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Study of the Effect of Varying the Solar Spectrum, Series
and Shunt Resistances, Quantum Efficiency, and Temperature

on the Performance of the Chalcopyrite (CIGS/ZnSe/ZnS/Sn0O:) Solar Cell
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Abstract:

The study involved performing simulations using the one-dimensional simulation soft-
ware SCAPS-1D for a chalcopyrite solar cell structure (p-CIGS/n-ZnSe/ZnS/Sn0:) to in-
vestigate the performance of the solar cell under various influencing factors. The highest
achieved efficiency of the solar cell was 11.42% under the standard solar spectrum AM1.5G,
at a temperature of 300K and with a CIGS absorber layer thickness of 5 um. The study also
showed that the efficiency could reach up to 26.59% when using a monochromatic spec-
trum with constant power. Additionally, an analysis was conducted to assess the impact of
series and shunt resistances on solar cell performance. It was found that an increase in se-
ries resistance led to a reduction in the short-circuit current density (Jsc), and consequently,
a decrease in solar cell efficiency. However, its effect on the quantum efficiency (QE) was
minimal. On the other hand, an increase in shunt resistance helped reduce parasitic losses
and improved the open-circuit voltage (Voc), fill factor (FF), and overall efficiency (). The
study also examined the effect of temperature variation on solar cell performance, and the
results indicated that an increase in temperature led to a decline in the cell’s efficiency.

Keywords:CIGS, SCAPS-1D Simulation Program, Series and Shunt Resistance.
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Parameter P-CIGS n-ZnSe n-ZnS n-SnO,
Thickness (um) 5 0.5 0.1 0.1
Band gap(eV) 1.2 33 3.9 3,6
Electron affinity(eV) 4.5 4.1 4.5 4.5
Dielectric permittivity 10 10 10 9
CB effective density of states (cm™) 2.00 E*® | 1.80E® | 1.80 E*'® | 2.20E"'®
VB effective density of states (cm™) 22E™ 1.8 E*?® 1.8E*" 1.80E*"
Electron thermal velocity (cms™) 1.00E* 1.00E* 1.00E* 1.00E”
Hole thermal velocity (cm/s) 1.0E" 1.0E" 1.0E"7 1.0E"7
Electron Mobility (cm? /Vs) 50 100 100 100
Hole Mobility (cm?/Vs) 20 25 25 25
Shallow uniform donor density , N_ (cm™) 0 1.0E*" 1.0E*" 1.0E*Y?
Shallow uniform acceptor density , N, (cm™) | 5.500E"" 0 0 0
Newn | Sile | Sude | Sl
Capture Cross Section Electron (cm?) 1. OE 1. OE" 1.OE® 1.OE"®
Capture Cross Section Hole (cm?) 1.0E15 1.0E 2 1.0E2 1.0E 2
N, (1/cm?) 1.OOE" | 1.00E5 | 1.0E"S | 1.0E"
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Spectrum Model V..(- Jsc(mA/ FF% | 1% Vi | Jypp(mMA/
Volt) cm?) Volt) cm?)
1 Black body spectrum 0.8491 20.6237 | 67.039| 11.72 | 0.6870 | 17.0899
2 | AM1 _5G 1 sun. spectrum | 0.8604 22.9466 | 66.408| 13.11 | 0.6913 | 18.9643
3 | White spectrum, constant | 0.7865 8.4131 68.864 | 21.20 | 0.6488 7.0230
photon flux
4 | White spectrum, constant | 0.9450 40.8084 | 62.348 | 24.03 | 0.7156 | 33.5967
photon power

0.9645

6 | Monochromatic spectrum, 44.0201 |62.417| 26.59 | 0.7208 | 36.7649

constant power
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