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Effect of light intensity uniformity on the photoelectric conversion

efficiency of GaAs cells

Wu Zhengnan, Xie Jiangrong, Yang Yannan
(Department of Applied Physics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: In order to study the effect of light intensity uniformity on the conversion efficiency of GaAs
cells, based on the working principle of single junction GaAs cell, the photoelectric conversion efficiency
of GaAs cells was analyzed when the laser intensity was different by using the equivalent circuit, and the
conversion efficiency of GaAs cells in different light intensity uniformity was studied by experiments.
Results show that the light intensity uniformity has a great influence on the photoelectric conversion
efficiency of the single junction GaAs cell. In some extreme conditions, it may cause the hot spot effect
and completely destroy the GaAs cells.
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Fig.1 Current-voltage(I-V) curves of GaAs photovoltaic cell
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Fig.2 Equivalent circuit of GaAs photovoltaic cell
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Fig.3 Light intensity distribution of cross section at 1.5 m

S AR T P45 GaAs Lt A1 B H S Y
T i R, s 1L % PR O I RO 9 RE 4 728 il £
Kl 4a)~(c) s, i AT RIN T = FP ot 24 5 B
[ A O , Ol FL T Y I % L T Bt O 58 JEE AR A B /D
BUETRETE 1V Zify, S i i ST 4R Bl A S 6
AR R 2 P RN, 255 5t ik BN WS I, B F O

T
1.2 1.2
1.0} 11.0
0.8 10.8
< ~
N 0.6 10.6 >
0.4} -~ {0.4
0.2} Ve Joa2
0 1 1 1 1 1 0
0 0.5 1.0 1.5 2.0 2.5 3.0
Incident intensity/W-cm
(a) ¥5E R 50.9%
(a) Evenness is 50.9%
1.2 1.2
1.0} 11.0
0 10.8
< ~
N 0.6 10.6 >
0.4t - 04
0.2f Ve o2
0 1 1 1 1 1 0
0 0.5 1.0 1.5 2.0 2.5 3.0
Incident intensity/W-cm
(b) ¥J51HEH 66.3%
(b) Evenness is 66.3%
1.2 1.2
1.0} 11.0
0 10.8
< ~
N 0.6 10.6 >
0.4t - 04
0.2f Ve o2
0 1 1 1 1 1 0
0 0.5 1.0 1.5 2.0 2.5 3.0

Incident intensity/W-cm

(c) ¥ K 78.9%
(c¢) Evenness is 78.9%
4 FEE GaAs 't HL A H T HL T /6L B v AL VOG5 B2 1Y
AL F
Fig.4 V. /I of the single junction GaAs photovoltaic cell versus

incident intensity

A B A A (6)Hr, B AT 15 2R R 58
5] R % GaAS B th 21 A4 6 o G B sUR BE IO 18
JEMARESE R I 5 Fis

FE 5 AT LAE H, O il i )6 s B 0 OR B DG
s 35 A0 BE B AN [ AR AR . O RR 38 AT B A
50.9% .66.3% Fl 78.9% M} , GaAs H ith 1% f5z F G5 e 5%
BAK 57.9% 62.4%F 66.1% , | iR%E AT i #

0606001-4



9Nk TAE

www.irla.cn

% 46 %

PRGN A LB B . AR 2 2] RO R B A 21D
FEL YL R T A, AR A 2% 3 (4) AT Ak T ' i 5 A
DR B AR, RE R HCR IR 5 AL T 55 )65
WOE BTN AR B T PN g5 f 1), AR TAEH
FEHRIEA— AR TR R, Ol i e AR 1 LR
A I G AR A B, L RE AR AR X AL S AR
FL T ZH P B AR R, i T BOL R A B il
This , MmOl B H B2 R REEMUR

0.7%
0.6%
& 0.5%r
8 0.4%f
£ 0.3%F
o T
0.1% - 66.3%
0 0.5 1.0 15 25 3.0

Incident intensity/W-cm™*
5 GaAs St i 21 AE ft B4 0 BB T 2 O R B2 B9 A8 T G R
Fig.5 Relationship between the energy conversion efficiency and

the average laser intensity in the GaAs photovolatic cells
3 4 i

Bt XT GaAs HL LAY L RE I A% i 72 | i A4
FL B BB 2 BT 1 D15 2492 JBE X 't r Yt B SR B 5
Wi, fELEEEAS b, BT T BRI R R RN
808 nm FF R AFOCHAOLI, Sebrill i T = ROt
R I R IR e A, A T AN TR Dl ik 4 2 BE O B R
AR IR ASR SR 3R, 2 MR 39 Pl el 3% i )0 64y
SIEEANTRIIN o 1t 20 A4 e R B R 2 IEAR K O
WA B HEBE2Z | GaAs HL L 2H 19 0't HL e 0 A% 3 AT
YA, AN 859 S o I S5 0 v it 2 15 R ) 52 i AN AR
R T R S B R R T E R
RPEARLEHIR, BOLMRY SRR AL R ST
W IR — N EE R, ISR THOE
ToL BE AL A B B N AT — E S H i,

SE k.

[1] Blackwell T. Recent demonstration of laser power beaming
at DFRC and MSFC[C]//AIP Conference on Beamed Energy
Propulsion, 2005: 73-85.

[2] George T, Tobias K, Ben S. High power semiconductor laser
cheer the United State light beam transmission competitions
[J]. Laser & Optoelectronics Progress, 2008, 45(10): 64—66.

[3] Han Qijin, Fu Qiaoyan,

Zhang Xuewen, et al. High-

(4]

(5]

(o]

(7]

(8]

(9]

[10]

[11]

0606001-5

frequency radiometric calibration for wide field-of-view sensor
of GF -1 satellite [J]. Optics and Precision Engineering,
2014, 22(7): 1707-1714. (in Chinese)

a4, AR, KPS L w5 A ST RURAL
B U O E AR L] Ot R AR, 2014, 22(7):
1707-1714.

Li Bing, Sun Bin, Chen Lei, et al. Application of laser
displacement sensor to free-form surface measurement [J].
Optics and Precision Engineering, 2015, 23(7): 1939-1947.
(in Chinese)

I, P, BRE, SF. WOGRL R AR IR ERTE A i i
PRI [I]. s K% LA, 2015,23(7): 1939-1947.

Yang Peng, Yang Yannan. The research of monocrystalline
silicon solar cells efficiency under laser [J]. Laser
Technology, 2012, 36(5): 696—699. (in Chinese)

MG, A7 ETE . WO i IR A R v Tt R e BOR R AT T 1]
BOBHA, 2012, 36(5): 696-699.

Qiao Liang, Yang Yannan. The experimental research of laser
wireless power transmission efficiency[J]. Laser Technology,
2014, 38(5): 590-594. (in Chinese)

TR, BER. BOLIL GERERBERN LRATR (1] ¥
JeH A, 2014, 38(5): 590-594.

Tian Jinrong, Song Yanrong, Wang Li. Error analysis of
peak power formula in pulsed lasers [J]. Chinese Optics,
2014, 7(2): 253-259. (in Chinese)

M4 2R, Rz, Fml. 5RO EE )3 A KR 22 501
(7). HEDE2E, 2014, 7(2): 253-259 .

Liu Xiaoguang, Hua Wenshen. Experimental investigations of
laser intensity and temperature dependence of single crystal
silicon photovoltaic cell parameters [J]. Chinese J Lasers,
2015, 42(8): 0802011. (in Chinese)

XIWE, AR SCUR. PO A MR i i ' A Pl e A L 2 ) S
AFFE1I]. ThENOL, 2015, 42(8): 0802011.

Xia Lei, Han Xudong, Shao Junfeng. Laser beam
combination accuracy of wavelength multiplexing[J]. Chinese
Optics, 2014, 7(5): 801-807. (in Chinese)

EAE, AR, #RIE. OGBS AR AT R, HEDE
2%, 2014, 7(5): 801-807.

Xing Shasha, Ran Yinghua, Jiang Haibo, et al. Illumination
mode conversion system design based on micromirror array
in lithography [J]. Acta Optica Sinica, 2015, 35 (11):
1111002. (in Chinese)

TRESIE, Proete, TN, 5. ST RO S S BOEZ) IR
BE AL RGBT Je2# 4, 2015, 35(11): 1111002.

Ye Rui. The effect

simulation of hot-spot and output



9Nk TAE

2 www.irla.cn

% 46 %

[12]

[13]

[14]

characteristics of PV array([J]. Electronic Test, 2014, 4: 35-38
Li Songli, Zhang Jun. Investigation of test method of hot-
spot endurance of PV module[J]. Chinese Journal of Power
Sources, 2013, 37(5): 778-780. (in Chinese)

ZERAEN, TR, SR RABE T A RS T R (I, R
HAR, 2013, 37(5): 778-780.

Marcus Staude. Guideline for interpretation and classification
of thermographic images [C]//9th International Laser
Processing and System Conference, 2014.

Shao Junfeng, Guo Jin, Wang Tingfeng. Theoretical research
on dynamics of femto-second laser ablation crystal silicon[J].
Infrared and Laser Engineering, 2014, 43 (8): 2419-2424.

(in Chinese)

[15]

[16]

0606001-6

AR G, R, EAENE. TCRNROL S Rk AR EAR A R B
T L5 5E0E TR, 2014, 43(8): 2419-2424.
Wang Zhenbao, Wu Yong, Yang Pengling, et al. Numerical
simulation and experiment on temperature fields distribution
of aluminum target under intensive laser [J]. Infrared and
Laser Engineering, 2014, 43(7): 2061-2065. (in Chinese)
FIRE, R, MM, . B0 R 0 A
HB I R SR ST (1], 2040 58O TR, 2014, 43(7):
2061-2065.

Zhao Nan, Sun Xueping. Properties test of photocell [J].
Information Technology, 2012, 10: 134-136. (in Chinese)
BORE, PNE M. G M AR R I E (] BB,
2012, 10: 134-136.



