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Fig. 1. Schematic structures of (a) inverted metamorphic GalnP/GaAs/Ing.3Gag.7As triple-junction solar

cell and (b) AllnGaAs graded buffer for space application.

188801-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 18 (2017) 188801

PASi BN CHEAR, i Av-AufE & T2
=B B A S b, £ GaAs KA
JE G S B 25 R R R e, 2 el LS L
2K B A E B AR BCIAR DR 24 cm? B HEIB S
e R 2 BN 1.5%, SR AR % T 201 il
K, AuGe/Ni/Au/Ag T 1EH K, EEZN
6 um, Ag/Au T I HEN, JERELHN3 um. EHE
P VYA B ok 2 BRI 2R 18] 1) GaAs BRI 2 il =,
Z G 755 Alo O3/ TiOo XUZ 8 5 LA B AE Fjth R 1
ANBPE . HE B s 4 548 Enlitech
EQE &4t Spectrolab X-25 A PHA UL 25 ok R A H:
S8 TR (EQE) M I-V ik, (H ELV-8 i 5
51 B8 HL DI #48 SR AR A0 8] F it AE SRS AT E 2 1
B AR B T 3RAE FLVB R P S 1 e

3 XRERET®
3.1 fEER=4ZXMHRER M

£ GaAs # I& b 4F 4 A K 5 21 % GalnP/
GaAs/Ing 3Gag.7As 18] 3¢ = 45 KX FH A HL b 45 1 1),
GalnP T0T HL It AT GaAs o HEth Ay & 4% DL T 40 28 A
K, B ORI R A e K
F& RBL I Ing 3 Gag 7 As MORE 3 K1 A 2R e B
=3 Ing.3Gag.7As A A H IROR 2 0 28 5 o A
Fer, AR FESRR I A Rt AT R FRAR D £ 3m
TR BRI, PP HE A Ing sGag. 7 As T HUIEHIE
HUREIE. D 1 AR A AR, AR SCR H In 4H 23 B A
R AZ (1) AlInGaAs B 77828 2% 1 2 KA 5 i FLi
) i R I RO FL M .

WE 1 (b) s, &3CH AllnGaAs B JJ#i 48 5%
MZH 1L EMRMER, i BAREEREL8 1 pm,
overshoot /2 J& & #1800 nm, T overshoot JZ EA
5 E M ELE K% 350 nm.  Overshoot |2 2 A
e 6 I 26 70 R0 S 1 5 B, AT AT A 81 i
IAVAR: R R A N WA S 1 K7 v R A A I N S
bR RIS AR, {3 H HRXRD Wi AlInGaAs . /)
WA G o 2 AR X BR (115) df i b ) 81 5 2 )
Bl 2 45 R 5 7R B 7 AR 22 R 2 ) A A s TR R 4
100%, Bl (Alp.7Gag.3)0.7Ing 3GaAs H 5 )= [ 3 H
A A% T B ay HAKE A% T L a ), FEAMSE, H bR
EREFAERN JIRAS. (004) F1(115) TH ) XRD #242
M4 R BN, HAREREE 55558 117 arcsec
147 arcsec, 1 fh k% ULAC GalnP /GaAs XU 45 1 HL

W2 18 D5 43 )N 73 arcsec A 78 arcsec, RIE 5 G
LR 237008 1.6 F1 1.9, /N w8 HU AR e i
AllnGaAs N JJ#i A8 2z vh |2 BA AL AL B8 |
A S A DL S R ) AR AR BT i, XN R A K
A B 1) Ing 3 Gag 7 As JE L ZE 5 T FE A,

68507

GaAsttiE
68004 (GalnP/GaAs
U H i)

6750 g

67004

Qyx10%/rlu

HbRJZ
66501

Overshoot JZ

6600

1 8IOO I 1900 I QOIOO
Q.x10%/rlu
2 (MTIEM) HRXRD W AllnGaAs By #i 48 2%
M2 (115) b I _E 8] 5 23 1] el
Fig. 2. (color online) HRXRD reciprocal space map of
AllnGaAs graded buffer using the asymmetric (115)

glancing exit reflection.
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Fig. 3. CL images of AllnGaAs graded buffer in (a)
three areas across the 4 inch wafer, (b) flat, (c) center
and (d) round.
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Fig. 4. (color online) EL image of inverted metamorphic

GalnP/GaAs/Ing.3Gag.7As triple-junction solar cell.
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Fig. 5. (color online) (a) EQE and (b) I-V curves
of inverted metamorphic GalnP/GaAs/Ing.3Gag.7As
triple-junction solar cell under one sun, AMO spec-
trum, 25 °C, in comparison with that of lattice-
matched GalnP/InGaAs/Ge triple-junction solar cell

with 24 cm? area.
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Table 1. I-V characteristics of inverted metamorphic GalnP/GaAs/Ing.3Gag.7As and lattice-matched
GalnP/InGaAs/Ge triple-junction solar cell with 24 cm? area.
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Abstract

In recent years, with the development of solar cell technology, the conversion efficiency of the lattice-matched
Gag.511n0.49P /Ing.01 Gag.99 As/Ge triple-junction solar cell has achieved 30% under AMO spectrum. As is well known, it
is difficult to further improve the efficiency due to the limited bandgap combination. Therefore, an inverted metamorphic
triple-junction solar cell is designed by replacing the Ge subcell with a 1.0 eV InGaAs subcell. The efficiency could be
increased with the open-circuit voltage increasing, while the short circuit current maintains a similar value.

In this paper, the inverted metamorphic GalnP/GaAs/Ing.3Gag.7As triple-junction solar cells are grown on 4-inch
GaAs substrates via metal organic chemical vapor deposition. Optimizing the epitaxy process, AllnGaAs graded buffer
shows nearly 100% relaxation by the reciprocal space mapping of the high-resolution X-ray diffraction and low average

threading dislocation density ~5.4 x 10°/cm?

evaluated from the cathodoluminescence image. Finally, the inverted
metamorphic triple-junction solar cell with 24 cm? area shows a conversion efficiency of 32% with an open-circuit voltage
of 3.045 V and a short-circuit current of 404.5 mA under one sun, AMO spectrum, 25 °C conditions, which is 5%
higher than the lattice-matched GalnP/InGaAs/Ge triple-junction solar cell. Under 1 MeV electron irradiation test, the
degradations of the external quantum efficiency and I-V characteristics of inverted metamorphic triple-junction solar
cell are exhibited each as a function of fluence, and finally the end-of-life efficiency is 27.2% with a degradation of 15%
under 1 x 10" /cm? fluence. More experiments mainly focusing on the lattice quality of AllnGaAs graded buffer and the

structure of Ing.3Gag.7As subcell, will be carried out to improve the efficiency and enhance the radiation hardness.

Keywords: inverted metamorphic, space solar cell, electron radiation
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