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

Pmtons/cmz-day E]ectrons/cmz-day
Data (MeV) | 1~10 10~ 100 100~ Total 0.6~2 2~ Total
Flux 186x10° | 1.73x10* | 393x10° | 1.89x10° | 3.93x10" | 186x10° | 1.90x10"
Ratio 98,9 09 02 100 499.4 06 100
i3 4. A3 waAfe] 1087 248 ol oy x)e] (8]

Table 4. The average energy of the photon at a geostationary orbit for ten vears[8].

Photons/cm®-day

Data (MeV) | 03~05 | 05~1 1~2 2~5 5~10 | 10~20 | 20~30 | Total
Flux 1x10° 7x10" 310" 1x10° 2110 9% 10" 5x10° 2% 10
Ratio 470 326 12.7 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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Table 6. The  technical  specifications  of
KOREASAT-1, 2[11].

Faud
Ao} g | 3% AAAol FHCEMNY)
142 x 174 % 196 m

do |4
Siid

(W x H x D)
2 | wAnE 1459 ke
A w4 623 kg
EEIEE 1979 W
=8 73 104(°95~-'05)

Oy 2. $FF0Y AFHA AN 2y
Fig. 2. The semiconductor simulation model in
space.
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Table 7. Calculation of radiation dose.

Radiation dose (Gy)

ThCknesS| proton | Electron | Photon Secondar¥ | Toal dose
1 0166 | 15063 | o000z | 00013 | 115064
2 0161 | 3478 | 0002 | 000z | 3478
3 0156 | s137 | ooo | ooz | 5138
4 0152 | 793 | oooz | ooorz | 794
5 0148 | sua | ooz | oooiz | 5450
6 0144 | m20 | o3 | vomz | 721
7 0.140 616.4 0.0022 0.0012 6165
8 0137 | 6235 | ooz | ooz | 6236
9 013 | 4 | 000 | ooz | M5
0 | o | s08 | ooz | oooz | 5200

29 300 AN 3 ol FAAG eb,
aglm o AAdel o@ FAAFE AN
FAel wAglol zhzb 015, 0.0022, 0.0012 Gy&
¥ 59 AEAAN AHEEHE A Ul
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Fig. 3. Radiation dose of the semiconductor as

the aluminium thickness.
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Fig. 4. Detailed proton radiation dose calculation.
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Table 9. Range of electron in aluminium.

Electron Energy | 0.6 MeV | 2 MeV
Range{mm) 1 4

Zvbde] Aee 10° Gy #39 vFe F44
guro]l asfialel Faleh wAIgle]l uvrebutc). 4
(3 (2)F ol g3k} opddelulx] 03~50 MeV
of thd FHdEe Adg Fak 13x107-23x
107 Gy 22x107~23x10° Gy €tk A (D3
(294 1 oz JAF #-F2] #Aobde] 2% pa, e
=GR Ea de|Ee M3 AFea p, tE A
A A A%, Ao FAely DE FaMdH
ojr},

I= L™ " (1)

‘LHJ

D= [— (2)
p

o] Aol Miz elxtdubd-E me{dtA £317]
g E-off MCNP 2E #Alabd st wo) 24 el

i 5ellA fl 71EE R TAA ALbE A=)
A, gopd aen oAbl 2§k F Fa4M
2HTotal dose)% “epc} oFE 2= Motorola A
gt MIPS Abel uigabdg chebdich WA &
FFse AAA FAE SHER ZASSCY F
Frdsgn b A sreae] WA g bR
g Azt lFsidel ZoA F77 Motorola Ab<b

10" - \ )
N —u— Tolal dose
\ & MIPS RKH300-20, Motorola 602, 603e
% =— Intel Intel 486
= \
2 \
2 '_\
'E B
o 8
3 : \o"/p\'c/ e To——0
g 4
e
10! T T T T L |
0 2 4 ] 8 10

Aluminium Shielding Thickness (mm)

a3 5. 1083 vt s F M
Fig. 5. Total radiation dose of semiconductor
for 10 vears.

MIPS Ape] sl Al 47 o 3 mm7
Foll 10d FF $FFNAANA E8o] A5 Ao
2 vewch §48, A Intel Abe] ulvab4y
2 dehili=d Intel Abe) WEAE 10 mme] 2o
A FAME Faedde] 5209 GyE WA
300 GyE =3t FAAE A4E Bz A}
23817 o && & + Ao

5.d E

108 o] §-FF3tell A FodataAl sjun wal
Aol A7) e&8E 4% JFA4E g4
o, FHdie] wre A7t S Abdel 2 sfe]
HEEe FEAFE st A mSe &
T oAb ‘g ES-FRAASIFEY FAAL
off Al 43 2R 9} S. Cheenu Kappadathe] ¢
oAl AAlg Az Ab&stgoh Ael= MCNP
ezt AR EAR FAdxet Az 2em AepaA
of digte] ztz asge] FAE 1~10 mm7hA
RSEA 7 AF AU wrxale] FH3e 4
ARabgleh AN it 84 AF U4l AEEE
diEH T WA o] ulgAbd ghal wlastglch

AxA ) okadatel gobd aejm §-FA o
ot olabubAbH el A4 oA FA7F 1 mme] 4
o] =W, Fodzge] dAMNAY I g FAL
FEoleleh. g, Hxtel A ada) Folel of
g Faddel g2t A3 F707F 3 mmel
ol Sl Fodake] AAs At Hatel o F
EAle] FAEe R, Bebd @ oolawabA
of g Fodeknc "M AN, AL
A5 sFAFe] gRrEE Adld oF FodP
o] AAEE & F AUk

Bodgrel A Aty A Fedgg dEd
Aol AMEEE wkEAle] AR gyt w)azspd
AT FEIT F A @ oldhe] F4
A Wyl A A FAE A& 5= 9
t} FA 243 Intel Abe] wEAE ujbAbA o] sho)
) el 1043 S845E AN E AHER
T glEE o+ dslen, Motorola A9 MIPS
Abe] WA= QlFSAde AdA FA7E 3 mmo)
Foloior & o 4 ik

dAte 2

B oATE asuer)Ey gAYl
o) Ao ofs) FHEAF T



(1l

[2]

(3]

(4]

[5]

[6]

2 28

g, dety, “oteld 289 Hie BF
WGPl B BH), FFAEHA,
189, 2%, p. 153, 2001.

A, WA BEM2RNE FHEA
Kisiti 7] 282% p. 2, 2004.

Avel, 49E, “meul ] $gArd 27
AE Y ARG ua” $534887, 19
1, 2%, p. 151, 2002,

WA, P, ofeld 289 WAt 8
2 oAEgdA #|FE A, $FFEIA,
1811, 2%, p. 163, 2001,

dWE, HFZ, HYZ, FFHAe 9%
", gt HehrlE, 109, 10E, p. 26,
2001.

274, T84, ALY, HAE, d5E 9F
&, e, dFH, HgE, 20039 1089
s $387e 9y, $FeA,
214, 43, p. 315, 2004.

(71

(8]

(9]

[10]

[11]

[12]

A7) A 73] =82, #2237 A6E, 2009 6

FHH Mg - £33 ¥ EE (Proton,
electron), Hl%¥&s 9 F5874 o F(htp//
sos.kasire.kr).

S. Cheenu Kappadath, “Measurement of the
Cosmic Diffuse Gamma-ray Spectrum [rom
800 keV to 30 MeV”, University of New
Hampshire, 1998.

Halg, ‘78 g HFEH Z2AM HE
71& 58T, ARIC AR, 33T
kel 21 £ 3] (http://www.aerospace.or.kr).
AL%E, "MCNPX :EZ o] &3 ol FA}
Ao] wbapdr BE Al AlFEsta &9

w8, 2008,
FEFEF FANYEY - TFH 94
(KOMPSAT) A4, 3373925938

(http://www.aerospace.or.kr).

Clarke, R. L. and Bartholomew, G. A., “Proton
range-energy relation”, Physical Review, Vol.
76, p. 146, 1949.



