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Investigation of the Output Characteristics of GaAs Solar Cell
Based on Fresnel Concentrating System
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Abstract The output characteristics on a GaAs solar cell and the components which are composed of six pieces of
GaAs solar cells in concentration ratio 676 based on Fresnel concentrating system is analyzed. Single-index model of
GaAs solar cell is established and compared with experiments. There is a good agreement of theory and experiments
with the error less than 7. 6% . The experimental results indicate that, with the same concentration ratio, a GaAs
solar cell is in concentration ratio 390, and the six pieces of GaAs solar cells is in concentration ratio 281. The short-
circuit current of the monolithic cell is enlarged 322 times, and the max electric power is enlarged 316 times in
concentration which of the six pieces of GaAs solar cells system is enlarged 275 times and 272 times. The maximum
power output of the solar cell is achieved when the energy-flux density is 0.321 MW/m*. The GaAs solar cell works
well with a temperature lower than 323 K. The efficiency of the system increases 0.227 % as the transmittance of the
system improve 0.01. The monolithic GaAs solar cell can generate electric energy 0.015 kW+h and the the cell set of
six pieces can generate electric energy 0.076 kW+h for a clear day with daily direct irradiation of 17.212 MJ/m*.
Key words optoelectronics; Fresnel concentrating photovoltaic system; GaAs solar cell; output characteristics;
irradiance; cell temperature
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Fig. 1 (a) Principle and (b) photo of a Fresnel concentrating photovoltaic system
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Table 1 Energy-flux concentration ratio of a monolithic Fresnel concentrator

Non-concentrating

irradiance P, /W 0.31  0.32  0.33

0. 34 0. 35 0. 36 0. 37 0. 38 0.39 0.4

Concentrating irradiance P, /W 4. 82 5.01 5.16
Concentration ratio 388. 7 391.4 390. 9

.31 5.45 5.62 5. 77 5.93 6.08 6.25
390. 4 389.3 390. 3 389.9 390.1 389.7 390. 6
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Table 2 Energy-flux concentration ratio of the Fresnel concentrating system consisting of six pieces of cells

Non-concentrating

irradiance P, /W 0.31 0.32 0.33

.34 0.35 0. 36 0. 37 0. 38 0. 39 0.4

Concentrating irradiance P, /W 3. 46 3.48 3.67
Concentration ratio 279 271.8 278.2

3.85 3.95 4. 07 4.22 4. 27 4.4 4.53
283.4  281.5 282.7 285.3 280.9 281.8 283.4
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Table 3 Parameters comparison of a monolithic GaAs cell in concentration ratio 1 and 390

Concentration Short-circuit Open-circuit Peak power Filling factor Effici /% Series
ratio current I /A voltage V,./V P./W Fe/% IC1ENEYy 7 /70 resistance R, /Q

1 0. 005 2.61 0.0098 73.6 42.1 0.49

390 1. 61 2.8 3.1 69 38.6 0.17

FA X mh A B L it B IR 2 1 JROB R IS B S8 A

Table 4 Parameters comparison of the component based on six pieces of cells in concentration ratio 1 and 281

Concentration Short-circuit Open-circuit

Peak power P,,/W Filling factor Efficiency /% Series

ratio current I./A voltage V,./V Fe/% resistance R,/
1 0. 004 16.63 0. 0505 82.4 40.5 3
281 1.1 17.54 13.74 71.2 39.4 2.27
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Table 5 Peak power of a GaAs solar cell versus beam direct irradiance at constant temperature

Variables

Values

I/Wem™ 530 550 649 703 763
P,/W  1.97 2,07  2.33  2.56  2.68
7/% 38.1  38.6  36.8  37.3 36

824 851 865 871 879 900

2.82 2.89 2.89 2.88 2.89 2.9 2.89
36.5 35.9 34.8 34.1 34 33.9 32.9
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Table 6 Peak power of a GaAs solar cell versus cell temperature with constant direct irradiance

Variables

Values

T /K 310.96 313.16 314.56 316.16 319.36
P./W 2.91 2.9 2.89 2.9 2.89

322.16
2.89 2.85 2.79 2.65 2.55 2.36 2.3
36. 1 35.6 34.9 33.1 31.9 29.5 28.8

323.16 324.18 325.16 326.16 329.16 330.16

7 /% 36.4 36.3 36.1 36.3 36.1
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