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Fig. 1. Schematic diagram of device architectures.
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Table 1. Simulation parameters for GeSe based solar cell in this study.

28 FTO TiO, GeSe Cu0
JERE /um 0.5[22] Variable Variable Variable
XA AL €, 912,231 104 15.3029] 7.1187
i Eg/oV 3.5022.23] 3.9[23.24] 1.14/8.12,25] 9.17127.28]
HLTSRFIRE eV 4022.23) 3.902321) 4.0718] 3.22729
SRS EE N,/(107 cm ) 22.0022 220.00241 40.01261 2.0027)
MAHAHSHEIE N,/(10" cm 3) 1.8122 1.8024 1.750201 1.107

it £ TEEE Np /(10 cm ) 202 Variable 0 0
ZERRTFWRE Ny/em? 0 0 Variable Variable
TR u,/(cm?V st) 20[2223] 20123) 11.20829) 200027
2RI H py/(cm? Vs 102223 103 12,7682 80127
BEERE N,/(10"° cm9) 1[22.23] 1023.24] Variable 127
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Fig. 2. Schematic diagram of energy band of GeSe based

solar cell.
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Fig. 3. Variations of output parameters depending on the thickness and carrier concentration of ETL: (a) V,

i (b) Jies () FF; (d) .
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Fig. 4. Variations of output parameters depending on the thickness and carrier concentration of HTL: (a) V,.; (b) Ji; (¢) FF; (d) n.
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Fig. 5. GeSe based solar cell with different acceptor concentration of the HTL: (a) Energy band structure; (b) carrier recombina-

tion rate.
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Fig. 6. Influences of thickness and carrier concentration variations of the GeSe absorber layer on the photovoltaic performance para-

meters for the proposed solar cell: (a) V. (b) Ji; (c) FF; (d) n.
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Fig. 7. Photovoltaic performance parameters of the GeSe based solar cell with different N, g, and operating temperature: (a) Vi

(b) Jie; (c) FF; (d) .
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Fig. 8. Photovoltaic performance parameters of the GeSe based solar cell with different N, and operating temperature: (a) V.
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Fig. 9. Photovoltaic performance parameters of the GeSe based solar cell with different N, and operating temperature: (a) V.
(b) Jic; (¢) FF; (d) n
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Fig. 10. The GeSe based solar cell with different back contact work function: (a) J-V curves; (b) energy band diagram.
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Table 2.

GeSe based solar cell with different back contact work

Photovoltaic performance parameters of the

function.

Vee/V Jse (mA-cm ?) FF/% n/%
4.5 eV 0.599 40.63 47.96 11.67
4.6 eV 0.697 40.66 55.45 15.70
4.7 eV 0.751 40.68 63.52 19.42
4.8 eV 0.755 40.70 74.73 22.96
4.9 eV 0.753 40.70 82.11 25.16
5.0 eV 0.752 40.71 82.88 25.38
5.1eV 0.752 40.71 82.89 25.39
5.2 eV 0.752 40.71 82.89 25.39

Zead IR RIAIIEGT, 300 KA BH L vt
U TERES R Ve, Joo, FF R 205108 0.752 V,
40.71 mA-cm 2, 82.89% Fl 25.39%. X LS AR
1R5MH T 3.

# 3 BHUPTSIUE R R R B 4 R 24
Table 3.
al parameters and heterointerface properties.

Optimized values of the different materi-
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Abstract

One of the research hotspots in thin film solar cell technology is to seek the suitable absorber layer
materials to replace cadmium telluride and copper indium gallium selenium. Recently, germanium selenide
(GeSe) with excellent photoelectric property has entered the field of vision of photovoltaic researchers. The
main factors affecting the performance of heterojunction solar cell are the material properties of each functional
layer, the device configuration, and the interface characteristics at the heterostructure. In this study, we utilize
GeSe as the absorber layer, and assemble it with stable TiO, as electron transport layer and with Cuy,0O as hole
transport layer, respectively, into a heterojunction solar cell with the FTO/TiO,/GeSe/Cu,O/Metal structure.
The TiO, and Cu,O can form small spike-like conduction band offset and valence band offset with the absorber
layer, respectively, which do not hinder majority carrier transport but can effectively suppress carrier
recombination at the heterointerface. Subsequently, the wxAMPS software is used to simulate and analyze the
effects of functional layer material parameters, heterointerface characteristics, and operating temperature on the
performance parameters of the proposed solar cell. Considering the practical application, the relevant material
parameters are selected carefully. After being optimized at 300 K, the proposed GeSe heterojunction solar cell
can reach an open circuit voltage of 0.752 V, a short circuit current of 40.71 mA-cm 2, a filling factor of 82.89%,
and a conversion efficiency of 25.39%. It is anticipated from the results that the GeSe based heterojunction solar
cell with a structure of FTO/TiO,/GeSe/Cuy,O/Au has the potential to become a high-efficiency, low toxicity,
and low-cost photovoltaic device. Simulation analysis also provides some references for designing and preparing

the heterojunction solar cells.

Keywords: germanium selenide, TiO,, Cuy0, solar cell, simulation
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