
HM62V8100 180 2.33% 5.94% 1.09% 4.68% 2
1S62WV1288 130 — 0 4.65% 0 2
1S64WV25616 65 9.59% 9.14% 6.01% 0.73% 3
IS61WV204816 40 28.29% 24.09% 28.52% 25.00% 7
CY62126V 350 0 0 0 0 1
CY62126BV 250 0 0 0 0 1
CY62126DV 130 40.00% 35.97% 35.46% 45.28% 3
CY7C1318AV18 150 — 36.13% — — 4
CY7C1318BV18 90 — 42.31% — — 6
CY7C1318KV18 65 — 56.80% — — 7
M328C 65 — 14.37% — — 2
30 60
x (a) X (b)
S 20+ 3 40t
pEmy pEy
=z E
5 10} 5 20t
= =
0

0x00H 0x55H OxAAH OxFFH

10
(c)

MCU /%
o

1.1

0x55H OxAAH OxFFH

.l

0x00H

(=)

0x00H 0x55H OxAAH OxFFH

15
(d)
10}

MCU ik /%

0x00H 0x55H O0xAAH OxFFH

7 ARMEAEE T MCU ditk (a) IS61WV204816(40 nm); (b) CY62126DV(130 nm); (c) HM62V8100 (180 nm); (d) IS64WV 25616

(65 nm)

Fig. 7. MCU rates of the devices with different test patterns: (a) IS61WV204816(40 nm); (b) CY62126DV (130 nm); (c) HM62V8100

(180 nm); (d) IS64WV25616 (65 nm).

IS64WV25616, CY7C1318KV18 Fll M328C. % 3
S ELA R PR IE R T, AEOR R R A R R
TR KZES, F8XTH T SEU 1 MCU
A7 b 3 KR R MCU 5 Fe 45 ASHH TR, A8 X6 i
F IR 521.44%, B K MCU 3 B bfi 5 MCU 5
L 3G I S 1 A it Ah, 518 5(c) R
g5 J X H Al DA &k B, IS64WV25616 (65 nm)
CY7C1318KV18 (65 nm) () s 4 KT 4 1%,
{5 MCU (5 Eb 25 M5 & 1) 16%. T, MCU (5 H
ARG SEU #E EAHDC. 13X U5 iR & AT
N BR800 8 A MCU 5 150 199 52 il
e A DA R, Blods 281 (R B4z o

FRPU R PARAE 0 A e 2 R T 1 81 A JR)
A 2 124 SR AT LA SR A 1 1 BR800 N A
I T MAR AL BET 2 T4 i e R R BT
HA - BT RIS AP 25 BRI

60 8
. 50} ®™ MCU /Nt
£ ol e mrMcU 16 8
2 =)
Z sof 14 8
O 20} ° 2
"l [ ],
oI 0
IS64WV25616 ~ M328C  CY7C1318KV18

B8 AIE)T R AR R T SRAM 2344 MCU 1550
Fig. 8. MCU rates and sizes of the devices with the same

feature sizes from different manufacturer.

162901-7


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

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 16 (2020) 162901

(4) FHOERST 50

HBEARIRE T E R R, JAEAHR) FAE
[6] R AN A AF Z [ HEAT X B X HM &5 3 3K
AR CY62126 R5NHY 3 F A 35 S AN A B/ N
fIERSE #8144/ SEU £ i $2 B 2] MCU, R 1k R
5 250 nm DL b A g8 28 T 8BRS HLE) MCU {5
BB 94T T CYTC1318 25 H1 1S6X Z 4 A
FEHER ) SRAM #8449 MCU 1500, W LAA H, Xt
TXFA RN EAE, MCU 5 e FlE Rk MCU fif
B B R AR ROST A BRI T BS . X T 65 nm /Y
CY7C1318 F1 40 nm A9 IS61WV204816 FJHH 8L T
B RIR 70 MCU. ] UL, A5 Boks 0 B0 55 A
T T 8 BEREAE ROT A BEAR T A (AN &l 6(b)), 10
MCU fY 520 23 Ok ™ 5. RN Bl 2R IE R
SR, AL TR PN S B A At B TR
AT B R A ST I ITTRR i B BB 8 52 i A9 £t
JUANEE . K, MCU W) 8887 12 ik /R SH

o FAMCUNL%L °

it 5 TR — T SR )
(a)
40 b 16
- 14
20}
10 b 12
0 0

CY7C1318AVI18 CY7C1318BV18 CY7CI318KV18

50 ® MCUMitL

MCU 5tb /%
w
o
FEAMCUREL

(150 nm) (90 nm) (65 nm)
30 8
951 ® MCUiLk (b)
X o FAMCURH 16 &
S 20¢f &
=) D
LD: 15+ 14 %
O 10f ° 2
oL I 0
IS62WV1288  IS64WV2516  IS61WV204816

(130 nm) (65 nm) (40 nm)

B9 F—) i RIAFFHER T SRAM 834 MCU 1% 5L
(a) CYTC1318 R I A [F 5 iF R ~F MCU 1§ ; (b) 1S6X F
FUA RS AE R F MCU 1% 6L

Fig. 9. MCU rates and sizes of the devices from the same
manufacturer with different feature sizes: (a) CY7C1318;
(b) IS6X.

(5) MCU 5 i I S B 45 R A 2 57

O M E & HITACHI/RENESAS (1)
HM #7513 3 SRAM 7 P87 - /\ I [ bR o S 4%
SR FF e T SRAM R H - R -R0 0 i IR ST
By, 2\ FEE bR T S F 4R 2 90.5°, At
£ 30.1°, MK 4300 m. >R R HRAEAE it 44 0
RAGE, AR S ASE 0x55H, R RS 5

FRET /NG, TEAH 0 S0 25 SR 43T UL SRR [12).
TERCE 70, AN HM62 V8100 K 195 i # %% v
S B 20 7 MCU, H v 1407 £ 17 B 5%
(multiple bit upsets, MBU). & J§ k<& I8 525
i MCU % He o 10.26%, b CSNS back-n ) SZ 5
S5 5.94% 1. WAk, IR AR R SR A5 R
BT CSNS back-n SZ 5 %A (1) MBU. 1]
O, U5 AT DA SE o A s B B R 1 v R e [
B CSNS back-n P4l & 4 1 K h F SEU #%
T 12 (H X 280 () MCU SEFF AR I, A7 2 A
A H TR R R ).

4 HRT

ZR5 A ik 13 3K SRAM A Bk 3%
N S E I, AR T — RIVAE SR, T mx
SE AR TR E .

1) ML ) #5441 SEU #K i 52 Ak, 3
TR ERERY MCU 5 AT SRR, R R 5
Y RS SR % (T S N a1 B b 3 A e Y G
F R L S 53 A AN TR], L3753 A R A 52 i) fL A 2L 2
Mg MCU &4 BIAESE. IR R 5
SCHiK [22] AL, BIVEATT i i AR R
HL i e — i AR PR, R H AT AR R — AN T
P A8 N 45 b Rl = A D B I ko, kPR
REAS R Ly S =2 52 e, IATATRRAIR MCU &R 1)
HER.

2) WRE AT 2122 55t SEU # i A1 MCU 1%
DL AAR K. FRIE R ST/, SEU #mi 1 25 5
AR, B R 5T E X /N R B v Bk
N B BB PRS2 I B K. H MCU 5t SEU #§
T 22 () A BH S AR . RN T 25 i e
T35 RN R R W F A A AR B B3R 41
Bl L] 5 P T AN N ) = R VA= L)
7 10) | A Jey A £ S T LASCAS g2 ) PR 50
SR A I N R ok R R DA B S RS
ik i ) S R T, DT R R AR 25K 1 ) U
PE, BB A B A Y. @it itk P& N A
JCE A B, A IE Sk G R, T ARG
fap FEZE A RZ A, DT R AR5 14 1) MC'U et 22,
H T k28 A0 A, 1 SRSk T e LT
T BB 5 b 2 /N BB T RS Ik b A B AR
1T 231, PRk, — S SRR A Bk i ) 2 AN AR K g
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% % figt S TR0 B IR B B TR UL S
R S R s, S BARR IR T2
B, TEHE T B A [ 4 SR DR R AT Oy B
G3HT.

3) FHERSEX SEU #ifi fil MCU (& Hb A &
M. AREAIE R SE X SEU #8145 ) A B I A R
F FREAE R [R] B mi BB Rl AL H i, — 3
X} SEU #1f i9 STk AR . 5 —J5 T, Rk RS
XF MCU sz i 2AG B 8 LA, MCU (& F A
B K MCU D BCHR B AE R ST B/ N . %2
PR AR IR RS sl /) ol A5 1 5 F i AU FR AR /N
Ffar FEEE R, BRASARE REAS [ B 52 R A7 BT
ANECEIN . XA MCU [A) B0 1 /RS A2 4
s L LR — A T S (]

4) AH R Y 2§ : 78 CSNS Back-n K715#9 MCU
7 F/N T T R S A 25 51 BRAT A, 1k,
1+ CSNS Back-n [ FREREAHXT T E RS
BRI R AR, T 0 e R AR RE A LD
P/ (A&l 2 fr 7R ), BRRE v S 56 B 9T R A
MCU A7 Bt A S H 7 R 2 0 3 g 1 T v (27280,
K, CSNS back-n SZgaH1, H—F oy Lo AS, 1
TER IR RIS T, KA S A7 A,
FH B 5 2 WA 1) A S RE A 1S i MCU (g 129301,
BEAR, mRRA SRR S0 25 R if B T CSNS
back-n 5256 HP A B9 MBU, J& [H 2 % g8 1851 7]
MCU UM 471, CSNS back-n F)H FHx
e M AR A H MBU %A 5 .

A SCH) FH COSNS Back-n JF J& T £ 2 i H
SRAM F7-fifh 5 (1) A T 8500 S 56 A5 1 it &
T . FREAE ROST R0 88 440 i [ T2 22 7 45 R X
SEU A1 MCU (152 M 5 S5 56 25 5 3¢ B 3 1]
JEXTER Y SEU R 52 M A, {HXF &84 # 44 1)
MCU 7 b 8RB 52 FEAE R AT X 884 SEU
BRI RZ A AT B S R, (X MCU A5 i R
B, B MCU (5 EE R KA BRI 25 1 RS Y
BEARR T 8 K SRR R T 25 25 S %t 3 1) SEU %
I A1 MCU (5 FLERA R A . BLAh, WF5EiA &
PAIF CSNS Back-n PEAf 4 1 RS P T HURL T
SR, AT RESRAE MCU 55, T 3256 b A Y
FEAJE R TR, 1653 HT—SE 52 M = A B A LR ol
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Experimental study on neutron single event effects of
commercial SRAMs based on CSNS”
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Abstract

The experiment of neutron single event effect was carried out at China Spallation Neutron Source (CSNS)
back-n on 13 kinds of commercial SRAM. The single event upset (SEU) cross section of each device was
obtained, and multiple cell upsets (MCU) were extracted from the SEUs using a statistical method without
layout information. The influences of the test pattern, feature size and device layout on the SEU cross section
and MCU were studied. The results show that the test pattern has little influence on the SEU cross section of
the devices, but has a great influence on the MCU ratio of some devices. The feature size has influence both on
the SEU cross section and the MCU ratio of the devices. The influence on SEU cross section is not definite. The
influence on the MCU ratio is definite. Both the ratio and the maximum size of the MCUs increase with the
decrease of the feature size. The difference of layout has great influence both on the SEU cross section and the
MCU ratio of the device. In addition, compared with the results of plateau irradiation, the ratio of MCU in
CSNS back-n is less than that of plateau irradiation. There are two reasons for this difference. One is that the
energy spectrum of CSNS back-n is softer than that of the atmospheric neutron. The other is the neutron beam
at CSNS back-n is perpendicular to the device under test. Therefore, evaluating the atmospheric neutron SEE
using CSNS back-n line may underestimate the MCU ratio of the device under test. The experimental data,
analytical methods and results obtained in this paper are valuable for the researchers to carry out the

atmospheric neutron SEE test and the evaluation of devices on atmospheric neutron SEE.

Keywords: China spallation neutron source, neutron single event effect, single event upset, multiple cell

upsets
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