Chinese Physical Society

Mﬂ#ﬂ Acta Physica Sinica

. Institute of Physics, CAS

EERIIARIEE h =G5 KPR A S [E B M sE S L
#Eg RFE FEF L% XA R EHE B
Performance and optimization research of triple-junction solar cell along the optical axis direction on

the HCPV module
Lian Rong-Hai Liang Qi-Bing Shu Bi-Fen Fan Chou Wu Xiao-Long Guo Yin Wang Jing Yang
Qing-Chuan

5| H15 |2 Citation: Acta Physica Sinica, 65, 148801 (2016) DOI: 10.7498/aps.65.148801
1E 281715 View online:  http://dx.doi.org/10.7498/aps.65.148801
23N 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/114

EATRERCH B B S &
Articles you may be interested in

CuZnSnS, &b FHE 5T 5 G AR RN IR 5 — M SR B 7T
First-principles studies on the properties of Cu,ZnSnS, grain-boundaries due to photovoltaic effect
VP22 4%.2015, 64(23): 238801  http://dx.doi.org/10.7498/aps.64.238801

TR TR A SRR 1A) S L AR A BH H Y i 5 T

Solar cell temperature prediction model of support vector machine optimized by particle swarm optimiza-
tion algorithm

YyH 24,2015, 64(8): 088801  http://dx.doi.org/10.7498/aps.64.088801

SEEOKBH A AR 2 5006 TR DG B R AN 7 o B AR LA A
Optimization of light spot intensity and coverage to a triple-junction solar cell under non-uniform illumination
Yy 2422014, 63(16): 168801  http://dx.doi.org/10.7498/aps.63.168801

55K B F AT 0 AR R U s AL A 2R
Dual-origin coordinate system for solar cells
PP 2#4%.2014, 63(11): 118801  http://dx.doi.org/10.7498/aps.63.118801

PR G AR B L AR F A S R e e

Modelling and structure optimization of flat-panel thermal concentrated solar thermoelectric device
Y= 4:.2013, 62(3): 038802  http://dx.doi.org/10.7498/aps.62.038802


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.148801
http://dx.doi.org/10.7498/aps.65.148801
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I14
http://wulixb.iphy.ac.cn/CN/abstract/abstract65919.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65919.shtml
http://dx.doi.org/10.7498/aps.64.238801
http://wulixb.iphy.ac.cn/CN/abstract/abstract63893.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63893.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63893.shtml
http://dx.doi.org/10.7498/aps.64.088801
http://wulixb.iphy.ac.cn/CN/abstract/abstract60614.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60614.shtml
http://dx.doi.org/10.7498/aps.63.168801
http://wulixb.iphy.ac.cn/CN/abstract/abstract59458.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59458.shtml
http://dx.doi.org/10.7498/aps.63.118801
http://wulixb.iphy.ac.cn/CN/abstract/abstract51926.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51926.shtml
http://dx.doi.org/10.7498/aps.62.038802

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 14 (2016) 148801

S E BN ARG R =

M

Z5 K PHER R 4 75 (0]

SRR MERES L

HEE iR HEL

T R/AER OFR OEE

b )|

(PR TR, KBHRERGHITLRT, T/ 510006)

(2016 4% 3 A 28 HUEHI; 2016 4F 4 A 10 HIYZ & eH )

A, 2R RO R B, d X JEE B & B RO Ja 253 BUROG 3R 70 A Je H AR ST Rp R B =
FEAAIR, 8 H I FE FEIRHE 510 ROL AR T 1 4k 22 S5 KB i it Ayt DO de K. ARSI e 2k BR BRI 14 7
%, I AR BB G ROC T AR BUR e B BE B A R S04 . RTINS, &5 6 = 45 K PR Fa it v % 4
LRI, W UL R A B IRBE AL T, WAl 7 ) AN R 7 B Ak = 45 R FH Rt A LR RE. S5 SRR A
DA i BLAE RV I el 7 ) B PTI A, Ak fe B2 i Hh Th = B i B v 20% B L. iz

GURTS R T I A5 R KL

KA FOeek, FREFES, =45 K b, SRSt

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

1 5 =

o 1 ZEOE 6 AR 22 Gt FI AR X A 10328 B R AR
R &5 53 I AT, 5 20 RO HUlAs, S 4
KEZB|THZ B RTE. H AT S FOEE AR AL
FH AR R B PR 2 B 5 T TII-V R AR 2 45 it
X EL R AT A K B L M AR A
40% ). (HAAAE LRI ALF, T Rotufh AR
AR DR HA R 3R, HO U MR Al 50k
FIX 2. o BIK i R T G IR A R A
5], T AR ZE A P e (12,

=S5 H AT R WL — R 2 g5,
= pon G5 AR R, R LI IR SCAR [R] 95 BUY
B0 SRR EE SRR RO RA IR
SR E 18, SRR S B A & & At 010,
KRR IR MIE G RO RCR B, R
M AE Lt B O IR BE &, {H TR A A B RS AN
AR RE A O, IEHOEIB A i R, R

DOI: 10.7498 /aps.65.148801

P SCHR [3] Hoxt = &5 s ith A = T 0R B &, K RH
ST AT R Rt = AN 45 1R T B 4 S A R
B, 300—700 nm; HEEL, 700—900 nm; KB,
900—1700 nm. A A3 B B G AE i 35V Hof
I, HH T3S AN [, DR A e Al AN B ) e
AR ARI ST, H T =4 E ' R R AT 1k
Feh G RE o A R AR 35 5 PR 0 SR 2 ) HL i PE R i
R TR b, BT SRR EE B R T R
T B 2 e R fe SR TR I 7, DR LR ) FE
FEfR K, AR HLI )RR 77 A — 5 R R
18 [ (1) Marc 25 DU 78 = 4R ARAT 8 T & 11
VU £ F it 1D B0 3 R B T 637 e B T A ST T Ak
T % H RS N B, (B AR — B . A
SCEFXFIX A 7] R, 3 R i % O 2 A AR 12— 18 1)
T 238 Bl (01 S ) 9 B 1 O B e |
A, I Z O BB 2 A VR Sy F i H B O 24 A5 28 (1) g
N, ST B A T B R [RIAL B L 6 R oA A
LI A FLPE B, 45 HE AN [R) i B R R 2 A % FaL it 1
B B AR .

* JTHRAE BARELARES (HHE'S: 2014A030311050) FI 7R 48 FLOCRHE LI (LS 2013A011402005) B URE.

T #E/E#. E-mail: shubifen@163.com
© 2016 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.65.148801
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 148801

Y TR AR 2 A B — A B DL T AT R
B, MRS SRAFRE A, AR MEmEER, T8
UEAS Y AT SE 1, D6 20 5 26 AR S0 SR AT B E .

PR, A7 T S FL A veoh B 1R & A T
8, TG E, feis e i 5B SOt L
FAXHAT E, Al A 177 B Lt (10 1 RE R BK B
UEARAUNSS SR AR ] SE A

2 BEpHEAET
2.1 ZZ5KFHEMEERIEPER

Bl 19 GaAs = 25 WL 1) B K B J fF
gh B P L (a) B A R fY 2 2% % (B 1 (b)).
Gag.50Ing.50P, Gag.g9lng o1 As, Ge ZFH #1737 44
BRI bt R = A pn S, B pon g B
T ARE R, AR =S T = AN KB
HLVH, O %S L P O AR R AE, Tl 15 2
WE 1 (b) B A5 25 e % DR SE B Lt e R G
BELIER 5 AR K, WOEE 22 &5 P b P 558 A0 Pl B AT 4 22
FEECHLFE. 7EB 1 (b) W, I, D1y, Doy 354K L
JZ p-n GRS PR A BT R S B =
P RERL [, T, Dim, Dom CE 2 pon 455
B TTE, Iub, Db, Don A& T JE pn G5 Y
IR IO, Ry R BEMHZ p-n G52 [A] R BE

—

| | |
Gag.50lng.50P
SEE

Gag.g9lnp.o1As

BRiE S

(a) (b)
1 (a) SHERILREACE SAL IR, (b) =4t
SRR R R R A
Fig. 1. (a) The semiconductor structure of a triple-
junction solar cell; (b) the equivalent circuit for a

triple-junction solar cell.
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Fig. 2. The circuit network model of a triple-junction solar cell.
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Fig. 3. Schematic cross section of a flat Fresnel lens

with identical ring width.
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Table 1. Design parameters of Fresnel lens.
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Fig. 4. The variation of spot width under Fresnel lens

with the change of optical axis positions.
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band radiant power (700-900 nm); (d) long-wave band radiant power (700-900 nm).
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Table 2. Maximum points of Pmax and n near lens.
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Table 3. Maximum points of Pmax and n far from lens.
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band; (c) long-wave band.
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Abstract

High concentrating photovoltaic (HCPV) technology plays a more and more important role in solar power generation
due to its extremely high efficiency. However, the efficiency of the HCPV module can be reduced by many factors.
Especially, there are not enough researches and knowledge on the light intensity distribution and non-uniform illumination
of different wavelengths of light concentrated by Fresnel lens. It is generally considered that the maximum power of
multi-junction solar cell is achieved when the cell is placed on the focal plane of Fresnel lens. But it is proved to
be incorrect by our research. When light beams of different wavelengths go through the Fresnel lens, their light spot
distributions on the optical axis are not the same as those when they have different refractive indexes in Fresnel lens. At
the same time, the triple-junction solar cell consists of three sub-cells which absorb light beams of different wavelengths
respectively. Therefore, the performance of triple-junction cells would be influenced by the light distribution along the
optical axis, this is exactly what we want to study in this work. The method of simulating the light tracing is used to
calculate and analyze the light intensity distribution and non-uniform characteristics of different wavelengths of light
concentrated by Fresnel lens. Combined with them from the circuit network model of a triple-junction solar cell, the
electrical performances of triple-junction solar cell at different positions along the optical axis are studied. It is found
from the simulation that the performance of cell does not reach the best state when cell is placed on the focal plane. The
power of cell on the focal plane reaches only 0.41 W while the maximum point arrives at 0.69 W. The high non-uniformity
of light on cell surface when cell is placed on the focal plane causes the decline of power. And an outdoor HCPV testing
system with the ability to change the distance between Fresnel lens and the cell is conducted. The experimental results
and the simulation results match well, therefore our simulation approach is verified. It shows that the module achieves the
maximum power on either side of the focal plane, and the output power can increase more than 20% after optimization.

It is a result after equilibrium between light intensity and uniformity on cell surface.

Keywords: concentrating photovoltaic, Fresnel lens, triple-junction cell, non-uniform illumination
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