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ABSTRACT

Cadmium sulfide (CdS) thin films are critical components in various electronic and
optoelectronic devices. This study explores the deposition and characterization of CdS thin
films using Photochemical Deposition (PCD) and Chemical Bath Deposition (CBD) methods.
By comparing these techniques, the research aims to identify the most effective method for
producing high-quality CdS thin films. Parameters such as film thickness, crystallinity, surface
morphology, optical properties, and electrical characteristics are examined. The results
highlight the advantages and limitations of each method, providing insights into their potential
applications in device fabrication.
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I. INTRODUCTION

Cadmium sulfide (CdS) thin films have garnered significant attention in recent years due to
their remarkable properties and wide range of applications in electronic and optoelectronic
devices. CdS, a direct bandgap semiconductor with a bandgap energy of approximately 2.42
eV at room temperature, is particularly attractive for applications in photovoltaic cells, light-
emitting diodes (LEDs), photodetectors, and various other semiconductor devices. The
efficiency and performance of these devices are highly dependent on the quality and
characteristics of the CdS thin films used. Consequently, the deposition technique employed
plays a crucial role in determining the structural, morphological, optical, and electrical
properties of the resulting thin films.

Among the various deposition techniques available, Photochemical Deposition (PCD) and
Chemical Bath Deposition (CBD) are two prominent methods for fabricating CdS thin films.
Each technique offers unique advantages and poses specific challenges. Understanding the
intricacies of these methods and their impact on the properties of CdS thin films is essential for
optimizing their use in device fabrication. This study aims to provide a comparative analysis
of CdS thin films deposited by PCD and CBD, focusing on key parameters such as film
thickness, crystallinity, surface morphology, optical properties, and electrical characteristics.

Photochemical Deposition (PCD) is a versatile technique that leverages the energy from
ultraviolet (UV) light to drive chemical reactions in a solution, leading to the deposition of thin
films on a substrate. The process typically involves immersing a substrate in a solution
containing cadmium and sulfur precursors, with UV light serving as the catalyst for the
deposition reactions. One of the primary advantages of PCD is the ability to achieve precise
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control over the deposition parameters, including reaction rate, film thickness, and uniformity.
This control is critical for producing high-quality thin films with consistent properties.
Additionally, PCD allows for the deposition of films at relatively low temperatures, which is
beneficial for applications where thermal budget constraints are a concern.

Chemical Bath Deposition (CBD), on the other hand, is a simple and cost-effective method that
involves immersing the substrate in a solution containing cadmium and sulfur precursors under
controlled conditions of temperature and pH. The chemical reactions in the solution result in
the deposition of CdS on the substrate surface. CBD is widely appreciated for its simplicity
and ease of use, making it accessible for large-scale production and suitable for coating large
areas. However, achieving uniform film thickness and optimal film quality can be more
challenging with CBD compared to PCD. The deposition parameters in CBD, such as solution
concentration, temperature, and reaction time, must be carefully optimized to obtain the desired
film properties.

The objective of this comparative study is to evaluate the differences in the structural,
morphological, optical, and electrical properties of CdS thin films deposited by PCD and CBD.
By systematically analyzing these properties, we aim to identify the strengths and limitations
of each technique and provide insights into their suitability for various applications. The
structural properties of the films will be examined using X-ray diffraction (XRD) to determine
the crystallographic phases and crystallinity. Surface morphology will be analyzed using
Scanning Electron Microscopy (SEM) to assess the uniformity and texture of the films. Optical
properties will be investigated through UV-Vis spectroscopy to determine the optical bandgap
and absorption characteristics. Electrical properties, including conductivity and carrier
concentration, will be measured to evaluate the potential of the films for electronic applications.

Previous studies have shown that the crystallinity of CdS thin films can significantly impact
their performance in optoelectronic devices. Higher crystallinity typically leads to better charge
carrier mobility and lower defect density, which are essential for efficient device operation.
Therefore, understanding the crystallographic quality of films deposited by PCD and CBD is
crucial. Furthermore, the surface morphology of the films influences light absorption and
scattering, which are important factors in photovoltaic and photodetector applications. Films
with smoother and more uniform surfaces are generally preferred for these applications.

Optical properties, such as the bandgap energy and absorption coefficient, are critical
parameters for determining the suitability of CdS thin films for specific applications. A precise
understanding of these properties can help optimize the design and fabrication of devices such
as solar cells and LEDs. Electrical properties, including conductivity and carrier concentration,
provide insights into the electronic behavior of the films and their potential for integration into
electronic circuits and devices.

In this study, we will also explore the influence of deposition parameters on the properties of
CdS thin films. For PCD, factors such as UV light intensity, exposure time, and precursor
concentration will be varied to understand their impact on film quality. For CBD, parameters
such as solution concentration, temperature, and pH will be optimized to achieve the best
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possible film properties. By systematically varying these parameters and analyzing the
resulting films, we aim to develop a comprehensive understanding of the deposition processes
and their effects on CdS thin films.

The findings of this comparative study will contribute to the ongoing research and development
of CdS thin films for various applications. By identifying the most effective deposition
technique and optimizing the deposition parameters, we can enhance the performance and
efficiency of devices that rely on CdS thin films. This research will provide valuable insights
for scientists and engineers working in the field of thin film deposition and optoelectronic
device fabrication, ultimately advancing the state of the art in this important area of materials
science.

In the deposition technique plays a pivotal role in determining the quality and performance of
CdS thin films. Photochemical Deposition (PCD) and Chemical Bath Deposition (CBD) are
two prominent methods with distinct advantages and challenges. This study aims to provide a
comparative analysis of these techniques, focusing on the structural, morphological, optical,
and electrical properties of the resulting films. By systematically evaluating these properties
and optimizing the deposition parameters, we can identify the most suitable method for
producing high-quality CdS thin films for various applications in electronic and optoelectronic
devices.

II. DEPOSITION TECHNIQUES

1. Photochemical Deposition (PCD) Photochemical deposition involves the use of light
to drive the chemical reactions necessary for film formation. In this method, a substrate
is immersed in a solution containing cadmium and sulfur precursors, and UV light is
used to initiate the deposition process. The photochemical reactions result in the
formation of CdS on the substrate surface. PCD offers precise control over the
deposition parameters, enabling the fabrication of high-quality thin films with uniform
thickness and good adhesion.

2. Chemical Bath Deposition (CBD) Chemical Bath Deposition is a simple and cost-
effective method that involves immersing the substrate in a solution containing
cadmium and sulfur precursors. The chemical reactions occurring in the solution lead
to the deposition of CdS on the substrate. CBD is known for its ease of use and ability
to produce uniform films over large areas. However, controlling the deposition
parameters to achieve the desired film quality can be challenging.

Both Photochemical Deposition (PCD) and Chemical Bath Deposition (CBD) offer unique
advantages and pose specific challenges. PCD provides superior control over film quality,
making it suitable for high-performance applications, while CBD's simplicity and cost-
effectiveness make it ideal for large-scale, cost-sensitive applications. Understanding these
deposition techniques and their respective benefits and limitations is crucial for optimizing the
production of CdS thin films for various electronic and optoelectronic devices.
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III. Results and Discussion

1. Structural Properties X-ray diffraction patterns revealed that CdS thin films deposited
by both methods exhibited a hexagonal crystal structure. However, the crystallinity of
films deposited by PCD was higher compared to those deposited by CBD, as indicated
by the sharper and more intense diffraction peaks.

2. Morphological Properties Scanning Electron Microscopy images showed that films
deposited by PCD had a more uniform and smooth surface compared to CBD films,
which exhibited a more granular morphology. This difference is attributed to the
controlled nature of the photochemical reactions in PCD.

3. Optical Properties UV-Vis spectroscopy analysis indicated that both PCD and CBD
films had high optical absorption in the visible region, making them suitable for
photovoltaic applications. The optical bandgap values were found to be slightly higher
for PCD films, suggesting better crystallinity and fewer defects.

4. Electrical Properties Electrical measurements showed that PCD films had higher
electrical conductivity and carrier concentration compared to CBD films. This is
consistent with the observed higher crystallinity and better film quality in PCD films.

IV.  CONCLUSION

The comparative analysis of CdS thin films deposited by Photochemical Deposition (PCD) and
Chemical Bath Deposition (CBD) demonstrates that PCD offers superior film quality in terms
of crystallinity, surface morphology, optical properties, and electrical characteristics. While
CBD is a simpler and more cost-effective method, PCD provides better control over the
deposition process, resulting in higher-quality films. These findings suggest that PCD is a more
suitable technique for applications requiring high-performance CdS thin films, such as in
photovoltaic devices and optoelectronics.
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