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Environment Simulation and Effect Estimation of Space Radiation
for COMS Communication Payload
Sung-Joon Kim*, Jongho Seon**, Hyung-Je Woo** and Jang-Sup Choi***

ABSTRACT

Space radiation environment for COMS is simulated by NASA AP8/AES, JPL91 and
NRL CREME models, respectively for trapped particle, solar proton and cosmic-ray.
The radiation effects on electronic devices in communication payload are also
estimated by using simulation results. Dose-depth curve and LET spectrum are
calculated for estimating total ionizing dose(TID) effect and single event effect(SEE)
respectively. Spherical sector method is applied to dose estimation at each position in
the units of communication payload to consider shielding effect of platform and
housing. Total ionizing dose at each position varies by 8 times through shielding
effect under the same external space radiation environment.
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Spacecraft Orbit Launch date Anomaly Description
Solar radiation reduced the effectiveness of solar
ETS-6 GEO 1994.8.28 panels and made it unable to reach the GEO
because of failure in apogee kick motor
Hipparcos Elliptical(495-35,811 1989.8.8 Mission operatiohs were terminated by radiation
km, 7 degree) damage to certain components
Bit flips in the RAM of fine guidance system
Six of the telescopes’ status monitors failed in
HST 593km, 28.5 degree 1990.4.24  |the SAA
Data Interface Unit-2 presented faulty telemetry
readings for specific HST parameters
AAAE el dF FAE A3 7G5 WA o] A4 Ul B4 #A
#E] AAlY FHE AT VNEFASEHAA, dAF Add e TS cﬂlé—é}ﬂ A3 o714 Qo
2t Y 2 g EAS A sYES A AEYeld AdES F o3 WA 53
AA, NG A4 DErYe] AP AMuHlz g2 F4o] B3 Dose-Depth =47} % AALA B
TFASE A% FAGAA Sol gAE Ago] EAo] TLF LET 2HEHO R WIsigon,
o XA HExE &5 2= E 3 78 2 WH(spherical sector method)% A&
Algte AEAAME FAste di7], sigHe] & st ZF FX9 YXEE AgHE F ol W
T B FFVFY WstE AAeE AT £ Al AFE ALte Ak
Atk BB EEAGl FRHE VNGBS AE
= 98, T3 2 sdol Al AFH A . = =
U 5 oMoz A AslE e W EEL
= Ao 7YEa itk 2.1 F AN #A
Ao AFIHES 159 Axe wet
thorel 8ol o WALA A6 w2 o S 7180 AA 2 5 AR IS
ot WMol oa) 94 W wed ax m g AEHCIAEY] 919 dF 8 A=l ek R
F AR Hio] AFHT oExto] Suwmm © U ZUEE 2). A4S WA F AR 8
Fote] AL 9pAol Zx B Algle] o] 27 Az o]27] A7A9] Ho] A X(Geostationary
%E]—(};’-_ 1). o= WAld AL TA TIFH Y Transfer Orbit, GTO)‘— AA AdF 35 77
AH(trapped particle), B ¥ °o/‘ Z}(solar proton) vl wf-¢- @ At FaetEE B AlE o
a8 al $-F(cosmic-ray) o & FEE A E] Aol gersiale. e s8] dweye 7
=y, BA&A/ 0] e8® AT AA Lﬂo]ﬂ”* SAEAAY dFFES 1298 53
S ole@ YA U AT A gy G AS8E 124G lFes AEH A
E3 9] wEe] sty 25 (STSAT-2)u T
olg]lgd 13 22 AAZ (Low Earth O{‘bit, E 2 AL AS Mo 28 HE
LEO) ¢4l wHla]l 5 At ojst J3Fe] erTere e ve e
A aA oA doh 2YBR FAS S Orbit Elements Value
Aol A 2 Az dAA o]HF 3 WALA Type of Orbit Geo-Stationary
B7HE dFste divlgte AL BFH T2 Altitude 35,800 km
olF Y3t BAAMIIIEREY T4 HAAC Inclination 0°
AF 3 F AA 2 7 YA 8HE AE Mission Life Time 7(12) years
ol dtd THE JAE, HF F8A, 2L
FFAoZ Uro] WAk IAEC g A& AFAAAEE vp2E 7 &Gd FA A (Van
(flux) BXE 7390 42te] 5 WA Allen radiation belts)ol] &3l22 WAL YRS
A EFG ol e NASA APS/AES 9, JPL91 = ©] AdAXees t=2A Ex3dg. 4 59, A4
9 712]32 NRL CREME R9$ B3] FIdHA  =oA A EAZ He 3 A £94d &



78 AAE - HNES - $8A - AZA B TR
Al B AFAAAZANE AFAZE g D AET F AvHe]. 5 PR F Frh=
Sol e eelM 25 AdEe Aol o vRHer BEFH A FHIE=E U w2
ghaolh Wk AHAEAM dEAd s A A& ZEE Urhlle APSMINE D2 AESMAX
o] T Febe 24¥ AAES A A7 mdo] AdEu. # RS H% dHolHE

BAARANAE w2 oA} d&Ho= s F
o] 23} WA Aol FH ¥Qleg A&t
EF AA =M= SAGAAT EAss B
A2 A wbgE wb SR AP d el &
A Az e A FZoAE A P
o olYd A AxY 54 e
HEF7139178 e %5 WAL & z84
A, G FAA 28 $FHes yro] A
dolA stuth 2ol tisl NASA AP8/AES,
JPL91 18]3l NRL CREMES6 29-& Ah&3}o
Al ol dEs F3tPor2~5], BE WA
S ZHE F ol3 WAs &S Atetr] 4
8 SHIELDOSE-II Z=& A}&-3t4 Dose -Depth
=4S T 3 $F A o3 GdArA
a3y SAE ALt B8% LET AFEHS
CREME®] Wi FZ=F AR&ste] ALFsdth
22 ZEE qdX & HMX

x3dE JAES R ERH FAE dAEC]
AT A7) e Eo] AT FHd w P2
Exsta gloem o]E vk gl AR IY(Van Allen
radiation Belts)2}al gt}

[o

[0
o

(

2 o ff o2

[ Jlm
oy M
tlo Ly
-l i

Mo o0 offf o% O

u

o

Al kAl dEE Fxsk FAdAet
s ALl Folee AuHoz dwe e
TEES UEh7] giiel 5 WAl o 9
& Gt e dubdez gAA g A 3
A3ttt ALl Aol BE 5 YA
Hlal @l s=7] wEe] F ol&st WA Ehe

Fo fdez A3y,
A FgAe B2} o}
oAeiA e, FAAel

MeV7tA], Ao 79 keVel A 10 MeV7t
A9 AUAZE £EsH 1% H 9= wet 2
A gepdt. xgE A E FdAe] Al EH o]
Aoll= AP8 Zdllzl AE8 mdlo] 747t AL Q)
o23]. o] EFEL2 NASAA 7t A3 F
29 (empirical model)Z 1960t el A 1970 o
7HA EALE A2 A ENA SFE HolHES
A8t A A7) F3E (geomagnetic  coordinate)
of 3t HE AZ(integral flux)S A &3l =
T A7l 289 dAES B F7lo wE
AT W] B S el dFS WA HH, o]
Hkdsle] NASA BEddAMe 7t At HZ o
F =718 MAXEDR HF 24718 MINE

R RE
AR &3l = 7]
100 keVollx 4=l

=
=

A PR 7] F 3 (geomagnetic coordinate)E AF-&-3}
ng AH3 W 7)Es A&t A" #u
(geographical coordinate)Z W 3ha| Foopsgic,
= 93] AFA71F ZEZ Jensen Cain 1960

=

e geste] wee slFoz AMgEdrh
EH9 P4 2 Aol F AEdold Az
£ 72470 29 13 19 20 Vb

AR A vls 100 AE e HFS
e, qUAE 108 A= B REshE A
2 % F ok FAA A AW AUA 1

MeVeolBEE2 &Fvy T3 HH7F 14 umolH,
Axte] A9 Hd AUYA7F 5 Mevelnz &7
vE F34 HH7F 11 mmelth7, 8] 1#EE F
A F71d99e AS 28H A= 94

| Trapped Proton Flux Distribution |
Ly —=— Integral 7
8 0k \ D ) 410" _
“‘g Differential §
S 10°F 10° °g
2 2
= 0L {10 B
-1 i
=y {10 %
£ :
& 0ok {0~
£
D 1 1
10" 10°
Proton Energy [MeV]
a3 1, =& dMXe oYX -d&% =
| Trapped Electron Flux Distribution |
'g‘ 10°F 110° 5
Ng 10F 110 $
%’ 10° {10° NE
E 10°F 110° §
X 0f {uor &
— ©
; 10°F ntecral 116 §,
8 —a— Integral
£ ¥ _.Differential 110 E
E 0'f 110'
a1 . L 10°
10° 10" 10° 10'
Electron Energy [MeV]
a3 2. ZEE MR oyX|-M& B=



B34 & 11 5% 2006. 11 SN BA gAY 97 AR 34 A B JFF 3 79
ol AR aAel d¥E = 4 glor ¥¥H n "
PAFell gt #2412 HApe] tisfA vt o] FH 7t 0
2.3 EH%l: %ké-)lxl- 10‘1 ||||| | | ||||||| | 1 11111l 0‘1
AT FRe] $F WA BANA H gl 100 101 |
& QT A FAt Folker U=s F Utk
Fol YAEY AS =2 LET(Linear Energy
Transfer)2 A3 914 Wl WA L&A & IF Prolon Em Mk
= = T Yoy HE FAA Bl dAE] v rgy
< A& E2XE YsER duizog gl
ot e FHARES A Eoh 94 W
AR Al dEFS F= L AYA BF FEA
= UiE Z=2yY EF  WE(coronal mass O% 3. Bl 2MAo of{4X|-M& 2E
gjection, CME) wj Ay gt} A7 F2 WEEH
o o AR AR A&EHE Y Zdo(solar
N Solar Proton(Worst Case) Flux Distribution
flare)?} €8] CMEw= Y4AE WEsty 4+ o ‘101 (Wo ) 0 |
7V A&Ee o] dwrAeltt. B At T ” =
B 29" FEAeke g9 eHE Exy o "2 ; ’ 8
YA B BAASuE v B & ole g ‘ R
3 pa mde Bl Pasw maa 2 o g
]PL91 2dSg AbgEhE Wi, &30 a9 T 5 1 L
At &¥e] Hrlole CREME Ed& AMH§-3he 3 —oitegral 0 g
W Pl tE Hotel B (worst case)S § o} ——ntegraibohindzimA Jo ©
Algdeold stA Ede]. JPLI1 P o] &3 £ ’ Differential behind 2mm Al e ”
a1 L L 11
Al B o] oA Al 4F(confidence level)& 10° 10' 10°

%Rz Agstder, Aol o3 1¥A &
(earth’s shadow effect)9} A #7170l ot =}
# &3 (magnetospheric shielding)7} I ¥ %A
o B FEA made HYE 259 U7
(solar max1mum) Tt i EHW, B FA &AA
o B % dF 3 V1% 12d T 753 =
7]l e ZE Tt

Zote] Ao gk AlE# ol dols 19899 10

ol LAgE Bk AFZ(solar event)®] M4 A
tolElE AME3tHT T F AlE# ol A
of "is ¢FvE 2 mmE FAE AHAES
I T & BEXE AT
JPLI1 EEERH T3 B FEAY A&
¥(2d 3)9 AF 2" FEAY AAtel wls|
R ve A& YERAY 100 MeV ©]/de]

off

A=)
Rl

E& NUAZA EEF FHEoR FAHHE
2mm 2HAE FI Fo| HE FEE AUA

A&e A Zo]EAT 10 MeV o] 1 o
UA FAAES & ¢S vA 2 Aes 4
Bttt adez A4 R dxk Lt g
F ol23 Wils adgt olyet 9 A1A &
Hox 7198 Aoz AT

1989 100l AYSH ®lF Azl HolH

Proton Energy [MeV]

g 4. ef ek AMKIS of HX[-MZE
(Worst Case)

A
=

o] &3le] CREME Rd 2% E 73 Hotol AL
of tigh e FAAe] M& Exe 19 40 U
Bt JPL91 =A== XRE 13 ﬁ:@}g s
3o Hls] 10008 = =& A&ES YEhY
I GeV7HA BX3a ok Oa}i?—u]ﬁgi T4
¥ 2mm AHE 53 F

mdo] Aye}l nssitt Bk AlA #A A B
Ak A Wel AR Azt Ha) e
d A 2 SRAES ST & o, 1989

9 1089 B ¥ AR R 22 BlF Abde] B E

B HE FdA o3 Hd dY Ak 2y
B E] HS) 10000 B £ 9 AR &9
T Eo] o FET
24 254

FAYe A &3}, 'l 28 AT w7
2 UAAH, Bl o3 dF 23" o]
e AT d7]FHE 9 (terrestrial

cosmic-ray)oll Hl3l] 238} ¢-F2o] FjHow HiE



80 ARE - HAES -

ri—

i BRI 2 e Bt

()

() ()
Jon Energy [MeV]

Mol dHx-ME 2=

a8 5 25

Aol WA E7] WEe] oM ed TS

a#etA "ok 238} $-Fd(galactic cosmic-ray)
2 2dtoA HUYARZ FYE T ouR A A&
o] A dAEelth Ook"é} 85%, &3t U=
14%, 283 FolL 1%E FAHY duyx & &
A GeV olg7tA REFTh 2ERE 9
= 3 PAES HEFTES FE3NF AF7A
T2 F JA HERE HY EFo] &2 S
7lelE o] grolAm FA47]oll= o] Fof
A 94 ](anti—correlation)% Zr=0H5].

FANEN GNP F BAC tig AE
o] dol= Naval Research Laboratoryol 4 7
iet CREME 292 A3t 90% worst
case cosmic rayM=3)Z At om, B¢ &
HAsh BAAAZ ATl @ 1A mHs
AT A7l o7 AH a3t e EH A
02*401] & CREME RS o83 A& ]
A A FolA FdAet Fo FolEd W
235 a9 59 dEdlth B FAAERGE
10008} o] ®& A&S Ui ERE T4l 47
918 el AR Ao tig F oo]23h WA
23 BEAdAE FATE F den, ©d Ak
aol digh BAout nef" Aot

2.5 Dose-Depth M3} LET 2HEH

o GFe d=
ol M= Dose-Depth —'—/\4
ate] aiME LET =FEHO
oF gt}

Depth A, ]

a3 6. COMS & Fof st Dose-Depth =M

Dose-Depth =32 A#E9 FA gt 2t
FAEHE o3t WA ES UE
2 57 WAl g F ol 23t WAL

T3 oA =
SHIELDOSE-IIE A}-8-3}% Dose-Depth 2
H sl J—QQ OVHX} O A A
2= dldA g G A
A )8 At 7‘}14] < &FrE, W =2 A
Zolm A BEE :1133 A4d FH
shell type)= 43 AxstAd. 2
a9 6 2ok x8E AR s FHEHE=
/‘]'/“F*o LR AH FAV FANLSEE

| Sol=AR HF F9A= 2 mm o] 9
—,Oﬂﬁ\j 2 FFE A F= AeE YEHHH
ztE FA7F 5 mmE dolMHA Bl gAY
FFol x3d AAEG A YEHUYATEE 3)
A& B AH(bremsstrahlung) 2] tjF-&#o] ol <
3 stz AH FAS} FHsA 2" A
Ape] FFol AuiAdS & F Utk

=
ox
> 2

E 3 RH T HEo| wE S 5 WAL
P YA AY M J|o{E
| Trapped | Solar | Brems. |Total Dose
(mm) | EL (%) |Pr. (%)| (%) (krad(Si))
1 98.8 0.5 0.6 3500
2 96.1 1.8 2.1 500
3 88.6 49 6.5 110
4 715 1.7 16.9 34
5 48.0 20.5 31.5 15
6 26.5 28.1 454 9.1
7 114 32.7 55.9 6.5




434 &£ 5 11 5K 2006. 11 SN BA gAY 97 AR 34 A B JFF 3 81
gAdrrAgge] HAES F37] YalMe AEI i Aol FEFEE AH Fhel 9

2 WAYS Zol= s FEAY] A oy IE A ZIUF o A dERt

A 2HEYo], Folo A¢ LET =HEFCc] 06 =X HAIME XX

dasity. FANE7IEAE] ol tig LET )

2HAEHS F317] 98] CREMEC WE 4= 25941 T3 Dose-Depth Z41& o] &3l &

W% FZ(particle transport code)ES ©]&ste]l  AIRAA W FAE A AN FES FAE

SFA oA A& B (Y 55 LET =¥  fsixs 2 XY A 914 EA (Platform)

Edoz WISHPow 1 7y ge Ax=E d  Ex @AA Gl (Payload Housing)ol <8 =17

Atk e LETIAME A# axzt FsAw o FA BXE Fojof gtk o] {3 £ =&

LET7} 200 MeVem’/mgS dolAw a#H A7 oAM= 28" 99 2e 78 &8 U3 (Spherical

FANAE DA AET HAUES Aol ogaks  Sector Method)E AHE-3FTH6].

Wz S AoZ oAH)

a9 79 ARE 0|85l 2y FA =7}
el @l AR @A Eo] AuiHe drhy ¥
stet=A] AR} £A4e] GAALARF O] thg A

= Al 7HAE 7Hg et Blas) 2 A3E 19 8
o et B ETl By Azt
= 8 LETVF =555, 5 oAl 29 @it
100000 | ' ' '
10000 |
& 1000f
g 100}
g 10}
g 1
=]
© o1}
T 001f —=1mmAI Shield
2 —e—2mm
£ B3}
= 1E4 | —+—4mm
1E5 L L .
1 10 100 1000 10000
LET (MeV cmimg )
a8 7. COMS &of ofst LET AHEH
10 : ' ' ' i
08} _
06} _
2
§o.4- _
02— 10.1 MeV crriimg |
——22
—A—34
00 1 1 1 1
0 1 2 3 4 5
Al Shielding Thickness (mm)
a8 8. Xt=| FHol of &t EP"E'A}?jii} s
Eo Ay #Ha (LAtdEzH iy

of e xt# F7tel o vluw)

TID = F(1)dQ, /4x

=3
=

Iz 9. 7Y B8 WH g

A7 TIDE 71A 72 9% z#H 234E

a3t BE YA Z(solid angle)o.ZHE E0
L= WAMAFS FAS Folth E3 do= iMA
A 729 Ao, F(t)e i9A 714 +%
o] f3& ¥ F7(effective shielding thickness)
tE 593 $o WA, Z Dose-Depth 341
oA FA tol] ek WA }/\ﬂako ,]u]z‘ﬂ-r,}

WA WAL
of sl 71AH

11e Fo g7

7



82 AT - AFE - 394 - HFZA4 i R 28 7 B
9 714 &2 9 QY FAd o AE &
she] Fold] ols) WA Fe] A1 suj7kA B
A & Aee Qs
E 4 HXY oo & o|l23 dAM R
Equipment ) ) TID
Name Calculation Point (krad(S)
Point-1 20.6
DC-DC Point-2 20.6
Secondary DCU PCB Point-1 24.6
Point-2 17.2
Primary DCU PCB DCU POint—3 168
Point-4 14.9
"~ Secondary DC-DC PCB Bias Board Center 225
Channel AMP -
RF Side Center 99.9
Primary DG-DC PCB Down Bias Board Center 12.8
converter RF Side Center 98.7
Local Bias Board Center 15.9
ag 10. bCcuel 714 7= =4 Oscillator RF Side Center 18.1
MSM Point-1 93.6
ot Cover Point-2 145
Bias Board Center 14.5
Front Cover UD converter -
RF Side Center 98.9
LNA Bias Bgard Center 14.8
RF Side Center 21.8

a8 11, DC/DC Convertere| 7[H = ZE

of et HXE o WALAFLS % 4

Aot F oled WA S Adde 94
o] AAH= &Fvy HY
%"JO] t}. DC-DC Converter® MSM$] Point-1
2yzy GFulg wo| gz HHo
ZolH, DCU2 Z+ PointE&
01«] GHE v st

oF 10~100 krad(Si)e] WA}
H, T4 9% F A A diEiA =

T AR 2z

7} Point-2=

A

R

Calculation Point

5%9] PCBS

Fol ggENe

lo 9t 2

riu
o2
o
rulo
m{w "
o
HU
2 r
>,
)
Q
o
fu)
1 o2

*A
ot g3t W éd\_i\:} 10008 A= =&
Urﬁ}kﬂz , o2 23 %%A}ﬂiﬂr Ly
A
=]

A

wu IB e
(it

tlo o

Az S dAHERAH. ¢FAAL
< &S Yefie] & o3} “R}L a3
o] QAW ¥& LET W&o ddAHas
A 7198 Aoz ogHA F o)L
AR &yhe] E2Ao] H a3k Dose-Depth =41
stRom x# Frhol ok a¥rt g ﬂ
A et th &R ‘}:@ﬂiﬂ«l FA7F 2 mmY

o 500 krad(Si) 4 mm¥ W 34 krad(Si)Z Gﬂ”
HAok E3 5 o ddArdad B
& A4t 2% LET ~9EY Fagoen, &

flo o2 2 rF o oX rx 3L o XE okt offf o X

—U"‘rlriﬂi



B34 B

£ 11 %%, 2006. 11 EAF YA A w1

35 PR B A Y 9 2 83

n

o] 23} WALA Ao Ml HUHoz e A
H &35 Yepiddch 28 FA Frbel e
dAaE A gaas ;\;(},] Aol B FE A
Aoz o A Jeiwrh B4 gA4A W Z
A A mE F ol W &HE
F3t7] sl 73 B WHS HEste] zbd
anel zolg nysAt ddEe F ol2s)
WS AE 12.8~99.9 krad(Si)E Hul 8ui7t
2 a7t yebE S & F »l‘iiﬁk 5 73 7
7+ Fote]l HRYELS LET ~¥EHE 4 2AE
o] A& gk FHF 33 At
=2 & AS Aolth

it

t1

o
rat

1) Bedingfield, K. L., Leach, R. D., and
Alexander, M. B.,
and Anomalies Attributed to the Natural Space
NASA Reference

"Spacecraft System Failures
Environmnet", Publication
1390, pp. 22~38.

2)Sawyer, D. M. and Vette, J. I, AP-8
Trapped Proton  Environment for Solar
Maximum and Solar Minimum, NSSDC/WDC

-A-R&S, 76-06, NASA Goddard Space Flight
Center, Greenbelt, MD, Dec. 1976.

3) Vette, ]J. 1, The AE-8 Trapped Electron
Environment, NSSDC/WDC-A-R&S 91-24, NASA
Goddard Space Flight Center, Greenbelt, MD,
Nov. 1991.

4) Feynman, ]., Spitale, G.,, Wang, J., and
Gabriel, S., ‘'Interplanetary Fluence Model:
JPL1991", ]. Geophys. Res., Vol. 98, 13281-13294
(1993).

5) Tylka, A. ]J., Adams, Jr., J. H., Boberg, P
R., Brownstein, B., Dietrich, W. F., Flueckiger,
E. O., Petersen, E. L, Shea, M. A., Smart, D.
F., and Smith, E. C, "CREME9%: A Revision of
the Cosmic Ray Effects on Micro-Electronics
Code", IEEE Transactions on Nuclear Science,
44, Dec. 1997, pp. 2150~2160.

6) Poivey, C., "Radiation Hardness Assurance
for Space Systems', 2002 IEEE NSREC Short
Course Notebook, pp. 4~5.

7) "Stopping Power and Ranges for Protons
and Alpha Particles", ICRU Report 49, pp. 116.

8) "Stopping Powers for Electrons and
Positions", ICRU Report 37, pp. 76~79.



