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Fig. 1. Diagram of the DICE memory cell.
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Fig. 2. Layout diagram of dual DICE cells and the distribution of four sensitive pairs with “1”.

# 1 X DICE fH# BT AN R B I Y R SO0
Table 1.  Sensitive pairs with different data stored in dual DICE cell.
TEhE Y Xt TR Y
N1/N3 N2/N4
P2/P4 P1/P3
BL =1, (A, B, C, D) = (1,0, 1, 0) BL =0, (A, B, C, D) = (0, 1,0, 1)
N1/P2 N2/P3
N3/P4 N4/P1

fr B AR IRAEE (HIRFL) BJFRE, %8R40k
e 20 J2 4 i A S0 B 1 RE AR A S D 22 R
AR LET AMRIE, 3 2 50 780 b T i
BT MRE RIS AR Z R R AR FEEIT
BTGB g RS E R TR LET {H.
TE—SE45E BT IT R T ET 30°, 60°MHUf ALY
1R, A AT ] T IR ASS I LA, 23

%2
Table 2.

MBI Xl ¢ = 0°RIVEE BFR 7 1), LA ST &
Y 4l ¢ = 90°RIRE B BIF 0 7 nl i f A ST, A&l 3 Jr
. R HE— 2RGSOk B e 2 D i A, AR
P DU 2H AT X7 1], 7E Br BT AR, JF
JE TR A TR ¢ = 0°, ¢ = 45°, ¢ = 90°, ¢ =
135° B 60°Fbr R0 iR 5e . 150t AE A R T
WA IR EIE 8 55 H, B8 TAERTE 1.2 V.

B TARER

Ton species in Heavy ion testing.

F9 BT el /MeV S /um T EHASBAERLET/(MeV-cm?/mg) Bi£A30°, 60°HI X A RLLET /(MeV-cm?/mg)

1 loper 110 82.7 4.4 5.1/9.3

2 BCILUE 160 46.0 14.0 16.5/30.7

3 BT+ 169 34.7 23.5

4 TGEelL 2+ 210 30.5 37.4

5 ™Bris+ 220 30.4 40.5 45.8/63.3

6 12715 25+ 265 28.8 52.7 57.7/68.0

7 209Bjsl+ 923 53.7 99.8
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K3 BT USR5 A R 60° AT g R B A
Fig. 3. Schematic of heavy ion tilt 60° incidence along dif-
ferent orientational angle.
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Fig. 4. 65 nm dual DICE SRAM heavy ion bit SEU cross
section versus the effective LET.
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7. Copper (281 nm)
8. SiOy (135 nm)
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13. Copper %216 nm)
14. SiOy (135 nm)
15. Silicon (232 nm)

‘ ‘ 16. Silicon (5 pm)

# 5 65 nm DICE SRAM B RIX L EGRBAALZE

Fig. 5. Multiple metal-interconnection layers above the act-
ive area in 65 nm SRAM.
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Fig. 6. LET distribution of secondary particle in silicon
with 100 MeV and 200 MeV protons passing through mul-
tiple metallization layers: (a) Al interconnection; (b) cu in-

terconnection.
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Fig. 7. Proton single event upset cross section in 65 nm
dual DICE SRAM.
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Fig. 8. The distribution of energy and angle of secondary
particle with Z = 13 induced by interaction with multiple
metallization layers by 100 MeV protons.
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Abstract

In order to evaluate the radiation tolerance to proton single event effect(SEE) in nanometer dual
interlocked cell (DICE) hardening device accurately, single event upset (SEU) linear energy transfer (LET)
threshold at heavy ion normal and tilt incidence, and the worst case SEU orientational angle are acquired based
on the analysis of heavy ion SEU testing data in 65 nm dual DICE static random access memory (SRAM). It is
proved that dual DICE design is effective for improving the LET threshold against SEU. Howerer, heavy ion
tilt incidence at the worst orientational angle will significantly reduce the SEU threshold and increase the SEU
cross section. The worst orientational angle for SEU in DICE SRAM is the large tilting angle along the well.
The maximum LET value and the emission angle distribution of secondary particle induced by the nuclear
reaction between protons with different energy and layers with different multiple metallization are obtained by
using Monte-Carlo simulation. The maximum LET value of secondary particle from proton-copper spallation
reaction is higher than 15 MeV-cm?/mg for 100 MeV and 200 MeV protons. Secondary particles with the
maximum energy and longest range are emitted preferentially in the forward direction. Proton SEU sensitivity
is further predicted through combining heavy ion test data with Monte-Carlo simulation. Proton SEU test data
verify the effectiveness of the prediction method and the accuracy of the prediction results. The research results
indicate that the tolerance of nanometer DICE hardening technique against proton SEU will be overestimated if
SEE evaluation test is carried out with only 100 MeV proton accelerator or normal incidence. Proton single
event upset in nanometer dual DICE SRAM has an evident dependence on tilt angle and orientational angle.
By adopting the above prediction method, whether proton SEE test needs performing or not in nanometer
radiation-hardening device can be judged and screened. The requirements for the maximum energy of proton
accelerator can be ascertained. In order to ensure that the devices are applied to space with high reliability,
SEE test should be carried out including tilt incidence at the worst orientational angle in nanometer DICE

hardening device in the process of heavy ion and proton SEE test evaluation.

Keywords: double dual interlocked cell hardening, single event upset, proton, the worst orientational angle
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