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Table 1 The particle type and average energy generated by proton and metals interconnect overlayers

s AT 7 5 5/ MeV ATLJRZA G/ MeV
UES 70 170 410 70 170 410
, (3 T I DD 3 N - T30 I N =3\ N B -0 B
2314 e %14 e %14 e 2314 e 2314 e 7314 e
15 P 15 1.399 14 1.582 14 1.667 8 1.034 17 1.106 15 1.744
14 Si 4121 0.510 4296 0.654 4758 0.674 4005 0.534 4138 0.659 4713 0.695
13 Al 1205 1.310 1202 1.316 1855 1.318 1074 1.160 1194 1.198 1918 1.266
12 Mg 1097 1.234 1212 1.535 1652 1.582 1003 1.292 1181 1.374 1670 1.445
11 Na 281 2.340 482 2.341 715 2.516 248 1.724 463 1.811 729 2.126
10 Ne 172 0.710 370 1.300 568 1.499 155 0.654 396 1.360 581 1.359
9 F 16 1.434 109 2.093 212 2.630 24 1.363 115 1.514 210 1.664
8 (0) 23 1.182 209 1.247 389 1.422 27 0.880 189 1.032 410 1.206
7 N 4 1.675 190 1.789 351 1.825 4 0.916 119 0.993 345 1.230
6 C 3 0.597 61 0.859 221 1.787 3 0.595 59 0.816 210 1.020
5 B 0 0.000 1 0.008 26 0.464 0 0.000 3 0.005 26 0.569
4 Be 0 0.000 5 0.497 22 0.130 0 0.000 3 0.178 19 0.672
3 Li 1 0.010 14 0.247 40 0.278 3 0.006 11 0.034 42 0.124
2 He 690 0.022 1180 0.025 2288 0.030 709 0.019 1174 0.023 2189 0.026
x2 IRSHMHEEERRENRTFMER TR
Table 2 The particle type and average energy generated by alpha and metals interconnect overlayers
AL S ARG
LRI TPR
500 MeV 8 GeV 18 GeV 500 MeV 8 GeV 18 GeV

, SR CPE R P R Ty me Rl Rk PB R P
34 e 34 e 34 e 234 it 3 e 3 At
15 P 58 2.069 27 2.357 16 2.626 54 1.887 16 1.924 14 1.950
14 Si 1612 1.285 3622 1.885 3739 1.899 1467 1.811 3484 1.822 3658 1.844
13 Al 2313 1.611 6505 1.667 7411 1.681 2312 1.619 6512 1.664 7152 1.672

12 Mg 2165 1.450 4992 1.466 5738 1.788 2053 1.256 4045 1.386 5733 1.774

11 Na 1190 1.410 2538 1.538 2734 2.091 1177 1.412 2525 1.500 2 660 2.090
10 Ne 990 1.025 1997 1.009 2227 1.508 903 0.018 2110 0.989 2247 1.466
9 F 430 0.950 956 0.964 1029 1.467 379 0.899 876 0.898 1020 1.433
8 O 889 0.563 2249 0.563 2429 0.982 912 0.668 2296 0.767 2416 0.948
7 N 898 0.432 2495 0.407 2708 0.720 850 0.550 2446 0.609 2635 0.669
6 C 730 0.274 2684 0.243 2725 0.430 744 0.324 2574 0.366 2 688 0.475
5 B 97 0.182 592 0.191 675 0.224 102 0.174 593 0.194 666 0.257
4 Be 44 0.067 334 0.071 382 0.134 60 0.119 349 0.193 360 0.214
3 Li 150 0.052 1011 0.061 1094 0.085 152 0.051 979 0.050 1080 0.080

2 He 18492 0.017 44 909 0.019 47359 0.223 17907 0.016 45228 0.019 46 968 0.023
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Simulation of the Interaction's Effects on Single Event Effects between High-Energy
Particles and Interconnect Overlayers within Semiconductor Devices

YANG Tao', SHAO Zhijie?, CAI Minghui'*, JIA Xinyu'*, HAN Jianwei'*

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;

2. Shanghai Institute of Spaceflight Control Technology, Shanghai 201109, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China;

4. Beijing University of Technology, Beijing 100022, China)

Abstract: By simplifying the sensitive volume of semiconductor devices, a typical Geometric Model of CMOS device is has

been built. The recoiled nuclei, average energy and LET induced by Cosmic High Energy Protons and High Energy alpha particles

in the sensitive units are simulated. The effects of heavy metals within the devices' metal interconnect overlayers on the LET of

Single Event Effect were studied, and the result shows that effects of high energy particles on the tungsten in the metal wiring layers

can increase LET of secondary particles, and thus heighten the incidence of single event upset.
Key words: high-energy particles; CMOS technique device; LET; SEE; GEANT4

High lights:

® [t provides important basis for determining the anti-single particle effect index of spacecraft in deep space exploration.

® The influence of different metals interconnect overlayers structure on single particle effect is presented.

® The LET distributions of different high-energy particles to different metals interconnect overlayers structural units are given.
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