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Abstract: For aerospace electronic components to be worked in the vacuum environment, the device heating
and the related heat dissipation must be specially considered. In this paper, the relationship between the
temperature of a certain type of antifuse FPGAs working in the vacuum environment and the power consumption
are studied, together with measures of heat dissipation. Through thermal vacuum test, the thermal value and the
heat dissipation data of the devices with regard to different heat dissipation measures and various PCB conditions
are obtained. Finally, the heat dissipation measures for the devices in vacuum environment are suggested. The
device adopts a ceramic four-side flat 208-pin package (CQFP208) with heat sink. It is the first time in China to
introduce comparable-sized heat sink (23 mmx=23 mm) into such large size package (porcelain 29.2 mmx29.2 mm)
and apply it to spacecraft. The test results and the heat dissipation measures proposed in this paper can serve as a
reference for the applications of the electronic components with the same or similar kind of package.
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dissipation
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Fig. 1 Front, back and cross section view of the device
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Fig.3 Temperature changes of device cover plate and heat
sink against power consumption under condition 1

FEMLR TR, B 4% B GIB/Z 35—1993
(TR A PR 0 JU) D 22 SR % G 2 A P A A,
BORMUR A 5 g T PR AT 2 22/ 9 T 2%, eI
BER T MOS 4R BHL % 45 T i s AN Re i T 85 C
RYEE 3, 23 1ETh#EN 0.97 W I AT IR B IA 5
85 °C; M &5—UTIA K FAFHA Ny 0.56 “C/W, PRtk s
G5 IR AT DU, B AT DA TE %R 56 26 1
T B R 1 REEEER, W g DhFEA sl
0.97 W 5 A8 52 T+ D AR, W0 202G 0 4F (1 B
Jiti. A3 s a] DUE H, BEE DhFETH i, $vils
B 1] PRI 2 R B K, X A BH T S - AR AT )
HBH (5.41 "C/W)IE KT 25— AT H] i FATH, BE 2 T
FEICIE 0, Bl PRI R AR P 88

RIS 2 2~5 F, #A 55 AR P BE DU AR AR
B 4 Fis o 3X 4 Mok AR 3 N DT B AR 2 2
PCB b, {HEGTR 5 (A5 i T AR E FLE 2 AN R
M 4 ATULE 4 FhoRAE T s B AR G 2
SR ZEEAN K, 3R B 56 AR I S A T AL LA
BREAK RIEARE BTN, FoyE S E
PREDEOR BB E S 2, B T 28K
T3 PCB AT HII . 2t R RN, 72 B 14U
W, BoE AL IR A SRR B -
PCB— H 7% Jl AU IR 3567 AT S8 — 48 58 A 7 AR
ST SRR B AR AT, o S #
Dl BE—PCB” F1 0 - FE MR AR 7 1) 5 B4
WAl FREAT R AL, (B ACR & T R G — 3
“PCB— HL 4% JE ARSAUIA 55”45 58 M1 i i — 14
i P B SO AN 1557 S TR S R AT HIOR, BRI, B
A OB o T AE S BR IR 28 Bk ik
PCB iE4%4 J@ HL5E (IR A n] DU i 76 5 AR E 225
B SRBUEEIE LT, MR EIEET RS

FAFIRYURE CRERLIE25 1C)
e AR UADTIRE CGREERZ70 1C)

R/ C
-
S

AT Jit B BRI R A A R A R IR B v,
IR ARG P 10 5 i TR A T CRAVER S ) 2%
REFL . AWK 2K IR, TEBAATURAR K
RGN, B ATUE M AT RS AR 8 LR
YA FE TR A RO R o 1 ST o PR 06 2% 1
6~9 T F a il EERE D AR AR L (P 50, AT LS
AR 4518 .

—— SRR AR CGRIEIRE25 1C) 2R S (CREERET0 C)
SAEIRMIRE CRBERE2S 'C)  —w— FKME3MRIEE CREERET70 'C)

—o— SAFARBUEE CGRRIRE2S C) = ZM4miR g REEIRET0 T

— ESTEARIRE CORBERERS C) —e— FKMSHEMRE CRERET0 C)
120

100 M"‘*ﬁ
80 '
'Dif o M
o
= 40 o

0 05 10 15 20 25 30 35 40 45
kW
B4 R 2~5 T stk SRR B R T FE AR AL
Fig. 4 Temperature changes of cover plate against power
consumption under conditions 2 to 5
e SKATOT MR L (FRBGRE2S C) == KT HBURE CGREHREE25 C)
—— FRAESEEMRRIE (FRBERAE2S C) —— FAFOMMURE (RBERAE25 C)
e SAFe IR (FREEEET0 T M THGEE (REEIREET0 1C)
AT L (RBEIRAET0 'C)  —— JFMFOMEMGRE RBEIREET0 1C)
120

C

W/ C
N
IS

0 05 1.0 15 20 25 30 35 40 45
TIFE/W

K5 RI%M 6~9 N asfh s B RE T FERI AR AL
Fig. 5 Temperature change of cover plate against power
consumption under conditions 6 to 9

L3 25 1 10~ 13 R 884 25 AR FE B Th #E
784k, Wl 6 Fras. Hodr, 244 10 A1 11 AT
3 4 A R FE 4> 514 0.2 mm Al 0.1 mm) 5 PCB
SRR, S0 12 A 13 AR AR 5 T E B
{05 PCB Wil 15 it .

—— SAFI0FEARIRE CRBHEE25 C) = FMFIHEMRIRE GREEEE25 'C)
FAF12BEMCRIE GRBRIREZ25 C) = JRMFI3RMIRE GRETIRE2S 1C)
e AFL0FBARIRE RBRIRET70 C) FAFLLFEBURE ABEIEET70 1C)
FAF12FMRE RERIRET0 C) FAFIBHHURE (FBEIEET70 'C)
120 -
110 g
100 el -
90 g

i/ C
FNEY -]
[SESR-ES)
\

[

05 10 15 20 25 30 35 40 45
kW
Ko RI%M 10~13 T S o SO B DI FE A2 1L
Fig. 6 Temperature change of cover plate against power
consumption under conditions 10 to 13



1 W FNRARE: MELL FPGA #3145 Rk O B i 109
& 6 AT LLE Hi: SOTE S R AE F o 2 A ] 2% R A i e
DR 0.2 mm 2% 0.1 mm 54 5 76 2514 Bl B G 3E o 75 MRCECER, AT 5 bk L A 4 it

R T T G B & X s ERE B S AF BT BT B A

DM TS W IT 5 PCB 42 il ) 2% 4 B A &L
SR AN B R, SRESIR A N 25 C B TR KL
3°C 5, MABEE RN 70 C M ELHEZER, H
T P R A A B R L Y 4 VRO BT B,
I R PR T e A AR B P AR S 2 T O
Ak, 5% 2~9 MLk, %44 10~13 ) PCB
TR R IG InE I A S 25 I PR Gl %, (54 PCB
by ~F T B A o R 1 B T U P RIS, LR
& MH P THIA% 5 2 PCB 3R [0 AT #4485 1X — 26
W5 R [ AL 356 R B (PCB UM N FR-4, 534
RBEN, N 0.2 W/(mK)), flfbL PCB b PR 4% fih i
LzE AL U T B AN T

3 ZiEE

ASCE S AT, R TR A TR
(1) 4% 22 FPGA 2875 23 PR 5 T D e 5 2844 I
FEZ AR &R, VAR EHFHREE S PCB A FAUTHL
#J7 PCB TR AR, SR 5 -1 1 2 (8]
BILEERIR R, HEIWN T 4t 53

1 7E PCB I 1N 9.25 cmx9.0 cm. TG B #4 #%
Jiti« 2R PELAE IR R 85 C I, THEELIN 1 W BEHdE
AT AR N TE 52 o . FH I A2 75 2006) 28 1V Bk b R
S n FHE .

DTEZREE P AU S PCB 2 AR IR B8 5
A LA S AN K, SR B TR AR R A
5 b VA T 2 (] 38 LR B RCR R AN K,
RN T 38 380 B PR ) ARG B, AT 3 WUAE L R 2 B T
UG R B KT 7 R WA IS
38 I A B ST i ) LR, HOE LN R E
MR BN % . 5ok, @ U0E H & T #R 1) PCB,
H¥ PCB IR RN S5 1 LART 2 R R HHESE

3D LBRMIR A F Ge g il 4 it v] FE R R, HA
TR T UC A TAE IR ET IR P v 45 I 7E 0~25 C i
Bl PRI AT 25 e 5 28 A SO e I A s ) — ity L
FLIE T 5 A G RO B BT B

4)#7 FPGA K6 PCB Jo ik 28 575 4 T HiAth ot
A, AYTIE I PCB 1 K S A S8 B ik 1%
BB 7 AR AR A T 2

6) AT F ST S 4 K B S AL, NS s
TH] 3 L7 i A R S e iy, T 25 Rk H IR PR A U7 =X
A URSE 1T AR AR TR R R 2R G B A T
XFTC A A PCB UG B 1 — & Y PRI, J5 48
W e & AL SRR S0 B A 24T S ) o s 3k —
W TE LT
SEHL (References)

[1] EERED, Bhay, B, 55 BURS I HIBARM]. AL at:
A TR H AL, 2018: 3

[2] CHOI M K. Using paraffin PCM for thermal management
of BOLAS planetary CubeSats with ion thrusters[C]//
AIAA Propulsion and Energy 2019 Forum. Indianapolis,
IN, USA, 2019

[3] IWATA N, USUI T, IKEDA M, et al. Evaluation of in-
orbit thermal performance of X-ray astronomy satellite
“Hitomi”[J]. Journal of Spacecraft & Rockets, 2017, 55(1):
77-84

[4] GILMORE D G. Spacecraft thermal control handbook:
Volume I: fundamental technologies[G], 2002: 21-94

[5] MURTHY H SV, SHARMA A K, BADARINARAYANA
K, et al. Thermal management of GEO satellite

communication payload[C]//2011 IEEE International
Vacuum Electronics Conference (IVEC). Bangalore, India,
2011: 469-470

(6] XUFR, ZEHNAI. 2 5 S TR & B2 A0 [ 8% A1 JR) AR (K
BOFERLHTI]. FALFIR, 2019, 40(2): 231-238
LIU X, LIANG X G. Entranspy dissipation analysis of
spacecraft thermal control fluid loop layout with multiple
radiators[J]. Journal of Astronautics, 2019, 40(2): 231-238

(71 RURK, BRI, AT J I 24 S 2 P2 e T R A 1L 1 5
(& N7 AT 9], TR, 2021, 42(3): 390-396
LIU X, LIANG X G. Adaptability analysis of deployable
radiator thermal control system to spacecraft orbit
adjustment[J]. Journal of Astronautics, 2021, 42(3): 390-
396

[8] KT, skZAR, XI5, &5, 2% (% L 5 A 20 S ok
AT E ZHAULD]. TR, 2019, 40(4): 452-458
ZHANG X, ZHANG H C, LIU X T, et al. Thermal
analysis and parameter optimization of a heat-pipe radiator

for space nuclear power[J]. Journal of Astronautics, 2019,
40(4): 452-458



110 TR N 7 N A Y -

39 %

(9] LAk, VLU, BR/bAE, & B S b s BE T A 4t
RSB, FALFAR, 2018, 39(10): 1107-1115
DU Z L, JIANG H, CHEN S H, et al. Analysis of external
heat flux for MEO and GEO satellite on upper stage launch
orbit[J]. Journal of Astronautics, 2018, 39(10): 1107-1115

[10] MAHALINGAM M.
semiconductor device packaging[J]. Proceedings of the
IEEE, 1985, 73(9): 1396-1404

[11] TRABZR, BRPREE. T g 18 3 2 B8 o i) 3 o0 A Sk
FL[CY//2007 FHU HL T2 2 AR 22 B, 2007: 323-328

[12] TAUB H, SCHILLING D. Digital
electronics|[M]. NewYork: McCraw-Hill, 1977: ch. 1: 5-6

[13] CARR W N, MIZE J. MOS/LSI design and application [M].
New York: McCraw-Hill, 1972: ch. 3: 85-89

Thermal  management in

integrated

[14] Failure mechanisms and models for semiconductor
devices: JEDEC JEP122H-2016[S], 2016: 2

[15] OZMAT B. Interconnect technologies and the thermal

of MCM[J].

Components, Hybrids, and Manufacturing Technology,

1992, 15(5): 860-869

[16] PECK D S. The analysis of data from accelerated stress

performance IEEE Transactions on

tests[C]//9th Reliability Physics Symposium. Las Vegas,
NV, USA, 1971: 69-78

[17] COOPER M S. Investigation of Arrhenius acceleration
factor for integrated circuit early life failure region with
several failure mechanisms[J]. IEEE Transactions on
Components and Packaging Technologies, 2005, 28(3):
561-563

[18] WALLACE W Jr, HAUMESSER R. Reliability/design
thermal applications: MIL-HDBK-251[S], 1973: 10

[19] HF &SRR TFM: GIB/Z 27—1992[S], 1992

[20] JLA&MFAAHAEN: GIB/Z 35—1993[S], 1993

[21] ZHANG G, HU C, YU P, et al. Characteristic voltage of
programmed metal-to-metal antifuses[J]. IEEE Electron
Device Letters, 1994, 15(5): 166-168

[22] ZHANG G, KING Y, ELFOUKHY S, et al. On-state
reliability of amorphous silicon antifuses[C]//Proceedings
of International Electron Devices Meeting. Washington
DC, USA, 1995

[23] REZGUI S, WANG J J, SUN Y M, et al. SET
characterization and mitigation in RTAX-S antifuse
FPGASs[C]// 2009 IEEE Aerospace Conference. Big Sky,
MT, USA , 2009

[24] 305, MR A BT Ioas MF R G BLHHIE 7T (D). 152
P2 LT RHCOR S, 2020: 9-10

(Yl B 8D

—{ERIN: FAA (1989—) , ¥, AR AE, TRAFERBREAL TE. E-mail: sunjiejiel 989@126.com.



	0 引言
	1 试验对象和方法
	2 试验结果与分析
	3 结论与建议

