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Recent Development on Space Application for High-Efficiency Solar Cells and
Array Technology

WANG Kai', WANG Xunchun', QIAN Bin'?, MA Jusha', LUJianfeng1
(1. Shanghai Institute of Space Power Source, Shanghai 200245, China;
2. Shanghai Academy of Spaceflight Technology, Shanghai 201109, China)

Abstract: Solar arrays can convert light energy into electrical energy as an important component of spacecraft energy systems. And
solar cells made of photovoltaic effect are an important carrier of energy acquisition. Through the development and application from
Si solar cell to GaAs solar cell and from single junction to multi-junction technology, this review analyzed the current situation and
bottlenecks of various space solar cells combined with the lattice mismatch, multi-node growth, flip-chip structure and thin film solar
cell preparation technology. According to the structural composition and rigidity of the substrate, the characteristics and future
development directions of body-mounted, rigid, semi-rigid, flexible and concentrator solar arrays were described to provide a
technical support for the realization of high efficiency, light weight, high quality power ratio battery circuit energy function.
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Fig. 2 Illustration of a triple-junction GaAs solar cell and solar irradiance spectrum
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Table 1 Current productions triple-junction GaAs space solar cells

Voltage at

Manufacturer’s . K Typical areal mass ~ Temperature coefficient Typical cell Solar
Manufacturer X . Efficiency/% maximum X 5 . .
designation density/(mg-cm ) at Pax/(% C™) thickness/um absorptance
power/V
Azur space 3G30C 29.8 2.41 86 -0.23 150 091
SolAero ZT] 29.5 2.41 84 -0.22 140 0.92
Spectrolab XTJ-prime 30.7 2.39 84 -0.22 140 0.88
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Fig. 3 Inverted metamorphic multi-junction (IMM) solar cells
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Fig. 4 Spectral division of multi-junction solar cells
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Table 2 High-efficiency flexible thin-film solar cell technology

Manufacturer ~ Technical route Key technology Techinque level

Emcore Reverse-epitaxial for 4-junction, polyinide Substrate lift-off for large area, efficiency Efficiency 33.6%; Mass specific power
substrates loss 0.8% 2900 W/kg

Sharp Reverse-epitaxial for 4-junction, polyinide Substrate lift-off for large area, efficiency Efficiency 30.5%; Mass specific power
substrates loss 0.8% 2700 W/kg
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Table 3 Overview of current solar array state-of-practice

Strcture Max power Specific power (1AU, BOL)/  Power density (1AU, BOL)/ Substrate area density/
(1AU)KW (W-kg™ (Wm?) (kg'm™>)

Body mounted solar array 2 260

Rigid solar array 25-80 50-80 280-300 1.00-1.30

Semi-rigid solar array 28-100 50-80 280-300 0.80-1.24

Fold-out flexible solar array 40-100 150 280-300 0.80

Circular membrane flexible solar array 300 200 280-300

Roll-out flexible solar array 100 175 280-300 0.80-1.00

BOL: Beginning of life.



.« 1444 - CREMR £R 27 4R

J Chin Ceram Soc, 2022, 50(5): 1436-1446

2022 4F

FURHIGRAL: RPE b b R WA RUN, 5
REIE NAR I KRBV D RE Y FH 75 ok, (HIL
TR A%
2.5 B KPHERMME

IR, 2 1) A B R i B 1) e B R DA e 2
K B 5 oA 2, (EE 2 ) R e e b ) o' fL 2 46
R H16%, = SRR K BH Hiith 1) o' o 4 sk
HN26%~32%, 52 FRTSERIATRIREE K R T AR
Fe KT, JL IR I PR v A B H it 1) o L B R
FERR o DALt gt R AV A K P O e £ B>
B, GNP R IRAT L RR T T DA R
T2 T A B B AR FH 2, VR FH 2R K FH ER i
M ZENASAT-19984-10 H RS9 s — 5, TR
BU Th 2 55 R S A B FL B 5 50% 0 53R e 7 ok,
SR SBH Huth B 23y rUR AU R Aol Hrp 4k
R R, & 25 8 Ha it B R 4
RO, WIRT LAy o i AR i 2, Ha
2% ) 1 Y F4) 2R ' K B R it o 2 g 2 R L. VIE
T 2 5k X G546 (I Cell Saver 25t 886 Lt I, L
BRI 5176 W/m*Fl61 Wikg, Wikl 11a
I )R E Y 32 5512197 5 X 454 (W0 Stretched Lens
Pt M, 8% 5 AN L D 43 53 300 W/m? Al
183 W/kg, i 11bfiw: A4 ASOLAROSAZ
P S LR S B T O At B Y, A 11 e BT )

H T B SR xR G2 R T 28 g 2 5 UK BH it 41
PRI R R EANIS 5), 3 i O /D s TSR FH
PR T 5 3 Fresnel 5 6 3% 5% 45 #4011 T L i 2 2% B 2%
K, I HHBHTEGERRY, PR T KB f i 2
IR o JB 4, A5 0 £ Tt R e e L PR JRURG: A1 b
M BB 500 6 R 2 ) PR 338 A £ B 43T LG
AR RGP R L S UGB
PRHh . RIRITAE R SR Ll 2 17 25 [ R4 2 2R £
FresneliZ % S B HARAE N R e T A, FEOCHER;
ARE: BIGEBRMZ 2GR B B4
AR BOCRS AR e R R R

2.6 KPAEHFERTEMHTARE

PEIEGETr,  FYE S ARG A AR 2% e
b EEZ927%, T 5T P Rt B 4D 5 0 2R 288 S
HLYE > R MI42% . T LI R AN 0 X AR
R AR A AR MBI HAIE 57 . AE OV RN
R, ST AN R RN s LY FORL T
SR 0T O H et B R B HH R s A B AN
K B Rt B F R e Tt AT SO T 3 A o DR
X0 IH P, A 1) 5 ) AR A 2 ) R B SORT DK
M BETF P BRI, 32 B A

1) AR K Rt B 1) SR AR, T HB R
e DN EA S Sl 17 SN E - e (S T S
Z A E AR IR G R NLBE L) K B ) 2 40 B
A, L ST R AR A A iy B F I PR 1 2R
B S HHINLE .

2) R R BH et B 1) 7 R, O AN [
R R0 SCR I AR T S, g KB
B 342 R i R AR AL RN A A VPN B, TR R
IS vk, JFREEE R 2 W RTE 5 L&
XS AR FRAR TG FR PP A o

3) R AH IR FIRRAE , o I BH P L 77 b
KU AT M BE R, I s oK o H b
TR AN AT RS BARS ,  IRATHE L v Jc i I
LTI VAT W C N N e S S 2 B N R L
Jth LB S IR T SR

4) AR R B Rt B2 1) 3 PR BT AR e B AT 452K
R, TN R BH FLIB B AL b S ) R R
WOo b AT R BIIAT 55 N PR s AR, I
gl Ahdzs RS [ B 4 3 s 6T A MT R ERIIAT 45
N REAT 5 HbrAT A6 VT HC ) OK BH it e vt JF
Yoy T N E R U N TR DR Sl
Hh 58 11T BUSHRIR AT A B I IR Bk e, 75
KB RV A PR DR B e (e e . R BATY, LI HE
X ARG 55 RS 52 PRI DA R i
MK R EVCHC I = R

PP

Stretched Optical Loms A chetec ture.
ith Rolt-Out Botar Array (BLA om ROEA)

wed ‘
=

(a) Cell Saver array

(b) Stretched Lens array

(c) SOLAROSA array

11 ZROERBH Lt

Fig. 11 Concentrator solar arrays
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