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Fig. 1. Solar cell model used for simulation.
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Table 1. Physical parameters of PSCs used in simulation studies.

Parameter SnO, CuyO CsyBiAgly CsPbly; CsyPtly CsGel; PeDA;MA;Pbgliy MASnI; FAMAPDI,
Layer thickness/nm 100 100 100 100 100 100 100 100 100
Bandgap/eV 3.3 217 1.6 1.694 1.37 1.6 1.6 1.35 1.53
Electron affinity/eV 4 3.2 3.9 3.95 4.3 3.52 3.98 4.17 4
Relative permittivity 9 6.6 6.5 6 4.8 18 25 6.5 9

Effective conduction band

Qonsity /(1017 e 9 22 2500 100 1100 0.003 10 75 10 100
Effective valence band
density /(1017 cm®) 2.2 2500 100 800 1 100 18 100 50
Electron mobility/(cm?V 1-s) 20 80 2 25 62.6 20 14 1.6 5
Hole mobility/(cm?V 1s1) 10 80 2 25 62.6 20 0.3 1.6 3
Donor concentration/(10'7 cm3) 10 0 0 0.01  0.00001 1 0 0 0.2
Acceptor concentration/(10'7 cm™®) 0 30 10 0 0.01 1 0 10 0.2
Density of defect state/(10"* cm™®) 1 10 1 1 1000 1 2.5 1 0.1
Refs. (1] [15] [21] [13] [22] [23] [24] [25] [26]
—0— CsyBiAgls —o— CsPbl CsoPtlg —9— CsGels —9— PeDAsMA;Pbglig —9- MASnl; —o- FAMAPDI;
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Fig. 2. Effect of perovskite layer thickness on the performance parameters of FTO/SnO,/Perovskite Layer/Cu,O/Au: (a) V.

(b) Ji; (¢) FF; (d) PCE.
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Fig. 3. Influence of L1/L2 defect state density on the performance parameters of FTO/SnO,/Perovskite Layer/Cu,O/Au: (a) V,;

(b) Jo; (c) FF; (d) PCE.
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Fig. 4. Effect of N on the performance parameters of FTO/SnO,/Perovskite Layer/Cu,O/Au: (a) V,.; (b) Ji; (¢) FF; (d) PCE.
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Fig. 5. Effect of Ny on the performance parameters of FTO/SnO,/Perovskite Layer/Cuy,O/Au: (a) V. (b) Ji; (c) FF; (d) PCE.
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Table 2. Comparison of solar cell performance be-
fore and after optimization.
FLERAT 2 A fefen fefer
FF/% PCE/% FF¥F/% PCE/%
Cs,BiAgly 80.72 11.54 86.73 23.90
CsPbly 87.73 10.24 83.58 17.91
Cs,yPtlg 78.00 16.92 80.53 27.95
CsGely 65.37 13.66 86.90 25.73
PeDA,MAPbely  21.99 13.58 72.00 23.52
MASnI; 59.22 20.66 74.99 26.90
FAMAPbDI; 79.00 14.80 80.89 27.82

HLM A5 1491 PCE BIA 1T, 76T A F5 K0 14514
W1, Cs,BiAgly 1Y PCE ¥4 lE ik, H 11.54% $#2 7+
% 23.9%, #F Cs,Ptl; ) PSCs [ PCE #% i Al
ik 27.95%, TELRRR = 2GR R, FR0E Pt ik 3
T 80.53%.

3.4 PSCs RyiREMIX
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T LT, LTI RE AR K, F 528 7 ]
Y56 ORI R, DT ARG B A 2 1Y A5 . 7
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S, s N AR R R TR . R BH fE
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X A AE HL i PCE Fifi 5 I B2 0% T i 1 ReAIG; i
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1 PeDA,MA Pl 7EHAR YR 5 Bl N (300—
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Fig. 6. (a) Effect of temperature on FF; (b) effect of tem-
perature on PCE.
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Fig. 8. QE curves of solar cells optimized with different per-

ovskite materials.
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Abstract

Perovskite solar cells have become a research hotspot in the photovoltaic field due to their excellent
photoelectric performance and low-cost preparation processes. However, the environmental toxicity of
traditional lead-containing perovskite materials and the optimization of device performance encounter key
problems that limit their commercial applications. Numerical simulation methods provide an efficient and cost-
effective approach for optimizing perovskite solar cell devices, allowing for rapid material screening and
structural parameter optimization, thereby reducing experimental trial-and-error costs.

Based on SCAPS-1D, this work systematically investigates the performance of solar cells with the structure
FTO/Sn0,/perovskite layer/Cu,O/Au by using numerical simulation. Seven different lead-free and lead-
containing perovskite materials are selected as the light-absorbing layer. By the comparative analysis of their
photoelectric characteristics, this work explores the influences of perovskite layer thickness, electron transport
layer thickness, hole transport layer thickness, interface defect state density, and carrier concentration on device
performance. Furthermore, temperature testing and J-V and QE curve analyses are conducted on the optimized
perovskite solar cells. The results indicate that excessive thickness of the perovskite layer increases carrier
recombination rate, thereby reducing cell efficiency. The optimized Cs,Ptlg-based perovskite solar cell exhibits
the best performance, with a power conversion efficiency of 27.95%, which is much higher than those of other
lead-free and some lead-containing perovskite devices. Under extreme temperature conditions of 600 K, the PCE
of CsyPtl; remains around 50% of its value at room temperature (300 K). This study reveals the influences of
different perovskite materials and device parameters on photovoltaic performance through systematic numerical

simulation analysis, providing a theoretical basis for designing efficient and stable perovskite solar cells.
Keywords: perovskite solar cells, numerical simulation, parameter optimization, SCAPS
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