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Abstract:

In this study, a chalcopyrite-based solar cell structure (CIGS/OVC/CdS/i-
Zn0) was proposed. The current-voltage (I-V) characteristics obtained
using SCAPS-1D simulation software showed the following results:( Voc
= 0.5587 V, Jsc = 31.68 mA/cm? FF = 61.40%, and efficiency (1) =
10.87%). To develop a more reliable solar cell with enhanced -V
characteristics, various materials were individually tested for each layer
of the proposed solar cell. First, different Transparent Conductive Oxide
(TCO) layers were examined, including ITO, SnO2, ZTO, FTO, ZnO:Al,
V203, and ZnO. Among these, SnO- demonstrated the highest efficiency,
with an optimal thickness of 0.1 pum. Next, various window layers were
evaluated, including CdZnS, ZnTe, CdS:0, Zn.SnO4, ZnS, and CdS. ZnS
was found to be the most efficient window layer. For the buffer layer,
different materials were tested, including CdS:0, CdO, ZnSe, In2Ss, and
OVC. ZnSe showed the best performance among them. The effect of the
absorber layer (CIGS) thickness on the solar cell performance was also
studied, revealing that the optimal thickness is 5 um. After integrating the
optimal TCO, window, and buffer layers, the improved solar cell
structure  (CIGS/ZnSe/ZnS/Sn0O2)  exhibited the following [-V
characteristics: (Voc = 0.55226 V, Jsc = 31.910 mA/cm?, FF = 64.76%,
and n=11.42%).

The impact of temperature on cell performance was investigated within
the range of (290 K) to (330 K). It was found that the efficiency ()
decreased with increasing temperature. Additionally, the effects of series
resistance (Rs) and shunt resistance (Rsh) were examined. Higher Rs
values led to reduced cell performance, while increased Rsh improved
performance and output. A Back Surface Field (BSF) layer was also

introduced and tested using different materials, including PbTe, Cu:Te,

d



Si, MoSe2, and CdTe. CdTe showed the best performance, with an
optimal thickness of 0.1 pm. The addition of the BSF layer enhanced the
efficiency to (26.47%). Moreover, the inclusion of the BSF layer allowed
for a reduction in absorber thickness from (5um) to (1pum), while
increasing the efficiency from (26.47%) to (27.5%). The effect of the
CIGS absorber’s bandgap on efficiency was also studied, And the final
results obtained were (Voc=6.525V01t,Jsc=37.577mA/cm2,FF=60.298%,
n=28.25%), All simulation conditions were standardized with an
illumination spectrum of (AM 1.5), temperature set at (300 K), and a
frequency of (1 MHz).
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