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Abstract With the rush development of the microelectronics technology and the increasing boost
of the high-performance need in space mission, present space-level radiation-hardened components
and technology cannot meet the high-performance need of spacecraft. That makes it possible to use
Commercial-Off-The-Shelf (COTS) components with high-performance in space application. The
space requirements to COTS products is summarized in this paper. The advantages of using COTS
parts are the increased functionality, the speed of the instrument, less power consuming and lower cost
compared to the space-level components. However, not all COTS parts are suitable for utilization
in space applications. Most of them are designed to operate in the ordinary earth environment and
are not intended to withstand the radiation environments of space. The radiation in space can cause
permanent damage in some types of electronic components. This paper also points out the problems
and risks associated with the use of COTS parts in spacecraft, and presents the current status and
perspective of COTS components in space application.

Key words COTS, Space application

* ERERMEEESTE ¥ (60372021)
2004-07-29 W FIRH, 2004-11-02 HrieE TR



(A4S BAZRAATEEREK, MRALENF

1 535

BRERER LT, BTustrER—
AT A TFAE, 883B &, EL, T4k, wlk
%%, WH P UL AT 284 Commercial-Off-The-Shelf
(COTS) fu#& Tk AL 8. = BMESF,
RAFA L R FAS/883 B % in, {HLFREME
AL AR IEFE B W IZ o S A T =5 BME 55 5K 6 2
REExT E TR T K.

BT s iRAm T MR GG LIS, KA
SBRUFE AT LLSCERZS B KATER BN, ERR. Thit
IREAERRER U, W R TR ARG H AW R A O T
K. (HE A BTSRRI, X E
AR5 R — B MR, 33X 1 75 8 R 28 72 25 [8) B
FZEIRA R R @

20 tht4d 90 SFARLIR, FIAISARI=BAA [
BT #AMHE, BiTCEEHERIGR, B
=3 [E 45 AT LA F R AR 484, (E L6250 LA 55 il b (5
B,

HHSHEZROESA RFONAGRR, RA
AN ERREANEREKS . SFMK/883B
BRI, ARSI EEMAR LR
KBRS, MR SRl & EORENAT
ZE kTR, BaRAZRAEREHNEET T
z—.

—HHE, SHEERASENATEMES, &
Efr EEERA— Mk REY, H—Am, BTH
77 3o E e PERE AR DL L B3 O X B 52 AT
Y, ARERKMAES, BEEF DL LEHK
MRS, LR TREREERNREM
REGENBYFEELRLE, ERAANFKROIALEX.

2 ARFRK TR

ARIER K LA LB AE 1.

MFRIL, 883B %K, FERBJEWET R, ®
WA, FRETEHE, FUEARET). ATEEME, Hra
SRMAEEIE, My HREE. STUATE
BI4ES B FALR /883 B K aRiFALL, RIA&SH (I
WAL RS WALER LR, RSt
BEE, {EHEPERER, M.

*Barnes C, Sampson M. Enabling COTS parts insertion in NASA systems: A combined NEPAG (Q, AE)

77

R1 FRAFRHTHEEFLR
Table 1 Comparison of the components
with different grade

B ES HEER DimataE S ATEEtE MR vRAE
FRE —55°C—+125°C [ & K
883B % —55°C—+125°C

FH  —55°C—+125°C

Tk —40°C—+85°C

(iR %% 3 0°C—+70°C & & Ky ®

3 RS RN KRR

3.1 FASARALE, S, RORMEMEN
ARG AR
FRURBMDURS RE SR, wTERMER, A

SHFTTREMR, PUBRSTREN LB, AT S

Z B LARESE T =58 *AT 88, BEZWEERE

EREER. EEk, BMESERKEL, HNTF

2k /883 B 3HFI =, A S M RA HREK KRR

FE. FRIS M aOPERERR M RR, FEmPEREDT HIEX

BHRRRAER B3, 1 R el B MR

FRIR/883B FEH, SREMER, HHEMEBTA

R RSO TERE. — Ui, FAILL/883 B 4485

W REE G TRASAN 1—2 K. RENFAL

/883 B & 284 LA R HUFRST B A BIAR C4m AN B

WR AT AME S B RER R TR, WS E

ORI R 2 BPERERO AR, RN SR eES I %

B F A L TS e, R AT LA S A )

A EPERE, 7RSS NA PR A R AR L

3.2 FiR /883 B RFHRAR. HEUVD, HFK
MEELAIRT
BT, A BB TSR ER S, FELEX

R FRRRITURST I E 24, HA AR TR,

ARG F R, T E— BT AR TR S5

SR 7 VR 1 () A ER T MR DU AR S Jm A 2% 44

mt, #tEN, BIERMK, THEKES, KK

BT BEREBENT R FMASR R &

T35 F R KRB Z /N T HE B R FEAA

/883 B AR XGBRIEN S 1, RAHIEREE T

Fmish, EHTHE/883B R BATHIE

, BRI LIRS
B 18R T 2 B B F 7= ah AR X T 3 4 AR

. FRLLE S S GEE HplE N, 1E

NEPP Program

(AE) Activity. NASA S&MA Directors’ Meeting Dryden Flight Research Center, 2002, http://nepp.nasa.gov/index-nasa.cfm/474/



78

1984 F HHTIHH B 7%, B 1994 TR 1%, i
BT 1999 £EEFR 1%, T BX Fha 3 tE st —
PRE BTEMTHOBRED, HEEMIKE
HfR, mlRaREnRs, 5 R gnEE
BREEBAASER T ERAAT# 4.

Source: WSTS and SIA

Bl SRBE T SR TS G R

Fig.1 Relative size of space market for microelectronics

3.3 FM4 /883 B RA|HRMZ B —ERBRE
HEl, ZEREMTELIED, X@SFmHe
B, JLFRSKRBTHO> M, mHLEERXH
EEMR B BEALETEY, FHEHALS MK
HRTHLE, REXHE T — LB, REIF &
MEEHA, REEMEESEEERANRER
B, BMERBRE, HTEERENFE,
AENAFIAREREGNERTESR. IMHRE
HELmEYN T RERG TROHE - PR,
BRI BARRE AR BRI AR KA
RKEBMZMARBFRENEAKE, #AEEHAR
SHMERE. EREREMALES, EEFFIEL
o6 R v P R PR 2R A SE LA R R OISR R
3.4 WAMEEEBIR A PROBH L AN
AR FHRARMN CERRE, DRER TR
RAMEFRHORANTRE, HBFhERL
P PRz, B SER R
RERF R, R HLOIRIZRMN, EHEE
Tk BAR S Sk ET TRASHIR. R

*NEPP-NASA PEMs Policy White Paper

nasa.cfm/692/
**NEPP

http://nepp.nasa.gov/index-nasa.cfm/679/

Chin. J. Space Sci.

ZlEAFFIR 2005, 25(1)

EFHTAAREFRRASFOZEMHER, BR
FEEFRHHHEARKEE.

T S P B 7 AR B PR LR A T R R st
&, BT S A S A S et R AL 2
&, plms EREBRTRIT X RA B EmiR
PR R RE A B S RSB, UKk “H
f—5" AKX CPU, JbXAE —863 %, g
¥ B> CPU MATAMARS £, TMHEESHEMK
EEXEMEROTR, FPREMREMRIERN K
fER&L, B¥AE™ CPUREIFMMAH D, &
BERAEE LBMRESINEINERZL, TR
FHEFENNE, MEREEHEL MRIE.
EXEZE%RAEENHRREE L

4 BEWRSMFFRIR ST

4.1 BESMFFRAIIAR

ESMR B AR E A B A S E S R AR S
BN A.

NASA BERET A R IR HE MR,
HhiF 2 ZL2ZRIAMA RSN T HIHRE, €
% ARC, GRC, JSC, KSC, LaRC, MSFC, USAF,
Aerospace Corp., TRW, APL, NAVSEA, ESA #
NASDA. NASA % THEH Z YIS i 35 4 fn
¥itkl, BY NEPP +X, X BFREFHH LiTaw
R, R F AL BT 38 R R EUR A AT §E
HARSHBURE, A7 NASA 255 B P RAFHTE
PR R R T R PR R SCFF.  NASA 3 F
2002 £ 2 A 26 HAA T RABHBERATZEE
AR HEEA:  “MERE N RS
R, YU, 85 2T R PP AL B A AT LA 2
LS TKEIE, NASA BAEATR PO RFEMK
HREREHEEB TR - "

HECEAZ AN MENE T RAZEHSEH
#fn, STEREO (Solar Terrestrial Relation Observa-
tory), GLAST (Gamma-ray Large Area Space Tele-
scope), LAT (Large Area Telescope).

REEL 1994 F RS APEX TE, HESH
FEBEAT %S B B 1 BB AL R AN S (B R SR

Basis for GSFC Policy on the use of PEMs, 2002, http://nepp.nasa.gov/index-

Plastic Encapsulated Microcircuits (PEMs). NASA/GSFC PEMs Policy, NASA Privacy Statement, 2003,



£AKE: AASHATERAT L AKALRANF

T 5E TR 28 HF R R AT R PR

Surrey KF/NTRAFFERSK/NDES, L
KA E. EHAGHTE UoSAT-12 #
RLEhb TR H GPS 8kl BUS 7 ARI¥ET
7 FE 28R I P A R 8. X ek O BT ST
1l R P R B B T BOREERE.

r PERETR FH AL B8 8% 5% F Bk e 2 9% i+ H R
1IZ, XHast EmeuR, £EA L RZHPILHATE L
23 w] IR P 0 B 28 A 4 B AR A SR A B BF 5.
Fi H 80386 # pi ] F HST, SAMPEX J Surrey A
FNDREAFR/NDR b, £EZEEF2 7 (SED)
¥ RAD-PAKTM %, FI TR T 486 DX2 {975 fH 8
BUTEALR SR BB, BRI A i A PR 38
)45 (8] 7 FH 2458 T BLa.

4.2 ERAHROIVK

B e s ) TR S B & R 4R U
JE () 386 ex it HFNTRE € I 1999 4 H
BT KBRS RATIREMRTS. 2002 R
386ex A M) W 57 TR KITAR, Fikiks
LI
Hh E R BT S B RNE S R BE HLEE RAE
BAMK TEMDE I RIEN RS FARERAT
JUMRIH &, HERIR T £ KITHRIIZ R

1999 4 5 A AMK “L¥LS" DRESBHHK
R RS 10, SR TRIMIBH B PC104—
486 DX33, A% PC104—486 DX Tl &I HL7E A BH
BRI PE E 89T RE Bt S RIABE @ M, 1%
aa LT SE AR T 23 [EHIERAT 45

2002 £ 12 A &S 848545 005 AR R B A0 Bt
AR R TR G U R AR R R TR RS
WA MECRRE AD595 C. %88 trMEfktatnm, F&
LLE 7 i S 75 AR N 38 31 5T 5 4 B SR 10 25 44,
FARXTF R AR FRR BT AR, BT %R
AR, RSB RAE N, ShEEIE.
—EtEEr, KR, AWML RERMRENTR,
BA% T RGBT 0 [ 6 L.

20034F12 ) 31 H & SRR — 5 T E
Fh E R B S R R 5 N R 5T AL B 0 A R
o7 SR B R GE AT AC EL AR R A T i B B A
i FB LR IS MAX4T1EPA 3t 10 /) k&
BT EWARL). EXNEEN -5 TRR, Ziks&
KT MAX471EPA 3t 6 J, 3l — 2 P& F 2004
FTH2 HES, BiiEHEITRIT.

79

£ H BRBMME S5 A 28 R0 %0t R R
T S RE B O 8% AD203 SN, H i IEAL T9IkE
IR B

EF LFTR, BRI R K A 2% 0 £ & 18] 43
BWHINH MR T —2ufR, HS5EPREHKE
HERA— M EE. MERETDE KRS
ARG T Tk ) R AR, 18 Ay 70 =5 18 7
HA 1 R P B AR B T B4 O T B 2 A R ek
TR BN R EAR.

5 AA AT R R H S AFLER
Vo) FEB T D W ) XU B 8 7 )

PR FH AR PF R A T S R 1 PR, i A A
AR T, HARERKEESEM, m
R FIAER. 7 AR T =8 KAT
arlhf, ANATE e 2 BERF X, FERAMR
. g TR ) P A 1 L TR BE AR S SRR,
7 FH 28 IR BEE F TS FELD, i S [ SR BE A7 ZE IR
BHBALL RIREREOERL. WA EER L
B RN AN RN, R SRR AR 2,
fE2 [BI IR BT & S B AN R R BE ) SR K2,
X RAE R S AN RT BRI R A, E R
AR B S R RS, 88T Rt A Bk
R, MR AR AT SEEIR. R B AT Sk
BART 200 B SRR EE. B
HIEFER RS T2 IR0 ES. BRTA 8
AR, B FREIETHMOTE, Wik, iT4hsL
I 2 B BRI 55, BEASSR T 7 A 281 B e 1 2
HIRAH .

X LB 1) B, 7 fo PR R 2 R I A TR IR
— 5 [ $i5 8 K R UE R FH 28 1 76 25 IR B2 op 2 4 T
FE. X 77 v [ P St A S AR g o T
R, VNP I PEA T A PR R S (0 1 0 5K
AR Y B R A I, 7R E R
IBAFSE. B H AT A D ARAE A EE T
ATCLEYE, IR — 5 L.

P A% P IE 2 H ) 2 s ] S ATk
WREREEMERBTER, MiHEL R RIFA#E
¥, e ESUREI N AR RS AR AR 8
P i Al R AR N F AR RATRE R, BT
L2 R T P A 7 25 ) B R e 8y 1) 2 —.



80

SCHAER, FFARFTA BR R S AT T2
1=, BRE 220 A E B AT LA T 28 [BAE 45 0 RE
RS, tiimEA g (e, s, st
AT R, HATERSNE B BT
MR R S F AT LAREDE, PR, EESIRA A
= (8] [0 P A 0 0 00 ML T L 4838 1 R .

6 4iAGHE

P ER A o SR A, TEEI R L 4R
A—MREEY, RARETERRE/MER. D
BAKERES. BT —ERE LERERT
KU BT X R ESLATE S, EREARRER
%, HEFEIE LERARERERHBEERES
FroRAUBLSCE . (B R A SRR A mT SEPE RS A il
N AR B BRIG, %2 FE S K —E )
JABS, {575 PR P A ) 2 1) 1 R 2 B K B R ).
PR X 7 2 4 = 1) B P BB A Fe e — PR,
AL M E .

SE XK

[1] Maher M C. Can COTS products be used in radiation
environments. COTS J., 2003, 5
[2] Kayali S. Utilization of COTS electrenics in space appli-

cation, reliability challenges and reality. In: 6th Intern.

[3

(4]

(6

7]

(8]

9]

(10]

Chin. J. Space Sei.  Z[a#+FF4R 2005, 25(1)

CMSE Conf., 2002

Teverovsky A, Sahu K. Instructions for plastic encapsu-
lated microcircuit selection, screening and qualification.
NASA /TP-2003-212244, Goddard Space Flight Center,
2003

Fremont H, Deletage J Y. How to study delamination
in plastic encapsulated devices. Microelec. Rel., 2004,
44:1311—1316

Schmitt P, Lafontan X. Impact of the space environment
conditions on the reliability of a MEMS COTS based
system. Microelec. Rel., 2004, 44:1739—1744

Schmitt P, Pressecq F, Lafontan X, Duong Q H, Pons P,
Nicot J M, Oudea C, Esteve D, Fourniols J Y, Camon H.
Application of MEMS behavioral simulation to physics
of failure modeling. Microelec. Rel., 2003, 43:1957—
1962

Haebel W. A new approach to provide high reliable data
systems without using space-qualified electronic compo-
nents. In: 54th Intern. Astron. Cong., IAC-03-T.2.07,
Intern. Astron. Fed., 2003

Unwin M J, Oldfield M K. The design and operation of
a COTS space GPS receiver. Advances in the Astronau-
tical Sciences, 2000, 104:465—473

Hua Gengxin, Wang Guoling, Guo Shuling. Radiation
hardening techniques for on-board computers. Aeros.
Cont., 2003, 21(1):10—15. in Chinese (%¢H#, FHE
R, B ESOFTNSUES IMESR. AURESR], 2003,
21(1):10—15)

Sun Huixian. The Chinese scientific satellite “Practice-
5” payloads, In: 33rd COSPAR Scietific Assembly, 2000



