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Reliability Analysis with Space Radiation of
Low-Cost COTS Small Satellite

Ji-Wan Jung*, Byoung-Young Moon* and Young-Keun Chang**

ABSTRACT

The reliability and failure mode effect analysis are effective means to achieve
efficient and cost-reduction design for satellite development. The failure rate of COTS
(Commercial-Off-The-Shelf) parts required for reliability analysis is not usually
provided from the manufacturer. Space environment factors based on empirical data
obtained from MIL-HDBK-217F can be applicable to the reliability calculation. As a
radiation environment factor, the occurrence rate of SEL (Single Event Latch-up) is
additionally incorporated for the failure rate prediction. In this paper, the statistical
reliability analysis method for low-cost small satellite using COTS parts is suggested.
This statistical reliability analysis was applied to HAUSAT-2 small satellite whose
electronic boxes are consisted of many COTS parts to calculate the system reliability at
the end of design mission life.
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ANOGD = 100 l0398200/0.993042 SAC14 | 28 | 001 | 100 |0124373] 0997823
DW9225 T 100 07100099708 EL7154 | 952 | 02 | 100 [0207782] 0.996366
ANAGES =100 lom00l08570 EL7457 | 92 | 01 | 100 |[0184587] 0996771
GES GP2015 | 28 0690 100 |0247533]0996673 MAX488 | 6875 | 002 | 100 [0.160802] 0906802
GP2021 28 10520] 100 [0.220035(0.99%152
HN27C1024HCC-10| 20 0.017| 100 [0.231559(0.995951 Table 49| 275 & uf ADCS AHA|2H 9
HVE2BT2THBLP | 25 0.010| 100 [0.231559(0.995951 A2AEL WS 22 HdAss g [AE ¢
ARMBO0 36 [0.620] 100 [2.340198[0.959829 4 9t} o]= ADCS MEA|~E<9 EA A w)$-
2o AHS Lwsle] L5902 ko] ul$ 7
2.5.2 XM A o] A (ADCS) 7] W FEoltk MAX471 29 X9 A= Al
Table 4= ADCS A BA|AEo] AFL3l= AR} 07 =2 4 AY AFE ZEAW A AY 4H]
o] 223 MIL-HDBK-217& o] g3t oZ=g &  &Ae|ER A v difgs Zets A
&3 A= A4 Aot} & = AT
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2.5.3 SAAH(CS)

CS AMHEA|ZHO] AL Azo] HEI A&,
AT &= ZAFE Table 59 2tk CS A EA|
28] A AHgg dF A9E EE JEZF
vfo]ZZ 2 A Augo] Aoz =A
. B3] FAR vE F
Ao sze] Aol 2o ALS 7

Ell

g ze
e 20T w57 AW %) 4T )

=
O x| T
ERE o | arolz| F5;
TH72011 90 |005| 30 |0.283126 0994965
Tx | RF2117 | 100 4 30 | 2.177722 | 0962565
LM2651 3 | 001 | 100 |0.170764 |0.997013
0.1
0.1

BE

N

MC3362 | 504 [0.012] 100 |0.179297 | 0.996864

R HT9170 1 0.01 | 100 |0.167329 | 0.997073
X MAX640 3 10.002| 100 |0.155985|0.997271
LM386 | 69.8 | 05 | 100 |[0.427554 0992537
AT0S853 | 363 | 0.01 | 100 |0.416913 | 0992722
ATmea8 | 363 | 0.01 | 100 |0.392865 |0.993141
ATS2313 | 363 | 001 | 100 |0.377273 |0.993412

TNC | FM25160 | 20 [0.008| 100 |0.135069 |0.997636
MAX22ACWP | 100 |[0.005| 100 |0.306886 | 0.994638
74HCO4A | 70 |0.0002| 100 |0.181068 |0.996833

MAXB0L | 504 | 047 | 100 |0.124854|0.997815

2.5.4 M A (EPS)

EPS A BA|2HS AlE Axfe] HEI Ao
&, AF & o =Z23= Table 63 2T Table 6
o] AFE & W EPS ABALHS AAELS Y
L A9E&s Zede AS AT 4 Ut 2
olf= EPS MHA|2Ee] 24T mlolz
ZAMY =329 2 B 227 ol Y,
P} 29x e} B2 = A AFE e
A W A d¥oe=w

do
o e
_O|L
N
2
Aa
o,
o

Table 6. EPS MEAIAH Mdujg25 M2E o F

e Et% |=EI fE!EH%
9E | &K W I M | T | (SEL |AEE
(°C/W) (W) Ml'ola ;‘T’;?:.")
MAX745 | 11 | 005 | 100 |0284792 (0995023
BCR| IRF730 | 17 |0005| 100 |0.181061|0.996833
MAX471 | 11 |00003| 100 |0.181059|0996833

Y- A i T
MBRS340 | 28 | 0.08 | 100 |0.308402|0.994611
VI-J00-CZ| 04 | 0873 | 100 |0.306131|0.994651
VI-J01-CZ| 04 | 0449 | 100 |0.305754|0.994658

PCA VI-JOL-CZ| 04 | 1207 | 100 |0.306886 |0.994638
MAX4T71 1.1 100003 | 100 |0.181059|0.996833
IRF9540 1.1 10005 | 100 |0.148493|0.997402
MAX890 11 | 5E-6 | 100 |0.148491|0.997402

PDA | MAX471 1.1 100003 | 100 |0.181059 |0.996833
2N2222 | 833 | 0.005 | 100 |0.148722|0.997398
LM2904 | 125 | 0.006 | 100 |0.182676 |0.996805

2.5.5 LH oA (TCS)
TCS AMBA| 2B A& AX}9)
&, AT =47 Table 79 20w, TCS A

il
Mo
ofo
et
.
30, 4
dlo
tllo
u2
o
pack
v

0 s = Algj g
BE | &AXY |00 MY | D | (SEL |[AEE
( C/W) (W) M|-0|3- ;‘T’;?:.l')
Temp
sensor DS1820 70 | 0.008 | 100 |0.140536|0.997541

2.5.6 EtX A (Paylaod) Al A

HAUSAT-29] ©AA A&="2 FEFHA
Hl(ATS; Animal Tracking System) % 77|
Zzn} &3 (EPP; Electric Plasma Probe) 2
o] 9lom, ATSS} EPP A& Axle] 23
&, AZ % o SZA7 = Table 87 2t}

Salt

Table 8. EPP, ST, GPSR A% Al &gz}

Az o5
5| o g
= | A Ouc TE

=E | RS o) L oz | S5 |1
25C335% | 90 |0.005| 100 |0.125375|0.997806
MC13135 | 70 [0.021| 100 |0.135451|0.997630
SAG07DK | 117 [0.011| 100 |0.133483|0.997664
ATS | LM2904 | 125 [0.006| 100 |0.137549|0.997593
MC12017 | 70 |0.051| 100 |0.126676|0.997783
MC145152 | 65 |0.037| 100 |0.173824(0.996959
OP07 82.5 [0.006| 100 [0.165956|0.997097
FMH-461F | 20 | 0.8 | 100 |0.183055(0.996793
EPP AD822 92 |0.001| 100 |0.201553(0.996475
LM117 15 (028 | 100 |0.182747]0.996803
INA138 | 200 [0.001| 100 |0.181299]0.996829
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034 4
AD712 | 85 | 05 | 100 |0.321627]0.994381
LM137 12 1 03 | 100 |0.181310{0.996828
LF198 20 | 0.08 | 100 |0.319080(0.994425
AMPO3 | 43 | 0.02 | 100 |0.308402/0.994611
MC1558 | 145 | 0.03 | 100 |0.306508|0.994644
PGA202 | 100 | 0.75| 100 |0.749079/0.986962
ADG508 | 90 |0.0033| 100 |0.181423|0.996827
OP200 37 |0.004| 100 |0.305378|0.994664
AD976 24 | 0.1 | 100 |0.149901(0.997377
AT89C51 | 35 | 02 | 100 |1.628227|0.971877
MAX232 | 57 | 0.01 | 100 |0.181797/0.996820

. HAUSAT-2 Al2" A=2lE M

A= &7}
Y R WPES ug AEAAMA FE AR
g F, Aut BHst Al="e FAH AEs

of o]8= 4 3t} o] 7YIHE T HAUSAT-29]
A A Aol o] &3 mde ‘HH wdu
dudolt), ‘HP'wde Fig 39 ‘HaRde
Fig. 4°] Yegiglen ztzte] mdo] AIm&=
2 @)F (9F o183t 7 = 3l

R1 & R1
(Refiability) [ | (Reliability) '—"@

Fig. 3. "2l &* mH

R=RI*R2 ®)

R1
(Reliability)

| Rt
! (Reliability)

Fig. 4. '23&‘ »ndl

R=1-(1-R1)*(1—-R2) )

AR EE doloade Az AIRE
FAUY7E AA A28 AT E File FFo
2 Fyggon, Jdo =999 /igS C&DH
MBEA 2" ‘warm’ Jo] FELAY ANES
2 &5tk HAUSAT-22] C&DHS] 7 %ol
FEF7 doRFo] FrHeR A2 FF
BEUHY =& dAE Utk F, FF A9
A 2 3o BREL o] FA] ZAA S 1
b BES AAATIA, 49 BE AE A4
o2 ®HEse A2"HS &3 QUth
HAUSAT-29] A= B2 tolojay AL
AFAF BAAVES 1Hsd FAFHNeH, 7
Zkol 2o A Te AF7ITHE 1R,
FFdAe FE7t Brbesr] wiEd Hede
3R @3 FASFAG7]. TS AIF= EF
toloj 13 4 TAdRFAII} ST F U=
2719 AS A HALELe =3 LAAA 9
A FPERT E& AR qAFHEE, 9Gd
A s
HDBK-217AS #z3}e] &2 4
0.04 failures/10° hours’e] A= A
Ll 3 4=
3.2 HAUSAT-2 MEAIAH A2z BEE

Ctolof 13
3.2.1 93 % oflo[E A&al A (C&DH)

HAUSAT-29] C&DH A BA2~H 9]
& tholoj1¥2 Fig. 59 Zt}. Fig.
BEE MEAZHOZRE Eolg W&

T
> ox & o N

T
(I

kel

o 0

(o o il
ox it wz

74VHCAGSIMTC
Relicbilty
(0.997398)

T4VHCAI5TMTC £ TAVKCA051MTC 31 waen MAX431
Relizbilty Reliabilty Relizbity |— Reliabity
(0997398) (0.997398) (0.994851) (0.994851)

T4VHCAO51MTC
Relizbity
(0.997308)

©

081232 P89C51RD2 EPF10K20RC240-4 MAX232
Reliability ——{ Relabily —— Reiiability — Reliabilty

(0.991151) (0.932164) {0.986651) (0.994638)

SCEZ1086CM EPI3032A 2| Kas281632E-TCT5 AT28BV256
Reliiability Reliatility Reliability ——>{ Reliebility
(0.997393) (0.996254) (0.995460) (0.994067)

T4VHC4051MTC
Reliability
(0.997398)

3| T4FCT183244
Reliability
(0.996824)

AMZ9LV150DB
Reliabiy
(0.995533)

MPCB50T TAVHCAO51MTC

Reliabiliy Reliabilty
(0.965785) (0997398)
T4VHC405IMTC
Reliability

(0.997398)

Output. \’
J

T4FCT153244
Reliabilty —
(0.996324)

Fig. 5. C&DH MEA[AE RBD
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og . xol—oozl_:l.

$-olH 74FCT163244CPVS} Z& ’Latch’ 3|2+
HE2ZZ 9 AARAFHE 717 dFFnz Hx
FEEQon 74VHC4051F e 'HAIazE
AZdE ZZe] mEo] RF A AZs)obFS
7tgsta B8 thololadlE A AT

3 C&DH A EAZEHE o =99 Ad
< &3l Jon FUI Alx"e zha Qth
Jdo st=do] AEe ‘MY ndS FHE3
Ueld 4 9tk HAUSAT-2 C&DH A B A~
o] do =9 MEL A= E= toloja
ol 83 A¥= Fig. 63 Zrh

C&DH Subsystem
Reliability
(0.879738)

C&DH Subsystem
Reliability
(0.879738)

Fig. 6. C&DH M EA[AH

xg =Y

2o st=do

GPSR Al=HlY AFe EBEE=2
Fig. 7% 2o, C&DH HAul2~
C&DH%} HEE $8EHug

A4 gtk GPSR Al 2~Hl2 314
PYIEE AAFHJor=m AHF

o N BE tholol 1w AL

NDF9015 AN032 DW9225

@ >—. Reliability —| Reliability —{ Reliability
0.993044 0.993044 0.997008
/| (ossa (0.993044) (0997008) —|

AN4885 GP2015 GP2021
> Reliabilty ~——»| Reliability ——>»| Reliability
(0.997008) (0.995673) (0.996152)

HN27C1024HCC-10 HM628127HB4JP ARM60 \
—p Reliability — Reliability ——  Reliability Output
(0.995951) (0.995951) (0.959829) /

Fig. 7. GPSR A" RBD

3.2.2 XA A of Al (ADCS)

HAUSAT-22] ADCS A EA|2H 9 A% E
= to]o]1¥-e Fig. 83 ZTh ADCSY &2
AMZHEE HolHE WolSols FHoZ AFs
w HAUSAT-29] AAMAlo] AAM= ‘2 JDe]
AA(FSS) <F A AL e A A (CSSy, AEA, E
AA, |l 7ER eIt &AM Ale] dHlelHE Al 7HA|

Al golE & oHl AL WolEorg)
e AFo] gloems ‘WH wdg °
o ZAA AN dolH e 35 HolErt yernz 7}
ztel dolgel W Alolzt Basith wekA
MAX471 AFAME ‘A wdz Hgalc
A7 E7 MIQ)E U St=golE Fgdto 1

(o
)
oo o
of
ol

ol tiplsts AAEe HEstonzg AFE
2% dolojay 24 A MY mde H§d
A H A
L2004
Reliability
(0.567199)
//\\ SESGS NAX662 T4HCO4 MMBT34804
| Input Reliabity ==l Rellaollly == Relisblly =i Refiabilty
\ 0.99080¢) (099755 {0.996626) 0997383)
S Lo
Reliabiity
0397199)

4
IRF7105 HMC1001 HMC1002 LM2904 Momentum Wagel
Reliabilfy == Reliabiiy \—pf Reliabilty ~—p Relidbilty =  Relablity
(0.398459) {0.997199) (0997¢c0) (0997199 {0.589975) —‘

E 3
WAK4GES WVBTZZ22 Res40 RESH0
Reliatiily | Reiabilty = Roelcbiity =i Reliabiity
(0g81590) (0995175) 0967556 (0997556) I v Y
Reliabilty _.1 Oulpt |
3 ogan2’t o/
WAAGES WNBTZ22 ww0 | Y mes i
Relablly —| FRelaklly (— Reletily — Relabity
31) (0995175) 05g7556) (0597559)

Fig. 8. ADCS AMHEAIAR RBD

HAIA (Star Tracker) Al2=¥l9] F EHZ o] £
Q o
AR

T AFolBZ HEo Alxdloz Q1A% £ 9
on WAAM AIFE EE tho]oja#yl- Fig. 9
o} Zon, ol FAHOE V|TE FYIEE
AAEFReng ‘A wdz TP AT

2% tholojay e A43erh

7N | rwsadet MHF28125 WTR283R3S | [ smusocs7or| [ ATz7Lvodon
Input —»{ Relibily |—» Relicbity +—»( Reliabilty ~—bf Reliailiy | Relibily
) (0897217) 0997335) (0.9855%2) (0495963)
L K6X8016T3B 545X32A AT28LV010 DSYOLVO31ATM DSI0LVO32ATM
Reliabilty (—bl Relability (—»| Reliabilty ~—bf Reliabilty = Reliabity
(0.995851) (0.996897) (0997109) (0996726} (0.996645) T
L 54SX16A LU2675M LP2s92AM | [ccoar20331| | MUXosFP
Relability }—» Reliability —»| Reliability —»{ Reliability | Reliability
0.996968) (0997184) 0996697) (0996943) (0996816)
L LWTI71A ADO225ARS 0P200 DG613 54ACH4
Reliabily {—»{ Reliabily |—b{ Reliabilty —»| Relabilty | Reliabilty
(0.992054) (0997322) (0.994644) (0.99736) (0997823)
L ELTI54 ELT45T MAX4g8 //\\\
Reliabiity |—{ Roliabity —b| Reliabilty —»| Output
(0996366) (0996771) (0996802) /’

Fig. 9. M A RBD
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3.2.3 BAAH(CS)

HAUSAT-2¢] CS AMEA|XH Ay BE
tholo] 132 Fig. 104 Zth CS A EA|Z~H ]
AR EARE FEAHOZ Yo t=9o] A

de Agan gong, YR 2% tholold
del W RAE ol 8del A5AAT. A3

7 WEe §Y mde Ag

Q_
11 Ao HZ T syt FFsitiets JF

04

BA

=5 tholoj oS e At

MC3362 HT9170 LV385
Reliabilty ! Reliaviity (— Reliabllity
.y (0.996864) (0.997073) (0.982537)
LN MAXB40 WAX232ACVIP
‘\‘"F“‘ Reliabilty —.{ Reliability
7 3
— MC3362 HT9170 LM385 il Bt
Reliabiity t——p| Reliabilty (——p Reliability
(0.996864) (0.997073) (0.922537)

AT9082313
FM25160

—>| Relabliy
o
Rellzbiity  +— s
0.997635)
ATmead AT90S8535 TAHCO4A AT90S2313

Relcbilty [—» Relabity || Reliaiity ——»| Relabliy
(0g331e1) (0952722) (0.996233) (0.963412)
FM25160
;;’;bs';é,’ _ ATa0s2313
Ly Reiabiiy
(0.993412)
MAX8E0 TH72011 RF211T
';{';Xmﬁ% Reliacilty ——pl Relisbilty ~—pl Relabiliy
Wil (2.997815) 0904963 (0.962565)
= L2651 N
Reliabilty oupt )
(0957013) \//
NAXBI0L S MAX8E0 TH72011 RF2117
Relizbilty Relaglly ——»{ Reliabilly —b{ Relabiity
(2.9976%) (2.997815) 0994965 (0.362565)

Fig. 10. CS MEA|AH RBD

3.2.4 MHA(EPS)

HAUSAT-29] EPS X HA|Z=He] Al=® &5
Tholoj 29 Fig. 113 2tk EPS A BA]XE
% 'WiEE FZHZFE7|(BCR; Battery Charge
Regulator) F&-& ®Elg] Z33 BSFHAT A
o] 27kA] 4F7F lem o' JdFE FPsiriet
= YrFPez B F 7] Wi WE wd
< A& =3 HHER7|(PDA; power
Distribution Assembly)’ F#-& EE& AHAXH
o7 AYL wiE Al BF AG Assor stew
AP ZAL oIgE AT 45 ololay

2 eyl
3.2.5 A O{A(TCS)

HAUSAT-2¢] TCS MEAZ=F9] A& &5
u}o]ouau Fig. 129} 2th. TCS A HEA]2F <]

EAME BE 7] 1/0A(F 570), wiEE
°ﬂ 20, EAAC 14, M7 Eehzet FHE B

=o 2745te] & 102 89T 7zt ex
ANE 449 e BB 55 BF 34
7bFedloF stez wieeE Az A7) FEkxvh &

7‘(11 E‘Zoﬂ 5017]_1: ,9_1:/\ /\‘]—‘C— /tge'é’ Er_tgi
a2 st 4

deer YnAe 48 =

A BE golojads AAsY T

MAX4T1
Reliability
(0.996833)

MAX745 IRF730

MBRS340 VIJ00-CZ
Reliabilty Reliability
(0.994611) (0.994651)

Reliabiity

Reliabiity

(0.995023) (0.996833)

MAX4T1
Reliability
(0.996833)

MBRS340 VIJ00-CZ
Reliabity Reliability
(0.994611) (0.994651)

VI-01-CZ VI-JOL-CZ 3 maxart
Reliabilty Reliabilty Reliabilty
(0.994658) (0994638) (0.996833)
VI-01-CZ VIJOL-CZ 3 maxart
Reliabilty Reliabillty Reliabilty
(0.994658) (0994638) (0.996833)

MAXE90
Reliabillty
(0997402)

MAX890
Reliability
(0.997402)

MAX890
Reliability
(0997402)

7
MAX4T1 2N2222
Reliability Reliability

(0.996833) (0.997398)

LM2904
Renabnuy
0.996805)

MAXE90
Reliabilily
(0997402)

Fig. 11. EPS MEA[ A% RBD

DS 1820 DS 1820
Reliability Reliability
(0.997541) (0.997541)
6
DS 1820
Reliability Qutput
(0.997541)
DS 1820 DS 1820
Reliability Reliability
(0.997541) (0.997541)
Fig. 12. TCS A EA A" RBD
25C3356 MC13135 SAB07DK LM2904
Input Reliability = Reliability —— Reliability ~——p Reliability
(0.997806) (0.997630) (0.997644) (0.997593)
MC12017/S0 MC145152 0P07
$  Reliability ~ ~—p{ Reliability t—p{ Reliability Output
(0.997783) (0.996959) (0.997097)

Fig. 13. ATS Al2&% RBD

LN | Fae ADE22 it | 2 N | 2| ADTH2
| Input || Relsbilty (| Reiabilty | Relabilty [— Relabiity [ Relabiity
N | iasersg) (0996475) (0.996803) (0.996829) (0.994381) —’
LF1%8 APO3 Az | 2 wetsse
Reliabity (—: Roliabity —( Reliailty —» Relabity
T (0.994425) (09%4511) (0.994381) (n994644)
Relablty
(0996826) v
Relabity
(n986962)

L ADG508 oP2N0 ADST6 | ATt MAX232
Reliabity Reliabity Reliabity Reliabiity Reliabity
0.99627) 0.954864) (0987377) \ (o8m877) (0.996820)

Fig. 14. EPP Al2™ RBD
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HAUSAT-29] A|2Heo] AIFr =
Al E5 tholojady gz 4
toamx o 4 Ut HAUSAT-29] 79 z+z+e
A" Ay Fzz AZdEe] gomz
A" AF=e 24 8)S o83t 7T & 3
o ZzZte] AMEBEA2He Az =
Table 99} Zt}.

Table 9. MEAIAH ME T EMAT]

MEAAH A B = (%)
GPSR 87.9738
C&DH | =2 98.5537 (2 0{5t=404)
GPSR 94.4305
ST A & 94.6522
ADCS ST 91.2692
CS 96.9841
EPS 91.9138
TCS 98.5324
ATS 98.2662
EPP 91.9735

Table 99 AF}E o] §3l] Al2He 2%
2 q23 AxgE WA A 2H W3] 82.0%7f
Ho} ol X ANIEE vEdE Agolmz

HAUSAT-29] A= FE3 AI=E ztegda

2 5 gov, gAY AHEE neitge 3
$ HAANEE LERCO oaf FE AolFe
A3 gd87) wEe] Aol gAAel e

TE Aol Ze] ale s ofof gt

GAA 2zpe] vl FAFE o] A& Table
20] WMol 4 (8)L ol&st] Ao H,
W2 AFEet gAY 2HE AHEE 7ut
© 2 A4k HAUSAT-29] £+8R=E 23T

A2E9 . HAUSAT-2 B4 $enc B

FE Aol 8&R=W A EE Table 107

.

Table 10. HAUSAT-2 EIXfxlol R2EREH
FEl Ato| 23 MEE

=¥-3 EFXH & T El NIEPS

2= =FRH | Abo| = M2 N
Initial Mode, Payloads 0 100

Comm. Mode BUS 100 81.9340

Safe Mode System 81.9340
EPP 0 100

ATS 100 98.2662

GPSR 100 94.4305

Normal Mode ST 10 99.9999

BUS 100 81.9340

System 76.0292

EPP 20 99.9999

ATS 100 98.2662
. GPSR 0 100
Science Mode ST 0 100

BUS 100 81.9340

System 80.5133

HAUSAT-29] S&RE=HE AIATE 13 2
I 7 HYY AU B4EE=(Normal
Mode)' el thalA 76.03%°] AF=E 71d Ao
2 93EUn = e
HAUSAT-29] AAlE A=x SWdA g3
Ztetdan & 4 ok F8 A4 AAEL
Ale]7] wW&Fo] NEC Electronics corporation?]
N AAE AL + don, A& AR} 60%
9] 3% (confidence level)= Zt=TH8].

3L
=3t

o
=
k1 o

v. 2 £

B A= COTSE AMgste A7 2389
Aol Aulg dF Wds AAFHeH, A=
of IS HAE FFYALE BHREE A3}
o] MIL-HDBK-217Fe] #Fdd 4 Q= WHE
A A8t COTSE AHg3he A7ZF A28 949 4l
AT A5 WS AAEAY, 25kgwd A2FHA
HAUSAT-29] AlRHE Axte] Af&S o =3}
, o]2 EE AL EE golojads E3

7t7te] ABAzEe] Az} WA HAUSAT-2
o NHEE ANHAL. 24 A g )= &
W3 A7 vlolaTe A HEE A=
o A Be Angs oW ymx &%

A & Ag FARA. o

=]
Bl o

N
flo
o
N
i

[e]
T

i



34 48 B2 9%, 2006. 2 $Fibbe 292 1y

g A7k COTS 23942 g4 £4 67

St AL Ao "ol AHE#EFy AFHY, 3
o & A A9 EHIT @AV Utk A=
E=rjoloja#dl S T3] HAUSAT-29 A= 3
e Y3t Ay WA zEe A9 82.0%9
AHEE AT Aoz 2EHGon, L_-RE
o] Portions THZ Z @AA 2 HAI=Z
g " Abel S mEsld AXER
HAUSAT-29] 4% A= 76.03%E 60%<]
H¥gzz WY, B3 AIEE FEHAYE

AL A

7|

o

2 AEe #3rieR o F7tAZ AT
(National Research Lab.) AFFX| o] 23] 3}
® Aol dRoln oo A=Y TH

1) &%9%, 434, “MIL-HDBK-217< ©]
AAR-F AllE FAH &SP A B
A", Journal of the Korean Institute of Plant
Engineering, Vol. 2, pp. 17~33, 1997.

2) GLAST Project Mission System Specification,
Goddard Space Flight Center, 433-SPEC-0001, 2002.

3) NASA, "Reliability Prediction of Electronic
Equipment", MIL-HDBK-217F, 1991.

4) John Wiley & Sons, "Plastic Encapsulated
Microelectronics", Wiley interscience, New York
10158-0012, 1995.

5) Walter E. Willing. Norman F. Goldstein,
"Combining

o
o, ol

Single-Event Latchup and
Reliability Requirements for Space Vehicles",
PROCEEDINGS Annual RELIABILITY and
MAINTAINABILITY Symposium, 1995.

6) Goddard Space Flight Center, "Radiation
Requirements  for the LRO", Greenbelt,
Maryland, 2005.

7) NASA, "Reliability Modeling and Prediction",
MIL-STD-756B, 1981.

8) NEC, "Semiconductor Failure Rate",
C11178EJCVOIF00, NEC Electronics Corporation,
2005.



