Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

BRI R X B 25 45 K PR ER it M BE OS2 M R AR AL

ik AT XWIE KRz AN

Effect of chromatic aberration on performance of concentrated multi-junction solar cells and their opti-
mization

Li Xin Lin Gui-diang Liu Han-Hui Chen Song-Yan Liu Guan-Zhou

5| {5 & Citation: Acta Physica Sinica, 66, 148801 (2017) DOI: 10.7498/aps.66.148801
TE 25 7 3 View online:  http://dx.doi.org/10.7498/aps.66.148801
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/114

A RERR AR A S E
Articles you may be interested in

KT o0 TAT RS ST A A R 7 ) = 25 B OK FH BE Fe s 70 BT 7
Anti-radiation of space triple-junction solar cell based on distributed Bragg reflector structure
YE=4.2016, 65(10): 108801  http://dx.doi.org/10.7498/aps.65.108801

FLRCHE 5 I = 45 K BH g F Tl AT 5T
Research on three-junction bonding solar cell
Y= 4.2014, 63(17): 178801  http://dx.doi.org/10.7498/aps.63.178801

2% 6] il GalnP/GaAs/Ing 3Gag. 7 As(1 eV) {812 = £ K B H vl A il

Investigation of inverted metamorphic GalnP/GaAs/Ing.3Gag.7As (1 eV) triple junction solar cells for space
applications

YE = 4.2013, 62(15): 158802  http://dx.doi.org/10.7498/aps.62.158802

RINAKE B A RGP R (2-H 58 Bk -5-7 28U 58 ) X R 2 -PbSe &1 i B S AR RE I 521
Effect of carbon nanotubes on the properties of polymer MOPPV-PbSe quantum dot composites
PP 22 H%.2013, 62(12): 128801  http://dx.doi.org/10.7498/aps.62.128801

XK L HMOPPV/ZnSe &7 ri & AR BH R B4 BERIE 7T
Investigation on characteristics of solar cells made of MOPPV/ZnSe quantum dots composite system
YyH 24,2013, 62(7): 078802  http://dx.doi.org/10.7498/aps.62.078802


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.148801
http://dx.doi.org/10.7498/aps.66.148801
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I14
http://wulixb.iphy.ac.cn/CN/abstract/abstract67260.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67260.shtml
http://dx.doi.org/10.7498/aps.65.108801
http://wulixb.iphy.ac.cn/CN/abstract/abstract60836.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60836.shtml
http://dx.doi.org/10.7498/aps.63.178801
http://wulixb.iphy.ac.cn/CN/abstract/abstract55114.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55114.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55114.shtml
http://dx.doi.org/10.7498/aps.62.158802
http://wulixb.iphy.ac.cn/CN/abstract/abstract54214.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54214.shtml
http://dx.doi.org/10.7498/aps.62.128801
http://wulixb.iphy.ac.cn/CN/abstract/abstract53161.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53161.shtml
http://dx.doi.org/10.7498/aps.62.078802

) 32 % 3% Acta Phys. Sin. Vol. 66, No. 14 (2017) 148801

2 R X B % 45 K BRER it [ BE RS2 R B AL AL

FpRY ALY xEED pRmEDT Y

1) (B ITRE SN TR, EI1  361005)
2) (EITH =26 mAHE AR AR, E1  361009)
(20174 3 A 16 HYLEI; 2017 4E 4 A 27 HIRBE R )

BT HCHON. 3 BUR G 2 45 K BH L 1k e B AR A 1) 8, s P A X = 4R S8 ROR B A TH SRR A O6 T
GaInP/GalnAs/Ge =45 A FH A th 0% 3 RF A, 38 3 70 #r i it 4% 22 1) HEL LS 20 A IS PR JAE 0 A1 LB A 1] LA 20
A, BT T AN R RS TR G OREx e b vk BE S WA FROL B, 25 SRR i 2 45 K PH Rt £E SR A DX
Jed ARG AN ILHAS, B8R Ht RS RIaS, R AR X3 18] 2 e A D' A= R RE % LA 1) H 37T ) T 20 T Ah
i, Ao Pt B AR ) P U B AN DR IS, AT /DN C S RS RS2 24 RS 7 RO BEK (20 mm x 20 mm) I, £
I U L PO R PRV T, O FL ) R AN 2 T JE GBS 119 94%; 24 LIS P RS I 3
2 mm x 2 mum I, FEHEHIE S e (U RO AR S, (EURE R H BHL B 1 VKSR PR . S et A Rt —
APE/NE 0.4 mm x 0.4 mm I, GRS TCOBOEHE T RIMR ST RE LT 50H 2200, BRI L1008 34.5%, (Bl
RONLIR R R] 2 ANt

XA ROk, ZaCKM M, T, HILAS

PACS: 88.40.jp, 88.40.fc, 88.40.hj, 88.40.jm

15 =

BEE SRR S N, 145 58K
H 2 A by, K BH BE A O — R i 37 1 7T 15 A2 BE JA,
AKRBRBERKEBNEE TN — BhZE
45 X A HL v A O B8 = AXOK BH R, BT B v Y
RE B A0 AR BRI AR TR AR, 2B T T2
i oeyE . B oAn, 9B ) SOITEC 2 & 5 il %
7 GalnP/GaAs/GalnAsP /GalnAs P 25 K FH L,
£ AM1.5D St 508 % 2Rt T 2% 1% 46.0%, 4
TR R S P e T AR AR YR S =
(NREL) ¥ iU 5F, 62 45 K BH st (1) oA m] B 22
R 0.3 00, A MMM AP AR
45 K P HL L AE P A AR S B R o B B T 2 ]
R, TR 2 — NI B ERORBHOG L 2K
FEE O, BOLERGREARS), bR

DOI: 10.7498 /aps.66.148801

53R, WG FOCEEUR, Rk 2 7™ 5
R B0, FER AR R G, BN Bk R B
e PRI B R B AR BRI KA [F) A 8 v R T
REETEHOR/NARIFDGEE, {FRlA gt —X
U I 43 ' 5 G B U i K, KU B 40 Ot 5
BTG i /)N, T AE 3 — XAE . BT 32 A8
F ) GaInP /GalnAs/Ge =25 K FH i ], it
Aof L Yt R — X3 TO0 F v (1) S A FEL TR R TR R
L T TE 5 — DX T R b e A FELAL S BN T R
T ARBITJE SN, 22 45 K P Fe It % Rt TR T R
ZRUGE, 8B FEL I 7E J=) 350 X 385 1 H i A2 15 AN T
Bic, AT PR B 2R 107), (AR IR 2, bR
5 X 382 IE 1) 6 AR B - 2 VR A - R A
TR ) FRLR DT C R S0 AH S X S8 a1 3, 78
TR DX 8 A T s ) FL AR, A ) 38 FL A AN UL
RN iE S ARSI B VR NN b eta )
T BBk /)N X A ) FEL AL D BELA 45 7 VR R R AR B R

* EFRANRR RS ESTH ('S 61534005). FRX AR RS (HHES: 61474081) FIE K & i BAHH 70 R R 1HR (k5

2013CB632103) ¥ W .
T #E/E#H. BE-mail: sychen@xmu.edu.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

148801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.148801
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 14 (2017) 148801

JSE3XT FEL L BE SR Ot AT T VE 2 B,
OB IE G RGO LU/ R B A B, B
UNLESOCIE G5 Z I IR RO, (AN
PR RE 2 ST R 7205 B b, AT ey FEL il
R 0100 B NG 37 B 43 B T RRUAR 7] (K 3R, AR 40
MR AR, A5 — 3 BAE B R L, 1
55 FCRH QB IR M R AR AR Ao, M LA
£ B I T AR BAR KRR AR T OB BE R 2, (2
ANRE S8 AT BR CURR. £ /N 0 A 170 R AL £ BELAS 5
T, Garcla %5 138 1 90/ b Lt R S X1 77 e ey
BEL A I /I e PR, EL F b Ty e B PR i/ N i K 2]
BRI UL R B S5 R B S 4, /N R FE A IR,
T PEE YRl S 1T 2 AT FL L P

PATER R, M AR, fesiE 1
R ) FLORE R R A R, R AR BT R e
YO RE AR 1] LR 0 UM LA, PR FRAT T4 1
(7 AF 9l /1 25 55 A P it RS R 08 D /DN B LS
HONSOG I, AT & LA /N 2 T D' A= FEL AL Y

n-AllnP, 0.03 pm 5x10'8cm—3

n-Ing49Gag ;P 0.15 pm 5x10'8 cm—3

p-Ing49Gags;P 1.2 pm 1x10'7 cm—3

p-Alp7GagsAs  0.06 pm 2x10'8 cm—3

p-Alp3GagsAs  0.01 pm 2x1020cm—3

n-Ing 49Gags; P 0.01 pm 1x10? cm—3

n-AllnP, 0.03 um 5%10'8cm—3

n-Ing 01Gagg9As 0.1 pm 1x10'8 cm—3

p-Ing.01Gag.g9As 4 pm 1x10'7 cm—3

p-Alo3GagsAs  0.02 um 2x10'8cm—3

p-Aly3Gag7As  0.01 um 2x1020 ¢cm—3

n-Ing49Gags: P 0.01 um 1x10°cm—3

n-Ing40GagsiP 0.02 um 2x10'8cm—3

n-Ge 0.15 pm 2x10'8cm—3
= (a)
p-Ge 175 um 1x10'8cm—3
100

(b)
80

60

—a— TIHLI
—o— hHLih
A L

40

EQE/%

20 [

400 800 1200 1600 2000
K A /nm

1 (MTIEH) GalnP/GalnAs/Ge =45 K FH s

I . s EAXKIR

RP, AR w9 1) O SR E O AR FL A BB, 58
2 RIS K6 A L UAL AE s AR 1R LI (10 70 AR B A
2, R AT R R AR 1) LU S N DL S, T B A1 £
AR5

2 Eipga
2.1 HmEEH KRR 3D FAFE

%08 B — OB 4 A A e
F| Fl SPICE % # ['2) 7 37 3 -F 43 A 20 H % 8 o0
3D %5 R i B LD R E SR T
GalnP/GalnAs/Ge = 25 X FH H b ¥ % 45 .
HCFE A 45 M 7 BB K 3D S 0 B i BT R,
Bl 1(a) ME Mg Mn E B bR E IR M iE
R, BRI s T E R B BRIK
FE. HHSEIR NG =45+ B K4 E 1 20K (EQE)
WE 1 (b) A,

I X I SEHEX I

T

(c)
(a) HMEER); (b) AMETREE; (c) 3D SHRLAELE

Fig. 1. (color online) GaInP/GalnAs/Ge triple-junction solar cell: (a) Solar cell structure; (b) EQE; (¢) 3D equivalent circuit.
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Fig. 2. (color online) Light spot distribution: (a) The two-dimensional distribution of photon flux density

with chromatic aberration; (b) the one-dimensional distribution of photocurrent density with chromatic

aberration; (c) the one-dimensional distribution of photocurrent density without chromatic aberration.
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Fig. 3. J-V curves and performance parameters of the solar cells of different sizes with and without chromatic
aberration: (a) The J-V curves with chromatic aberration; (b) the J-V curves without chromatic aberration;
(c) short-circuit current density; (d) open-circuit voltage; (e) fill factor; (f) efficiency; (g) the ratio of the performance

parameters between chromatic aberration and non-chromatic aberration.
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Fig. 4. (color online) Distribution of electric potential in each layer of the cells with different sizes in case cells become

short-circuited with and without chromatic aberration: (a) 20 mm X 20 mm; (b) 2 mm x 2 mm; (c) 0.4 mm X 0.4 mm.
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Fig. 5. (color online) Distribution of transverse current and dark current for cells with different sizes in case cells become

short-circuited with and without chromatic aberration: (a) The transverse current of cell with size of 20 mm x 20 mm; (b)

the transverse current of cell with size of 2 mm X 2 mm; (c) the transverse current of cell with size of 0.4 mm X 0.4 mm;
(d) the dark current of cell with size of 20 mm x 20 mm; (e) the dark current of cell with size of 2 mm x 2 mm; (f) the dark

current of cell with size of 0.4 mm x 0.4 mm; (g) comparison of mismatched photo-generated photocurrent, dark current

and transverse current caused by chromatic aberration.
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Abstract

In order to investigate the influence of the chromatic aberration on the performance of multi-junction solar cells, the
performance of the triple-junction GaInP/GalnAs/Ge solar cell under high concentration condition is investigated by a
three-dimensional (3D) model based on distributed circuit units. Moreover, the effects of chromatic aberration on the
performance of solar cells with different sizes are studied by analyzing the distributions of the voltage, the dark current
and the transverse current in each layer. It is indicated that the photo-generated current is mismatched in local region
of multi-junction solar cell, which is caused by chromatic aberration. However, the mismatched photo-generated current
can be compensated for by the form of transverse current, and the current can be better matched when the size of solar
cell is reduced. When the size of solar cell is as big as 20 mm X 20 mm, the mismatched photo-generated current is
large, so are the transverse current and the dark current. But the transverse current is far less than the dark current,
only 12% of the mismatched photo-generated carriers can flow from the edge to the center of the cell through the
transverse resistance between the sub-cells, the rest of the photo-generated carriers are lost in the form of dark current,
and the cell is in a state of current mismatching. Finally, the chromatic aberration gives rise to a reduction in the
short-circuit current density, and the efficiency is only 94% as high as that of non-chromatic aberration. When the
size of the cell decreases, the mismatched photo-generated current and the transverse current also decrease gradually,
but the dark current caused by the chromatic aberration exponentially decreases more quickly, and the ratio of the
transverse current to the mismatched photo-generated current increases gradually. Therefore, the overall state of the
current mismatching is alleviated, and the short-circuit current density is increased gradually. Moreover, when the size
of solar cell is 2 mm x 2 mm, the transverse current is much larger than the dark current, 99.98% of the mismatched
photo-generated carriers can be compensated for in the form of transverse current. Although the photo-generated current
of the cell is mismatched in local region, the overall is still in the state of current matching. The short-circuit current
densities with and without chromatic aberration are equal, but the filling factor is reduced due to the transverse resistor.
When the size of cell is further reduced, the mismatched photo-generated current is very small, and the influence of the
transverse series resistance decreases gradually. Therefore, the value of the filling factor gradually approaches to the
value without chromatic aberration. Furthermore, the performance of solar cell with and without chromatic aberration
is nearly the same when the size of solar cell is as small as 0.4 mm x 0.4 mm. The efficiencies are both about 34.5% and

the effects of chromatic aberration can be ignored.

Keywords: concentrated photovoltaics, multi-junction solar cell, chromatic aberration, current matching
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