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Simulation of three-junction GaAs solar cell temperature
field by continuous wave laser irradiation

SUN Hao', XU Jianming® , ZHANG Hongchao', YANG Huan', LU Jian'
(1. College of Science, Nanjing University of Science and Technology, Nanjing 210094, China;2. Shanghai Institute of Space

Power-Sources, Shanghai 200245, China)

Abstract
GaAs solar cell, a physical model was established by software COMSOL. The influence of laser power density, spot radius, anti

In order to study the effects of 1070nm continuous wave laser irradiation on output performance of three-junction

reflection film, thermal radiation and thermal convection on temperature field were studied by numerical simulation. The results

show that, absorption coefficient, thermal conductivity and photoelectric conversion efficiency are three main factors of
temperature evolution. The magnitude of temperature increases with the increasing of laser power density. The smaller the spot
radius is, the greater the temperature difference of cell surface. The conversion efficiency of solar cells can be effectively
improved by anti reflection film structure, but it also makes battery temperature higher. Thermal convection dominates under the
lower temperature (300K ~400K) of the battery. When the incident power density is 16. 7W/cm” and spot radius is the same as
the cell radius, after 20s, the central temperature of battery can reach 501. 521K and lead to photoelectric conversion efficiency of
0. The numerical simulation results are in good agreement with the experimental results. The study provides a theoretical basis for

the research of the mechanism of laser damage solar cells.
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Fig. 1 2-D axisymmetric model of solar cell at 1070nm continuous wave la-
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Table 1  Parameters of photoelectric conversion model

parameter value
the Boltzmann constant ky/(J - K -1 ) 1.381 x10°%
unit charge ¢/C 1.6 x10°"
diode ideal factory A 2

3 9.15 x10Y (7/300) -3 x
exp[ —15.2/(T/300) ]

intrinsic carrier concentration n;/cm”

internal quantum efficiency at T, Q. (T,) 0.95
internal quantum temperature coefficient k, 8 x107*

reflectivity R 0.1

laser wavelength A/nm 1070

4000 x ( T/300) %3
2090 x ( 7/300) =%

electron mobility w,/(cm? - V=! - s71)

hole mobility u,/( em? - V7.7l

electron diffusion length L /pm 1.5
hole diffusion length Lp/ m 3
acceptor doping concentration N,/ cm -3 1 x10"
donor doping concentration N,/cm -3 1x10'
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Table 2 Thermal parameters of Ge

parameter value

5323.4

density p/ (kg - m~?)
0.6 x (7/300) !
303 +6.13 x10 72T
0.803 -3.9x107*T
coefficient of heat transfer /(W + m~2 + K) 10

thermal conductivity k/(W + em ™! « K~1)
specific heat capacity ¢/(J - kg™' - K™1)
energy gap k,/eV

the Stefan constant ¢/ (W - m ™2 « K=%) 5.67x10°%
thermal radiation rate g 0.1
laser radius ay/cm 1.5
cell radius b/cm 1.5

1.4 x10*exp[2.81 x

absorption coefficient o( T")/cm ™' (1,16 +0.67 - £, ~1.17) ]
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Fig.4 Relationship between radial temperature and radial length at 20s un-

der various power densities
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