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Abstract

Introduction: In thin-film solar cells based on multi-component
semiconductors like Culn.Gax- ;1 Se, (CIGS), the buffer layer between
the p-type absorber and low-resistance n-type layer plays a crucial role.
Typically, n-conductive buffer layers employ wide-bandgap
semiconductors such as cadmium sulfide (CdS) deposited from chemical
solutions. Chemically vapor-deposited CdS layers (40-100 nm thick) in
CIGS solar cells have achieved ~21% conversion efficiency. However,
due to CdS toxicity, researchers are seeking alternative materials. Current
investigations focus on B3,C% semiconductor compounds (where B3, =
Al/Ga/ln and C® = S/Se/Te) for developing radiation-resistant, high-
efficiency thin-film solar cells. Among these, the binary compound In,Ss;
has shown particular promise. This study aims to obtain new data on the
microstructure and optical properties of In,Ss thin films as functions of
deposition methods, with potential implications for advancing thin-film
photovoltaic technology.

Methods: In this study, In,Ss thin films of varying thicknesses were
deposited on BK7 glass substrates via thermal evaporation at 250°C, with
a pressure of 5.2 x 10~* and a deposition rate of 5.2 A/s. Post-deposition
annealing was performed at 300-400°C for 30-60 minutes. The
crystalline structure and phase composition were analyzed using XRD
(DRON-3M, CuKa radiation, 26 = 15-100°), while surface morphology
and elemental composition were examined via SEM (JEOL 6400) and
AES (PHI-660). AFM (NT-206) revealed surface topography, and optical
properties were characterized using UV-Vis-NIR spectroscopy (Cary-
500, 400-2500 nm). Raman spectroscopy (Nanofinder, 532 nm laser)
identified active modes (9A; and 14E), with spectral shifts and bandwidth
changes indicating annealing effects. XRD and Raman results confirmed
a phase transition from tetragonal to cubic at higher annealing
temperatures. Data analysis was performed using Origin software,
demonstrating the significant impact of thermal treatment on the
structural and optical properties of In,Ss thin films.

Findings: This study developed a thermal evaporation technique for
producing In,S3 thin films (40-1500 nm) on substrates at 200-240°C,
followed by thermal annealing (300-400°C, 30-60 min). XRD analysis
revealed as-deposited films were amorphous, while annealing at 330°C
induced a tetragonal phase (peaks at 103, 214, 324, 303), and 400°C
annealing produced mixed tetragonal/cubic phases. AFM and SEM
showed optically homogeneous films with grain size increasing from.
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Extended Abstract

Introduction

In thin-film solar cells based on multi-
component semiconductor materials such as
Culn.Ga,_,Se;, the formation of a buffer layer
between the p-type absorber layer and the low-
resistance n-type layer plays a crucial role.
The buffer layer material typically consists of
n-type conductive layers based on wide-
bandgap semiconductor compounds, such as
cadmium sulfide (CdS), which are deposited
from salt solutions. The use of CdS layers
prepared by chemical vapor deposition with a
thickness of 40 to 100 nanometers in
Culn,Gay_,Se,-based solar cells has led to an
efficiency of approximately 21% for thin-film
photovoltaic converters. Due to the toxicity of
cadmium sulfide, researchers are seeking
alternatives for this material in electronic
components. Currently, B32C43-type
semiconductor  compounds  (where B;
represents Al, Ga, or In, and Cg represents S,
Se, or Te) are being extensively studied for use
in high-efficiency, radiation-resistant thin-film
solar cells. Among these compounds, the
binary compound In,S; has attracted
significant attention. Therefore, the aim of this
article is to obtain new data on the
microstructure and optical properties of In,S;3
thin films depending on their fabrication
methods. The results of this work could
contribute. to the advancement and
development  of thin-film solar cell
technology.

Findings and Discussion

Scientific findings of this research include
determination of microstructural
characteristics (crystalline structure, phase and
elemental composition, surface morphology,
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crystallite size) and optical properties of In,S3
thin films, along with establishing their
correlation with layer preparation and
formation conditions such as substrate
temperature, layer thickness, and annealing
temperature/duration.

Among the most significant achievements of
this work is the identification of a phase
transition from tetragonal to cubic crystal
structure  depending on the annealing
conditions applied to the thin films, which was
confirmed by X-ray diffraction analysis and
Raman spectroscopy results.

Furthermore, the experimental data regarding
variations in the optical bandgap of In.S; thin
films based on their fabrication and annealing
conditions are of particular importance in this
study for predicting the physical properties of
thin-film solar cells based on these layers.

Conclusion

The findings of present article indicate that the
physical and structural characteristics of In,Ss
thin  films are strongly influenced by
deposition conditions and thermal processing
parameters such as temperature and time.
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