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Experimental investigations on pulsed neutron radiation
effect on commercial CMOS SRAMs

I Chao, YANG Shanchao, LIU Yan, CHEN Wei, LIN Dongsheng, JIN Xiaoming, WANG Chenhui
g g g
(State Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Northwest Institute of Nuclear Technology,

Xi’an Shaanxi 710024, China)

Abstract: For the purpose of investigating pulsed neutron radiation effect on Complementary Metal
Oxide Semiconductor(CMOS) Static Random Access Memory(SRAMs), a Monte Carlo simulation method
based on the hypothesis that the upsets are caused by the super positioning of Single Event Upset(SEUs) is
presented. In the simulation, the percentages of Single Bit Upset(SBU) and pseudo Multiple Bit Upset(MBU)
bits in total induced upset bits are calculated. Experiments on commercial SRAMs of three feature sizes
are performed on Xi'an Pulsed Reactor under pulsed irradiation condition. Upset bits of SBU and Pseudo
DBU obtained from the experiments, are shown to agree quite well with the simulation results. The
mechanism of pulsed neutron inducing upsets is analyzed.
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Memory
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Fig.3 Monte Carlo simulation results of n, SBU and DBU
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Tablel Experimental conditions of 4 pulsed modes of XAPR

pulsed mode/ 1 MeV equivalent neutron n/y ratio pulse width/ 1 MeV equivalent neutron fluence/ total ionizing dose/
pulse flux/(n.cm®s™) n/(cm”.rad(Si)) ms (n-cm?) rad(Si)
1.17 8.76x10" 7.7x10° 29.0 3.77x10" 4.9x10°
2.40 4.24x10" 7.7x10° 12.7 7.97x10" 1.0x10°
2.96 8.10x10™ 7.7x10° 9.35 1.12x10" 1.5x10°
3.39 1.27x10" 7.7x10° 7.90 1.49x10" 1.9x10°

3.1 RS BLER

A5CNE S B A VG A ok i R N HE 3#ER BRREE LT R, P EE A N 20%, TR SR 10%. 5
BRI T 4 FpRkepRES, RN HEZ AT SRR bR R A S R E 4o 117 J6. 2.40 J6. 2.96 JUA
33970, £ 1IHAHTARKMRETHAESH . Kb, £ 1AM 1 MeV F800 7 i3 88U AL Tk h
T, BAEFIkEE 1 min W KO8, HAOE ek 2 fin,



55 1) ¥ #BE.7F A CMOS ITE SRAM Bkt Hh FiF 5 3L iz S2 18 803

# 2 1 MeV 80 TR O HLL B

Table2 Percentage of 1 MeV equivalent neutron fluence during experiments

1 .
pulsed 1 min after neutron pulse 1 min-3 min after neutron pulse 3 min—7 min after neutron pulse
percentage
normalized neutron 1 0.48 0.15 0.04

fluence
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Table3 Device information of three kinds of SRAMs with different feature sizes

device model feature size/nm capacity/Mbit nominal voltage/V serial number

HM62V81001 180 8 33 180 nm-A,180 nm-B,180 nm-C
1S62WV1288DBLL 130 1 33 130 nm-A,130 nm-B,130 nm-C
1S64WV25616DBLL 65 2(4) 3.3 65 nm-A,65 nm-B,65 nm-C
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Fig.5 Typical upset bitmap in logic address space
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