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Abstract

Soft errors are temporary malfunctions of LSIs in electronic equipment that are believed to
be caused by neutrons in secondary cosmic rays. To analyze neutron-induced soft errors, Fujitsu
has developed the Neutron-Induced Soft Error Simulatof] NISEST NISES has a nuclear reaction
database based on the latest nuclear reaction theory and analyzes soft errors using Monte
Carlo simulation. NISES has already been applied to the analysis of soft errors in CMOS circuits
and DRAMSs and has proved the significance of neutron-induced soft errors. It has also been
used to evaluate soft error rates in LS| design processes and has contributed to the improvement
of LSI reliability. This paper describes the configuration and functions of NISES and some
examples of its application.
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Fig.1-Secondary cosmic rays. Neutrons are the main cause of soft

errors at ground level.
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Fig.2-Occurrence of a soft error. When a neutron collide with a
nucleus in silicon medium, a large number of charges
induced by reaction products cause a soft error.
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Fig.3-Outline of NISES.

0000000000000000

ONISESO D00 00000 ONISESIAMDO 0000
0000000000000000000000000
Do0000dOdO0oooooooooooooog®™
000000000000 00D00000000000
0000000000000000000000000
000000000000 00D00000000000
00000D000000000D00000000000
0000000000000000000000000
000000000000 00D00000000000
00000000000000000pnO0000000
OD0000000 sensitivevolumel 00O 000000
0M00000000000000000000000
00000000000000000000MOO000
0DD00000000000000000000000
D000O00100000000000000000000
0000000000000

0 NISESO SRAMU Latch(l 0 0 CMOSO O 0 O DRAMI
D0000000D0000000D000000000O
000000000000 00D00000000000
00000D000000000D00000000000
O000000000 000000000000000
0000000000000 D000000000000
000000000000000

NISESO O OO

ONISESO0OOO0OO0O0O0O0O04004a000000.35um0O
128k0 0 O0CMOSSRAMO 16 kD O O LatchD O OO OO

gobooooooooooobooooooooobooooo

FUJITSU.51, 5, (09,2000)

1.E+05
O
o 1.E+040- O oooo
O o
3 O — 0000000000
O 1.E+030- a
O
ou 0
(]
O  1.E+020-
O
O 0
O
1.E+010
O
1.E+00 ‘ ‘ ‘
i) 20 30 40 50

oooooofecod
g

0-4 035ymCMOSSRAMO OO ODODOO0ODO INISESO
goooobooog

Fig.4-Neutron-induced soft error rate of 0.35uy m CMOS SRAM.
Simulated and measured results are shown.
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Fig.5-Neutron-induced soft error rate of 0.35y m Latch circuits.
Simulated and measured results are shown.
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Fig.6-Neutron-induced multiple-bit soft error rate of 16 Mb DRAMs.
Simulated and measured results are shown.
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