J. Astron. Space Sci. 18(2), 153-162 (2001)

ozl 25 2| Wils 4 3 JE0| &8t BA())
- TOTAL IONIZING DOSE &8t ZAloz -

WHEI, 28y
#2977 A4S

THE ANALYSIS ON SPACE RADIATION ENVIRONMENT AND EFFECT
OF THE KOMPSAT-2 SPACECRAFT(1): TOTAL IONIZING DOSE EFFECT
Myung-Jin Baek', Hak-Jung Kim

Korea Aerospace Research Institute, P.O. Box 113, Yu-Sung, Taejon, 305-600, Korea
E-mail: mjbaek@viva.kari.re.kr

(Received September 20, 2001; Accepted October 25, 2001)
2 o
BN o2l 2371 £8E AXS $5YAs 84 9 total jonizing dose(TID) % %
3te) B A3 THH PR 4 ¢ SAA(South Atlantic Anomaly) R e FF5 o 9L
= Ao, TIDY AL v = £F YAls 2 2HE ¥ % A hFFALe
AAck A AR A= @R AD 2R EE o]B3td YAls YL ARHoR X
9+ S & 5 AdoY, 7 AvA A A FREY FAE SR YA o

¥ ERROE AVE 4 9ee T+ YUk oklF 259 JREYIIT T AAEE
A4Aoz NEHE QA PAFE TRUE ABEAY Y42 vhehiglon, o @52 ofe)
%259 WARE AUsE U A4R) B= FAEY 728 FAE 43T 4 i NBe
= ANt

ABSTRACT

In this paper, space radiation environment and total ionizing dose(TID) effect have
been analyzed for the KOMPSAT-2 operational orbit. It has been revealed that the
trapped protons are concentrated in the SAA(South Atlantic Anomaly) area and
that the trapped protons and electrons, and solar protons are main factors affecting
TID. It turned out that low energy particles can be effectively blocked by aluminum
shielding thickness, but high energy particles can not be effectively blocked by in-
creasing aluminum shielding thickness. KOMPSAT-2 total radiation dose which is
accumulated continuously to spacecraft electronics has been expressed as the function
of aluminum thickness. These values can be used as the criteria for the selection of
electronic parts and shielding thinkness of the KOMPSAT-2 structure or electronic

box.
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B 1 TID %o 9% Arizo) o X $1,

Efect Sensitive Main Type of Damages Seriousness
Type Parameter
Total Dose | All oxide layers: | MOS transistor level: Progressive

gate oxide, field | - Progressive threshold voltage shift of elem. MOSFET and
oxide, and - Decrease of mobility irreversible
especially edges | Bipolar transistor level: damages
of thinck oxide - Progressive decrease of DC gain of bipolar transistor
layers - Increase of reverse current, changes on saturation voltages

MOS IC levle:

- Progressive increase of current consumption on IC’s
- Logical level degradation

- Loss of functionality

- Degradation of dynamic characteristics

Linear IC level:

- Increase of bias and offset currents

- Increase of offset voltage

- Change of reference voltage
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19 2. Trapped proton flux contour(685 km). 2.3 3. Trapped Electron flux contour.
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1% 5. Trapped electron external environment.
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1% 6. Solar proton external environment. 1% 7. Trapped proton(orbit average) transport.
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% 8. Trapped protons transport under 200

mils of Al Shielding. 1% 9. Solar Proton(JPL 1991) transport.
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# 2. Trapped Proton Flux Spectrum.

Energy Orbit Peak
(MeV/n) Average  Flux

Energy Orbit Peak
(MeV/n) Average  Flux

Energy Orbit Peak
(MeV/n) Average  Flux

1.01E-01 1.61E+01 9.95E+02
2.03E-01 1.95E+01 1.20E+03
4.01E-01 2.52E401 1.56E+03
6.03E-01 3.08E401 1.90E+03
8.06E-01 3.61E4-01 2.22E403
1.01E4-00 4.11E+01 2.53E+03
2.02E+00 6.46E+01 3.99E4-03

4.00E+00 1.05E+02 6.51E4-03
6.01E400 1.42E402 8.81E+03
8.04E4-00 1.74E+02 1.08E+404
1.00E+01 2.01E+02 1.26E+04
2.02E+01 2.88E+02 1.88E+04
4.05E4-01 3.39E+4-02 2.33E+04

6.00E+01 3.27E4-02 2.20E+04
8.01E+401 2.91E+02 1.96E+04
1.00E+02 2.41E+02 1.60E+04
2.01E+4-02 8.96E+01 4.96E403
3.59E-402 1.70E+01 8.87E402
4.04E4-02 6.24E+00 3.21E402

# 3. Solar Proton Flux Spectrum.

Energy JPL1991 Energy JPL1991 Energy JPL1991 Energy JPL1991
(MeV/n) Model (MeV/n)  Model (MeV/n)  Model (MeV/n)  Model
1.01E-01 3.86E+01 1.00E+00 9.76E+01 1.02E401 4.33E4+02 1.01E+02 4.75E+01
2.51E-01 5.00E+01 2.00E4+00 1.52E+02 2.03E+01 4.88E+02 2.01E+02 3.20E+00
4.04E-01 6.05E+01 4.00E+00 2.46E+02 4.05E+401 3.14E402 4.02E+02 4.54E-02
6.09E-01 7.39E4+01 6.04E+00 3.25E+02 6.12E+4+01 1.65E+4+02 6.06E4+02 1.15E-03
8.07E-01 8.61E+01 8.00E+400 3.84E+02 8.10E+01 8.75E401
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# 4. TID YA A4 35,

& Aok & 32

Aol
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£ 5. Annual Total Radiation Dose[rad).

Thickness  Trapped Trapped Solar Total

(mils) Proton Electron Proton Dose
(] 5.90E+4+05 1.25E+06 1.50E4+04 1.86E+06
10 1.59E+03 9.93E+4+04 3.66E4+03 1.05E4-05
20 9.26E+02 2.96E+04 2.39E403 3.29E+404
30 7.13E402 1.49E+4+04 1.81E403 1.74E404
40 6.05E4+02 9.51E403 1.46E+03 1.16E+04
50 5.38E+02 6.72E403 1.23E4+03 8.49E+03
100 3.91E+02 1.92E403 6.63E402 297E+03
150 3.33E4+02 6.65E+02 4.38E4+02 1.44E+403
200 3.02E402 2.19E4+02 3.19E4+02 8.40E+02
250 2.80E+02 6.81E+01 245E+062 5.93E+02
300 2.63E+02 2.24E+01 1.95E+02 4.80E402
350 2.48E+402 1.05E+01 1.59E+4+02 4.18E+402
400 2.36E+02 6.50E+00 1.33E402 3.76E4-02
450 2.24E+402 5.03E400 1.12E402 3.41E402
500 2.14E4-02  4.59E400 9.64E401  3.15E+402

AA A F2ES FAE F FAHE AT WFH 389 7 F AT L ded
I 722 FAZ F718) met 288 Jate] PAEE Ao 43S 4+ A
AR e ARG R ojwe) AT 2Gol st 449 23 A bremsstrahlung X-ray ol
gt FFE 2 a¥Y, ¥R AL, SR ARE AR ] A A7z AL dabe
Folg 28] Aol ot I WAEE ARAR AL F Jdev Ayt E ¥R 3
b ' 72 FAE F/AS G Z}’*iﬂl‘— A FdE AL ¢ 5 Ut
AGA e FAE EA LT APH Y= F2T AA 240tk wekA, AHAY FA L A
~ =2 s FAS FAS HASE o) Rk 28 10 E= F 5004 B4
HAxeol, ol P 259 IE 73 3ol A 200mils(2F smm) FE o] 29 FAE 2 oY YA
AGE77L vl A 4 S At ofel@ 250l YA T2 e Axpus ey ARoiE F
A9l e ok 150 milso A} 200 milselch. whebr, 3 WALz ZAHE ofejd 259 T2 HAE
e A og AAHYULEE 4 5 ANk ot F 2% A AGAH T2 L AL A
T FL 200 milsFER 121 F-¥ A7 0.84 krad) ¥ WAFo] AW, o] e AARE
o de7Eez AH8E £ Aok

o

5.d E

B =R ole|z 287 249 A5 $539A:s 37 R total ionizing dose(TID) o &kej
Fated B A A4 8 SAE BF o2 A A7 A7]F YR 2YFH BEI= 2YH
G D Az vAE A, B gl A AL = Bl FFAC i Yok 53] Y H FAo AL SAA
Aol AFEH] A & ¢ dYed TIDA F2 JFL v+ YA 2HA HA ¢ A
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