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Fig. 1.

dimensional device model of nanometric SOI SRAM.

(color onmline) Schematic diagram of three-

BT B 5, HER[F P HIE (GEO) HLIE B 7 1
I B U LA AT T 200 MeV /n (R RE B AL, R, K
LT, A 200 MeV /n #5F - MC
E, VMBS NE2. #H T HNCREME-
MC B2022 0 pr g g7 1 BN, B ML o 7E S 1
BRUSRTH. T RIE RIFHIGeit 1, KRZEE T,
BT R EIAF]6.52 x 10! jons/cm?. AP, AL
THEF M 7 =Fh T 275 £ SOI SRAM /£ GEO
T B2 18] 3 (1SS) HUE L I E U iR %, PiE R
A B R BRI b BT A APSMIN (K
FISSHUIE 7). 2 H & F&mFEM, %id 3 mm
EHERFNE. BRMNETETFECON 192 (R
T —UBT). N THIIER GG HE, BRi
A IR R A EIA B 108 4. MC & A, 3t
a0 PR

#1 65, 45 f132 nm SOI SRAM Z{F0)j B 24 [18-20]
Table 1. Simulation parameters of 65, 45, and 32 nm SOI SRAM devices [18-20]

T TPt T 2 I 7 I LET {t/ REKX

M REOB/pm?bit~!  EE/nm HBA/C O fEE/MeV  (MeV-em?)mg~! R /cm?-bit~!
65 nm 0.625 60 0.6 0.0135 0.97 3 x 10710
45 nm 0.4 50 0.5 0.01125 0.97 2x 10710
32 nm 0.3 40 0.4 0.009 0.97 1.4 x 10710
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Table 2. Ion parameters using in the MC simulations.

BT e/ LET*/ LET*/ rE
MeVan~! (MeV-em?)mg™! MeV-um~! 7 /mm
12¢ 200 0.13 0.03 47.47
2883i 200 0.71 0.17 19.95
56Fe 200 2.40 0.56 11.96
84Kr 200 4.67 1.09 9.36
132%e 200 10.46 2.44 6.70
209Bi 200 23.58 5.49 4.98
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F =ML 255, Case 2 F B HR B FE /)N
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Fig. 2. (color online) Single event upset cross sections
of 65, 45, and 32 nm SOI SRAM devices as a function
of LET of 200 MeV /n heavy ions.

XIS 1) B BREAT 20 b, B, SCHR [3,4,12]
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T 2 per-bit R B 7% AT PR, Bt AT B
R LR B AL AR SOk [14, 15), SRS FAESS
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M A, ELUTRR e B A R e R B X R
/NS K. X 200 MeV /n ) Si & F7£ 32 nm SOI
SRAM R X (£ N 40 nm) H U AR fg 2 5
AT MC RS, g5 R B 3 Fros. BB 37,
Si g FER M REIX PR TTARe B H A — A4
XPE, &8 — &5, fFaE - EMEE. P
PJUTRL BE 8N 6.63 keV, X N K LET{H 5 % 24
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32 nm-Casel EAAHFF, HE—DUEsL T LET BE
DX 3 BRL - 8 2 1) 7 AR R T U R R SCRS. BB AR,
XF 200 MeV/n (1) C & F7£ 32 nm SOI SRAM R
X b AR e B T B SRR, Hes s IR e
B AT DLIE B4R 0 R RE B, AT 5l kS B kL 1
B .
9500
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500
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3 200 MeV/n [ Si #F1E 32 nm SOI SRAM R
X TR g RS

Fig. 3. Deposited-energy straggling of 200 MeV /n Si
ions in the sensitive volume of 32 nm SOI SRAM.
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Xt 7 Case 1 F1 Case 2 PG, w1 WA & 1) 2=
R B4, Case 2 Al i H RUTIRER 4 0.3 MeV,
b Case 1 REWE /N 25%; Case 2 HE ik A5 W 1 ~F- #)U7T
AL B N 0.2 MeV, Eb Case 1fE1E/N33.3%. HT
Case 2 fll Case 1 ) ZEHXAE T Case 2% 18 T 40
) R HLT- RN, ] PR — A2 SE, Case 2 15 {0
T, BN AT AR AR I IR T A X
KT 32 nm SOT SRAM ) R IX, 51 R XX
BB 70 OB LA 2 ) 1y R 25 1 7 AR 9 FL 1 -2 U RORT

246102-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 24 (2017) 246102

106
(a) iy Case 1
105
104
£ 103
3
o 10?2
10!
100 T%ﬁ
10-1
10°* 107 1072 107! 10° 10! 102
Energy/MeV
10-6
(c) #ifi Case 1
10-7
g 108
=
S 1079
k3]
% 10-10
7
2 10-m
O
10-12
10-13 -
10t 107* 1072 107! 10° 10 10%
Energy/MeV

10° [
eI Case 2

(b)
104

103

Counts

10?
10!

10°

1072 107! 10°
Energy/MeV

10-t
1074

1073 10t 102

10-6
(d) #kIfi Case 2
10-7
10-8
109

10-10

Cross section/cm?

10-11

10-12

1074 1072 107'  10° 10t 10%

Energy/MeV

1073

El4 200 MeV/n 1) Bi 4T 32 nm SOI SRAM R BIX {i F A% 0% A SOk FH 5%

Fig. 4. Deposited-energy spectra and single event upset cross sections induced by 200 MeV /n Bi ions in the sensitive

volume of 32 nm SOI SRAM.
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72 XA B X3 25 18] v RE 28 1 7 AR ) KR

AN IR RE B

FRBIX AR, I A et E, SERE AR
PN
3.3 ZTEEHBEIRE

AT EEHFRYIK D SOT SRAM K% (Al £E 5L
Gl R RIS U R R T T
PSRRI A DTk, 75 U 2, A%
RBLRE T R R BN 2 — HHEATEAR L
(IR FEEs, AR SCAN % B8 T2 L B 72 AR AR U 1%
AT B =R W SRS, R T L RN
A LAYE 65 nm SOI SRAM 5 2 s - #4%, H.H
iz v 7 LR B S PR AR P AT vy = 30 DY AN B 4
b, AR SCHIAN T A J K R B 1% 2R (1 45 SR R )
BN,
3.3.1 BEHEEIREMAFIER T ey T A H

PLGEO $iE . Case 2 A, & 35T L T 65,
45132 nm SOI SRAM [NIEHLES A%, HR3 7]

W, BEFERAE RS IR0, F per-bit 7R PR IR R K
BRI, LI PR AE T B R R A LA RS B AR AL
T FEARTIT /DS, AR [ B 2 8] 3 1 NG 26 E N, #%
SRR TR, BN LR U R R B Ry
AR A AR R0, B T 9K G il L i,
RETE AU Fr B CE 2 1A i 5T, K S BUERRH
2NN PRSI DN
#3  9KY SOT SRAM {EHUR R BERHE R T A2 L 5

Table 3. Change trend of on-orbit error rate of nanometric
SOI SRAM with the feature size.

WHIRZE (GEO #liH, Case2)

B4R
P o (errors/bit/day)
65 1.5 x 10~8
45 9% 10~°
32 3% 1079
3.3.2 ZREFAAEMEERNGT

DA AN L7 TR BLTE (GEO A1 1SS #LiE) Ml
BEAT XL #T. B 5 o 4d F CREME96 #4122 i
HATEI GEO FISS HUild fi 118 & -RE =i, 115
Z A N RBEAZ /N 3 mm RS B, 5 (b) &
AT, R 4 RHEASR 65 nm SO SRAM
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Fig. 5. (color online) Ion flux-energy spectra of (a) GEO and (b) ISS orbit (solar minimum, 3 mm equivalent Al-shielding).
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Table 4. On-orbit error rates of 65 nm SOI SRAM under Case 1 and Case 2.
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Fig. 6. (color online) Ion flux-energy spectra of ISS orbit (a) with and (b) without the trapped protons (solar

minimum, 3 mm equivalent Al-shielding).
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5 AFFA IS 65 nm SOI SRAM FEHUEE % 1 Tk
Table 5. Contribution of trapped protons to the on-orbit error rate of 65 nm SOI SRAM.
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Abstract

Based on Monte-Carlo method, the characteristics and physical mechanisms for deposited-energy spectra in sensitive
volume (SV), single event upset cross sections, and on-orbit error rates in 65-32 nm silicon-on-insulator static random
access memory (SOI SRAM) devices induced by space energetic ions are investigated. Space ions on geostationary earth
orbit exhibit a flux peak at an energy point of about 200 MeV /n. In consequence, the single event response of nanometric
SOI SRAMs under 200 MeV /n heavy ions is studied in detail. The results show that 200 MeV /n space ions exhibit the
large straggling of deposited-energy in the device SV with thickness ranging from 60 nm to 40 nm, which causes the single
event upsets to occur in the sub-LETyy, region. The device SV can only partially collect the electron-hole pairs in the
single ion track with a wide distribution of secondary electrons. As a result, the maximum and average deposited-energy
in the SV decrease by 25% and 33.3%, respectively. Further, the single event upset probability decreases and the on-orbit
error rate decreases by about 80%. With the downscaling of feature size, the per-bit saturated cross sections and on-orbit
error rates of nanometric SOI SRAM devices decrease dramatically. The phenomenon of constant-increasing single event
upset cross section with higher ion linear energy transfer (LET) is not observed, owing to the fact that (a) the density of
electron-hole pairs in the track of 200 MeV /n space ion is relatively low and (b) the SOI device has thin sensitive volume,
which results in the fact that the secondary-electron effect cannot upset nearby sensitive cells. Besides, it is found that
the direct-ionization process of trapped protons leads to an increase of on-orbit error rate of 65 nm SOI SRAM by one

to two orders of magnitude.

Keywords: silicon-on-insulator, single event upset, secondary electron, deposited energy straggling

PACS: 61.80.Jh, 61.82.Fk, 85.30.Tv, 02.50.Ng DOI: 10.7498/aps.66.246102

* Project supported by the National Natural Science Foundation of China (Grant No. 11505033), the Science and Technology
Research Project of Guangdong, China (Grant Nos. 2015B090901048, 2017B090901068, 2015B090912002), and the Science
and Technology Plan Project of Guangzhou, China (Grant No. 201707010186).

t Corresponding author. E-mail: zhangangzhang@163.com

246102-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.246102

	1引    言
	2器件和仿真参数
	Fig 1
	Table 1
	Table 2


	3结果与分析
	3.1 单粒子翻转截面
	Fig 2
	Fig 3

	3.2 沉积能谱
	Fig 4

	3.3 空间在轨错误率
	3.3.1 在轨错误率随特征尺寸的变化趋势
	Table 3
	3.3.2 二次电子对在轨错误率的影响
	Fig 5
	Table 4
	3.3.3 质子直接电离对在轨错误率的贡献
	Fig 6
	Table 5


	4结    论
	References
	Abstract

