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A Calculation of the Cosmic Radiation Dose of a Semiconductor in a
Geostationary Orbit Satellite Depending on the Shield Thickness

s T Myx'e
(Jeong-Hwan Heo', Bong-Jin Ko', and Bum-Jin Chung®

Abstract

Cosmic ray is composed of nuclear particles moving at a light speed. The cosmic ray affects the
performance and the reliability of semiconductor devices by ionizing the semiconductor material. In this
study, the radiation effects of protons, electrons, and photons, which compose the cosmic ray, on the
GOS(Geostationary Orbit Satellite) were evaluated using the Monte-Carlo N-Particle code. The GOS
was chosen due to the comparatively long exposure to the cosmic ray as it stays in the geostationary
orbit more than 10 years. As the absorbed dose of semiconductor from electrons is much larger than
those of protons, photons, and the secondary radiation, most of the radiation exposure of the
semiconductors in the GOS results from that of electrons. When we compare the calculated absorbed
dose with the radio-resistance of semiconductor, the Intel 486 of the Intel company is not suitable for
the GOS applications due to its low radio-resistance. However RH3000-20 of MIPS and Motorola
602/603e can be applied to the Satellite when the aluminium shield is thicker than 3 mm.
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Table 1. Damage of satellite subject to the
accumulated of cosmic ray[5].
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Table 2. Reported incidents by cosmic environments[6].
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Table 3. The average energy of the proton and the electron at a geostationary orbit for ten years(7].

Protons/cm®-day

Electrons/cm’~day

Data (MeV) 1~10 10~100 100~ Total 06~2 2~ Total
Flux 1.86x10° | 1.73x10* | 3.93x10° | 1.89x10° | 3.93x10" | 186x10° | 1.90x10"
Ratio 989 0.9 0.2 100 99.4 06 100

3T
ar

4. AAA =AM 1087 SAE 7epae A H[8).
Table 4. The average energy of the photon at a geostationary orbit for ten years[8].

Photons/cm®-day

Data (MeV) | 0.3~05 | 05~1 1~2 2~5 5~10 | 10~20 | 20~50 | Total
Flux 1x10° 7x10* 3x10* 1x10* 2x10° 9x10° 5x10° 2x10°
Ratio 470 32.6 127 6.0 11 0.4 0.2 100
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Table 5. The semiconductor used to an artificial satellite representatively[9].
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Fig. 2. The semiconductor simulation model in
space.
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Table 7. Calculation of radiation dose.

Radiation dose (Gy)
Th(i;kx:?ss Proton | Electron Photon iz%?;‘gz;y Total dose
1 0.166 11596.3 0.0023 0.0013 11596.4
2 0.161 3547.8 0.0022 0.0012 35479
3 0.156 513.7 0.0023 0.0012 513.8
4 0.152 769.3 0.0023 0.0012 769.4
5 0.148 5449 0.0023 0.0012 545.0
6 0.144 712.0 0.0023 0.0012 7121
7 0.140 616.4 0.0022 0.0012 616.5
8 0.137 623.5 0.0023 0.0012 623.6
9 0.133 5344 0.0023 0.0012 5345
10 0.130 520.8 0.0022 00012 5209
a9 3 ANE A% 2ol FAAS A
agm o) AWAAe 9 FFAFLE AHA
A #AG el 27 015 0.0022, 00012 Gy=
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Table 9. Range of electron in alummium.
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