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Abstract: The output characteristics of GaAs cell are keys for the laser wireless power transmission 
system design. The measurement platform for the output characteristics of GaAs cell is established 
by single-junction GaAs cell and 1064 nm fiber laser. The influence rules of laser power and 
temperature on the short-circuit current, open-circuit voltage, peak power, fill factor, and conversion 
efficiency are measured. The measurement results show that the conversion efficiency firstly 
increases and then decreases with an increase in laser power, and reaches a maximum of 54.5% at the 
laser power of 0.405 W, whereas the conversion efficiency decreases with an increase in temperature, 
and decreases slowly with an increase in laser power. 
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1. Introduction 

In recent years, with the development of 

photovoltaic technology, high-power laser 

technology, and the increase of wireless power 

transmission requirements, the laser wireless power 

transmission technology has gradually gained 

people’s attention. The laser has the advantages of 

good monochromaticity, good directivity, and 

energy concentration. It can realize long-distance 

and high-power wireless power transmission with a 

small receiver area. Therefore, it has a wide range of 

application prospects in the energy supply in many 

fields such as space detectors, near space vehicles, 

and unmanned aircrafts [1, 2]. The photovoltaic cell 

is the basic unit of laser wireless power transmission 

system, and its performance directly affects the 

working state of the system. Therefore, it is very 

important to accurately grasp the performance 

parameters of photovoltaic cell for the design of 

laser wireless power transmission system. The 

semiconductor laser has high electro-optical 

conversion efficiency and low cost. In addition, the 

silicon cell has better spectral response to 808 nm 

laser. At present, the research on the performance of 

laser-irradiated photovoltaic cell is mostly focused 

on the performance of 808 nm semiconductor laser 

irradiated silicon cell [3, 4]. On the one hand,    

808 nm semiconductor laser has large divergence 

angles, low power, and severe atmospheric 

transmission attenuation, which has limitations in 

laser wireless power transmission. On the other hand, 

the GaAs cell has the advantages of large optical 

absorption coefficient, high photoelectric conversion 

efficiency, strong radiation resistance, and high 

temperature resistance. Study on the output 

characteristics of GaAs cell irradiated by laser is of 

great significance for the exploration of laser 
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wireless power transmission. In addition, most of the 

previous researches focused on the relationship 

between the output characteristics of photovoltaic 

cell and the laser power [5‒8], whereas the effect of 

temperature on the performance of photovoltaic cell 

is less studied. In reality, due to the high laser power 

density, the photovoltaic cell will produce a 

significant temperature rise, resulting in a decrease 

in the performance of photovoltaic cell [9‒12]. 

Therefore, the relationship between the output 

characteristics of photovoltaic cell and the 

temperature is also an important aspect that should 

be considered. This paper focuses on single-junction 

GaAs cell and 1064 nm fiber laser. The measurement 

platform for the output characteristics of GaAs cell 

is established, the influence rules of laser power and 

temperature on the short-circuit current, open-circuit 

voltage, peak power, fill factor, and conversion 

efficiency are measured, which can provide 

technical support for laser wireless power 

transmission system design. 

2. Method design 

The system is mainly divided into two parts: the 

laser emitting end and the photovoltaic cell 

receiving end. The laser emitting end includes a 

laser, a beam expander, an aperture, and a half 

mirror. The photovoltaic cell receiving end includes 

a GaAs cell, a temperature control module, a laser 

power meter, and an I-V analyzer. The laser is firstly 

expanded by the beam expander and then divided 

into two parts by the half mirror. One part irradiates 

the GaAs cell, and the other part irradiates the laser 

power meter. Different from the design requirements 

of traditional photovoltaic cell through 

multi-junction structures, the energy carrier used in 

this paper is a single-frequency laser, and the 

single-junction GaAs cell can meet the requirements. 

By changing the components of GaAs cell and using 

InP as the substrate, the wavelength at the peak of 

spectral response curve is adjusted to the wavelength 

of incident laser, and the energy conversion 

efficiency can be optimized. By adjusting the beam 

expander and aperture, it is possible to achieve a 

continuous adjustment of the spot size on the surface 

of GaAs cell sample, so that the spot size is slightly 

larger than the sample size. Besides measuring the 

value, the laser power meter monitors the stability of 

laser power. The GaAs cell is attached to the 

temperature control module. The temperature of 

GaAs cell is controlled by adjusting the current. The 

short-circuit current, open-circuit voltage, and peak 

power can be directly collected through the I-V 

analyzer, and the fill factor and conversion 

efficiency can be indirectly calculated as  

mp mp

oc sc

V I
FF

V I
                 (1) 

where mpV  and mpI  are the corresponding voltage 

and current for the peak power, respectively, and 

ocV  and scI  are the open-circuit voltage and 

short-circuit current, respectively. 

The conversion efficiency is as 

mp

in

=
P

P
                  (2) 

where mpP  is the peak power, and inP  is the 

incident power. 

3. System setup 

The system setup is shown in Fig. 1. The 

parameters of the components are shown in Table 1. 
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Fig. 1 System setup. 
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Table 1 Parameters of the components. 

System Component Parameter 

Laser 
emitting end 

Laser 
Type: fiber laser 

Wavelength: 1064 nm 
Power: 0 W‒20 W, continuously adjustable 

Beam expander 
Convex lens 1 

Diameter: 25 mm 
Focal length: 50 mm 

Convex lens 2 
Diameter: 25 mm 

Focal length: 150 mm 
Aperture Adjustment range: 2 mm‒50 mm 

Half mirror Diameter: 25 mm 

Photovoltaic cell 
receiving end 

GaAs cell 
Type: single-junction 
Size: 10 mm10 mm 

Temperature control module Accuracy: 0.1 ℃ 

Laser power meter 
Measurement range: 0 W‒30 W 

Probe diameter: 30 mm 

I-V analyzer 
DC voltage resolution: 1 mV 

DC current resolution: 0.1 mA 

 
4. Results 

The short-circuit current, open-circuit voltage, 
peak power, fill factor, and conversion efficiency of 
GaAs cell versus incident power at 25 ℃ are shown 
in Fig. 2. It can be seen that the short-circuit current 
changes linearly with the laser power, the 
open-circuit voltage and peak power changes 
logarithmically with the laser power, the fill factor 
and conversion efficiency show a single peak curve 
with the change of laser power, and the change 
trends of the two are the same. On the left side of the 
peak, the fill factor and conversion efficiency 
increase with an increase in laser power. On the 
right side of the peak, the fill factor and conversion 
efficiency decrease with an increase in laser power. 
When the laser power is 0.405 W, the fill factor and 
conversion efficiency reach a maximum of about 
0.91 and 54.5%. This is because there is 
recombination radiation in the GaAs cell. As the 
photon energy emitted by the recombination 
radiation is generally larger than the band gap of 
GaAs cell, the reabsorption process exists, and only 
the net recombination contributes to the conversion 
efficiency. When the laser power is low, the 
proportion of recombination radiation in total 
incident radiation is larger, and the conversion 
efficiency is low. With an increase in laser power, 
the proportion of recombination radiation decreases, 

and the conversion efficiency increases. When the 
recombination radiation ratio drops to 0, the 
conversion efficiency reaches a maximum value. In 
addition, the thermal resistance effect of GaAs cell 
under high laser power becomes intense. Therefore, 
the conversion efficiency begins to decrease with an 
increase in laser power. 

The temperatures of GaAs cell versus time under 

different laser power irradiations are shown in Fig. 3. 

It can be seen that with the continuous irradiation of 

laser, the temperature of GaAs cell gradually 

increases, and the increase range is related to the 

laser power. When the laser powers are 0.135 W, 

0.405 W, 0.675 W, and 1.35 W, the maximum 

increases are 1.62 ℃, 3.78 ℃, 6.85 ℃, and 18.19 ℃, 

respectively. This is because the larger the laser 

power is, the more energy is absorbed by GaAs cell, 

the more heat energy is converted, and the greater 

the temperature increases. When stopping the 

irradiation of laser after 60 seconds, the temperature 

of GaAs cell begins to decrease. In the initial stage, 

the temperature decreases rapidly, and then the 

temperature decreases slowly and gradually tends to 

a stable temperature, which is still higher than the 

initial temperature in a short time. This is due to the 

fact that the thermal diffusion of GaAs cell is mainly 

through infrared radiation and is proportional to the 

fourth power of temperature. In the initial stage, the 
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temperature of GaAs cell is relatively high, the 

infrared radiation is strong, and the temperature 

decreases rapidly. Then, the infrared radiation is 

weakened, and the temperature decreases slowly.
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Fig. 2 Output characteristics of GaAs cell versus incident power: (a) short-circuit current, (b) open-circuit voltage, (c) peak power, 

(d) fill factor, and (e) conversion efficiency. 
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Fig. 3 Temperature of GaAs cell versus time: (a) incident power 0.135 W, (b) incident power 0.405 W, (c) incident power 0.675 W, 

and (d) incident power 1.35 W. 
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The influence of temperature on the short-circuit 
current and fill factor is negligible. The open-circuit 
voltage, peak power, and conversion efficiency 
versus temperature under different laser power 

irradiations are shown in Fig. 4. It can be seen that 
the open-circuit voltage decreases with an increase 
in temperature, and the decrease rate decreases with 

an increase in laser power. This is because the 
increase of temperature makes the band gap of GaAs 
cell narrower, and causes an increase in the 

depletion layer recombination rate, and then leads to 
a decrease in open-circuit voltage. With an increase 
in laser power and the luminous flux, the density of 

minority carriers and short-circuit current increase, 

which makes the influence of dark saturation current 

smaller than the positive current on the open-circuit 

voltage. The peak power and conversion efficiency 

decreases with an increase in temperature, and the 

decrease rate decreases with an increase in laser 

power. This indicates that the decrease in peak 

power and conversion efficiency is mainly due to a 

decrease in open-circuit voltage. When stopping the 

irradiation of laser, the output characteristics of 

GaAs cell will gradually recover with a decrease in 

temperature.
 

O
pe

n-
ci

rc
ui

t v
ol

ta
ge

 (
V)

 

0.9 

0.85 

0.8 

0.75 

0.7 

0.65 

0.6 

0.55 

0.135W 
0.405W 
0.675W 
1.35 W 

 

Temperature (℃) 
30 35 40 45 

0.5 
25 

(a)   

 

P
ea

k 
po

w
er

 (
m

W
) 

0.135W
0.405W
0.675W
1.35 W

100 

200 

300 

400 

500 

Temperature (℃) 
30 35 40 45

0 
25

(b)   

C
on

ve
rs

io
n 

ef
fi

ci
en

cy
 (

%
) 

0.135W
0.405W
0.675W
1.35 W

35

40

45

50

55

Temperature (℃) 
30 35 40 45

30
25

(c)  
Fig. 4 Output characteristics of GaAs cell versus temperature: (a) open-circuit voltage, (b) peak power, and (c) conversion 

efficiency. 

 

5. Discussion and conclusions 

The output characteristics of single-junction 
GaAs cell irradiated by 1064 nm fiber laser is 
studied, and the relationship between the output 
characteristics and the laser power and temperature 
is analyzed. It shows that the conversion efficiency 
of GaAs cell is high with the matching wavelength 
and the power of laser irradiation, which is suitable 
for laser wireless power transmission applications. 
The conversion efficiency shows a single peak curve 
with the change of laser power. With the continuous 
irradiation of laser, the temperature of GaAs cell 
gradually increases, which leads to a decrease in 
conversion efficiency. Therefore, appropriate 
temperature control measures should be taken to 
reduce the influence of temperature. 

The work can be an important supplement to the 
existing research, which is mostly focused on the 

performance of 808 nm semiconductor laser 
irradiated silicon cell and rarely involved in the 
effect of temperature. However, there are also some 
limitations of this study, e.g., the size of the sample 
is not big enough which is only 10 mm10 mm, the 
power of the laser is not high enough which is only 
0 W‒20 W, and the adaptability of the system is not 
good enough which is limited by the component 
dispersion. Future work needs to optimize the design 
of GaAs cell to meet the high power density laser 
irradiation, enhance the system integration, and 
further improve the conversion efficiency to meet 
the major needs of a variety of laser wireless power 
transmission applications, such as air-ground, air-air, 
and ground-ground. 
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